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A Seven-Day Journal. 


British Railway Progress. 

In a message for the New Year, Mr. R. V. Woods, 
the Chairman of the Railway General Managers’ Con- 
ference, says that the year just ended was a good one 
for the British railways, in which progress was made, 
not only towards technical efficiency, but in the direc- 
tion of achieving a measure of prosperity. Mr. Woods 
is of the opinion that, as far as one can see, further 
progress should continue during 1937. According 
to the latest returns of the four main line railway 
companies, the total gross increase in receipts for the 
whole year 1936 is estimated at nearly £5,000,000, 
against which must be placed the higher costs of 
labour and material, and the increasing demands for 
higher speeds, greater comfort, and extended freight 
facilities. During the year some 115,000 miles were 
covered at an average speed of 70 m.p.h., and at 
least 90,000 miles were covered at speeds over 
80 m.p.h. In the West of England the services of 
streamlined cars were extended, and covered 3584 
miles, as against 1235 miles in 1935. Rapid progress 
with the electrification of the Portsmouth line of the 
Southern Railway Company was made. Freight 
traffic services were considerably accelerated, and the 
number of expresses carrying freight now running 
every twenty-four hours is 661, compared with 338 
five years ago, while the total number of fast freight 
railway vehicles now available in this country is more 
than 72,000. Considerable extensions and accelera- 
tions to the railway air services began with the intro- 
duction of a flying programme covering sixty-two 
regular services at the end of May, and the railway 
marine services, which include 140 steamships, with 
an aggregate gross tonnage of 182,573, are making 
steady progress. 

Electrical Fair Trading Council. 

ACCORDING to a report issued by the Electrical 
Fair Trading Council, nine ordinary meetings were 
held during the past financial year ended September 
30th, 1936. In May a statement of the Council’s 
policy was issued to the trade with an explanatory 
memorandum earnestly recommending all concerned 
to adopt the approved trading principles voluntarily, 
in the belief that the acceptance of a recognised and 
authoritative code of trading practice, in place of 
undefined and uncontrolled conditions, must ulti- 
mately benefit the whole industry. Approximately 
4500 copies of the Fair Trading Policy have been 
issued to the electrical industry to date, and the 
Board of Trade, H.M. Electricity Commissioners, 
the Central Electricity Board, the Electric Fittings 
Statutory Committee, and other controlling bodies and 
kindred associations have been supplied with copies 
for reference and record. The Electric Light Fittings 
Association recently decided, as a body, to operate 
the main principles of the policy in its particular 
section of the industry, and although this decision 
does not yet apply to the whole of the document, the 
step is considered of considerable importance. Repre- 
sentatives of the Electrical Section of the Iron- 
mongers’ Federated Association, and the Retail 
Distributors’ Association (large multiple stores), 
met during the period under review on matters apper- 
taining to the retailing section of the industry, and 
with their concurrence provisional arrangements 
were made, whereby their respective electrical retail- 
ing interests could be represented on the Electrical 
Fair Trading Council through one of the channels 
already existing. 


The Late Mr. Arthur Easthope. 


On Monday, December 21st, the death occurred 
at the age of sixty-one of Mr. Arthur Easthope, who, 
since November, 1926, was the manager of the 
British Thomson-Houston Company’s switchgear 
works at Willesden. Mr. Easthope was born in Crewe, 
and came of a family of engineers. He received his 
early training in the railway workshops at Crewe, 
and in 1903 joined the British Thomson-Houston 
Company at Rugby. Later he was transferred to the 
company’s Coventry works, which he left in 1914 
in order to become the works manager of Petters, 
Ltd., at Yeovil. While he was at Yeovil Mr. East- 
hope took an opportunity of introducing into the 
works a scheme of. organisation which has become 
known as the “ Bulletin System,” and which later he 
introduced with marked success into the other 
factories of which he took charge. In 1924 Mr. 
Easthope left Yeovil and returned to the British 





Thomson-Houston Company, where he was appointed 
general superintendent and assistant to the manager 
at the Coventry works. In November, 1926, he was 
made the manager of the Willesden switchgear works, 
a position which he held up to the time of his death. 
He was elected a member of the Institution of Mecha- 
nical Engineers in 1923. The death of Mr. Easthope 
at such a comparatively early age will be widely 
regretted, not only by his colleagues at the British 
Thomson-Houston Company, but by many friends. 


British Trade in India. 


THE report of Sir Thomas Ainscough, H.M. Senior 
Trade Commissioner in India and Ceylon, which 
was recently issued by the Stationery Office, price 
3s. 6d., deals with economic and commercial condi- 
tions in India. It discusses the home industries, the 
question of railway supplies, and the effects of the 
Ottawa agreements. In concluding his report, Sir 
Thomas sums up the position with regard to industrial 
development and trade prospects. as follows :— 
The friendly co-operation of British manufacturing 
organisations, with their technical experience and 
knowledge’ of world-wide conditions, and Indian 
industrialists, with their knowledge of local con- 
ditions, should be most valuable in research work 
with the object of stimulating the consumption of 
their products by creating fresh outlets and uses for 
them and by joint effort to develop backward sections 
of the market and by promoting entirely new con- 
sumptive dernand—Sir Thomas is convinced that we 
must rely more and more in future on the supply 
of capital products and technical equipment to 
India, thus aiding her own development with our 
experience and technique. He says, however, that 
it must be recognised that even in the most favourable 
conditions developments cannot make good the 
volume of the trade that has been lost in the great 
staple industries. Until there is a lowering of the 
tariff and a considerable rise in purchasing power, 
any material improvement in the import trade will 
be impossible. 


The Admiralty Tanker Fleet. 


In a Journal note of December 18th we recorded 
the decision of the Admiralty to take over six out of 
the eighteen oil tankers, which are now under con- 
struction in various British yards for the British 
Tanker Company, Ltd. The first of these ships, the 
** Abbeydale,” was launched on Monday, December 
28th, from the Neptune yard of Swan, Hunter and 
Wigham Richardson, Ltd. The chairman of the 
builders, Mr. J. Denham Christie, in proposing the 
toast of the ship, said that she was the twentieth 
tanker laid down for the British Tanker Company, 
and if she was not run by that company, she 
could not be in better hands than those of the 
Admiralty. In his reply, Mr. Gick said that the 
Admiralty had a fleet of twenty-three: oil tankers, 
but the “ Abbeydale ” was the first to be launched 
specifically for service with the Navy. The tanker 
companies might, he thought, disagree with the 
idea that the Admiralty should own its own tanker 
fleet, but it was a definite part of the policy of the 
Admiralty to have its own fleet, and having tankers 
might make all the difference between winning or 
losing the next war. On behalf of the engine builders, 
William Doxford and Sons, Ltd., Mr. R. Haswell 
said that the first vessel, the ‘‘ British Fame,” had 
completed her maiden voyage, and he could assure 
Mr. Gick that the change to oil engines had been a 
change for the better. The ‘‘ Abbeydale*”’ has an 
overall length of 481ft., a breadth of 6lft. 9in., and 
a depth moulded of 34ft., and is designed to carry a 
total deadweight of 12,250 tons on a draught of 
27ft. 6in. The propelling machinery consists of a 
single set of Doxford four-cylinder opposed-piston 
oil engines of welded construction type, intended to 
give the vessel a speed of 12} knots on trial. 


Trade in Motor Vehicles. 


Tue thirtieth report of the Imperial Economic 
Committee was published this morning, Friday, 
January Ist, 1937, by H.M. Stationery Office, price 
2s. 6d. It is entitled “‘ A Survey of the Trade in 
Motor Vehicles,” and represents the first compre- 
hensive review of the world trade in motor vehicles 
ever produced, although statistical information is 
issued periodically in each of the motor manu- 
facturing countries. Some interesting facts are thus 





made available, amongst others that nine motor 
vehicles out of every twenty entering world trade go 
to countries within the British Empire. Of these, 
Australia and South Africa together absorb nearly 
25 per cent. of the total world export. Of the vehicles 
produced, the United States accounts for eight out 
of ten units and six out of ten entering world trade. 
This country runs second with about one-tenth of 
the figures for America. The figures for the United 
Kingdom are 75 per cent. higher than in 1929. 
Canada is also a leading exporting country, coming 
third on the list with 64,300 units in 1935, an increase 
in one year of 21,000. In addition to reviewing world 
trade from 1929 to 1935, the Survey analyses the 
industry in the chief exporting countries and the 
destination of exports. Sections are given to com- 
mercial vehicles, the oil engine, and the price of motor 
spirit, while chapters are devoted to the motor cycle 
and the tractor. A review is made of the competitive 
position of the industry in the United Kingdom, and 
the effect of such factors as taxation on design and 
thereby on the position of English cars in markets 
overseas is disc 


Scottish Road Programme. 


THE Minister of Transport accepted the tenders for 
road improvement work in the Highlands of Scotland 
on Tuesday last, December 29th. Roads in the 
Orkneys, the Shetlands, and the Outer and Inner 
Hebrides, as well as roads on the mainland, will be 
included in the programme, and it is hoped that the 
scheme will result in opening up a large tourist and 
sporting area for motor transport. The cost of the 
project is estimated at £4,250,000 and will be borne 
entirely by the Road Fund. The work will be done 
under supervision of the Ministry, although the 
highway authorities concerned have been consulted. 
Seven miles of the Tyndrum-Oban Road (A865), 
between the Pass of Brander and Dailnamac, Argyll- 
shire, will be rebuilt and widened at a cost of £85,000, 
and four new bridges will be built. Two of these, 
Awe Bridge and Nant Bridge, will have clear spans 
of 150ft. and 50ft. respectively. The carriageway of 
the road will be 18ft. wide, with a 5ft. grass verge on 
each side. Eight miles of the Speanbridge-Newton- 
more Road (A86), from Laggan Hotel to Drumgask, 
in Inverness, will be widened to 16ft. with 3ft. grass 
verges. Where the road crosses a peat bog the 
carriageway will be of reinforced concrete ; elsewhere 
it will be of bituminous macadam. Strathmashie 
Bridge will be rebuilt in reinforced concrete. The 
whole scheme is estimated to cost £58,000. The 
Inverness-Wick Road (AQ) will also be reconstructed 
for about 10 miles from the Mound to the north end 
of Brora, Sutherland, at an estimated cost of £81,400. 
Four new bridges and three large culverts are 
required. The normal width of carriageway will be 
18ft., but through Brora and Golspie it will vary from 
18ft. to 26ft. It is hoped to complete these schemes in 
the course of 1938. The designs of important new 
bridges have been approved by the Royal Fine Art 
Commission of Scotland. 


Four New Arsenals. 


On inquiry at the War Office we learn that contracts 
will shortly be signed for the establishment of new 
munition factories required by the Government’s 
Defence Programme. Four new arsenals are to be 
constructed in the western half of the country at 
Bridgend, in Glamorganshire; at Hereford; at 
Chorley, Lancashire; and at Irvine, in Ayrshire. 
In addition, “‘ shadow ”’ factories are to be built at 
Blackpole, in Worcestershire, and at Birtley, near 
Durham. We understand that the new arsenals will 
be occupied with the filling of shells and other 
explosives work, and that they will be responsible 
for the additional production of munitions which 
is called for by the Government’s Defence Programme. 
When the new arsenals are ready the manufacture 
of all explosives and inflammatory articles of military 
equipment will be ultimately transferred to them 
from Woolwich, which, in the event of air attack, 
is considered to be too vulnerable in view of its 
close proximity to London. Among the first factories 
to be built will be that at Chorley, where a site of 
900 acres has been acquired, with suitable siding and 
storage accommodation. This factory is expected 
to be in full working order in two years, and will 
be shortly followed by the other factories. Woolwich 
Arsenal will then be employed for other purposes. 
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Aeronautics in 1936. 


MN\HE year that has just closed was undoubtedly 
a momentous one in the history of the British 
aeronautical industry, both as regarded technical 
developments and as concerned organisation and 
output. The key to the position is provided by the 
fact that in March the Government, in view of the 
action of other countries, decided considerably to 
increase and accelerate the programme of expansion 
of the Royal Air Force which it had announced in 
July, 1935. Whereas the earlier programme of 
expansion was such as not to overtax the capacity of 
the established industry the enlarged programme, 
covering as it did not only the provision of an 
increased number of first line aircraft but the building 
up of an extensive reserve of aeroplanes and aero- 
engines, outstripped the output which the manu- 
facturers could guarantee without some form of 
assistance. Simultaneously with the demand for an 
increased number of aircraft it became necessary to 
ensure that the aeroplanes and aero-engines supplied 
to the Royal Air Force under the expansion scheme 
should be of advanced types capable of holding their 
own with the best produced by other countries. 


The Government Programme. 


The precise number of airframes and engines 
required to meet the new programme has not been 
revealed, but it is sufficiently large to have entailed 
something in the nature of a revolution in the 
organisation of the industry and in its relations 
with the Air Ministry. The problem before the Govern- 
ment did not consist merely of securing the additional 
equipment required before 1939 in fulfilment of the 
enlarged 1936 programme of expansion. Had that 
been the full extent of its problem it would doubt- 
lessly have entered into arrangements with selected 
firms to increase their outputs by expanding the pro- 
ductive capacity of their existing works. An even 
greater problem was presented by the necessity for 
ensuring that the output of airframes and engines 
could in emergency be quickly expanded far beyond 
even the requirements set by the enlarged programme. 
This major problem, foreshadowed in the columns 
of this journal as long ago as January, 1918, had 
received the attention of the Air Ministry some con- 
siderable time before the 1936 programme was 
adopted. To solve it, it arranged that certain firms 
engaged in the motor car industry, whose services, 
under a general Government scheme, would be 
allotted to it in war time, should begin to take the 
necessary steps to prepare themselves for aero- 
nautical production. Those steps comprised the 
training of their workpeople to act as “key men” 
if a sudden expansion were required and the erection 
and equipment, at Government expense, of ** shadow ” 
factories, adjoining their existing establishments, 
which would in emergency serve to supplement the 
aeronautical output of the main works. During the 
year final arrangements were made for the erection of 
eight shadow factories designed for the production of 
aero-engines, two factories for the manufacture of 
airframes and one factory for the production of 
variable pitch airscrews. 

It was part of the general scheme that small orders 
for current types of aircraft and aero-engines should 
from time to time be placed with the selected firms in 
order to keep them abreast of the changing require- 
ments and to enable them to train the desired number 
of key men. The scheme is still in being but for the 
moment it has been modified in such a way as to 
enable the shadow factory firms to come to the assist- 
ance of the established aeronautical industry in its 
efforts to fulfil the 1936 programme of expansion by 
the specified date. Adopting the advice of the firms 
concerned the Air Ministry consented to an arrange- 
ment under which, so far at least as the aero-engine 
side of the question is concerned, six of the shadow 
factories are or will be responsible for the production 
of separate engine components, final assembly and 
testing being allotted to the remaining two factories. 
It has, however, been made quite clear that in war 
time the obvious objections to this arrangement 
would be avoided by, at least, the duplication of the 
chain if not by making each factory responsible for the 
complete production, assembly and testing of engines. 

The circumstances of the times have in this manner 
led to a noteworthy expansion in the number of 
firms interested in aeronautical production. It is 
pleasant to be able to record that the old-established 
manufacturers of airframes and engines entered 
willingly into a scheme which of necessity involves 
the sharing of the orders for their designs with other 
firms. This happy accord is particularly prominent 
as regards aero-engines. For the time being the 
shadow factory firms are concentrating on an increase 
in the output of ‘“ Bristol ’ engines and to facilitate 
that object the Bristol Aeroplane Company has 
itself entered the scheme as a shadow factory firm 
and will be responsible, with one other, for the 
assembly and testing of the component sections. The 
same spirit of co-operation is also being shown as 
regards the production of airframes. The right to 


manufacture aircraft or parts of aircraft of proprietary 


+ - 


design has been accorded not only to certain outside 
firms but also to some within the industry itself 
which normally do not produce military aeroplanes 
of the type urgently required. 

The needs of the moment have reacted upon the 
established aeronautical industry in another important 
respect. Formerly the Air Ministry not only specified 
its general requirements in the way of performance 
but exercised a considerable amount of detailed con- 
trol over the design and production procedure which 
individual firms proposed to adopt in order to fulfil 
the specified conditions. Further after an aircraft 
had been produced to meet the official specification 
a long delay occupied by testing and modification 
frequently intervened before a firm received an order 
for the design in quantity. Largely as a result of 
suggestions advanced by the Society of British Air- 
craft Constructors designers are no longer bound to 
consult the Air Ministry experts at every turn. 
They may ask the advice of the Ministry’s technical 
departments but they are no longer under obligation 
to accept it. The responsibility for fulfilling the 
specified requirements and for producing a machine 
capable of doing the work required of it by the 
Ministry has now been handed over entirely to the 
constructing firms. In addition as an emergency 
measure aircraft are now being ordered almost as 
soon as they have been designed. Some mistakes 
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have been and undoubtedly will be made under this 
policy but in contrast with the ultra-cautious, slow 
procedure of earlier years a handsome balance of 
general advantage has already been realised. It has 
in fact been said on good authority that these 
developments of official policy have resulted in an 
unprecedented leap forward in aircraft design and 
production which would in itself have made 1936 a 
year of very great importance in the history of the 
British aeronautical industry. 


Technical Developments. 


In yet a third respect the national needs of the 
moment reacted during the year on the aeronautical 
industry. It was necessary virtually to transform 
methods of building aircraft from one system to 
another of a fundamentally different kind. For years 
the standard design of military aeroplane im this 
country consisted of a braced biplane with a fabric- 
covered stress-bearing framework. That design has 
now been largely abandoned in-favour of one in which 
the skin of the machine plays a part in the stress- 
supporting structure and in which the monoplane 
formation has been substituted for the biplane type. 
A glance at some of the aircraft which we illustrate 
in a Supplement and on page 16 will serve to reveal 
in a general way the great change which has taken 
place in aireraft construction during the past year 
or so. It should be noted that in one important 
respect the building of airframes to meet the require- 
ments of the expansion scheme presents problems 
not encountered in the building of the engines required. 
The modern aero-engine has been developed by a con- 
tinuous evolution extending over many years, and 
while efficiency and weight reduction will continue 
to improve there are no signs that the engines of 
to-morrow will be designed on lines fundamentally 
different from those followed to-day. The airframes 
now being made in this country represent for the most 
part a complete severance from the older designs of 
aircraft. Many new problems in the solution of 
which past experience was of little value have had to 
be faced and little short of a revolution has had to 
be wrought in methods of construction. Neverthe- 
less, the difficulties have been attacked boldly. 
Large sums have been expended upon the erection of 





new factories and the equipment of them with plant 
for the production of aircraft in accordance with the 
new ideas. In view of these circumstances, it is 
perhaps not surprising to learn that the engine 
requirements under the expansion scheme are for the 
moment being met more readily than are the air- 
frame requirements. 

Typical of the developments which have occurred 
on the manufactyring side in connection with the 
rapid production of new types of aeroplane is the 
application of mass production methods in the 
building of the Handley Page ‘‘ Harrow” heavy 
bomber, and the ‘“ Hampden’”’ medium bomber. 
The new system it is claimed increases the speed, 
accuracy and economy of manufacture. It has been 
rendered possible partly at least by a more extensive 
employment of metal. In the ‘“‘ Harrow ” bomber, 
for example, the framework is entirely of metal as 
is the covering except in parts where the employment 
of metal presents no advantages over the use of fabric. 
The process of production involves the splitting up of 
the design into components and sub-assemblies and 
final erection. It makes extensive use of jigs and is 
characterised by the elimination of blue prints. One 
of the most noteworthy departures from previous 
practice is to be found in the fact that the skin or 
covering is not applied to the framework at the end 
of the construction line but is fixed to the separate 
parts before final assembly. Since the skin is largely 
of metal and is riveted to the framework this pro- 
cedure greatly facilitates the clothing process and 
notably increases the ease of access to both sides of 
the skin as required for satisfactory work. 





Another important production development called 





EXPRESS AIR LINER 


| for by the introduction of new methods of construction 


relates to the manufacture of aircraft built on the 
Vickers-Wallis geodetic system. Machines already 
built on this system are the Vickers ‘ Wellesley ”’ 
single-engined and the Vickers “‘ Wellington ” twin- 
engined long-range monoplane bombers. The exact 
details of this method of construction and the advan- 
tages which it secures are still subject to reservation 
but it can be said that the novel problems connected 
with the manufacture of geodetic structures rapidly 
and accurately are in a fair way towards being solved. 
The first large batch of geodetic monoplanes for the 
Royal Air Force is now in fact passing quickly 
through the works. 

Minor but nevertheless important technical deve- 
lopments which have all played their part in securing 
the advanced performance required of the military 
aircraft of 1936 were an extension of the use of flush 
riveting of wing and body coverings, the employment 
of smooth and even highly polished external surfaces, 
the increased adoption of wing flaps and retractile 
undercarriages and the development of various forms 
of variable pitch airscrew. It would seem that the 
aid to be obtained from these and similar develop- 
ments has not yet reached its limit, particularly in 
the larger sizes of aircraft. Their general effect is to 
improve the take-off and to enable high wing loadings 
to be employed. In the second-named connection 
it seems probable that within the next few years wing 
loadings, in the case, for example, of large flying 
boats may be increased to a standard of about 40 lb. 
per square foot. In this connection it may be recalled 
that the wing loading of the Supermarine monoplane 
which won the Schneider Trophy contest in 1931 was 
41 lb. per square foot. 

On the civil side the year was no less noteworthy 
than on the military side as regarded the introduction 
of new designs. At the head of the list stands the 
Short “ Empire ” flying boat, of which twenty-eight 
have been ordered by Imperial Airways. The first 
machine of this class completed its official trials in a 
highly successful manner and is now in service in the 
Mediterranean area. ‘Two others have been fitted 





with additional fuel capacity and have been otherwise 
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modified for the purposes of research in long-range 
flying on the Empire and Atlantic routes. Another is 
to be employed on the New York-Bermuda service 
which is to start during the carly part of this year. 
Yet another is to provide the lower portion of the 
Mayo composite aircraft to which we referred in our 
review a year ago. On trial the first boat of the class 
developed a speed of 199} m.p.h., a figure which 
seems to justify the claim that Imperial Airways now 
possesses the fasiest flying boats in the world. An 
interesting fact concerning the design of these 
‘* Empire ” boats is that it is based on that of the 
Short ‘‘ Scion-Senior ’’? which we illustrated a year 
ago and which in most respects is a half-scale. flying 
model of the ‘‘ Empire ” type. The ‘‘ Empire ”’ boats 
are equipped with four engines having a total horse- 








INTERIOR OF “ EMPIRE’’ 
power of 2960. In addition to them Lmperial Airways 
has on order with Armstrong Whitworth Aircraft, 
Ltd., twelve * Ensign ” class land planes of much the 
same size as the flying boats. These land planes, to 
be driven by four engines with a total output of 
3200 H.P., have not yet reached the flying stage. 
Altogether the new fleet of Imperial Airways will 
represent a capital outlay of about two million pounds 
and will raise the total number of aircraft in the com- 
pany’s services from forty-two to seventy-six and 
the total horse-power from 55,600 to 171,000. 
Typical of the changes which have been made in 
the design of the lighter class of civil machine is the 
Miles ‘‘ Peregrine * twin-engined air liner made by 
Phillftps and Powis Aireraft, Ltd., of Reading, a firm 
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BRISTOL 14-CYLINDER 


which is now amalgamated with Rolls-Royce, Ltd. 
This machine, designed to carry six passengers and 
the pilot, is of wooden construction with plywood 
covering on the wings and body. The wing covering 
is designed to take the torsional and drag stresses 
and is highly polished. Internally the wing structure 
makes use of two cantilever spars without wire 
bracing. It is claimed that the wing framework is by 
itself sufficiently strong to resist collapse without any 
assistance from the covering. The undercarriage is 
retractable by means of compressed air rams, each 
wheel portion folding forward into the engine nacelle 
in line with it. The engines, of 200 H.P. each, drive 
variable pitch airscrews. The various developments in 
design embodied in the machine are such as to give 


have been considered practicable. That performance 
may be summed up by saying that it can carry a pay 
load of 2300 Ib. a distance of 562 miles at a speed of 
160 m.p.h. 

The de Havilland ‘‘ 86 A” express air liner is not 
strictly a design of 1936. The first machine of this 
type was produced in 1934 but it seems desirable that 
we should mention it on this occasion as it serves to 
illustrate the fact that the days of the biplane are not 
wholly departed. More than fifty machines of this 
design have been placed in service in all parts of the 
world. Our illustration on page 2 represents the 


1936 type, and an improved form is to be introduced 
this year. The machine in its latest guise is driven by 
four “ Gipsy Six” engines of a new series designed 
to use an increased compression ratio and to operate 








FLYING _BOAT: THE PILOTS’ 


on & high octane value fuel. The airscrews are fitted 
with hydraulically operated controllable pitch blades 
which in due course may, judging by recent develop- 
ments at the firm’s Edgware factory, be made of 
synthetic resin. The liner can be arranged to carry 
from ten to sixteen passengers with two pilots and a 
varying amount of baggage. While it represents a 
design of commercial machine which is still popular it 
is of interest to note that a new type of air liner, the 
first of which it is expected will shortly be finished, 
will be a low-wing cantilever monoplane. This 
machine, the ‘‘ Albatross,” will be larger than any 
which the company has yet turned out. It will be 
produced with accommodation for twenty passengers 
by day and with provision for conversion to a sleeper 
for night travel. In another form it will be equipped 


for Transatlantic, long range mail carrying. It will 
be driven by four “ Gipsy Twelve” supercharged 


engines geared to constant speed variable pitch air- 
serews. More than 2000 H.P. will be available for 
taking off. 

A noteworthy civil machine which passed its final 
tests during the year is the “‘ Croydon” monospar 
air liner produced by General Aircraft, Ltd. This 
machine carries ten passengers and two pilots and is 
driven by two Pratt and Whitney “ Wasp Junior ” 
engines of 400 H.P. each, coupled to Hamilton con- 
trollable pitch screws. The framework is entirely 
of metal, steel being used for the most part in the body 
and duralumin in the wings. The wings form a 
semi-cantilever structure, a- single strut extending 
from the wing spar at the engine mounting to the 
upper longeron at the main front bulkhead.. The 
leading edge of the wings and the nose of the body are 
covered with metal. Elsewhere the covering is of 
fabric. The retractable undercarriage electro- 
hydraulically operated and when retracted each 
wheel is completely enclosed behind folding doors on 
the underside of the engine fairing. The tail wheel is 
also retractable. Wing flaps, electro-hydraulically 
operated, are provided to facilitate landing. Should 
the electric supply fail the hydraulic pump can be 


is 


together with an accumulation of many refinements 
of detail have resulted in the petrol engine retaining 
its lead over the compression ignition engine in spite 
of the fact that the second-named type has made 
much progress during the past few years. It may 
however be doubted whether we are not approach- 
ing a point at which the rate of development of the 
petrol engine will at last slow down sufficiently to 
allow the compression ignition engine some chance 
of overtaking it. Judged purely on a weight-for- 
power basis it at least seems difficult to believe that 
the petrol aero-engine can be developed much 
farther. In the Bristol ‘* Pegasus ’’ engine a figure 
nas been reached which not so many years ago would 
have appeared fantastic if not absurd. Under 
official test this engine developed a maximum of 








COCKPIT AND VIEW REARWARDS FROM COCKPIT 


1010 B.H.P. on an all-in net dry weight of 1018 lb. 
Still, difficult as it is to believe in the possibility of 
engines weighing much less than 1 lb. per horse- 
power, we must hesitate before we commit ourselves 
to a definite expression of opinion. At the Paris 
Aero Show in November the Bristol] Company 
exhibited for the first time a new type of engine, 
illustrated herewith, concerning the name, power or 
weight of which no information may at present be 
published. All that we can say is that this new 
engine is of the sleeve valve type and that its fourteen 
cylinders are similar in size to those of the Bristol 
** Perseus ”’ sleeve valve engine. 

The state of progress of the compression ignition 
engine in this country may be indicated by a refer- 
ence to the Napier “‘ Culverin ” which in its latest 
form illustrated herewith. This engine has six 
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driven by hand to operate the undercarriage, tail 
wheel and wing flaps and if the hydraulic system also 
fails, hand-driven mechanical gear can be brought 
into action. Pneumatic brakes are fitted on the land- 
ing wheels and the formation of ice on the wings is 
prevented by means of the Goodrich method, as 
developed in America. The passengers’ cabin is 
ventilated and heated and is soundproofed to a level 
of 75 decibels. At 95 per cent. of full power the 
machine has a speed of 203 m.p.h. at 5000ft. It can 
take off with a run of 320 yards and when the brakes 
are applied has a landing run of 270 yards, Its land- 
ing speed without the use of the flaps is 69 m.p.h. 
and with the flaps in full use 63 m.p.h. 


Aero-Engines. 

Aero-engine development presented fewer striking 
features during the year than did airframe develop- 
ment, although the progress achieved was far from 
being negligible. The petrol engine, it has to be 
recorded, still dominates the air. The use of sleeve 








it a performance which a few years ago would hardly 





valves and the adoption of high octane value fuel 








NAPIER ‘“‘CULVERIN"’ C.1. ENGINE 
cylinders with two pistons per cylinder and is a 
British version of the Junkers “‘Jumo”’ engine. 


At sea level it develops 720 H.P. Its net dry weight 
is 1785 1b., or 2:48lb. per B.H.P. Three of these 
engines have been fitted for trial purposes into a 
Blackburn “ Iris ”’ flying boat. 








Hupson River TuNNEL—<At a recent meeting of the 
Commissioners of the Port of New York Authority, it 
was voted that the construction of the second or northern 
tube of the Midtown Hudson vehicular tunnel from 
Manhattan to Weehawken should be proceeded with. 
It had previously been decided to defer construction 
of the second tunnel, but the Commissioners have decided 
to take advantage of the present low rates of interest for 
borrowed money. The southern tunnel will be ready for 
traffic operation within a year. 
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Roads, Bridges and Tunnels in 1936. 


———> —_—_— 

Roads. recognised. In fact, all those who studied the pro- 
: ; blem closely began to gravitate to the unanimous 

HE year 1936 was especially notable for an} conclusion that the way to reduce accidents lies not 
increasing unanimity amongst all those con-| along the path towards restrictive legislation, but 


cerned with the roads, whether as designers, con- 
structors, users, or politicians. We believe this flux 
towards a common opinion has been produced by 
logical deduction from just those Road Accident 
Statistics that we so strongly recommended a year or 
more before they appeared. For it cannot fail to be 
borne in upon anyone studying those statistics that by 
far the greater number of accidents are caused, not 
by deliberate recklessness or gross carelessness, but by 
such human frailties as temporary lack of attention, 





through careful design of new roads and well-con- 
sidered improvement of the old ones. It should not, 
we ourselves contended, be beyond the powers of 
engineers to design roads so safe that despite occa- 
sional lack of attention or other human failings, no 
serious accident could occur, except as a result of 
gross negligence. That our views do not go unsup- 
ported was shown by Mr. Bennet, County Road 
Surveyor of Oxfordshire, and a man therefore in 
very close touch with the problem and in an advan- 








PORTAL TO SWING SPAN OF KINCARDINE-ON-FORTH BRIDGE, 


momentary panic, or failure of judgment. Of 8730 
drivers of mechanically propelled vehicles mentioned 
in the Report on Fatal Road Accidents during 1935, 
which was issued during 1936, only about 3 per cent. 
were reported as having had previous convictions for 
dangerous or careless driving or for driving under the 
influence of drink or drugs; in only 135 cases could 
the personal condition of the driver by illness, fatigue, 
or unreported causes have had anything to do with 
the accident, and in less than 139 cases was the driver 
suffermg from any physical defect. Moreover, 
nearly 62 per cent. of accidents occurred on straight 
roads or open road bends with good sight lines ; just, 
in fact, at those places where safety is most apparent, 
and at which, it follows, human attention may most 
easily be relaxed. Though clearly in view of the 
import of such figures propaganda and education 
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PLAN FOR A CHARINGS CROSS BRIDGE 


should be able to effect improvement, it is becoming 
increasingly apparent that it is of no use merely to 
rail against human nature. Thus the British Road 
Federation in its annual report issued during the year 
declared that “... the achievement of the greatest 
possible measure of road safety is largely bound up 
with the provision of an adequate and efficient high- 
way system ...” and in the report of the London 
and Home Counties’ Traffic Advisory Committee, 
issued in April, it was stated: ‘‘ The failure of the 
human element accounts for so large a proportion of 
the accidents ...as to suggest that conditions will 
have to be so adapted that the public will be safe- 
guarded in spite of themselves.” The mistake of 


building a very wide single track, such as the Great 
West Road out of London, will not be made again, 
while the danger of such unguarded main road cross- 
ings as those on the Kingston by-pass has now become 











SCOTLAND 


tageous position for forming a balanced opinion upon 
it. In a debate before the Institution of Civil Engi- 
neers during November he asked the very pertinent 
question why road engineers had not been asked to 
help in the road safety campaign, and suggested that 
every accident should be reported upon by a highway 
engineer as well as a police officer. Investigations on 
those lines carried out in his district over the past four 
years had shown that in 75 per cent. of all accidents 
some defect of the road was at least a contributory 
factor. A human error, he declared, must not end in 
a fatal accident. As a commentary on those 








seemed to be crystallising to a similar opinion, it 
is not surprising that the announcement by . 
Hore-Belisha on July 6th that 4500 miles of the trunk 
roads of this country were to be placed under the 
direct control of the Ministry of Transport was wel- 
comed. Though local authorities for the most part 
maintained their roads in good condition, they were 
hampered in some places by financial considerations 
when improvement seemed desirable. Despite the 
aid the Ministry was able to give in the form of 
grants, it was difficult to obtain any degree of 
standardisation of general design. The roads have 
become so important a factor in the prosperity of this 
country that it was becoming wellnigh essential that 
those carrying ‘‘ through” traffic, as opposed to 
purely local traffic, should be administered by a 
central authority. According to a British Road 
Federation statement issued in April, the Great 
North Road between London and Edinburgh was 
under the control of thirty-one different authorities, 
and in the 110 miles of the London—Birmingham road, 
twenty-three different types of road surface were to 
be found. According to the Minister of Transport, 
no less than 190 miles of the 316 miles of the Great 
North Road, as far as the Scottish border, are still 
wide enough only to take one line of traffic in each 
direction, and many other main roads are in a similar 
condition. 

Another event of the year did not have so unani- 
mous a welcome. The merging of the Road Fund in 
the general Exchequer had been foreshadowed by the 
several ‘‘ raids *’ of the Chancellor in previous years. 
This action is likely to prove advantageous or dis- 
advantageous to road interests in proportion as the 
Minister of Transport for the time being is strong or 
weak. But the promotion of the Minister to Cabinet 
rank undoubtedly allayed much anxiety upon this 
point and most road bodies are likely to feel that so 
long as the energetic Mr. Hore-Belisha remains in 
office their interests will not be neglected. The 
problem of the year just ended and of those still to 
come is to provide for the legitimate claims of the 
road transport industry for better roads and un- 
restricted speeds, and at the same time to bring about 
a general increase of road safety. Though the total 
accident figures for 1936 will probably exceed 
those for 1935, it needs to be remembered that there 
was more traffic on the roads and that various pro- 
mising measures initiated by Mr. Hore-Belisha had 
still hardly advanced beyond the experimental stage. 
When the principle of concentrating particular atten- 
tion on “ black spots ” and improving the local con- 
ditions has been extended ; when pedestrian guard 
rails and other safety devices have been erected at 
many another danger point ; when improved lighting 
has removed those perilous pools of darkness from 
city streets; when “ carpets’? have quieted the 
motorists’ fear of skids; and when traffic on the 
trunk roads has been properly segregated—it may 
confidently be hoped that the road accident statistics 
will show a steady and progressive decline in the rate 
of road mortality and injury. 


Bridges and Tunnels. 
Although in this country only one bridge of any 


magnitude was completed during the year and none 
of any special importance was begun, 1936 was by no 


























STATE OF FOUNDATIONS OF PIER NO. 


opinions it may be mentioned that during the first 
eleven months of 1936 the number of killed in 
Oxfordshire outside the City of Oxford was 29 
persons. In the same period of 1935 the number 
killed was 51 persons. It is, too, significant that 
towards the end of the year the Minister of Trans- 
port announced that special ‘‘ accidents officers ” 
were to be appointed whose task it would be to 
study reports and statistics and examine the sites of 
all accidents, with a view to the elimination of road 
defects that might exist. 

As the views of those best qualified to judge all 





5 OF OLD WATERLOO BRIDGE, 












. 
= =e: 


«ty 


«2. 
? 
is 


Swain 6c 


LONDON 


means uneventful. The depression past, various 
schemes which had been relegated to the shelves 
** for the duration ”’ were re-enlivened and brought up 
for further discussion. Of the very many schemes 
put forward we believe it may be said with fair 
certainty that those for road bridges across the Severn, 
the Humber, the Firth of Forth, and the Firth of Tay 
will eventually come to fruition in the not far distant 
future. These schemes have all been persistently 
discussed during the last few years, not only by the 
local authorities concerned, but also with the Ministry 
of Transport. A Bill authorising the construction of 
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the first-named actually came before Parliament 
during the year. The consulting engineers, Messrs. 
Mott, Hay and Anderson, of Westminster, envisaged 
a bridge at English Stones with a total length of 
about 3800 yards and a span 1400ft. in length over 


in the Commons during November. 














ERECTING THE CABLES OFXCHELSEA SUSPENSION BRIDGE, LONDON 


the navigation channel. The site selected was that | be justified in embarking upon them at the present 
which would be occupied by the Severn Barrage|moment. The decision, however, will not preclude 
should that scheme ever be approved, but the | reconsideration at a later date. Despite this pro- 
design was such as not to interfere with the later | nouncement, the promoters are hoping that it may be 
erection of the barrage, and it was even claimed that | possible to accelerate reconsideration, and complete 


All these schemes were, however, threatened with 
delay by the Minister’s written answer to questions 
He stated that 
the Government felt itself bound by the over-riding 
importance of national defence and that it would not 





bridge across the Clyde at Glasgow. The difficulty 
with this, the Finnieston Bridge, appears to be to 
reconcile the conflicting requirements of road and 
navigational interests. Plans for a bridge without 
piers in the navigable waterway have now been pre- 
pared and tenders invited from several selected firms. 

The most important bridge building event of the 
year in Britain was the opening, on October 29th, of 
the Kincardine-on-Forth Bridge in Scotland. The 
engineers to this structure, which was fully described 
in our pages, were Sir Alexander Gibb and Partners, 
of Westminster, and the contractors the Cleveland 
Bridge and Engineering Company, Ltd. The bridge 
has a length of nearly half a mile and is notable for a 
swing span probably longer than any other in Europe. 
This span weighs 1600 tons and is 364ft. in length. 
The bridge carries a roadway 30ft. wide and two foot- 
paths, each 5ft. wide. On each side of the central 
swing span there are seven steel 100ft. spans. From 
the north the bridge is approached by three 60it. 
steel spans over the L.N.E? Railway and from the 
south by a concrete piled viaduct and nine 50it. 
reinforced concrete spans. The only important 
difficulty encountered in its construction was that of 
finding foundations for the piers on the south. Owing 
to a fault in the strata the same sound rock on which 
the north side piers are founded occurs only at great 
depths on the south. But though the material on the 
south is mainly soft and quite unsuitable, a layer of 
hard gravel was found at not too great a dépth. The 
completed bridge is illustrated by two accompanying 
engravings. 

The success of the Mersey Tunnel has directed 
more attention to this means of transit between the 
shores of large rivers. During the year Mr. H. Rowe 
Stevens put forward before the Southport Chamber 
of Trade a proposal for a Ribble Tunnel, 14 miles 
long, to form part of a road linking Liverpool, South- 
port, Lytham St. Annes, and Blackpool. Its cost he 
estimated would be between £750,000 and £850,000. 
Preliminary work on the Dartford-Purfleet Tunnel 
was begun in December. Early in January the County 
Councils concerned agreed that the Minister of Trans- 
port should be directly responsible for the con- 
struction of this tunnel. According to the plans, it 
will have a length of rather more than one mile and 
will be approached by gradients of 1 in 28.. The 
carriageway width is to be 20ft. and there will be a 
patrol path on each side. The top of the tunnel will 





be about 80ft. below Trinity high water mark and 
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West BAY CROSSING OF SAN FRANCISCO— OAKLAND BRIDGE 


statistical and other information showing the ample 
justification for its construction on both traffic and 
economic grounds has been sent to the Minister with 
regard to the Tay Bridge. 

Another scheme which still hangs fire is that for a 


it should lead to some reduction of its cost. The 
Government had promised to provide nearly 
£2,000,000 towards the cost, estimated at £2,480,000 
of the bridge. In May, however, the scheme was 
rejected in Committee of the House of Commons. 
As a result a deputation from the Monmouthshire, 
Glamorganshire, and Gloucestershire County Councils 





ERECTING DECK OF GOLDEN GATE BRIDGE, 


between 20ft. and 25ft. below the river bed. 
proposed to line the tunnel with cast iron segments 
and concrete and to provide a finished surface of 
some glazed waterproof material. 
will be prohibited. The engineers are Messrs. Coode, 





SAN FRANCISCO 
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Pedestrian traffic 





waited upon the Minister in July and suggested that 
perhaps the Government might desire to take over 
the construction of the bridge as part of the Trunk 
Roads scheme. Mr. Hore-Belisha, however, stated in 
reply that there was no present intention to do so and 
recommended that the Councils should form a joint 
committee to support the submission of a new Bill. 
The most recent proposals for the Humber Bridge, 
for which Sir Douglas Fox and Partners are the engi- 
neers, meet the objections of navigational interests 
by the provision of a suspension span of 4500ft.— 
a length 300ft. greater than that of the central span 
of the Golden Gate Bridge at San Francisco. The 
cost is estimated at £2,600,000 and the scheme 
was laid before the Minister of Transport early 
in. the year. Though they have been separately 
proposed, the schemes for bridges across the Forth 
and Tay form parts of a single whole and the 
protagonists we believe, working together. 
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Wilson, Mitchell and Vaughan-Lee and Messrs. Mott, 
Hay and Anderson. The proposals have been criticised 
both on the grounds of the small width of the road- 
way and because pedestrians will not be allowed to 
use the tunnel. Late in the year a contract was 
awarded to Charles Brand and Sons, Ltd., for the 
construction of a pilot tunnel, 12ft. diameter and 
900 vards long, between two shafts, each over LOOft. 


some character will be necessary around about the 
Elephant and Castle district on the south, and possibly 
also as far north as the Euston-road. In the last part 
of the report, the Committee put forward as an 
example of a plan which would meet traffic require- 
ments the scheme shown in an accompanying engrav- 
ing. Charing Cross railway station is allowed to 
remain on the north bank and the railway lines and 





demolished during the year, including those beneath 
the weak spans. It is of interest to note—-and some 
small comfort to those who have viewed the demoli- 
tion with great sorrow -that the condition of the 
foundations was far from satisfactory. Under pier 
No. 5, out of 220 piles, 130 were extracted whole, 
but the remainder came out in short lengths of 
5ft. to L5ft. Owing apparently to faulty design, the 
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DESIGN OF THE NICHOLAS HORTHY BRIDGE AT BUDAPEST 


deep, on the two sides of the river. A shield chamber, 
35ft. diameter, is also to be excavated at the foot 
of each shaft. The work will be distinguished by the 
fact that compressed air pressures up to 50 lb. per 
square inch are likely to be used—about the highest 
ever required in Britain. 

London.—aAs a result of the report of the London 


roadway are carried side by side on a single bridge. 
This plan did not pass unchallenged by architects 
and others. There is undoubtedly a considerable 
body of opinion which believes that no bridge worthy 
of its important position can be built until the station 
has been removed to the south bank. As the Humber 
and Forth bridges are threatened with relegation to 


footings or projections of the lower courses of masonry 
were mostly found to be broken away from the body 
of the pier and transverse timbers under the footings 
broken. An accompanying engraving shows the 
conditions found. In such circumstances it must 
be considered very doubtful whether the bridge could 
have been preserved at any reasonable expense. 














PROBABLE APPEARANCE OF COMPLETED HOWRAH BRIDGE, 


and HomeZCounties Traffic Advisory Committee, 
issued at the end of August, discussion of the Charing 
Cross Bridge scheme was revived. The report re- 
viewed the problem from the point of view of traffic 
requirements, and led to the almost fore-ordained 
conclusion that a bridge ought to be built at that 
point of the river. The evidence collected by the 
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the shelf by the “ ovér-riding importance ”’ of national 
defence, it is unfortunately doubtful in what situation 
any scheme now proposed for London would lie as 
regards financial aid from the Government. 

Two bridges in London are now undergoing re- 
construction. Old Waterloo Bridge has not yet been 
completely removed, but work proceeded steadily 
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CALCUTTA 


Towards the end of the year alterations to the 
approaches were begun in preparation for the con- 
struction of the new bridge. 

Chelsea, the other London bridge undergoing re- 
construction, is much further advanced, and is, in 
fact, due for completion in October. The design of 
this bridge, for which Messrs. Rendel, Palmer and 
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Committee was of particular interest, in that it showed 
that the main effect of the bridge would be to relieve 
adjacent streets, such as Whitehall, Trafalgar-square, 
and the Strand, of traffic, rather than form part of a 
main north-south artery. This fact relieves pro- 
moters of the task of designing very long approaches, 
but there is no doubt that improvement works of 


during the year. 


THE KINCARDINE-ON-FORTH BRIDGE, SCOTLAND 
Especially in removing the arches, 
all of which have now been demolished, the engi- 
neers, Messrs. Rendel, Palmer and Tritton, and the 
contractors, Sir William Arrol and Co., Ltd., exhibited 
that considerable caution which was, of course, very 
necessary in view of the somewhat precarious state 
of the bridge. Four of the river piers were also 
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Tritton are the consulting engineers, and Holloway 


Bros. (London), Ltd., the contractors, was described 
and illustrated in our pages during August. The 
bridge will be a suspension structure, with a central 
span of 352ft. between centres of towers and two side 
spans of 173ft. It will have a carriageway 40ft. 
wide and two L2ft. footways. The design is especially 
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interesting in that all four towers are separate from 
one another and because the supporting cables are 
anchored into the ends of the stiffening girders, 
which are thereby put in compression. The state of 
construction during December is shown by an accom- 
panying engraving. The stiffening girders, floor 
system, and towers had all been erected, and the 
erection of the suspension cables was begun. 
America.—Abroad by far the most important struc- 
tures are those two great bridges on the Pacific Coast 
of the United States, the Golden Gate Bridge across 
the very mouth of San Francisco harbour, and the 
San Francisco—Oakland Bridge across the bay itseif. 


that the original plan had been rejected. Ingenuity 
and daring, however, found at last the means 
required. The rock was bored and specially con- 
structed bombs were hammered in! These, when 
exploded, shattered the rock to the desired level 
surface. Now the great tower, 702ft. high, has been 
erected, the cables have been strung between it and 
its fellow, 4200ft. away, and the deck is under 
erection. 

For the San Francisco-Oakland Bay structure, too, 
the main difficulty was that of founding the piers. 
Though the water of the bay is comparatively shallow, 
the bed consists of a great thickness of loose mud 





Francisco—Oakland) of the past year. In a Supple- 
ment to this issue we reproduce photographs of them. 

On the same seaboard, but in Canada, another 
notable bridge is to be built at Vancouver. In May 
the Federal Government gave its approval to the con- 
struction of a new bridge across the First Narrows. 
The new bridge will have a length of nearly 1 mile, - 
a height at the centre of 209ft., and a central span 
of 1500ft. 

Europe.—In such a survey as this we cannot hope 
to refer to all the bridges that have been completed or 
were in course of erection during the year in Europe. 
One of the more important structures is the Storstrom 











WIDENING THE IENA BRIDGE ACROSS THE SEINE 


The latter was opened for traffic in November, and 
the former is due for completion during the present 
year. The Golden Gate Bridge, it will be recalled, 
is & suspension structure with a span far longer than 
any yet attempted—4200ft. between centres of piers. 
But it was not only this fact that caused the belief 
to be held widely at one time that no such structure 
could ever be built. Even to reduce the span to this 
manageable proportion, it was necessary to found one 
of the piers over 1000ft. out from the shore and some 
60ft. below the water at a point open to the fury of 
the ocean gales of the Pacific, and subject to such 
swift tidal currents that divers could work only at 


and sand. It was necessary in one case to go down as 
far as 240ft. below water level to find a secure rock 
foundation for the West Bay channel piers, and 
ordinary methods of excavation were out of the 
question. The work was carried out by ingeniously 
constructed caissons controllable as to level by means 
of compressed air, and so arranged that material 
could be dredged from beneath their cutting edges by 
grabs lowered by cranes into wells. On account of 
their size and weight, these caissons were, however, 
unwieldy things to handle, and on more than one 
occasion when soft material was encountered on one 





side and more resistant on the other, they heeled 














THE} REICHSBRUCKE ACROSS THE DANUBE AT VIENNA 


the short periods between tides. Indeed, as events 
later proved, the prophets of disaster were not so 
very far from the truth. Work upon the founding of 
this pier was frequently held up by gales, and twice 
the access pier from the shore was badly damaged. 
According to the original plan a concrete cofferdam 
was to be built around the site, and a steel caisson 
sunk within its protection, but a gale arising, when, 
after much labour, the caisson had been manceuvred 
between the concrete walls, the water grew so rough 
that the violent motion of the caisson threatened to 
shatter) the concrete and reduce its own material 
to scrap. The caisson was towed out again—not 
without difficulty as may well be imagined !—and 








sunk at sea, as though to signify to all and sundry 





dangerously, and even to such an extent that the 
grabs could no longer be drawn up the wells. 
Eventually, however, a solution was found for every 
difficulty, though it may well be imagined that the 
engineers hailed with relief the successful founding 
of each caisson. Thereafter in the building of the 
superstructure, though. difficulties might indeed be 
encountered, at least they were likely to be similar 
to those for which remedies had been invented 
elsewhere. 

We need, we think, make no further reference to 
the main dimensions of these two great bridges. 
They have been deScribed in our pages at various 
times during the last two years, and notably during 
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Bridge in Denmark, connecting the islands of Falster 
and Masnedo, the distance from shore to shore being 
about 2} miles. The final span of this bridge was . 
placed in position on December 3rd. The bridge 
carries one single line railway track, a roadway 
18ft. 4}4in. wide, and an 8ft. 2}in. footway for pedes- 
trians and cyclists. There are forty-seven approach 
spans, which are built of steel plate girders of the 
deck cantilever type, and three navigation spans 
which have”steel plate girders reinforced with a 
polygonal arch. The Storstrom is traversed by about 
15,000 ships every year, and, after careful study 
of the question, the central navigation span was 
designed with a clear opening of 447ft. and the side 
navigation spans both with openings of 335ft. The 
central navigation span provides a clear headway of 
86ft. The erection of the steelwork was carried out 
by means of a 500-ton floating crane, one of the 
most powerful floating cranes in existence. It is 
mounted on two barges, and on each barge stands a 
150ft. structural steel tower, the top of which is canti- 
levered out, carrying a tackle with nine sheave blocks. 
With the aid of this crane, each approach span was 
floated out and lifted into position. In the case of 
the navigation spans, a temporary wooden trestle 
on a pile foundation was built in the middle of each 
opening, and the crane lifted one-half of the span 
without the arch members and hangers, and placed 
it on the pier and the trestle. The second half of the 
span was then lifted into place, and the two parts 
spliced over the trestle, and finally the arch members 
and hangers were erected. The contract for the 
building of the bridge was let by the Danish State 
Railways to Dorman, Long and Co., Ltd., of Middles- 
brough, and work was begun at the end of 1933. 
The whole of the construction work is under the 
superintendence of Mr. H. Flensborg, chief engineer 
of the Danish State Railways, Dr. Anker Engelund 
acting as the consulting engineer. There still remains 
a considerable amount of work to be done on the deck 
of the bridge and approach works, but it is expected 
to be open for traffic before the end of this year. A 
photograph reproduced on page 5 gives a fine impres- 
sion of the bridge. 

A considerably smaller but nevertheless interesting 
bridge under construction during the year was that 
across the Danube at Budapest. This, the Nicholas 
Horthy Bridge, has a central span of 500ft. 6in., 
flanked on each side by a span of 368ft. 10in. It 
carries a roadway 5lit. 6in. wide and two pathways 
llft. 6in. wide. The three main spans are formed of 
lattice girders with a depth span ratio of only 1 : 38-5, 
and it is believed that no spans of comparable length 
have heretofore been built with so small a ratio. 
Curiously enough, its existence made high-tensile 
steel an unsuitable material, and ordinary mild steel 
was used. Foundations for the piers were obtained 
by the use of steel caissons, one of which was a 
riveted and the other an electrically welded struc- 
ture. The latter gave the advantage that there was 
less leakage to contend with. Dr. Eng. Paul Algyay- 


Hubert, Vice-President of the Department of Public 
Works, designed the bridge, which is illustrated by a 
line engraving on page 6. 

Reichsbriicke over the 


The Danube at Vienna 





July and August (Golden Gate) and November (San 





is a of a similar to 


bridge 


suspension type 





8 


THE- ENGINEER 





JAN. 1, 1937 








Chelsea Bridge in that the tension of the chains is 
supported by compressive stress in the deck-stiffening 
girders. It is illustrated in an accompanying engrav- 
ing. It has a central span of 241-2 m. and side spans of 
66-0 m., and carries a roadway 16-5 m. wide and two 
footpaths, each 4-2 m. wide. The stiffening girder 
is built up of plated box girders 4-3 m. high, and the 
chains consist of heavy steel plates to which the 
hangers are attached by bolts. The road decking 
rests on buckled plates supported by longitudinal 
joists. The total weight of steel is 11,800 tons. 
Another interesting work carried out on the 
Continent was the widening of the Iena Bridge in 
Paris in preparation for che great Exhibition this year. 
The Pont d’Iena is 498ft. long and consists of five 
spans of 91-8ft. Its width was originally 49ft., and 
it was decided to widen the structure permanently 
to 115ft. As, however, the bridge was built in 1810, 
it was considered undesirable to risk disturbing its 
foundations, particularly as it was quite clear that they 
were sufficiently good to meet existing loads. Conse- 
quently, comparatively narrow piers were founded 
on each side, and in line with the existing piers, but 
at some distance from them. Arches were then built 
over these piers to the same general design as those 
of the original bridge, and a steel decking laid on each 
side between the old work and the new. As the 





Napoleon eagles which adorned the old structure 
have been transferred to the new, the general appear- 
ance of the bridge has been altered as little as was 
possible. An accompanying engraving shows how 
successfully the work has been carried out. 

Asia.—In November the announcement was made 
that the contract for the Howrah Bridge to cross the 
Hooghly between Calcutta and Howrah in India, 
had been awarded to the Cleveland Bridge and 
Engineering Company, Ltd., of Darlington, and that 
it would be built to the design proposed by the 
consulting engineers, Messrs. Rendel, Palmer and 
Tritton, of Westminster. The bridge is to be of the 
cantilever type, with a main span of 1500ft. between 
centres of towers. The cantilever arms, 468ft. long, 
will carry a suspended span of 564ft. Each anchor 
arm will be 325ft. long, and the towers will rise to a 
height of 270ft. above the roadway level. A road, 
7lft. between kerbs and two L5dft. footpaths, will be 
carried by the bridge. Rock is not apparently avail- 
able for foundations, and the main towers are to be 
supported by single monolithic piers of cellular con- 
struction founded in a stratum of stiff clay under- 
lying alluvial deposits. The bridge, it is expected, 
will take four years to build, and cost, excluding 
approaches, some £1,600,000. The engraving on 
page 6 is reproduced from a picture. 








Naval Construction in 1936. 


By HECTOR C. BYWATER, A.I.N.A. 


T is probably true to say that the aggregate of 
naval tonnage under construction in the world 
during the past year exceeded by a substantial margin 
the total recorded for any year since 1922, when the 
disarmament provisions of the Washington Treaty 
began to take effect. The present year will, moreover, 
bring a considerable augmentation of such tonnage, 
for many vessels of the British rearmament pro- 
gramme, including two battleships, are to be laid 





of mercantile shipbuilding, a movement which shows 
every promise of continuing. 

In the home naval sphere the most interesting 
event of the past twelve months was the award 
of contracts for the two British battleships which 
are to be started early in the present year. They 
will be the first capital units to be laid down in 
this country for fourteen years, and having regard 
to the notable progress in ship design and engi- 
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down, and further capital ships are to be started 
abroad. The United States, for instance, has decided 
to lay the keels of two 35,000-ton vessels ; Japan is 
understood to have prepared designs for one, if not 
two, battleships; and additions will probably be 
made to the German programme of heavy ships. 
While the political aspect of naval construction does 
not come within the province of this review, it is 
impossible to ignore the fact that an international 
naval race, no less intensive than that which set in 
during the pre-war period of 1906-14, is now begin- 
ning. So far as this country is concerned, naval re- 
armament has become an imperative necessity in 
view of the exceedingly rapid expansion of almost 
every foreign fleet of importance. It must be recog- 
nised that the provision for new construction made 
in the Navy Estimates of the past two years is no 
more than the first instalment of a programme 
designed to restore the British Navy to that position 
of relative strength which our widespread commit- 
ments demand. The country has become resigned to 
years of heavy expenditure on the defence services, 
but it is a consoling fact that at least three-quarters 
of the money to be expended will be paid out in wages 
to British worker. 

Already the new defence programme has begun to 
stimulate industry in every part of the country. It 
might even be said that the Admiralty contracts 
placed during the past two years have enabled the 
shipbuilding, marine engineering, and kindred trades 
to tide over the last, and what might otherwise have 
proved the most disastrous, phase of the economic 
depression. Most fortunately this large volume of 
Admiralty work has coincided with a marked revival 
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neering which has been achieved in the interval, they 
should represent as great an advance on the “‘ Nelson ” 
and ‘‘ Rodney ” as those ships did on their prede- 
cessors of the ‘‘ Queen Elizabeth” and }“ Royal 
Sovereign” classes. Other events of note during 1936 
were the launching of the first group*of five cruisers of 
the 9000-ton ‘‘ Southampton ” class, and the laying 
down of the flotilla leaders of the “‘ Tribal ” class, 





the largest torpedo craft so far designed for the British 
Navy. Abroad, the completion of the French battle- 
ship “‘ Dunkerque,”’ of 26,500 tons, and the launching of 
the ‘‘ Scharnhorst ’”’ and ‘‘ Gneisenau,”’ the first German 
capital ships of full size to be built since the war, were 
outstanding developments of the year. The United 
States Navy is now in the full tide of progress made 
possible by the far-sighted Vinson-Trammell legisla- 
tion of 1933, and at the close of the year work was 
proceeding on not less than eighty-six U.S. war 
vessels of various types. As the naval programmes of 
Germany and Russia are still, to some extent, 
shrouded in secrecy, and an unusual reticence in the 
same respect is now being observed by Italy, it is 
impossible to form a precise estimate of the total of 
naval construction that is in hand throughout the 
world at the time of writing. 


The British Commonwealth. 


It was announced on July 28th that the two battle- 
ships provided for in the first Supplementaty Navy 
Estimate for 1936 would be built respectively by 
Cammell Laird and Vickers-Armstrongs. In the 
case of the first ship both hull and machinery are 
to be built at Birkenhead; in the case of the 
second the hull is to be constructed at Walker- 
on-Tyne and the machinery at Barrow-in-Furness. 
The former js to be named “ Prince of Wales,” the 
latter ‘“‘King George V.” In order to render 
possible the laying down of both ships early in 
1937 the usual formalities attending the award 
of important Admiralty contracts were to some 
extent waived, in that the orders were placed in 
advance of the submission of detailed estimates of 
cost. As a sum of £403,360 is to be spent on each of 
the two ships before the end of March, the work of 
construction should make good progress, and both 
ships will, it is hoped, be ready to commission not 
later than the spring of 1940. Except that the dis- 
placement will be approximately 35,000 tons, and the 
main armament will consist of 14in. guns, no details 
of the ships have been released. It is, however, 
understood that they will be appreciably faster than 
any previous British battleships, and a designed speed 
of not less than 30 knots is to be anticipated. Seven 
cruisers were included in the 1936 programme, the 
largest number of these vessels to be authorised in 
any single year since 1918. Two are to be of the 
‘* Southampton ”’ class and five of a smaller type, 
‘** Dido ” class, probably of about 5000 tons, for work 
with the main Fleet. When these vessels have been 
laid down there will be sixteen cruisers under con- 
struction in this country, viz., ten of the ‘ South- 
ampton ” class and six of the smaller type, the latter 
including the “ Aurora,’ which was launched at 
Portsmouth on August 20th. In consequence of the 
acceleration of all new construction since the Govern- 
ment’s rearmament programme was introduced, the 
normal period for building and outfitting warships 
of every type will be reduced, in certain cases by as 
much as six months. The cruisers ** Southampton ”’ 
and ‘“‘ Newcastle,’ voted under the 1933 Estimates, 
but not laid down until October-November, 1934, 
were launched respectively on March 10th and 
January 23rd, the former by John Brown and Co., 
Clydebank, the latter by Vickers-Armstrongs, Walker- 
on-Tyne. The “ Sheffield,” “‘ Glasgow,” and * Bir- 
mingham,’’ voted under the 1934 Estimates, and 
begun between January and July, 1935, made such 
good progress that the first-named was launched at 
Walker-on-Tyne on July 23rd, the ‘ Glasgow” by 
Scott’s Shipbuilding and Engineering Company, 
Greenock, on June 20th, and the *“‘ Birmingham ”’ at 
Devonport Dockyard on September Ist. Two more 
ships of the same class, ‘‘ Liverpool”’ and ‘ Man- 
chester,” were laid down last year by the Fairfield 
Shipbuilding Company, Govan, and Hawthorn, 
Leslie and Co., Hebburn-on-Tyne, while a third ship, 
‘“* Gloucester,” has been started at Devonport. As 
the class was fully described in last year’s review it 
need only be repeated that the displacement is 9000 
tons, the estimated horse-power 96,000 for a speed of 
32 knots, and the armament twelve 6in. guns in triple 
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turrets and eight 4in. anti-aircraft guns. The only 
additional information about these ships is that they 
will have better armour protection than any British 
cruisers built since the war. During the year the 
‘* Amphion ” and the ‘ Apollo ” were commissioned 
as the last two units of the ‘improved Leander” 
class. Displacing 7000 tons, with a designed speed of 
324 knots, they differ from the prototype in having 
the engine and boiler-rooms widely spaced instead ot 
being grouped amidships, and therefore two funnels 
instead of one. The completion of the ‘‘ Amphion ” 
was delayed by engine-room troubles, believed to be 
connected with the reduction gearing, and she was 
not commissioned till five years and three months 
after the date of authorisation. The ‘ Penelope,” 


meagre provision for new construction and the super- 
annuation of boats built under the war-time pro- 
gramme, the British Navy’s relative strength in this 
arm has steadily declined. Last year, however, the 
quota of submarines was increased to eight, and it is 
to be hoped that at least an equal number will be 
voted in the Estimates for future years. One of the 
three boats of the 1936 programme, to be named 
“Triton,” is a general service vessel corresponding 
to the ‘‘ P ” type, and will probably have a displace- 
ment of about 1475 tons. Of the eight boats of the 
1936 programme, four are to be of the “ Triton ”’ 
type, one—the “ Seal ”’—is a large minelayer, and the 
remaining three are coastal boats of the new ‘‘ Unity ” 
class. Even when all these vessels are completed we 











U.S. 


third unit of the 5200-ton ‘* Aretinusa”’ class, was 
commissioned in November, and her sister ship, the 
* Aurora,” is now completing afloat at Portsmouth. 
Although the ‘“‘ Arethusa’’ and her consorts are 
inferior in size and fighting power to foreign con- 
temporaries, they are proving successful and very 
useful ships, their exceptionally large radius of action 
being an asset of high strategic value. The two 
cruisers of the “improved Southampton” class 
included in the 1936 programme are to be named 
** Belfast ’? and ‘“‘ Edinburgh.” The former is to be 
built and engined by Harland and Wolff, at Belfast ; 
the latter is to be built by Swan, Hunter and Wigham 
Richardson, of Wallsend, the machinery being sup- 
plied by the Wallsend Slipway and Engineering Com- 
pany. Two of the five 5000-ton ‘‘ Dido” class 
cruisers are to be built in H.M. dockyards. Contracts 
for the others are to be awarded next month (Feb- 


ruary ). 

Most of the ‘ Hero” class destroyers and 
the ““G” class leader ‘“ Grenville’? were com- 
pleted during 1936. The remainder, and _ the 
leader ‘‘ Hardy,” will soon be in service. The 
leader ‘‘ Inglefield,”’ 1455 tons, and most of the 


eight destroyers of the 1350-ton “‘ Intrepid” class, 
1935 programme, have been launched and should 
be completed before the autumn of this year. The 
first seven leaders of the “‘ Tribal’ class should be 
launched during the next six months and completed 
early in 1937. As mentioned above, their displace- 
ment of 1850 tons will make them the largest torpedo 
craft so far built for the British Navy, though the 
two leaders recently launched by J. Samuel White 
and Co., of Cowes, for the Polish Government are 
heavier by nearly 300 tons. The “‘ Tribal ” class will 
probably have a designed speed of 36 knots, and be 
armed with 5in. or 5-lin. guns. Although their size 
brings them into the flotilla leader category, they will 
doubtless be organised in flotillas, as is the case with 
the very large leaders which have been built for the 
French, Italian, and Japanese navies. Nine further 
units of the “ Tribal ” class are included in the 1936 
programme, besides nine destroyers of the standard 
1350-1400-ton type. Altogether, therefore, thirty- 
four destroyers have been authorised during the past 
two years, a number which suggests that the replace- 
ment of obsolete tonnage in this category is to go 
forward at increasing tempo. In naval circles the 
ordering of the sixteen “‘ Tribal” leaders has given 
special satisfaction, for it has long been a source of 
anxiety that the Navy had no torpedo vessels which 
even approached in fighting power the huge leaders 
developed abroad in recent years. It is possible that 
the impending addition of twenty-two leaders of 
1625 to 1811 tons to the German fleet finally over- 
ruled the Admiralty’s objection to the building of 
abnormally large torpedo craft, an objection rational 
enough in view of the Navy’s need of numerical 
strength in destroyers. When the nine additional 
“Tribals ’’ and the nine “J” class destroyers have 
been laid down a few months hence there will be under 
construction for the Navy forty-three leaders and 
destroyers. In every case their completion is to be 
accelerated. 

For several years past ouly three submarines have 
been voted in the annual programme—one being a 
large cruiser or minelaying vessel, and the other two 
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shall still possess only forty-seven submarines of post- 
war construction. 

The most important vessel due to be launched this 
year is the aircraft carrier ‘‘ Ark Royal,” of the 1934 
programme. Her keel was laid by Cammell Laird at 
Birkenhead on September 16th, 1935, and it is esti- 
mated that she will take three years to complete. The 
displacement is to be 22,000 tons and the armament 
is to consist of 5-5in. guns, but no other particulars 
are as yet available. Two aircraft carriers of a 
smaller type, “‘ Illustrious ” and ‘“ Victorious,’”’ were 
authorised last year, and particulars of their design 
are awaited with much interest. In view of the great 
cost and extreme vulnerability of the large aircraft 
carrier which has hitherto predominated in the Navy, 
a reversion to smaller dimensions is to be welcomed. 





types have, however, been developed, such as the 
convoy sloop of 1190 tons, a speed of 18 knots, and 
three to four 4-7in. guns; the coastal sloop of only 
585 tons, but with a speed of 20 knots, which is 


designed for anti-submarine work; and the mine 
sweeping sloop, of 815 tons and 164 knots. All these 
vessels are, no doubt, useful in their various ways, 
but in every case the actual fighting value is almost 
negligible. With the possible exception of the 
‘** Enchantress,”’ none is suitable for convoy work on 
the high seas, though, in the event of war, there would 
be an immediate and very heavy demand for vessels 
capable of undertaking that duty. The true convoy 
sloop is represented by the “ Erie’ class now being 
built for the U.S. Navy, with a displacement of 2000 
tons, a speed of 20 knots, and an armament of four 
5in. guns, to be increased to three or four 6in. guns in 
later vessels. Ships such as these would be a match 
for any submarine, as well as for the smaller type of 
auxiliary surface raider that operated during the 
war, and many British naval officers would willingly 
exchange the whole of our present sloops for twenty 
vessels of the “ Erie ”’ class. 

On August 20th the net-layer “ Protector’ was 
launched by Yarrow and Co., Scotstoun. She is a 
slightly larger edition of the ‘‘ Guardian,” 2860 
tons and 18 knots, and, like her, is designed for the 
laying of anti-submarine nets as well as for fleet 
photography work and the towage of targets. 
Included in the 1936 programme were twelve motor 
torpedo boats, six of which are now in service. 
Designed by Mr. Scott Paine and built by the British 
Power Boat Company, of Hythe, Southampton, they 
represent an enlarged version of the admirals’ barges 
and pinnaces which the same firm has supplied to 
the Navy during the past two or three years. The 
new torpedo boats are still on the confidential 
list, but it is known that their speed is over 40 knots 
and that they have very remarkable sea-keeping 
qualities which enable them to maintain a high speed 
in adverse weather conditions. In view of the per- 
formance of the first group to be delivered there is 
little doubt that the motor torpedo boat will be 
permanently adopted by the Navy. 

For purposes of reference and comparison the 
following table, which shows the building programmes 
voted during the past four yvcars, may be useful. 
Only the five principal types of ships are included. 


1933. 1934. 1935. 1936. 
Battleships... -_—_—.e — — . 2 
Cruisers . pa es ee ee 
Destroyers... .. 9 9 me ee 
Aircraft carriers... . - l - 2 
Submarines 3 3 3 8 
Totals . 1b 17 22 37 


The Australian Government has decided to create 
a new destroyer flotilla, the leader of which is to be 
built at Sydney. Further cruisers are to be ordered 











U.S. 


Both in this country and abroad naval opinion recog- 
nises the very large carrier, exemplified by the U.S. 
“Lexington,” the Japanese ‘“ Akagi,” and _ the 
British ‘‘ Furious ” class, as a temporary expedient 
made necessary by the present limitations of aircraft, 
and anticipates the disappearance of these mammoth 
vessels as soon as aircraft of lower landing speed 
become available. Consequently, although the 
extremely heavy expenditure on the building and 
maintenance of such vessels may be inevitable, it can 
be considered a sound investment only in the experi- 
mental sense and not as a permanent contribution to 
naval strength. 

The Admiralty’s partiality for the small sloop 
remains unabated, though it does not seem to be 
shared by the Navy as a whole. Including the six 
units of the 1936 programme, no less than fifty-one 
sloops have been built and authorised for the Royal 
and Dominion navies since 1927. The majority con- 
form to the original ‘‘ Bridgewater ”’ type, averaging 
1050 tons, with a speed of 164 knots, and an armament 
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medium-size coastal boats. As the result of this 





of two 4in. or 4-7in. guns. Several other special ! 
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in Great Britam “when money is available.” It 
was announced on November 14th that the Canadian 
Government had purchased the Royal Navy des- 
troyers ‘‘ Cygnet ’’’ and ‘‘ Crescent,’’ completed 1932 
—1375 tons, speed 354 knots. 

United States. 

At the close of the year eighty-six vessels were 
under construction for the United States Navy. 
including three aircraft carriers, eleven cruisers, 
eleven flotilla leaders, forty-six destroyers, and four- 
teen submarines. During the present year it is pro- 
posed to lay down two battleships of 35,000 tons, 
twelve destroyers, and six submarines, in pursuance 
of the policy of raising the navy to full Treaty strength 
by 1942, as provided for by the Vinson-Trammell Act. 
It is understood that designs for the new battleships 
are being held up until the attitude of Japan towards 
the question of gun calibre becomes clarified. By the 
1936 London Treaty the armament of capital ships 
is restricted to 14in. over a period of six years, but 
this limitation is subject to the concurrence of all the 
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Powers that were originally represented at the Con- 
ference. As Japan withdrew from the proceedings 
and is not, therefore, a party to the Treaty, it is still 
uncertain whether she intends to accept the restric- 
tion on gun calibre. American naval officers would 
prefer to mount J6in. guns in the new ships, and 
unless Japan makes a definite pronouncement on the 
subject at an early date it is probable that an 
American design embodying that calibre will be 
adopted. The largest vessel completed during the 
year was the heavy cruiser “‘ Quincy,’’ which had been 
laid down in November, 1933. Launched in June, 
1935, her completion was delayed by two outbreaks 
of fire. She belongs to the ‘* Minneapolis ” class, in 
which a slight reduction of speed has been accepted 
to gain improved protection, to such good purpose, 


is apparently not proposed for the present to revert 
to the very large dimensions favoured a few years 
ago, when boats up to 2730 tons were built. Mention 
has been made in the preceding section of the new 
sloops, or gunboats, as they are officially designated, 
now coming into service, and which appear to be 
ideal for convoy duty. Of this class the “‘ Erie ” and 
“Charleston”? have been completed for the Navy 
and seven similar vessels are building for the Coast 
Guard, a service which automatically becomes part 
of the navy in the event of war. The displacement of 
the class is 2000 tons, the length overall 2284{t., beam 
4lft. 4in., and mean draught I11}ft. Turbine 
machinery of 6200 H.P. is installed for a speed of 
20 knots. The navy vessels mount four 5in. and two 
3in. anti-aircraft guns, but in the Coast Guard units 
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apparently, that it would not be a misnomer to rate 
these vessels as armoured cruisers. According to 
unofficial reports they have 5in. armour on the water 
line and din. to 6in. platmg on the gun-houses, pro- 
tection superior to that of many armoured cruisers of 
the pre-war era. With the completion of the 
“Quincy” the United States has sixteen 8in. gun 
cruisers in service, or only two short of the total 
allotted to her by the 1930 Naval Treaty. The last 
two units, ““ Vincennes ” and ‘“ Wichita,’ are under 
construction and due for completion in 1937-8. The 
eighteen ships of this group comprise a homogeneous 
torce of great power, and one that is definitely superior 
to the heavy cruiser fleet of any other navy. The 
collective speed of the group is at least 32 knots, it 
mounts an aggregate of 164 Sin. guns, besides 120 
din. anti-aircraft guns, and carries from seventy-two 
to eighty aircraft. 

Nine so-called ** light cruisers ”’ are in hand, with a 
uniform displacement of 10,000 tons and a main 
armament of fifteen 6in. guns, in three triple turrets 
forward and two aft. The speed is 32} knots, and a 
certain amount of armour protection is reported. A 
new feature introduced into these ships is the mount- 
ing of the eight 5in. anti-aircraft guns in twin turrets, 
a practice that is being adopted in other navies, 
including the British, in order to protect the crews 
of these important guns from shell or bomb splinters 
and machine gun fire. The nine ships in question are 
the ‘“ Brooklyn,” ‘‘ Philadelphia,” ‘‘ Savannah,” 
** Nashville,’ ‘* Phoenix,” ‘‘ Boise,’ ‘‘ Honolulu,” 
‘St. Louis,’ and “‘ Helena.’”” The nameship is due 
to be completed on June Ist this year, but work on 
all the vessels is reported to be in arrears and their 
completion is therefore likely to be delayed. The first 
of the thirteen flotilla leaders of the “‘ Porter ”’ class, 
which have been laid down since 1933, was delivered 
in August, and three more of the vessels are under- 
stood to have been completed since that date. The 
displacement is 1850 tons and the machinery is 
designed for 50,000 H.P. and a speed of 37 knots. 
The armament was originally returned as five 5in. 
suns, but it has since been reported that eight of 
these weapons are carried, the mountings being 
equally adapted for horizontal or high-angle fire. 
There are two sets of quadruple torpedo tubes. As 
noted above, a very large number of destroyers is 
under construction. Although the type is standard- 
ised on the basis of 1500 tons displacement, the first 
vessels to be completed show some variations owing 
to the extensive use of welding and other weight-saving 
devices in their construction. For example, the first 
four units to be delivered were found to average 
1395 tons, while several of the later vessels displace 
only 1345 tons. Machinery of 42,800 H.P. gives a 
speed of 364 knots, and the armament comprises five 
5in. “‘ dual purpose ” guns and eight torpedo tubes. 
Several of these new destroyers have recently visited. 
United Kingdom ports, where their careful design and 
robust construction were much admired. In par- 
ticular, the living spaces for officers and men are 
roomy and comfortable to a degree rarely found in 
torpedo craft. 

The number of submarines building at tine end of 
the year was seventeen, and six more are shortly to 
he laid down. They are more or less uniform in 
type, averaging 1325 tons with a length of 283-290ft., 
with an armament of one 3in. anti-aircraft gun and 
six torpedo tubes. The U.S. Navy has a nominal 
strength of 106 submarines, the great majority of 
which were built under the war programme, but not 








completed until some years after the Armistice. It 
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two of the din. guns are temporarily removed to 
give increased accommodation. All these gunboats, 
which carry a seaplane in a deck hangar, appear to be 
extremely practical and efficient units. A Bill now 
before Congress, but not yet passed, provides for the 
construction of a large fleet of auxiliary vessels, 
including depot ships for destroyers and submarines, 
repair ships, fast tankers, &c., and it appears that 
this programme will soon be adopted. The increase 
in American naval strength during the past few years 
has been phenomenal, and, thanks to the legislation 
adverted to above, the continuance of this expansion 
during future years is assured. 


Japan. 

The cruiser “* Kumano” was launched trom the 
Kawasaki yard in October. She is a unit of the 
** Mogami” class, of which the nameship and the 
‘‘ Mikuma ” are already in service, the “ Suzuya ”’ is 
approaching completion, and the fifth and sixth 
ships, ‘ Tone ” and “‘ Chikuma,” are on the stocks. 
From the technical point of view the type is extremely 
interesting, reflecting, as it does, in an extreme form 
the current Japanese tendency to concentrate the 





may be thankful that our own naval constructors 
still adhere to more conservative principles. No 
news has yet been received of the launch of the air- 
craft carrier ‘‘ Soryu”’ (Blue Dragon), which was 
begun at Kure more than two years ago. This vessel 
and a sister ship, “ Hiryu” (Flying Dragon), which was 
laid down at Yokosuka in 1935, will displace 10,050 
tons and have machinery of 60,000 H.P. for a speed of 
30 knots. The armament is to consist of twelve Sin. 
anti-aircraft guns. A seaplane carrier, the ‘* Chitose,” 














ESTONIAN SUBMARINE “LEMBIT*’ 
ot which no particulars are available, is also building. 
Other construction now in hand ineludes from 
fifteen to twenty destroyers, averaging 1368 tons, 
with the heavy armament of five din. guns and six or 
eight torpedo tubes, and ten submarines, viz., two 
cruiser type vessels of 1950 tons, six patrol vessels 
of 1400 tons, and two 700-ton units of the coastal 
type. It is understood that a comparatively large 
programme of new construction is about to be under- 
taken, the details of which have yet to be released. 
According to a semi-official announcement from 








DUTCH CRUISER 


utmost degree of fighting power in a ship of moderate 
displacement. The ‘‘ Kumano ” is a vessel of 8500 
tons, with machinery of 90,000 H.P. and a designed 
speed of 33 knots. The length is 625ft., the beam 
59ft. 5in., and the mean draught 14ft. 9in. It is 
understood that the only protection is a 2in. armour 
deck. The armament comprises fifteen 6-lin. guns 
in triple turrets, of which three are placed forward and 
two aft; eight 5in. anti-aircraft guns, twin mounted 
in turrets ; and twelve torpedo tubes. Two aircraft 
are carried on catapults. There is the usual lofty 
superstructure characteristic of all contemporary 
Japanese warships, and the general appearance is 
suggestive of overcrowding and instability. This 
impression may, of course, be misleading, but while 
paying full tribute to the ingenuity of the design we 











“DE RUYTER"’ 


Tokio, at least one battleship is to be laid down this 
year. It is further stated that this vessel will not 
exceed the limit of 35,000 tons imposed by the new 
London Treaty, although Japan is not a party to that 
instrument. The Japanese Press foreshadows what 
is described as a new policy of construction to con- 
form to the strategical principles accepted by the 
naval and military staffs. The main object is to safe- 
guard Japan’s communications with the Asiatic 
mainland, for which purpose fast cruisers of moderate 
size, torpedo flotillas, and submarines are held to be 
more useful than larger ships. It is proposed to raise 
the submarine force to a strength of ninety modern 
units, a plan which will involve the construction of 
from forty-five to fifty new vessels during the next 
few years. At the same time, Japan is to maintain 
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an ocean-going battle fleet for operations in the 
Pacific. 

The national industry is said to be capable of 
meeting every demand which the naval authorities 
are likely to put forward, and emphasis is laid on the 
high level of technical efficiency which has now been 
achieved by the Japanese shipyards, engineering 
establishments, and armament factories. Information 
regarding the scope and progress of Japanese naval 
construction promises to be somewhat meagre in the 
future, for the Tokio-Government has decreed that 
henceforth all such news is to be treated as confi- 
dential, and must not even be imparted to the 
national Diet. 


France. 


The battleship ‘* Dunkerque,” built in dry dock at 
Brest and floated in October, 1935, began her trials 
last April, and is now on the point of being com- 
missioned for service, This vessel was fully described 
in last year’s review and there is little to add to the 
details then given, except that the total cost has 
exceeded 700,000,000f. The sister ship, ‘ Stras- 
bourg,”’ laid down at St. Nazaire in November, 1934, 
is shortly to be launched and is due for completion in 
1938. In November, 1935, the “ Richelieu,” a battle- 
ship of 35,000 tons, was begun at Brest, and a second 
vessel, the “‘ Jean Bart,”’ is to be laid down early this 
year. No reliable particulars of this new class are 
obtainable. Completion of the group of six cruisers of 
‘* La Galissonniére ” class has been retarded by labour 
troubles, and only the nameship and the “ Jean de 
Vienne " have been completed to date ; but the four 
remaining ships, ‘‘ Marseillaise,”’ ‘‘ Gloire,”’ ‘‘ Mont- 
calm,” and ‘‘ Georges Leygues,”’ should all be delivered 
before the summer. The trials of the first ships are 
reported to have given every satisfaction, and with the 
completion of this fine squadron of cruisers the French 
Navy will receive a powerful reinforcement. The 
type, it may be recalled, has a displacement of 7600 
tons, with machinery of 84,000 H.P. for 31 knots. 
This, from the French point of view, comparatively 
low speed was accepted for the sake of improved pro- 
tection, which is understood to include 4}in. vertical 


armour and 54in. gun turrets. The armament con- | 


thirteen 12in.to ten 12-6in. guns. The cruiser 

| ‘* Eugenio di Savoia,” launched March 16th, 1935, 
has been commissioned. She belongs to the 
‘improved Condottieri ” class and is a sister ship of 
the ‘‘ Emanuele Filiberto,” completed in 1935. Dis- 
placement 6791 tons, speed 364 knots, eight 6in. and 
six 3-9in. A.A., six torpedo tubes. Unlike the earlier 
| units of this class, these vessels have armour pro- 
tection on the water line and turrets. Two further 
cruisers, ‘‘ Giuseppe Garibaldi” and ‘“ L. di Savoia 
Duca degli Abruzzi,”’ are practically complete. The 
displacement is 7874 tons and the speed 35 knots. 
The main armament, originally reported as eight 6in., 
|is understood to comprise ten of these guns. Four 
destroyers of 1449 tons and four torpedo boats of 
615 tons are completing afloat. The submarine 
“* Tazzoli,” 1332 tons and 17 knots, was delivered 
during the year. Fourteen other boats, viz., two sub- 
marine minelayers of 915 tons and twelve coastal 
units of 590 tons, all begun in 1935, are in various 
| stages of completion. Their delivery will raise the 
| total of Italy’s modern submarines to seventy-eight, 
| the oldest of which was completed in 1928. It was 
| announced from Rome in October that “ several dozen 
| warships ’’ were then under construction. Unless this 
| vague figure includes small motor torpedo boats it 
|can only refer to a new programme of which no 
details have as yet been made public. 





Germany. 


New construction officially reported to have been 
started during the year includes one battleship of 
35,000 tons, an aircraft carrier of 19,250 tons, one 
10,000-ton cruiser, six destroyers of 1811 tons, twelve 
torpedo boats of 600 tons, four submarines of 250 
tons and four of 500 tons, 

The foregoing are additional to the ships laid down 
in 1935, which comprised two battleships of 26,000 
tons, two cruisers of 10,000 tons, sixteen destroyers 
of 1625 tons, twenty submarines of 250 tons, six of 
500 tons and two of 750 tons, and ten gunboats, or 
‘** fleet escorts,”’ of 600 tons, For the sake of con- 
venience the new construction begun under the 








is tabulated below. 


1935 and 1936 programmes 
No. Laid Displacement, 

down. tons. 

Battleships .. 1 1936 35,000 
Ditto... 2 1935 . 26,000 
Cruisers... 3 1935-6 10,000 
Aireraft carrier 1 1936 19,250 
Destroyers ... 16 1935 1,625 
Ditto... ... 6 1936 1,811 
Torpedo boats 12 1936 600 
Submarines ... 2 1935 750 
Ditto... 10 1935-6 500 
pe Ee 24 ... 1935-6 250 
Fleet escorts... 10 ... 1935 600 


The third and last armoured ship of the ‘‘ Deutscin- 
land” class, ‘‘ Admiral Graf Spee,” 10,000 tons, 
26 knots, six Llin. guns, was commissioned in January. 
The first 26,000-ton battleship was launched at 
Wilhelmshaven on October 3rd and named the 
“‘ Scharnhorst.” The second ship, ‘ Gneisenau,”’ was 
launched at Kiel on December 8th. Particulars 
are as follows:—Length on water line, 741}it.; 
beam, 984}ft.; mean draught, 23}ft.; armament, 
nine llin. and twelve 5-9in. guns. The designed 
speed is understood to be about 30 knots. The com- 
paratively smal] draught and light main armament 
are striking features of the design, which is believed 
to include very thorough protection. They are the 
first German capital ships to be designed without 
reference to the technical restrictions of the Versailles 
Treaty. 


Other Nations. 

Shortly before the end of the year the cruiser 
“De Ruyter” was completed at the Wilton-Fije- 
noord yard, Rotterdam, for the Royal Netherlands 
Navy. “She has a length of about 540ft. and a 
designed speed of $2 knots, or with cruising turbines 
17 knots. The geared turbine machinery has a 
normal power of 60,000 8.H.P. at 320 r.p.m., with a 
maximum power of 75,000 §.H.P. The propelling 
machinery was made by the Royal de Scheldo Co., 
of Flushing, and the boilers are of the Yarrow single- 
flow side-fired type. During the year two sub- 
marines, the “ Kaley’ and ‘‘ Lembit,” were com- 
pleted at Barrow for the Estonian Government. 








sists of nine 6- lin. guns in triple turrets, eight 3- Sin. | 


anti-aircraft guns, and four torpedo tubes. The 
appearance of the ships is both smart and handsome, 
and they compare very favourably with the slightly 
smaller British vessels of the ‘‘ Leander ” class. 
During the year the flotilla leader ** Le Fantasque,” 


completed her trials as the last of a group of six | 
vessels, thus raising to thirty the number of these | 


powerful ships which have been completed for the 
French Navy during the past ten years. “Le 
Fantasque ”’ and her sisters displace 2569 tons and 
are therefore the heaviest of the type so far completed. 
The designed speed is 37 knots—exceeded in every 
case on trial—and the armament includes five 5-4in. 
guns and nine torpedo tubes. Two flotilla leaders of 
still greater tonnage, “* Mogador ”’ and “ Volta,’’ are 
due for delivery this year. In these the displacement 
is raised to 2884 tons, the horse-power is increased to 
90,000 for a speed of 38 knots, and the gun armament 
to eight 5-4in. In their combination of great speed, 
wide radius of action, seaworthiness, and powerful 
armament the French flotilla leaders, which are, of 
course, light cruisers in all but name, are entirely 
unique among the world’s warships, Other torpedo 
craft under construction include three destroyers of 
1772 tons, and six small destroyers, officially rated as 
‘* escorteurs,” of 608 tons, the last of a group of 
twelve of these vessels. With a speed of 34} knots and 
an armament which includes two 3-9in. and several 
smaller guns, these ‘pocket destroyers”? should 
prove very useful for anti-submarine work. Several 
submarines passed into service during the year, 
raising to seventy-seven the number of boats which 
have been completed since 1926. Four or five further 
submarines are still in hand, and others are to be laid 
down under this year’s programme. Including half-a- 
dozen boats dating from the war period, France now 
possesses ninety-one submarines and has, therefore, 
by @ generous margin the most powerful under- 
water force of any nation. 


Italy. 


Owing, it is believed, to the exigencies of the war 
in East Africa, slow progress has been made with the 
building of the battleships “‘ Littorio ’’ and ‘‘ Vittorio 
Veneto,” which were begun respectively at Sestri 
Ponente and Trieste in October, 1934. So far no 
launching dates have been fixed, but it is probable 
that both will take the water during the next six 
months. The following particulars are official :— 
Displacement, 35,000 tons ; length overall, 774ft. 4in.; 
beam, 103ft. 8in.; mean draught, 28ft.; machinery, 
125,000 H.P. Although the designed speed is not 
yet known, the machinery output suggests that it 
will be not less than 30 knots.. The armament is to 
comprise nine 15in. and twelve 6in. guns, besides an 
anti-aircraft battery of twelve 3-5in. guns and 
twenty machine guns. Four seaplanes are to be 
carried. Details of the reconstruction of the battle- 
ships “‘ Cavour” and “ Cesare” were given in THE 
ENGINEER of October 9th. New machinery of 
75,000 H.P. has been installed, raising the speed from 
22 to 27 knots, and the main armament altered from 


URING the past few years a remarkable amount 

of work has been done to develop water power 
resources and to control the flow of rivers for irriga- 
tion, water supply, or navigational purposes. There 
was no slackening of activity in 1936, and so many 
schemes are now being developed that we cannot hope 
in this article to mention more than a few of them. 
A number of dams of very large size are under 
erection in America, and on September 11th, during 
an address to the World Power Conference and Con- 
gress on Large Dams, held in Washington, the Presi- 
dent of the United States closed a switch that set in 
motion the first set of turbines of the Boulder 
Dam on the other side of the Continent. He was 
able to refer in his speech to the completion of the 
two great dams of the Tennessee Valley authority 
and to tell his audience that the Grand Coulee and 
Bonneville dams had progressed sufficiently far to 
enlist their interest. But schemes of great 
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FACE OF SHING MUN DAM, 


Hydro-Electric and River Control Works 
in 1936. 


magnitude are not exclusive to the United States. 
Towards the end of November the completion 
of the great Hume Dam in Australia was officially 
celebrated. This dam, situated on the Murray 
River about half a mile below its junction with 
the Mitta-Mitta River, will store water for the 
irrigation of large areas of New South Wales, Victoria, 
and South Australia. It consists of a main concrete 
dam, 1042ft. 6in. long, flanked by embankments on 
each side, one 430ft. 6in. in length and the other 
3913ft. Water from a catchment area of 6000 square 
miles is stored in a reservoir with an area of 30,300 
acres and a capacity of 1,250,000 acre-feet. Provision 
was made in the design for the erection of gates along 
the top of the dam, by which the capacity of the 
reservoir will be much increased at some future date. 
The work was carried out under the supervision of 
Mr, H. H. Dare, M. Inst. C-E. Early in January the 
Egyptian Government invited tenders for the con- 
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struction of the two great Mohammad Aly barrages 
across the Nile, about 20 kiloms. north of Cairo. These 
barrages will be situated at the beginning of the delta 
where the river divides into the Rosetta and Damietta 
branches and will replace existing barrages. That on 
the Rosetta is to have forty-six openings, and the 
other thirty-four openings, each 8 m. wide, closed by 
steel sluice gates. The function of the barrages 
will be to raise the upstream level and distribute 
water into three main irrigation canals. The new 





still remain to be developed. In March there was 
debated by Parliament the project promoted by the 
British Oxygen Company, Ltd., for the Caledonian 
power scheme, The consulting engineers for this 
scheme are Messrs. C. 8. Meik and Halerow. The Bill 
to authorise the construction of the necessary works 
was rejected on a second reading, but another private 
Bill in which care has been taken to meet valid 
objections was deposited late in the year. Accord- 
ing to the plans, lochs Cluanie, Quoich, Loyne, and 





able over a large area of Southern Inverness-shire. 

Work upon the further development of the Gram- 
pian scheme in the Central Highlands was continued 
during the year by Balfour, Beatty and Co., Ltd. 
A tunnel 5 miles long is being driven between Loch 
Garry and Loch Ericht to take the water from the 
Loch Garry catchment area into Loch Ericht, which 
is the reservoir for the Rannoch power station. The 
tunnel is being driven from a heading at Loch Garry 
and another heading at Loch Ericht, and at present 











GALLOWAY POWER SCHEME : 


structures will be built of concrete faced with granite. 
The scheme was developed by the consulting engi- 
neers, Messrs. Coode, Wilson, Mitchell and Vaughan- 
Lee. 


Britain. 
Although the localities suitable for major hydro- 
electric power plants in Britain are few, some 








DOON 


Garry in the Western Highlands of Scotland are to be 
utilised as reservoirs and power would be developed 
in four stations and transmitted by overhead lines 
to a factory situated at Corpach at the head of Loch 
Linnhe. Here the manufacture of calcium carbide 
and associated products would be undertaken. The 
total catchment area to be utilised amounts to 280 
square miles, and electric power would be made avail- 





DAM AND KEN DAM 


3} miles of the tunnel have been driven, leaving 
1} miles to be completed, The tunnel as excavated 
is equivalent to 9ft. in diameter. At the Loch Garry 
end a construction railway 3 miles long extends from 
the Dalnaspidal Station on the L.M.8. Railway to 
the shaft on the shore of Loch Garry, which gives 
access to the tunnel. Access to the heading at Loch 
Ericht is more difficult and consists of 14 miles by 
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road from Dalwhinnie Station to the north end of 
Loch Ericht, and from this point all material, plant, 
and stores are conveyed by motor boat and barge 
down Loch Ericht for a distance of 9 miles to the 
Electric power 
is supplied by temporary transmission lines to each 
The transmission line at the Loch 
Ericht end of the tunnel goes over a summit at about | 
2800ft. elevation,.aiud is probably the highest trans- 
Winter conditions on 
To provide | 


camp near the mouth of the tunnel, 


end of the tunnel. 


mission line in this country. 
it, with snow and ice, are very severe. 


storage for the waters of the Loch Garry catchment in 
tricht will be 
raised and during the year a dam was constructed at 
The 
height 
It consists of a centre 
core of steel sheet piling below ground level and 


Loch Ericht the water level of Loch 


the north end of Loch Ericht for this purpose. 
dam is 1200ft. long with a maximum 
above ground level of 19ft. 


a concrete core wall above, with an earth embank- 
ment on both sides. The face of the embankment 
next the loch is covered with concrete slab work. 


The most important event of the year in Britain 
was the virtual completion of the Galloway power 


scheme in South-West Scotland. The Kirkcudbright- 
shire Dee and the Water of Ken have now been 
harnessed and there is a total installed capacity of 
102,000 kW in five power stations. Power is trans- 
mitted to the grid mainly for the purpose of relieving 
steam power stations of peak loads and the plant is 
not kept in continuous operation. Water power has, 
of course, particular advantages for this purpose, as 
a heavy load can be taken within the space of a few 


articulated structure of concrete panels, 20ft. high 
by 25ft. wide, so constructed as to permit a certain 
degree of relative motion such as might be caused by 
settlement of the dam and yet capable of maintaining 
a seal against the leakage of water. In the accom- 
panying engraving the “ buttresses’ of the thrust 
block can be seen. In the foreground there is a com- 
pleted panel, while further back and below steel 
| stuttering is in place ready for the concrete to be 
poured. The downstream side of the dam is illus- 
trated in a Supplement to this issue. As will be seen, 
| the rock fill was carefully laid in comparatively thin 
layers and care was taken to fill the cavities between 
the blocks. It is consequently confidently hoped 





that settlement will be slight. 
America. 

In the United States, that land of great under- 
takings, so much work is going forward that 


reference must be limited to merely two schemes. One 
hundred and fifty miles below the Boulder Dam on 
the Colorado River the great Parker dam is being 
constructed. It is a concrete arch structure with a 
maximum height of 320ft. and a crest length of 930ft. 
Although hydro - electric power will be developed at 
this point, the main purpose of the dam is to form a 
reservoir from which water will be drawn off into the 
Colorado aqueduct and conveyed across 243 miles of 
arid mountainous country to the western coast for 
the supply of Los Angeles and the surrounding dis- 





minutes from the time notice was first received of the | 


demand. The main storage reservoirs are Loch 
Doon, and a new lake at Clatteringshaws created by 
the construction of a dam across a barren moorland 
valley. The power of the Water of Ken is developed 
in three stations, near each of which there is a reservoir 
of sufficient capacity for daily needs. 
takes water exclusively from the Dee and draws only 
on the Clatteringshaws reservoir, while at the mouth 
of the same river to which the Water of Ken is 
tributary is a fifth power station taking water from 
the whole of the catchment area. The scheme is 
especially interesting because most of the necessary 
dams are of the arch type and is notable also for the 
method by which Loch Doon is used for storage. 
When the water is to be drawn upon it is released 
through a tunnel into the Carsphain Lane, a stream 
which flows into the Water of Deugh, tributary to the 
Water of Ken. Another tunnel has been driven 
through the hillside from the head waters of the 
Deugh and the arrangement in the Carsphain Valley 
is such that this water can be sent through the Doon 
tunnel into Loch Doon. The whole scheme was fully 
described and illustrated in a of articles 
beginning in our issue of September Lith. A photo- 
graph reproduced in a Supplement to this issue shows 
the Carsfad dam and power station, and views of 
the Doén dam and the Ken dam will be found on 
these pages. In the latter the aqueduct carrying 
water to the power station can be seen in the fore- 


series 


ground. The consulting engineers for this scheme are 
Sir Alexander Gibb and Partners. 
Europe. 

The Chambon barrage in France is_ claimed 


to be the largest dam in Europe. It has a height 
from foundation level of 136’m. and from river 
bed level of about 90m. It is situated on the 
Romanche, the valley of which below the dam has 
been extensively commercialised The various falls 
of the river are used for the generation of power and 
the barrage is designed to equalise the flow. The 
reservoir has a total capacity of 54 million cubic 
metres, of which about 50 million cubic metres are 
useful. It is estimated that this storage capacity 
will be sufficient to allow the winter flow of the river 
to be maintained at 5 cubic metres per second and 
that this flow is equivalent to an annual increase 
of 110 million kWh of electrical energy. The dam is 
of the gravity type and a road is carried over its top. 
Floods are released through four sector gates and the 
water reaches the level of the river bed through a 
closed metal aqueduct 45 m. long, inclined at 40 deg. 
to the horizontal and 4 m. wide by 5-50 m. to 4-50 m. 
high. The top of this aqueduct is pierced with holes 
for the release of air. A description of the barrage 
was printed in our issues of April 24th and May Ist 
and a photograph is reproduced at the head of 
page 12. 

Asia. 

In China there is now virtually completed the 
great Shing Mun dam, holding up the waters of 
the Shing Mun River for the supply of Kowloon and 
Hong Kong. The progress made on this scheme during 
the year will be mentioned in our article on “* Water 
Supply and Sanitary Engineering.”” The dam, of the 
rock fill type, is situated across a narrow gorge and has 
a height of 275ft. and a length at top water level of 
695ft. A number of interesting features are to be 
found in its design, and we hope within a few weeks 
to publish a more extended description of the work, 
for which Messrs. Binnie, Deacon and Gourley are the 
consulting engineers. Perhaps the most interesting 
part of the design is the provision made for ensuring 
an impervious water face. On the front of the 
concrete “‘ thrust block,” which is backed by the rock 
fill, there is a facing ‘‘ diaphragm ’”’ made up as an 





Another station | 











trict, with about 2} million inhabitants. The aque- 
duct has been designed for a flow of more than 1000 


million gallons per day. Its design varies in accord- 
ance with the country traversed. There are numerous 
tunnels and much cut-and-cover work, besides 
siphons and open aqueducts. The climate provided 
difficulties for the contractors and concreting was 
impossible in the summer months, when the tempera- 
ture climbed to 100 deg. Fah. and sometimes 116 deg. 
Fah. Even under cooler conditions it was necessary 
to protect the concrete while curing from the blazing 
sun either by water sprays or by painting with an 
undercoat of tar with a white top coat. 

Another American scheme to which we have up to 
date made little reference in THE ENGINEER is that 
for the Fort Peck dam across the Missouri River. 
This dam will impound 19,500,000 acre-feet of water 
in a reservoir 185 miles long by 17 miles wide at its 
broadest. The primary purpose of the water storage 
will be to impound flood waters, and thus to permit the 
discharge of a minimum of 30,000 cusecs during the 
normal low water months of September, October, 
November, and December. The object of providing 
this flow is to maintain sufficient water in the naviga- 
tion channel from Sioux City, Iowa, southward as 
far as the Mississippi, a distance of 768 miles. The 
depth of the channel will be maintained at 8it. or 9ft. 
The Fort Peck dam is of the earth fill type, its length 
and the conditions at the site making the use of con- 
crete impracticable. It is to have a height of 287ft. 
and the length of the main part will be 9000ft. In 
addition, there is to be a dyke section, 11,500ft. long. 
The site is very remote and the climate severe. 
Temperatures above 110 deg. Fah. are usual in 





summer and 40 deg. below zero in winter. 








Locomotives of 1936. 


> 


Wits the exception of the London and North- 
Eastern Railway Company’s ‘‘ Green Arrow,” 
there was but little outstanding work on steam loco- 
motives in this country during 1936. Designed by 
Sir Nigel Gresley for express goods and passenger 
work, this engine, which is illustrated in one of our 
Supplements to-day, is the first of a new series of 
2-6-2 ‘‘ Prairie’? type three-cylinder locomotives 
being built at the Doncaster works. With a boiler 





per cent., the valve travel is 5gin. All the revolving and 
40 per cent. of the reciprocating masses are balanced. 
The coupled wheels are 6ft. 2in. in diameter, and all 
three cylinders drive the second coupled axle. * In 
working order the engine and tender together weigh 
144 tons 2 ewt., and the tractive effort is about 
33,730 Ib. 

The London and North-Eastern Railway Company 
also put into service a new type of passenger loco- 











L.M.S. NEW SUPERHEATER TANK ENGINE 


similar to the ‘‘A3”’ type “ Pacific’ engines, it 
has a grate area of 41-25 square feet, a fire-box 
volume of 252 cubic feet and a total evaporative 
heating surface of 2431 square feet. The boiler barrel 
has a maximum diameter of 6ft. 5in., is 17ft. between 
tube plates, and is designed for a working pressure 
of 220 lb. per square inch. A double beat regulator 
and the internal steam pipe have a steam area 





motive which has been developed from the ‘ Cock 
o’ the North” and “ Earl Marischal * type engines. 
As will be seen from the illustration in the Supple- 
ment, the first of the new engines, which are of the 
2-8-2 type, has been named the ‘‘ Lord President,” 
and the front end has been designed on similar lines 
to the “ Silver Link” class. The first three of the 
new engines have boilers the same as in the earlier 














NEWFOUNDLAND RAILWAY EIGHT-COUPLED LOCOMOTIVE 


of 38 square inches. The cylinders, with dimensions 
of 18}in. by 26in., are cast in one unit with the steam 
chests and smoke-box saddle. Piston valves of 9in. 
diameter are fitted and the valve gear for the outside 
cylinders is of the Walschaerts type, the inside valve 
being driven through 2-to-1 and equal levers from the 
outside valve spindles. At the maximum cut-off of 65 





2-8-2 engines. Alterations in the fourth engine 
include a larger combustion chamber, giving a fire- 
box heating surface of 253 square feet and a fire-box 
volume of 319 cubic feet. Its grate area is 50 square 
feet and the use of narrow fire-bars gives an air space 
of 56 per cent. The three cylinders which are fitted 
with 9in. diameter piston valves' are 2lin. diameter 
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by 26in. stroke. 


order, the new engines weigh 165 tons 1 cwt., but the | we ! 
engines alone weigh 107 tons 3 cwt., as compared ; bye.” 


with the 110 tons 5 ewt. of the “‘ Cock o’ the North ” | 
class. 

GZhe London, Midland and Scottish Railway Com- 
pany built eight new 2-6—4 superheated tank engines, | 
numbered 2537 to 2544 inclusively. These engines | 
are fitted with the new standardised type boilers, | 
with a working pressure of 200 lb. per square inch. | 
They have a total evaporative surface of 1168 square | 
feet and the grate area is 25 square feet. The two | 
cylinders are 193in. by 26in., with piston valves | 
actuated by Walschaerts valve gear. At 85 per | 
cent. boiler pressure the tractive effort is 24,670 lb. | 

During the year the first streamlined steam loco- | 
motive was put into service by the South Australian 
Railways Administration. Ten of these engines 
are to be built in the State Railways workshops at | 
islington, and the first of these, the “ Sir Winston | 
Dugan,” is illustrated in the Supplement. The loco- 
motive with its tender in working order weighs 
140 tons. The cylinders are 18}in. by 28in., and the 
engines develop a tractive effort of 25,000 lb. Baker 
valve gear is employed and the driving wheels are 
5ft. 6in. in diameter. It is fitted with a ventilating | 
grill in front and deflectors throw the smoke clear | 
of the cab. 

In June the Canadian National Railways took 
delivery of what was claimed to be the largest stream- | 
lined steam locomotive in the world. To ascertain 
the best design for this engine a series of wind tunnel | 
tests was carried out on models of the “6100” | 
class of the Canadian National Railways, and, as 
may be seen from our Supplement, very clean lines | 
have been adopted. In full working order the engine 
and tender are just over 94ft. long and weigh over 
290 tons. At the first course the inside boiler diameter 
is 78in. and the outside diameter of the largest course 
is 86mm. The working pressure is 275 lb. per square 
inch and the engine has a maximum tractive effort | 
of 52,000 lb. The fire-box is just over 10ft. 6in. by | 
7ft. and the grate area is 73-7 square feet. We hope 
to give detailed particulars of this engine at a future 
date. 

Two 2-8-2 locomotives with double bogie tenders 
were constructed by the North British Locomotive | 
Company, Ltd., for the Newfoundland Railway. 
Each of these engines has two cylinders, working | 








With the tender and in full working | to get ? 


“No, no, my boy. You are bright, but so are 
We are fed up on high-speed Diesel engines. Bye- 

RosBertTson MATTHEWS. 
Bolton, Ont., December 11th. 


‘“ WHAT’S WRONG ?” 

Srr,—I was much interested to read your leader on the 
lack of character in the young engineer of to-day, and 
possibly I, as a young engineer, can account for this 
deficiency. 

(a) Influence of the war years. The young man of 
to-day was brought up during those years of slackness and 
turmoil. 

(b) The trade depression of 1929-83. This depression 
led to countless young men in works and drawing-offices 
being dismissed on compieting their apprenticeship, 
causing lack of confidence in the young men and a hatred 
of employers. 

(c) Lack of goodwill between the older engineer and the 
younger in works and offices. During the years of depres- 
sion the older men began to feel that their positions were 
not as secure as they seemed. This caused them to teach 
the younger men as little as they possibly could, causing 
bad feeling and apathy amongst the younger men. 

I understand that a responsible speaker at the North- 
Western Section of the Institution of Mechanical Engineers 


dinner said: ‘* The trade has possibly not done enough | 


for the young engineer.” 

(d) The low rate of wages and salaries for the engineer. 
The engineering trade pays a low wage considering the 
length of time required in training, in comparison with 
other professions. Youne ENGINEER oF 24. 

December 22nd. 

[Surely the influence of the war years cannot still be 
effective. Our correspondent was only six when the 
Armistice was signed.—Eb. THE E.] 








Large Moving Coil Voltage 
Regulators. 


Tue difficulty of maintaining good voltage regulation on 
transmission and distribution circuits has been greatly 
accentuated in recent years by the steady increase in load 
and has led to the more general use of voltage regulating 
apparatus. A comparatively recent development in this 





| 
| 


simple, with a diameter of 18in. by 24in. stroke and | field is the moving coil voltage regulator invented by | 


fitted with 8in. diameter piston valves. The working 
pressure is 210 lb. per square inch and including the | 
superheater the total evaporative surface is 2094 | 
square feet. The driving wheels are 4ft. in diameter, 
the coupled wheel base is 13ft. 3in., and the engine 
wheel base 29ft. 3in. At 85 per cent. boiler pressure 
the tractive effort is 28,920 lb. These engines are to | 
be used to a considerable extent for the haulage of 
paper pulp between the mills and the ports. 
Six metre-gauge locomotives were supplied to the 
Assam Bengal Railway by the Hunslet Engine Com- 
pany, Ltd. They are of the 2-6-0 type and are 
intended for branch line work. Three of them have 
heen fitted with ‘‘Caprotti’” poppet valve gear, 
and their accompanying tenders with “‘ Timken” 
roller bearing axle-boxes. The other three engines 
have “ R.C.” poppet valve gear, their tenders being 
titted with ‘‘ Skefko ” roller bearing axle-boxes. The 
total heating surface is 596 square feet and the work- 
ing pressure 160 lb. per square inch. The engine 
wheel base is 18ft. 4in. and the coupled wheels are 
3ft. Tin. in diameter. In working order the engines 
fitted with ‘ Caprotti’’ valve gear weigh 31-125 
tons, of which 23-775 tons are available for adhesion. 
Those fitted with “‘ R.C.” valve gear weigh 3] -95 tons 
in working order. In each case the tender weighs 





11-5 tons empty and 23-95 tons in working order. 








Letters to the Editor. 
(We do not hold ourselves responsible for the opinions of our 


correspondents.) 
te | 


SPARK IGNITION AND THE DIESEL CYCLE. 

Sir,—THE ENGINEER is one of the technical periodicals 
that has the good sense not to apply the name of Diesel to 
high-speed engines which, while running on compression 
ignition, give mostly constant volume or Otto cycle com- 
bustion. That is well. 

In the United States the situation regarding’ the signifi- 
cance of the word Diesel is not so fortunate. For sales 
reasons the banker-minded were allowed by engineers to 
zraft the name Diesel on to engines whose operation would 
nave made the body of Dr. Diesel turn in its grave, and 
even had it been in clay rather than in water. 

We now have in the New York Press reports of American 
engineers that for aircraft engines the spark-ignited 
engines will soon be outstripping the Diesel engine in fuel 
economy. Since the engines which are to be outstripped 
do not operate on the heat cycle of Dr. Diesel, the name of 
Diesel when applied to engines stands hereafter to lose 
repute and value. 

From the showing made by big Diesels it is doubtful 
whether any spark-ignited engine can ever outstrip a 
compression-ignited engine truthfully following the Diesel 
heat cycle. But when hereafter a young inventor in 








seeking funds for engine development states that his engine 
has achieved the Diesel cycle, what response is he liable 





1935. The principle of operation involves an isolated and 
short-circuited coil moving up and down the leg of a 
laminated iron core over fixed coils. 

















COMPLETE VOLTAGE REGULATOR 


variation is obtained without switches, contacts, flexible 
leads or windings in slots. As mechanical forces are very 
low, little power is required for operation, and the short- 
circuit stresses are small. The moving coil regulator was 
originally produced in sizes suitable for industrial and 
laboratory applications, and, automatically controlled, for 
use in distribution circuits. Whilst there is no inherent 
limit to the size or rating of the regulator, it was deemed 
desirable in the early stages of development to be con- 
servative, and extend the range and capacity as operating 
experience and design knowledge were gained. e size 
has therefore been gradually increased and regulators 
have now been in use for some time in E.H.T. transmis- 
sion systems, and have given satisfactory service both on 
ing mains and in interconnectors. 

Until recently voltage regulation in high-power E.H.T. 
circuits was almost invariably achieved by on-load tap- 
changing gear, either fitted +~ “he main step-up or step- 
down transformers, or sepe.rateiy in the form of booster 
regulators. Such gear was operated relatively infre- 
quently by hand or individual remote control. Modern 
practice, however, is tending towards automatically 
operated regulators for even the largest sizes. The 
increased frequency of operation has emphasised the 
advantages of the moving coil regulator in giving a smooth 
voltage variation with no wear or tear or switch contacts. 

A typical example of the larger types of E.H.T, moving 
coil regulator is given in Figs. 1 and 2, which show one 
of two large regulators supplied to Edmundsons Electricity 
Corporation, Ltd., for the Shropshire, Worcestershire and 


| E. T. Norris, marketed by Ferranti, Ltd., and described | 
| in THE ENGINEER of December 8th, 1933, and May Sth, 


A smooth voltage | 


Staffordshire Electric Power Company, Ltd., to the 
specification of Edmundsons’ engineering department. 
Rated at 7500 kVA in accordance with the British Standard 
Specification for power transformers, the regulator is 
designed to maintain any desired output voltage between 
11,000 and 11,500 with an incoming voltage varying 
between 10,000 and 11,500 volts. The size of regulator 
for this duty is perhaps better illustrated by stating that 
it is equivalent to handling a 20 per cent. voltage varia- 
tion in a 7500-kVA circuit or 10 per cent. voltage variation 
in a 15,000-kVA circuit. Automatic operation and alter- 
native push-button control, line drop compensation, a 
remote position indicator, and self-contained potential and 
current transformers are provided. The regulator is 
oil-immersed and self-cooled, using radiators of standard 
transformer construction, as shown in Fig. 1. The overall 
height is 11ft. 

The internal construction of the regulator is on the same 
basis as that of the smaller units. Three modified single- 
phase units are assembled in triangular formation, as 
shown in Fig. 2, The short-circuited moving coils of each 
phase are held in a common framework and operated by a 
central square-thread operating shaft. A large diameter 
spur wheel fixed to the top of this shaft is driven by eight 
induction-dise motors distributed around its cireumfer- 
ence, the simple spur gearing being permitted by the 
relatively low running speed (140 r.p.m.) of the motors. 














INTERNAL PARTS OF VOLTAGE REGULATOR 


The whole of the mechanism, including the motors, is 
oil-immersed, so that no oiling or greesing is required. 


| Other advantages are that automatic brakes, auxiliary 
| relays, motor overload devices, and time delay relays, 





such as are associated with on-load tap-changing gear 
and induction regulators, are eliminated. 

The regulator is automatically controlled with line drop 
compensation, giving an output voltage rising uniformly 
with load. The ordinary voltage relay which provides the 
automatic operation by closing the motor circuit whenever 
the voltage varies by a prescribed amount is a relatively 
delicate instrument with light open contacts, hold-on 
devices and other details needing skilled adjustment and 
attention. These objectionable features have been elimi- 
nated in a new device, known as the Astatic voltage 
relay, described in Tor ENGtIneER of June Sth, 1936. 
It has nearly 500 times the operating power of the 
ordinary type and requires no periodical adjustment and 
maintenance. 

The combination of the Astatic voltage relay and the 
simple operating mechanism mentioned results in a 
fully automatic voltage regulator devoid of the complica- 
tions ordinarily associated with on-load tap-changing 
gear. The makers state that there is no reason to believe 
that the limit in size has been reached, and it seems 
probable that in the near future much larger moving coil 
regulators will be built for use on high-power transmission 
systems, 








RIPPLE ROCK, VANCOUVER. 


A sIZABLE problem confronts shipping authorities 
and Government engineers on the Pacific Coast—th> 
removal of what is known as Ripple Rock—in what is 
perhaps the most dangerous navigable passage on the 
coast. Seymour Narrows is narrow, as the name suggests. 
The passage is only $ mile wide, and Ripple Rock lies, 
almost submerged, in the centre. Periodically, during 
fifteen years at least, shipping men on the coast have 
been pressing for the removal of the obstruction, and a 
Federal Commission which looked into the matter five 
years ago reported that removal of the rock was desirable 
in the interests of safe navigation. A fresh attack has 
been launched during recent weeks, and this time some- 
thing may be done about it. At least, the Hon. C. D. 
Howe, Minister of Transportation, and an outstanding 
engineer, has recently promised to give the matter serious 
consideration. Only one argument has been advanced 
in favour of leaving the rock where it is. This argument 
comes from Vancouver Island, which still has ho of 
a bridge connecting the island and the mainland, and 
would use Ripple Rock as one of the footings. On the 
other hand, it has been argued that the day of a bridge 
to Vancouver Island is exceedingly remote, and when it 
does come it should be possible to span Seymour Narrows 
in one leap instead of two. 
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Rail and Road. 


SOUTHERN RatLway ELeEctrRiFication.—-On January 


3rd a new electric train service will begin on the western | 


section of the Southern Railway between Waterloo and 
Weybridge vid Staines. 

BERLIN UNDERGROVND Rattway Fire.—On Sunday, 
December 27th, a fire broke out at the Potsdamer Platz 
station of the Berlin Underground Railway. A consider- 
able amount of damage was done by the fire, which was 
not extinguished until early on Monday, December 28th. 


New L.M.S. Rartway Sration.—A new station is to 
be built on the L.M.S. Railway on the Liverpool and 
Kenyon Junction section, about three-quarters of a mile 
from Lea Green Station. 
Marshalls Cross and when it is opened the present station 
at Lea Green is to be closed. 


G.W. Raruway Bripces.—The Longfield road bridge, 
crossing the main G.W. Railway line to the West of 
England at Ealing, is to be partially reconstructed. The 
overbridge at Alvescote, near Witney, and the under- 
bridges at Llanbradach and Dolwen are to be recon- 
structed and repairs are to be carried out to the two 
underbridges at Forden. By arrangement with the local 
authorities, the company is to reconstruct and widen the 
bridge carrying the Gypsy-lane over the railway at 
Swindon. 

Sourn ArricaN Rarttway ELEcTRIFICATION.—In a 
recent paper before the South African Association of 
Municipal Electrical Undertakings, Mr. D. Leibrandt 
dealt with the work of the electrical department of the 
South African Railways and Harbours. He said that 
construction in hand to-day, which it is anticipated will 
be completed within the next six months, comprises over 
500 miles of 3000-V equipment in Natal and on the Reef ; 
twenty-three sub-stations, ranging from 2000 to 6000-kW 
capacity ; 150 miles of 88,000-V transmission line. There 
are ninety-three motor coaches, twenty-three main line 
and ten electric shunting locomotives on order from 
overseas or being built in South Africa. In all, the 
cost of the construction in hand is approximately 
£2,000,000. 

L.N.E.R. DeramMEeNtT.—-The report has been issued 
of the inquiry into the derailment which took place at 
about 7.9 p.m. on July 27th last at Postland Station, 
between March and Spalding, on the London and North- 
Eastern Railway. The 6.50 p.m. express passenger 
train from March to Doncaster, when travelling at high 
speed on the down line, became almost completely 
derailed as it approached Postland Station. Major G. 
R. S. Wilson concluded that the derailment was initiated 
by either a leading six-wheeled van or a following four- 
wheel van, as a result of the severe lateral oscillation set 
up at high speed in the two adjacent vehicles of short 
wheel base. The inspecting officer thought that of the 
two vehicles, the four-wheeled van, with its much shorter 
wheel base of 9ft., was primarily responsible for the 
oscillation. He suggests that a contributory cause was 
the condition of the track, particularly with regard to 
slackness and variations of gauge. 


L.M.S. Ramtway Track RENEwALS.—Over 96,000 tons 
of steel rails will be required from British manufacturers 
in connection with the L.M.S. Railway Company’s pro- 
gramme of permanent way renewal for 1937.‘ The pro- 
gramme affects altogether 8354 miles of track, 614-4 
miles of which will be entirely relaid, while 38-5 miles 
will be re-railed, and nearly 100 miles resleepered. In 
addition, 68-6 miles of track will be renewed with part- 
used rails of good quality and new sleepers, while 6-9 
miles of track in Scotland will be re-railed with good 
quality part-used rails. Slightly more than 7 miles of 
electrical conductor rails are also to be renewed on the 
company’s electrified lines. The programme requires 
1,448,000 new sleepers and 3700 standards of crossing 
timbers. Amongst other material required for this work 
will be 2,575,000 wooden keys and 878,000 steel keys, 
9,884,000 chair screws and ferrules, 67,000 tons of chairs, 
219,000 fish-plates, and 437,500 fish bolts. 


L.N.E.R. Puans For 1937.—According to an official 
announcement, an outstanding railway event of 1937 will 
be the introduction of a six-hour service in each direction 
between King’s Cross and Edinburgh by new “ Coro- 
nation” trains. The service is to begin in July, and a few 
weeks later new services between Bradford, Leeds, and 
London, which will be performed by similar streamlined 
trains, are to be started. The non-stop run between 
London and Leeds is to take 2} hours. Plans have been 
passed for the construction during the year of 121 loco- 
motives, 652 carriages, and 16,218 wagons. The New 
Year will see a large amount of engineering work under- 
taken, including the electrification of all lines between 
Sheffield, Wath, and Manchester; the rebuilding of 
Colchester Station, and the remodelling of York and 
Doncaster stations. An extension is to be made to the 
St. Andrew’s Fish Dock, Hull, which will become the 
largest of its kind in Great Britain. Other work includes 
alterations to permanent way and signalling. 


Rattway Traction.—Speaking at a recent luncheon 
of the Batti-Wallah’s Society, Sir Philip Dawson dealt 
with the possibilities of oil-electric traction on the railways. 
He said that oil-electrie trains could negotiate gradients 
of lin 40 at 40 m.p.h. A seven-car train on the oe. 
ton Railroad. running between Kansas City and Linco 
attained a maximum speed of 100 m.p.h. on a run of 144 
miles. A train on the Santa Fé system covered 202 miles 
at an average speed of 83-7 m.p.h., and on the same system 
an oil-electric train between Denver and Chicago covered 
the 1048 miles at an average speed of 65} m.p.h. Not 
enough was being done in this country with oil-electric 
traction for main line working. Although much had been 
heard of recent performances by steam-hauled trains, 
Sir Philip said, it should be borne in mind that on the 
electrified Pennsylvania lines the New York—Washington 
‘** Flyer ” did the 364 miles journey at an average speed 
of 86 m.p.h. On the Orleans Railway in France, which 
had electrified much of its main line, it had been found 
that 1 lb. of inferior coal burned in a power station supply- 


The new station will be at | 


Miscellanea. 
| SynrHEetTic RusBeR in U.S.S.R.—It is reported that 
during 1936 over 50 per cent. of the rubber used in the 
| U.S.S.R. was home-produced synthetic material. 


| Wortp Trix Consumprion.—During the year ended 
Pree o last the world apparent consumption of tin 

totalled 153,709 tons and world production increased by 
| 36,200 tons to 167,000 tons. 


British Coat Outrrut.—For the week ended December 
12th the coal output at the mines in this eountry totalled 
4,944,800 tons, as compared with 5,195,500 tons during 
the corresponding week in 1935. 


Seanam Coat Or Piant.—The directors of Coal and 
Allied Industries have decided to call a meeting to con- 
sider the voluntary liquidation of the company. The 
plant was put into operation in September, 1935, and cost 
about £250,000 to build. 


New GovernMent Trapine Estate—Work has begun 
on the new Government Trading Estate at Treforest in 
South Wales. The first factory on the estate will be a 
mill for the British Coated Board and Paper Company, on 
which work will soon begin. 


Coat IN LANARKSHIRE.—It was recently stated by 
Mr. James Welsh that there are between 16 and 24 million 
tons of coal laying ‘“‘ drowned ”’ in the flooded mines of 
Lanarkshire. By a system of dewatering the mines much 
of this coal could be recovered. 


Cotorapo River Dam.—In the United States a con- 
tract, valued at over 5,781,000 dollars, has been placed 
for the construction of a concrete gravity dam on the 
Colorado River in Texas. To be known as the Marshall 
Ford Dam, it will be 190ft. high, and although penstocks 
are to be included no power plant is to be built yet. 


FrrEDAMP DETECTION 1N Mines.—The Secretary for 
Mines proposes to set up a committee to inquire into the 
working of the Firedamp Detector Regulations, 1935. 
Up to the present the date upon which the committee will 
| commence its sittings has not been settled. The committee 
will be made up of the following :—Mr. F. H. Wynne, 
Mr. W. Frowen, Mr. H. Hicken, Mr. G. P. Hyslop, and Mr. 
A. E. Naylor. The chairman will be Mr. J. Foot. 


PoWER FROM BovuLpER Dam.—At a cost of nearly four 
million dollars the Southern California Edison Company 
is to shortly begin the construction of a 238 miles long 
transmission line and the installation of the necessary 
equipment at its Chino power station for the taking of 
power from the Boulder Dam. The work is expected to be 
completed by July, 1938, and it will be the second power 
line from the Boulder Dam, the first one to Los Angeles 
having been put into service in October last. 


Ow From CannEL Coat—The sub-committee appointed 
by the Oil from Coal Committee of the Scottish Develop- 
ment Council has issued a report on the production 
of oil from cannel coal. The report states that there 
are estimated to be 77 million tons of cannel in 
Scotland capable of yielding 40 gallons or more 
of oil per ton. It is estimated that Fife and the 
Lothians between them sufficient material to 
provide for forty-five years an output equal to that of the 
Scottish shale industry in 1935. In addition, the cannel 
would yield about twice the volume of oil from each ton 
distilled. Experiments carried out by the Edinburgh Gas 
Department in conjunction with the Fuel Research Board 
have shown that cannel could be treated in continuous 
vertical retorts at temperatures of 1200 deg. to 1400 deg. 
Cent., so as to yield about 26,000 cubic feet of good quality 
gas, from which 5 gallons of crude motor spirit could be 
scrubbed and 40—50 gallons of crude oil. The crude oil 
was extremely suitable for hydrogenation and could be 
converted gallon for gallon into motor spirit or into a 
mixture of motor spirit and an excellent Diesel oil. 


Maaapt Sopa Lake Exursits.—A new exhibit pre- 
sented by the Magadi Soda Lake Company to the East 
African Court at the Imperial Institute, South Kensington, 
illustrates by maps, diagrams, charts, photographs, and 
specimens the exploitation of one of the most remarkable 
natural soda lakes of the world. Though 39,000 tons of 
soda products were exported from Lake Magadi last 
year, the supply is not being depleted, for the thermal 
springs which feed the lake are bringing in fresh supplies 
of soda faster than the company is removing it. During 
the dry season evaporation produces a crust of natural 
soda, so that for the greater part of the year the surface of 
the lake is a mass of crystals. Lake Magadi lies at an 
altitude of about 2000ft. above sea level and occupies a 
natural fault trough in the centre of the Great Rift Valley, 
Kenya Colony. Its surface area is about 30 square miles. 
The company possesses its own engineering workshops, 

station, chemical laboratory, and medical service, 
in addition to the plant necessary for collecting and refining 
the soda. The works are directly connected by rail with 
Kilindini and exports go almost entirely to the East. 


Hypraviic Coan Burstrne.—At a recent meeting of 
the South Staffordshire and Warwickshire Institute of 
Mining Engineers, Mr. D. 8. ,Newey read a paper on 
‘“‘ Hydraulic Coal Bursting at Newdigate Colliery.” The 
coal burster was described as a stainless steel barrel, which 
was bored at fixed intervals to receive pistons or plungers. 
A hole of small bore ran through the barrel and com- 
municated with each of the plunger cavities, whilst the 
barrel itself was connected by a tube to a pump by means 
of which water could be forced to the back of the plungers. 
On operating the pump the plungers emerged under 
pressure to an extent varying with the diameter of the 
burster employed. Three sizes of coal bursters were 
made: 2%in. diameter, the plungers having l{in. travel ; 
3in. diameter with 2}in. travel; and 34in. diameter with 
3}in. travel. It is, of course, necessary to drill a hole in: 
the coal fac a before the coal burster is inserted. Mr. Newey 
said that the approximate cost of the equipment for a 
single coal burster unit is £100, whilst the electric coal 
drill, transformer, switchgear, and cable would cost 
approximately an additional £100. Where compressed 
air is available, however, the cost of the drilling equipment 





ing energy for the electrified railway was equivalent to 
4 1b. of more expensive coal consumed by locomotives. 


is only about £60. 


Air and Water. 


Fryrxe Boat Damacep.—During a recent storm the 
Imperial Airways flying boat “‘ City of Alexandria’ was 
damaged whilst at her moorings in the harbour of Mira 
bella, Crete. 

AIRWAYS IN THE UNITED StaTes.—During October the 
twenty-three air lines operating in the United States 
carried 102,917 passengers and their machines flew a total 
distance of 5,912,669 miles. 


Iratian Liver Exrpiosion.—When the Italian steam- 
ship “‘ Cesare Battisti”? was laying in the harbour at 
Massawa, Eritrea, on Wednesday, December 23rd, one of 
her boilers exploded and twenty-five persons were killed 
and 100 injured. 

“Conte pr Savora” OverHaut—tThe Italian liner 
“Conte di Savoia’’ was recently overhauled in record 
time at Genoa. She entered a dock, had her hull 
cleaned, and two propellers changed, and left the dock 
within twenty-four hours. 


River Trent ImprovemMEeNT.—The Trent Catchment 
Board has approved a scheme for the strengthening of the 
banks of the river with stonework between Trent Falls, 
near Goole, and Gainsborough. A grant has been given 
towards the work, which is estimated to cost £150,000. 


“Quren Mary OvERHAUL.—When the ‘“ Queen 
Mary” arrived at Southampton on December 22nd she 
had completed her first season in the Atlantic service. 
She is now in the King George graving dock being over- 
hauled and is expected to resume service on February 
3rd next. 


DunpEE Gravinc Docx.—The Dundee Harbour Com- 
missioners have decided to cancel the scheme for the con- 
struction of a new graving dock. The estimated cost of 
the proposed dock was £350,000 and the scheme was 
abandoned as a result of the revenue of the east graving 
dock having seriously declined. 

Fryryse Boat Recorp.—The Empire flying boat 
‘“* Caledonia ” arrived back at Southampton on Tuesday, 
December 22nd, after having completed the double 
journey to Khartoum and back in record time. The 
distance flown was about 10,000 miles, and the return 
half of the journey was covered in under thirty-two hours. 


” 


” 





Russian Suipprnc.—During 1935 Soviet ships carried 
about one-third of the goods exported from the U.S.S.R., 
whilst in 1936 the proportion of exported goods carried 
by their own ships amounted to about one-half. In the 
Baltic basin the proportion was some 60 per cent. Goods 
imported into the U.S.8S.R. are carried entirely in Soviet 
ships. 

New U.S.8.R. Sarevarp.—A new shipyard, which, 
with its other buildings, will occupy a site of 25,000 acres, 
is being built near Archangel. It is intended for the con- 
struction of icebreakers and large sea-going ships. A 
railway connecting the new yard with the northern main 
line is to be built and a new road will connect the yard with 
Archangel. 

Institution oF Nava Arcuirects.—The Council of 
the Institution of Naval Architects has awarded the 
premium of the Institution for the year 1936 to Wing 
Commander D. F. Lucking, R.A.F., for his paper “ The 
Experimental Development of Anchors for Seaplanes,”’ 
and the Wakeham Prize (1936) to Mr. C. E. Sherwin 
for his paper, ‘‘ Electric Welding in Cruiser Construction.” 


Surpyarp Capacrry.—The President of the Board of 
Trade was recently asked whether, in view of the demands 
made on the available shipyards in this country, he would 
consider discussing with the National Shipbuilders’ 
Security, Ltd., the advisability of reopening some of the 
closed yards. He replied that, in spite of the improved 
conditions, the work obtainable is only sufficient to occupy 
55 per cent. of the available capacity. 


Am Mryistry Warntnc.—Following the fatal crash of 
a dual control machine near Weybridge, on October 4th 
last, the Air Ministry has issued a warning notice to owners 
and pilots of machines so equipped. The warning states 
that when an aircraft fitted with dual controls is to be 
flown otherwise than for instruction or by co-pilots, 
arrangements should be made to prevent any possibility 
of interference with the second set of controls. 


Norwecian Mercuant Fireet.—According to the 
statistics of the Det Norske Veritas on November 15th 
last, the Norwegian merchant fleet comprised 1872 vessels, 
of 4,078,019 tons gross, an increase of nine vessels and 
101,131 tons since the beginning of the year. The vessels 
under construction or on order for Norwegian owners at 
that date numbered ninety-nine, of 758,560 tons dead- 
weight; of these, twenty-nine, of 55,160 tons dead- 
weight, were being built in Norway, and seventy, of 
703,400 tons deadweight, in foreign yards. 

Canton Harsour.—In the course of a recent address 
the Mayor of Canton outlined plans for the reconstruction 
of the port at Whampoa. He said that Canton was handi- 
capped as a port owing to the fact that only light-draught 
steamers were able to pass through the channel near the 
Bocea Tigris Forts, and also the development of Hong 
Kong as a deep sea port attracted foreign shipping. 
Survey work on the harbour has been completed and the 
dredging of the channel will soon begin. A loop line linking 
Whampoa with the Canton-Hankow Railway is also to be 
built. 

Napies’ New Maritime Passencer Station.—One of 
the largest maritime passenger stations in the Mediter- 
ranean on the Molo Luigi Razza, in Naples, was recently 
completed. The terminus is near the centre of the town 
and has three sections of quays, 658ft., 987ft., and 1356ft. 
in length. According to Shipbuilding and Shipping 
Record, the terminus measures 394ft. in breadth and the 
building occupies an area of 131,536 square feet. It 
consists of two sections connected with covered bridges 
crossing the railway tracks and running between the two 
sections of the building over a breadth of 115ft. The 
two sections of the building run for 572ft. along the quays 
and are 90ft. wide by 73ft. in height. The building has 
four floors and the landing gangways are on the level of the 





first floor, 25ft. above the quay. 
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A Retrospect. 





Ir is fitting that we should open this Retrospect 
with a word of regret for the abdication of a 
monarch who had been a great prince and might 
have become a great king. In the Royal House there 
had never been one who showed a deeper interest 
in the industrial affairs of the Empire, and not 
one who by his own personal efforts had sought 
more ardently to encourage its trade. He had 
visited all the great Dominions and Colonies, and 
wherever he went had by his human charm helped 
to knit them more securely into a single unity. 
On many occasions he had shown his direct sym- 
pathy with engineers, and he was an Honorary 
Member of their greatest Institutions. With our 
profound regret that one of such great promise 
should have been impelled by personal causes to 
resign the crown, we desire to couple an expression 
of our profound confidence in his brother and 
successor, King George VI. It is well known that 
he, even more than the now Duke of Windsor, has 
always taken a peculiar interest in engineering. 
We are sure therefore that under his august rule 
the industry and profession which we represent 
will never be forgotten. 


The Progress of Industry. 

In 1936 the upward march of industry continued. 
Before the year closed practically every iron and 
steel and engineering works in the country was 
operating up to capacity, and there was scarcely 
a shipyard without at least one vessel on the 
stocks. The demands for skilled labour increased, 
but were never wholly satisfied, and registered 
unemployment remained high. The latter fact 


supports the views of those who have estimated 
that there will always be in this kingdom a million 
persons who cannot be employed. We have, 
therefore, the seeming anomaly of great industrial 
activity and much unemployment existing at the 


ad nauseam throughout the year, but no practic- 
able scheme for removing it was advanced. In 
France the forty-hour week was made compulsory, 
but has been so involved with other labour troubles 
that there has been up to the present no means of 
judging its effects upon industry. Employers 
there are practically unanimous in their con- 
demnation of it, and hold the view that whilst inevit- 
| ably raising prices it will not increase employment. 
| That, we may add, is also the opinion of British 
employers’ organisations. 

The cause of the industrial revival will ever 
remain a subject for dispute. On one side are 
those who aver that it is the outcome of the Defence 
| Programme and, on the other, those who. insist 
that it had begun before rearmament was sanc- 
tioned. The truth probably lies, as usual, between 
these extremes. A “civil” revival was overdue and 
was no doubt beginning, but it is hardly possible to 
doubt that the orders for warlike materials by caus- 
ing an increase of employment and a more rapid cir- 
culation of money hastened its advent. Further- 
|more, whilst some works are finding defence 
|orders an embarrassment rather than a blessing, 
|others would be far worse off without them. 
| Hence, though it be an exaggeration to say, as some 
do, that if the programme were now cancelled the 
slump would be deeper than before, it must be 
concluded that the revival is in part due to the 
Government’s decision in the spring to re-arm in 
haste. 


| Empire Defence. 

It was on Tuesday, March 3rd, that the Govern- 
ment issued the famous White Paper, in which it 
outlined its scheme for Empire defence. A sum- 


mary of it may be found in our issue of March 6th. 
|The scheme is divided into four essential parts— 





- | The Navy, The Air Force, The Army, and General. 


In the first it was pointed out that the London 
Naval Treaty terminated on December 31st, 1936. 
Thereafter the building of new capital ships could 
be begun, and the Government had decided to lay 
| down two first line ships early in 1937. The total 
| number of cruisers would be brought up to seventy, 
| an aircraft carrier of a new and smaller type would 
be laid down, a steady replacement programme for 
'destroyers, submarines, and other small craft 
| would be followed, and the Fleet Air Arm would be 
strengthened. For the Air Force the Government 
proposed to construct approximately twelve 
squadrons for the protection of Imperial air routes 
and, excluding these and the Fleet Air Arm, it 
| proposed to increase the number of first-line air- 





— | craft from 1500 sanctioned by the House of 


|Commons in 1935 up to 1750. For the Army the 
|programme envisaged modernisation of our 
defences at home and abroad at an accelerated 
pace and extension of the reorganisation of anti- 
aircraft defences. The supply of munitions would 
be met by the extension or duplication of existing 
Government factories. 

Under the heading “General” the means of 
carrying out the programme and completing it in 
a period which has been generally accepted as 
three years were indicated. “The underlying 
principle,”’ it was said, “is that each selected firm, 
while maintaining and developing its normal civil 
trade, will agree to use its organisation and com- 
mercial structure to set up some measure of 
munition production and thus create the reserve 
source of supply.” It is under this “ principle ” 
that orders have been allotted to selected firms 
and that ‘shadow ” factories have been set up. 
It was not to be expected that such a scheme would 
work with sweetness from the first. The Lord 
Nuffield controversy about aeroplane engines— 
now happily settled—showed the public one kind 
of difficulties that had to be surmounted. Another 
lies in the very natural dislike which manufacturers 
have for disturbance of their civil trade. They 
foresee the time when the extraordinary pressure for 
munitions will cease and ask themselves what sort 
of position they will be in if they have by then 
lost their clients and their markets. The amalga- 
mation of military and civil interests in a com- 
mercial structure is not that simple thing that it 
appeared to be in the White Paper. It is unneces- 
sary, even undesirable, to go into details. They are 
well known to all concerned and the solution of so 
many problems may call for an organisation some- 
what different from that which exists, something 
perhaps on the compulsory lines suggested a few 
weeks ago by Mr. Winston Churchill. But the 
Cabinet has to face the fact that the prosecution of 
a war is a far different thing from a programme of 
defence to meet what all hope is a remote eventu- 
ality. In such circumstances it is to be doubted if 


external organisation associated with an obligatory 
system. More is to be hoped from their voluntary 
co-operation, and we trust that the Government will 
elect to press on with its present plan until it 
has been proved fruitless. 


Lack of Skilled Men. 


Even at the beginning of the year the complaints 
about the difficulty of finding skilled workmen were 
more numerous than in 1935, and as the volume of 
orders increased so did the complaints. The 
complaints covered also technical college and 
university men required to fill positions of 
responsibility, but it is not quite clear 
whether in that class the lack is so much in 
numbers as in qualities. There can, however, 
be no doubt that employers are suffering from 
their failure a few years ago so to reorganise their 
schemes of training that men would be ready by 
the time the depression ceased. We venture to 
remind our readers that so far back as December 
9th, 1932, we endeavoured to interest employers 
in a scheme which would have enabled some- 
thing like twice the number of ‘prentices to 
serve their time. The difficulties of the moment 
weighed more with them then than the prospect of 
future difficulties, and as far as we know the 
problem was never earnestly faced. As announced 
in our issue of December 25th, many aircraft 
firms have united to operate a scheme initiated by 
the Society of British Aircraft Constructors for the 
encouragement and training of young men. May 
it not be desirable that other industries should 
imitate their example to the extent, at least, of 
formulating a general scheme even if they decide 
to adopt different methods ? 


Home and Export Trade. 


During the rapid trade recovery in the early part 
of the year no one seems to have troubled overmuch 
about the condition of overseas trade. Manufac- 
turers were content to go on booking orders for 
home delivery and the Government looked with 
benignant satisfaction on developments which 
were assumed to be the direct outcome of Pro- 
tection. And so no doubt they were in some 
measure, though it is impossible to say in how 
much. The depression would have gone in any 
case, Free Trade or Protection, just as its prede- 
cessors had done and as its descendants will do. 
But the success of the home trade was having the 
very effects which the opponents of a general tariff 
foresaw. The interest in foreign trade began to 
wane and the position had become so serious before 
the year was out that speaker after speaker on 
public occasions stressed the imperative necessity 
of pursuing the export trade. Manufacturers them- 
selves were as earnest in their advice as any of 
their mentors, but each of them was more inclined 
to advise his neighbour than to adopt the policy 
himself. With plentiful civil trade at home and 
with the defence programme as a steady back- 
ground there was little need to expend exertions 
on the attempt to win competitive foreign orders. 
The course of events was indicated by the 
Overseas Trade Returns issued in the middle of 
December. The figures showed that for the eleven 
months imports had increased by 12 per cent as 
compared with the corresponding period of 1935. 
whilst exports had risen by only 2-6 per cent. 
For the two Novembers alone imports had risen 
by 10 per cent and exports had diminished by 
2-4 per cent. It was, no doubt, foreknowledge of 
these figures which caused Ministerial anxiety about 
our foreign trade in the fall of the year. The fact is 
manifest that the condition of international trade 
is in a very unsatisfactory, perhaps even dangerous 
condition, and that the taking of measures for its 
improvement is becoming imperative, As Dr. 
Markau, President of the German Chamber of 
Commerce, said in London a few weeks ago: “If 
this chaos and the bewildering conditions of world 
trade continues there can be no doubt that 
eventually the world will be faced with a state of 
affairs that can only be described as a catastrophe.” 


Transport. 

If the most notable event of 1936 was the civil 
trade recovery, coupled with the Imperial Defence 
programme, transport by land and sea must be 
allotted the second place. At sea two outstanding 
events stand at diametrically opposite ends of the 
scale. At one end we have the recovery of the 
Blue Riband of the Atlantic by the gigantic liner 
“* Queen Mary,” and at the other the construction 
of very high-speed motor torpedo boats for the 
Navy—appropriately called a “ Mosquito Fleet.” 
The “ Queen Mary ” sailed to New York for the 








Its causes and cure were discussed 


same time. 





industrialists would tolerate the regimentation and 





first time on May 27th, but neither on that trip 
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nor on the return voyage attempted to surpass the 
speed of the “ Normandie.” It was not until 
August that she recovered the Blue Riband with 
an average speed of 30-6 knots. She has not been 
free from difficulties. She has had teething trouble 





with her turbines, there has been marked vibra- 
tion im places, and the funnels have ejected smuts 
which fell on the after decks. The turbines have | 
now been put ia order, and steps are being taken 
to put an end to the smoke trouble. The local 
vibration, we are informed, has not- been entirely 
eliminated. It presents problems which naval 
architects and engineers shouid co-operate heartily 
in solving. With due deference we suggest that 
the Cunard-White Star Line might perform a 
service to itself and to the shipbuilding industry 
if it instituted a scientific research into the vibra- 
tion of the “ Queen Mary.” We do not underrate 
the value of the observations and reports made by 
the engineers of the ship when we say that a 
scientific inquiry carried out by experts with the 
help of the appropriate delicate apparatus might 
reveal facts which are hidden from general observa- 
tion, however painstaking and careful it may be. 

On land the rivalry between the steam locomotive 
and the oil-engined locomotive and trains continued. 
The former demonstrated its ability to achieve 
high speeds with trains of moderate weight, 
and combatted thereby the opinion of those who 
hold that the light, high-speed, internal combustion 
coach is the only solution. On the London and 
North-Eastern Railway the four-hour runs to 
Newcastle and return were continued, and it was 
announced that thirty-one more “ Silver Link ” 
locomotives were being built. It does not appear, 
however, that another streamlined train is yet 
on order. Presumably, the new engines will haul 
coaches of standard design. Towards the end 
of the year the L.M.S. made an accelerated trial 
run to Glasgow, reducing the time to six hours 
with a 240-ton train hauled by a quite normal 
engine—Mr. Stanier’s “Princess Elizabeth.” 
Details of the run, which, no doubt, presages a 
regular service, were given in our issue of December 
4th. On the same line the ‘“ Turbo-motive ” 
continued to work with increasing satisfaction. 
In Mr. Stanier’s presidential address to the 
Institution of Locomotive Engineers, and in Sir 
Nigel Gresley’s address to the Institution of 
Mechanical Engineers—see THE ENGINEER, 
October 9th and October 30th—particulars of 
some of these events are recorded. In Canada an 
enormous steam locomotive—which we propose 
to illustrate shortly—was built for the Canadian 
National Railways at the Montreal Locomotive 
Works, Ltd. <A picture of her is reproduced in 
our Supplement pages to-day. It will be noticed 
that she is “ faired,” if not actually streamlined. 
The total weight of the engine and tender in 
working order is 296 tors. The cylinders, two, 
are 24in. by 30in., the boiler pressure 275 lb., and 
the driving wheels 77in. in diameter, giving a 
maximum tractive effort of 52,500lb. The grate 
area is 73-7 square feet. The fairing comprises 
a cowl covering the front end and a trunk running 
the whole length of the engine from chimney to 
cab, enclosing all the usual roof projections, includ- 
ing the chaplet of the chimney. Specially formed 
louvres at the front of this trunk lift the smoke and 
steam above the boiler. 

On another page in this and the following 
issue we outline the progress of internal com- 
bustion locomotives and coaches, and it is 
sufficient to mention here the twin “ Zephyr ” 
locomotives which are performing remarkable 
service in America, doing very long journeys 
at average speeds of 65-5 miles an hour. The 
locomotive comprises two parts, the leading 
portion carrying an oil-electric drive which 
develops 1800 H.P., and the second part, articu- 
lated to the first and known as the “ booster,” 
@ plant of the same order generating 1200 H.P. 
The power is applied to the motor bogies on these 
two vehicles. The train comprises, first, a van, 
of which half accommodates the auxiliaries for 
lighting, air conditioning, and so on. The remain- 
ing coaches, ten in number, carry 309 passengers. 
The weight of the mechanical part of the train is 
approximately one-third of the total weight, and 
it will not escape the observation of steam eagi- 
neers that there are actually two locomotives to 
_ develop 3000 H.P. We may recall that Mr. 
Gresley’s “ Silver Link” has developed 2600 H.P. 
alone. 


Iron and Steel. 


The year opened with brilliant promise for the 
British iron and steel industry. In 1935 the pro- 





duction of steel reached the record figure of 


9,858,700 tons, a total only approached in the war 
year of 1917, when 9,716,544 tons were made. It 
was freely prophesied that that record would be 
broken in 1936. As a matter of fact, it was hand- 
somely beaten in eleven months, for by the end of 
November the production had reached 10,679,000 


‘tons. Nevertheless, production was insufficient 


to meet the requirements of the British market, 
even when supplemented by the importation of 
steel from foreign countries amounting to 1,388,822 
tons. 

The output of pig iron was only 7,014,300 tons ; 
there was a definite shortage early in the year, and 
by the end of June the dearth of foundry iron was 
so great that supplies to consumers were rationed 
by the makers. A scarcity of hematite also became 
greater as the year advanced, and was accentuated 
when the Spanish troubles seriously interfered 
with supplies of ore. In spite of efforts to make up 
this deficiency from other sources, the outlook 
in the market at the end of the summer was 
causing so much anxiety that the associated pig 
iron producers decided amongst themselves to 
import some 60,000 tons of Russian basic iron. 
This action relieved the position for a time, but 
efforts to obtain further foreign supplies to supple- 
ment the British production were in progress at 
the end of 1936. 

The second half of the year was characterised 
by a revival in the demand for steel from prac- 
tically every overseas market, and by November 
it became apparent that there was a world shortage 
of steel, and that the productive capacity was 
insufficient to meet the demand. Advantage was 
taken of this position to raise export prices. 
The prices of structural steel in the home market 
had been advanced at the end of May, when an 
increase of 12s. 6d. was made in joists and sections, 
including chequer plates and boiler plates and 10s. 
on plates jin. down to and including 3mm. Late 
in mber a further advance of 3s. per ton on 
structural steel was announced, to date from 
January Ist, 1937. This movement was made to 
neutralise the withdrawal of the rebates on rail- 
way freights on raw materials for the iron and 
steel works, 

The organisation of the markets in order to carry 
out the arrangements made when the British steel 
industry became allied with the European Steel 
Cartel continued throughout the year. Perhaps 
the most notable agreement was that between the 
British, Continental, and South African steel 
makers for the maintenance of prices in South 
Africa, which appears to have been carefully kept 
by each of the parties. At the beginning of August 
the Continental steel quota was automatically cut 
down to 525,000 tons from 670,000 tons per annum, 
in accordance with the Anglo-Continental agree- 
ment. Early in the year it had become known that 
the Government intended to introduce a system of 
licensing by which Cartel steel would be allowed 
in at 20 per cent. duty and steel from non-Cartel 
countries would be charged higher rates. This 
system was introduced by Clause 6 of the Finance 
Bill, and was only passed after an acrimonious 
debate in the House of Commons, which resulted 
in the Government issuing a White Paper giving 
the correspondence between the Board of Trade 
and the British Iron and Steel Federation upon the 
reorganisation of the industry. The debate enabled 
the Opposition to take up the question of a steel 
works at Jarrow, which had been under considera- 
tion for some time. Members accused the Federa- 
tion of blocking the scheme, but this was denied 
by the Government supporters. Finally it was 
announced that the Government had asked the 
Import Duties Advisory Committee to examine 
all the data then available, and to report upon the 
present position of the industry, and in so far as 
was practicable the general lines of its future 
development. This investigation proceeded during 
the remainder of the year. The duties came into 
operation on November 4th, and at the end of 
November when the Orders authorising the double 
system of duties were laid on the table of the House, 
the reorganisation of the industry was severely 
criticised by the Opposition, but finally the Orders 
were approved. 








In our issue of January 5th 1877 we passed in review 
the outstanding events of the year which had just closed. 
It had we said been a period of political and financial 
instability and had seen few remarkable performances. 
The confidence of capitalists had been reduced and 
inactivity had been forced upon many industrialists 
and manufacturets. Whether the clouds wete about 


to disperse or whether disaster was to be added to the 





depression—a reference doubtlessly to the possibility 
of our being dragged into war at the heels of Russia and 
Turkey—it was, we said, impossible to tell at the moment 
of writing. Among civil engineering works on which 
activity had been expended during 1876 we noted the 
completion of the North Sea Canal connecting Amsterdam 
with the ocean and the rapid progress which had been made 
with the Severn railway bridge, the Tay bridge, the 
Severn tunnel and the St. Gothard tunnel. The Tay 
bridge had been begun in 1871 and it was expected that 
it would be completed within nine months. Even at 
that date the history of the bridge might almost have been 
held to presage disaster. Unexpected difficulties had 
been encountered from the start and had not only checked 
progress but had led to alterations in the design. Originally 
the piers were to have been of brickwork on foundations 
of sunk cylinders filled with concrete. In August 1873 
one of the cylinders while being sunk under air pressure 
had exploded and six men had been killed. On the Dundee 
side cast iron tubular piers were substituted for the 
brick piers originally intended to be used but difficulties 
were encountered as a result of unexpected variations in 
the strata of the river bed and of scouring action by the 
tidal flow and floods. Further delay was caused by the 
death of the original contractor Mr. de Bergue. In 1873 
the completion of the work was placed in the hands of 
Hopkins, Gilkes and Co. and the number of spans was 
reduced from eighty-nine to eighty-four, the maximum 
span being increased from 200ft. to 245ft. At the same 
time in order to hasten completion the engineer Mr. 
T. Bouch substituted a single large caisson for the two 
smaller caissons below the piers yet to be erected. We 
reported that the last of these caissons had just been 
floated out and sunk and that in order to complete the 
bridge by the contract date, September Ist 1877, work 
was proceeding in the girder yard with the aid of two 
Gramme electro-magnetic machines serving two Serrin 
lamps of 1000 candle-power each. In mechanical and 
railway engineering we had very little to record, but in 
marine engineering we commented favourably upon a 
plan which had been introduced with the object of avoiding 
the worst effects of a boiler explosion in a naval vessel 
in action. Recent explosions in British warships beginning 
with that in the “ Thistle” and ending with the catas- 
trophe on the “‘ Thunderer ” had called attention to the 
danger inherent in the use of high-pressure steam. Engines 
for warships, we reported, were now being made in such 
a way that while they normally worked compound with 
high-pressure steam they could when the ship went into 
action be changed over to non-compound with the steam 
reduced to about atmospheric pressure. In contrast 
with the dearth of developments in the main branches 
of engineering we had much to record concerning progress 
in electrical subjects. We wrote in particular of the 
“* telephone ” invented by Elisha Gray and Graham Bell’s 
“ articulating telephone.” Gray’s “telephone”’ was 
really an acoustic telegraph which replaced the recorded 
mi » at the receiving end by an audible message 
derived from the vibration of a steel rod between magnetic 
poles. On a single line eight transmitters had been used 
to send simultaneously eight different messages to eight 
receivers each responsive only to a single note. Of 
Graham Bell’s “ articulating telephone ”’ we wrote that 
it was by far the greatest of all the marvels of the electric 
telegraph. Bell, we note, was described as ‘“ of Edinburgh 
and Montreal and Boston, now becoming a naturalised 
citizen of the United States.” Bell’s own testimony 
leaves no room for doubt that it was at Brantford, 
Ontario, that he invented the telephone in the summer 
of 1874. 
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Shipbuilding & Marine Engineering in 1936 


No. I. 


N the year which has just ended the shipbuilding, 

marine engineering, and ship-repairing industries 
passed from the state of marking time, which 
characterised recent years, into a period of steady 
development and expansion. During 1935 the 
percentage of berths occupied was barely maintained 
at the 30 per cent. level, but early in 1936 with the 
increase of orders, the number steadily increased 
and reached about 55 per cent. towards the close of 
the year. The mercantile tonnage under construction 
rose from about 600,000 to nearly 1,000,000 at 
the end of the year, which, together with naval 
construction of about 500,000 tons, gives a total of 
1,500,000—not far short of the tonnage for the year 
1929, before the depression set in. 

One very important difference calls, however, for 
notice. Whereas in 1929 over 29 per cent. of the 
tonnage was for foreign owners, to-day the work 
in this country for foreign orders consists only of 
some nine ships, aggregating about 15,000 tons. 
In the autumn twelve ships totalling 62,000 tons 
were being built in Denmark, thirty-eight ships 
representing 193,000 tons in Germany, and sixteen 
ships aggregating over 87,000 tons in Sweden, all 
on foreign account. The position was largely 
influenced by the German restrictions on the export 
of funds which led to international trading and 


made by the unions, and was favourably cansidered 
by the employers. <A joint negotiating committee 
was set up for the arrangement of an early settle- 
ment of the amounts and the changes in hours and 
working conditions discussed. We may also record 
the appointment during the year of Mr. W. D. 
Patrick, K.C., as the new independent arbitrator 
in all forms of shipyard disputes. Mr. Patrick 
succeeded Lord Robertson and Lord Macmillan in 
an office which has proved of great importance, and 
has undoubtedly contributed to the smooth running 
of the industry. 

Another feature of the year was an appointment 
by the Shipbuilding Employers’ Federation of an 
officer to co-ordinate the commercial and economic 
interests of the industry as a whole, with a view to 
stabilising conditions in such a way that in future 
the industry will receive a more adequate reward 
for its services. Some progress towards this very 
desirable end was made. 

During the year National Shipbuilders’ Security, 
Ltd., continued its policy of purchasing the idle and 
redundant yards and selling them under restrictions 
as to reoccupation. At the annual meeting held early 
in November, Sir James Lithgow, the chairman of 
directors, announced that, although capacity equi- 





valent to approximately 1} million gross tons per 


speed of over 29 knots was recorded, speeds of over 
30 knots being included in the run. Early in July she 
was laid off for an underwater inspection and a 
machinery overhaul, and modified blading was fitted 
to the impulse wheels of the high-pressure turbines. 
At this time, too, the boiler uptakes were narrowed, 
in order to increase the velocity of flow of the gases 
from the funnels and so carry any deposits or 
smuts beyond the aft decks. No attempts at record 
speeds were made until the departure of the liner 
from Southampton on Wednesday, August 19th, 
when on the outward voyage an average speed of 
30-14 knots was made between the Bishop Rock and 
the Ambrose Lightship. On the return trip the 
‘*Queen Mary” gained the Blue Riband of the 
Atiantic by making the crossing between the same 
points at an average speed of 30-63 knots, which 
exceeded by 0-32 knots the record of the “ Nor- 
mandie”’ in June, 1935. During the remainder of 
her season’s service no attempt was made to improve 
upon or repeat these records by either ship. 

On completing her first season of service on her 
arrival at Southampton on Tuesday, December 22nd. 
the ‘‘ Queen Mary ” was dry-docked, and, in the 
hands of John I. Thornycroft and Co., Ltd., she is now 
undergoing her winter overhaul. Occasion is being 
taken to inspect the machinery and to make certain 
improvements which the season’s operation has shown 
to be necessary. Howden’s Vortex type dry dust 
collectors are being fitted to the boiler uptakes in 
all three funnels. She is scheduled to return to her 
normal service in the early days of February. 

A complete description of the machinery and the 





hull of the liner was given in seven articles which 








business concerns placing their shipbuilding orders 
in Germany to recover by this means the debts due 
to them. The alteration in Dutch currency, too, 
towards the end of the year assisted in strengthening 
the competitive power of the Dutch shipbuilding 
industry. 

During the present year it is evident that, ship- 
building, like other branches of British industry, must, 
if berths are to be fully employed, pay more attention 
to gaining and export trade. 

Employment in the industry steadily improved 
as the year went on and when it ended it is estimated 
that about 160,000 persons were employed in the 
shipbuilding and the ship-repairing trades. That 
figure is not very different from that of 1929, when a 
similar amount of tonnage was under construction. 
The number of unemployed, too—about 47,700— 
was also comparable with that of 1929, and as it 
can be assumed that all the possible skilled 
employees are now engaged, it seems that this 
residue of about 47,000 will be difficult to absorb 
into the industry. Attention is now being increas- 
ingly paid to the recruiting of skilled labour, especially 
in the new branches of employment such as welding, 
and to the training of apprentices, for which the 
outlook is now distinctly better. 

The year was marked by excellent relations between 
the Shipbuilding Employers’ Federation and the 
Confederation of Shipbuilding and Engineering 
Unions. At the end of January, 1936, a joint com- 
mittee was set up to deal with the application for 
an increase in wages in view of the improved prospects 
in the industry, with the result that an increase of 
2s. per week was granted. When, towards the end 
of the year, the ships under construction had almost 
doubled and there was a greater amount of Admiralty 
work and promise of still further naval orders a 
further application for an advance in wages was 
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UNION CASTLE LINER “STIRLING CASTLE" 


annum had been removed, the industry as a whole 
was still only utilising little more than one-half of 
its available facilities, and the necessary personnel 
to staff the whole of the berths and plant that still 
remained was far from being available. 

There is no doubt that the “Scrap and Build ”’ 
scheme of the British Government and the “ Tramp 
Shipping Subsidy ”’ each in its way assisted ship- 
building particularly, in the North-East Coast area. 
With the recent report to the Government on “ British 
Shipping in the Pacific,” it is hoped that some 
assistance may soon be forthcoming which will enable 
British owners to compete effectively on that ocean 
against subsidised American and other interests. 

Following our practice of previous years, we 
illustrate in the accompanying Supplements and the 
present article, some of the outstanding ships of the 
year. In a later article we propose to refer more 
especially to the world’s shipbuilding position and 
Great Britain’s contribution to its progress, particu- 
larly the improvements which have to be recorded in 
the design of boilers and propelling machinery. 


The World’s Fastest Liner “Queen Mary.” 


In one of to-day’s Supplement pages we reproduce 
a view of the Cunard White Star liner “‘ Queen Mary ” 
taken during her full speed trials. The completion of 
the liner was without doubt the outstanding maritime 
event of the year.” On Friday, March 24th, she left 
the Clyde and arrived at Southampton the following 
day. There she was dry-docked and prepared for her 
trials, which were carried out over the Admiralty 
course off the Isle of Arran. The results obtained 
exceeded the builder’s and owner’s expectations, and 
it was credibly reported that on the full power run 
speeds of over 30 knots were attained. The maiden 
voyage was made on Wednesday, May 27th, when she 





was delayed by fog, but, nevertheless, an average 








appeared in our issues between May 15th and 
June 26th., 

The official order for a sister ship to the ‘‘ Queen 
Mary ” was placed with John Brown’s Clydebank 
yard early in October. The new liner is expected to 
be larger than her sister by some 2000 tons, and will 
be about 12ft. to 18ft. longer. She will be built on 
the same stocks as those from which the “‘ Queen 
Mary ” was launched. 


The French Liner “Normandie.” 


The electrically propelled liner “‘ Normandie” of 
the French Line, which during the year was run in 
co-operation with the “‘ Queen Mary,” had a very 
successful season, and her machinery worked well. 
She underwent alterations during last winter at 
Le Havre, and at the end of April speed trials were 
made off Lorient, after which it was made known that 
the somewhat abnormal vibrations which were 
experienced in the first months of her operation had 
been practically eliminated. On June Ist we made 
the trip from Southampton to Le Havre in the liner, 
and were able to substantiate fully the claim made and 
to observe the smooth running of the ship at speeds 
of 294 and 30 knots. The principal alteration was the 
fitting of four-bladed instead of three-bladed pro- 
pellers. A full description of the work done and the 
results obtained will be found in a paper which was 
read by Monsieur F. Coqueret and Monsieur Romano 
on ‘“ The Design of ‘ Normandie ’ and Elimination of 
Vibration,”’ before the International Naval Archi- 
tects’ meeting in New York and reprinted in THE 
ENGINEER of October 16th, 1936. 


Notable Liners of the Year. 

Nearly all the outstanding British liners of 1936 
were constructed for Empire and Dominion services. 
One of the most important programmes was that 
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carried out by Harland and Wolff, Ltd., for the 
Union Castle Mail Steamship Company, Ltd. The 
motor liner “‘ Stirling Castle,” which we illustrate 
herewith, made her maiden voyage to South Africa 
on February 7th, and was shortly followed by her 
sister the *‘ Athlone Castle.” They are both twin- 
screw ships with an overall length of about 725ft., 
a beam of 82ft., and a measurement of 25,550 gross 
tons. The machinery consists of two ten-cylinder 
Harland B. and W. two-cycle, double-acting oil 
engines, with a cylinder diameter of 660 mm. 
and a stroke of 1500 mm., having a total output of 





Supplements. Her overall length is about 494ft., 
with a beam of 66ft., and a measurement of 10,970 
gross tons. The engines comprise two eight-cylinder, 
single-acting units of the Harland B. and W. type 
working on the four-stroke cycle with airless injection 
and pressure induction. 

In the same Supplement we reproduce a view of the 
new British India motor ship “* Dilwara,’’ which was 
built and engined by Barclay Curle and Co., Ltd., 
of Glasgow, for the passenger and trooping services 
of the British Steam Navigation Company, Ltd., 
of London. She has a length of 520ft., with a breadth 





A motor liner for the Auckland—Fiji Islands service 
is the ‘‘ Matua,’? shown below, which was built 
for the Union Steam Ship Company of New Zealand 
by Hawthorn Leslie and Co., Ltd., and engined by 
Sir W. G. Armstrong Whitworth and Co. (Engineers), 
Ltd. She is a 164-knot passenger and cargo liner 
with an overall length of 370ft. 6in., and a breadth 
of 50ft. 3in. Her measurement is about 4160 gross 
tons and ‘her propelling machinery consists of a twin- 
screw arrangement of six-cylinder, single-acting, 
two-stroke Armstrong-Sulzer engines having a bore 
of 600 mm. and a stroke of 1130 mm., with a normal 























24,000 S.H.P., which is the highest power developed | of 63ft., and a gross tonnage of 11,050. Her accom-!service output of 5200 S.H.P. at 120 r.p.m. 
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by marine oil engines yet installed in a British liner. 








UNION STEAM SHIP COMPANY’S MOTOR SHIP “‘MATUA* 
modation provides for 104 officers, first class, 100|The ‘ Matua” left for New Zealand in June. 
warrant officers, second class, 164 troops’ families, Among the steamships of 1936 the ‘‘ Awatea,” 


The ship and engines of the “ Stirling Castle ’’ were 
described and illustrated in our issue of February 
28th. During the year the two 15,000 ton inter- 
mediate service liners ‘“‘ Dunnottar Castle” and 
** Dunvegan Castle ’’ were both commissioned. In 
our issue of July 24th we described the ‘* Dunnottar 
Castle.” The engines are of the same type as those 
installed in the larger vessels, and are nine-cylinder 
units with a bore of 450 mm. and a stroke of 1200 mm. 
They employ the uniflow scavenge system and the 
tuned exhaust pipe principle. As the year proceeded 
other ships of the Union Castle Line were withdrawn 


and 1150 troops. The engines are of the twin-screw, 
five-cylinder, opposed-piston Barclay, Curle-Doxford 
type, with a bore of 560 mm. and a combined stroke 
of 1680mm. designed to develop 6000 5S.H.P. at 
120r.p.m. We gave a full description of their welded 
construction and their performance on November Ist, 
1935. Another Doxford-engined ship which we 
illustrate in to-day’s Supplement is the cargo-carrying 
motor ship “‘ Queen Maud,” which is representa- 
tive of the Doxford standardised ship to which we 





shall have occasion to refer again in our second 


illustrated in one of our Supplement pages and 
described in THE ENGINEER of July 31st. 1936, calls 
for special mention, She was built and engined at the 
Barrow-in-Furness yard of Vickers-Armstrongs, Ltd.. 
for the Union Steamship Company’s service between 
Sydney, New South Wales, and Wellington and 
Auckland, New Zealand, and is claimed to be the 
fastest and. most luxurious ship owned by any com- 
pany registered either in Australia or New Zealand. 
The “ Awatea” is greatly appreciated in the waters 





she serves, and she should go far to meet the highly 
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BURNS AND LAIRD MOTOR 


from service as occasion offered, for re-engining, so 
as to allow them to make the Southampton to Cape 
Town voyage in the reduced time which is called for 
by the new mail contract. Some record voyages were 
made by the ‘“ Stirling Castle’ and the “ Athlone 
Castle * during the year. 

Another interesting ship which was completed by 
Harland and Wolff, Ltd., was the ‘“‘ Kanimbla ” 
for the service of McIlraith and McEacharn between 
Cairns and Fremantle, Australia. Although pri- 
marily intended for coastal service the ‘“‘ Kanimbla ” 
is to all intents and purposes an ocean-going ship 
beth as regards her hull design and her propelling 
machinery. She is illustrated in one of to-day’s 


LINER “ROYAL SCOTSMAN’’ AND MOTOR 


article. She was built and engined by William 
Doxford and Sons, Ltd., for the Queen Line, Ltd., 
managed by Thomas Dunlop and Sons, of Glasgow. 
As our engraving indicates, the ship has a raked 
stem and a conical stern, and is of the shelter-deck 
type. There are five main hatchways served by ten 
winches. The officers’ and engineers’ quarters are 
amidships, and the captain’s accommodation is on 
the bridge, with the crew’s quarters in the shelter 
deck aft. The propelling machinery comprises 
a single three-cylinder Doxford opposed-piston oil 
engine with a designed I.H.P. of 2100. The cylinders 
have a bore of 520mm. diameter and a combined 
stroke of 2080 mm. 





CARGO SHIP 


‘* LAIRDSCREST "’ 


subsidised competition of the American steamship 
lines. She has an overall length of 545ft., with a 
breadth moulded of 74ft., and a loaded draught of 
25ft. 5in. With a displacement of 16,000 tons, she 
has a measurement of close upon 14,000 gross tons 
and a net register of 8032 tons. Passenger accom- 
modation is provided for 377 first-class, 151 tourist 
class, and 38 third-class, passengers. The ship’s 
complement of officers and crew is 204 persons. 

The twin-screw steam-propelling machinery con- 
sists of two sets of Parsons single-reduction geared 
turbines, and on trial the machinery developed 
22,500 S.H.P. at 130 r.p.m. Astern power about 
70 per cent. of the ahead power is provided. Steam 
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H.M. FLOTILLA LEADER ‘‘ GRENVILLE *’ 
H.M. CRUISER ‘‘ APOLLO” 


H.M. CRUISER ‘“ PENELOPE" 
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SOME EXPRESS LOCOMOTIVES OF 1936 



















































































L.N.E.R. EIGHT - COUPLED PASSENGER ENGINE — 165 TONS 





L.N.E.R. Six - COUPLED PASSENGER AND GOODS ENGINE — 144 TONS 
C.N.R. EIGHT - COUPLED ENGINE — 296 TONS ’ 
S.A.R. SIx - COUPLED ENGINE— 140 TONS 
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TWO GREAT SUSPENSION BRIDGES IN 1936 
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THE GOLDEN GATE BRIDGE, SAN FRANCISCO 


THE WEST BAY CROSSING OF THE SAN FRANCISCO-OAKLAND BRIDGE 
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THE CARSFAD DAM OF THE GALLOWAY POWER SCHEME 


THE SHING MUN DAM, HONG KONG 
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CUNARD WHITE STAR LINER “QUEEN MARY.”’ 
UNION STEAMSHIP LINER ‘‘ AWATEA’’ 
ELLERMAN LINER ‘‘CiTY OF BENARES*’ 
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QUEEN LINE CARGO SHIP ‘‘QUEEN MAuD”’ 
BRITISH - INDIA TROOPSHIP AND PASSENGER VESSEL ‘‘ DILWARA"’ 
MCILWRAITH -MCEACHARN LINER ‘“‘ KANIMBLA** 
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is taken from six Yarrow five-drum side-fired high- 
pressure boilers, which are equipped with super- 
heaters and Howden-Ljungstrom air preheaters. 
The boilers were built at Barrow, and they are con- 
structed for a blow-off pressure of 450 lb. per square 
inch, with a superheated steam temperature of 
725 deg. Fah. The auxiliary generating plant includes 
three 450-kW B.T.H. turbo-generators, with a 150-kW 
motor generator for port use and an 84-kW Allen 
oil engine driven emergency set. 

Another noteworthy steamship of the year was the 
Ellerman liner the “City of Benares,” which was 


power for auxiliaries and lighting is furnished by 
three turbo-generator sets. 


Cross-Channel and Railway Steamers. 


Among the cross-Channel ships of the year mention 
may be made of the two new motor liners “ Royal 
Ulsterman”’ and “ Royal Scotsman”’ (see page 20), 
constructed by Harland and Wolff, Ltd., for the 
Belfast-Glasgow service of the Burns and Laird 
Lines, Ltd. They leave the Broomielaw, Glasgow, 
and Belfast at ten o’clock each evening, arriving at 
six o’clock the following morning, so that passengers 








bank,” all motor cattle and cargo ships, which have 
been built for the Heysham—Londonderry service of 
the Burns and Laird Lines, Ltd. The “‘ Lairdscrest ” 
is shown on page 20. She is constructed to carry about 
300 cattle, as well as a number of sheep and general 
cargo, and has a length of 238ft. overall, with a beam 
of 37ft. and a depth of 3lft. The engines are two 
five-cylinder Harland B. and W. two-cycle units, with 
airless injection of fuel and uniflow scavenging. 
Electric power is furnished by three 40-kW oil engine 
sets. 

At Dumbarton 





the steamer ‘“‘Slieve Bearnagh ” 











L.M.S. CLYDE STEAMER * MARCHIONESS 


built and engined by Barclay, Curle and Co., Ltd., of 
Whiteinch, Glasgow, for the Indian passenger and 
cargo of Ellerman Lines. Ltd. The liner, 
which we illustrate in to-day’s Supplement, incor- 
porates in the design the experience of both owners 
and builders in ships for this particular trade. The 
“City of Benares”’ differs from Ellerman 
liners in the adoption of two funnels, which, with the 
balanced superstructure and the raked and 
cruiser stern, gives the ship a particularly pleasing 
appearance. The principal dimensions are :—Over- 


service 


most 


stem 





all length, 509ft.; breadth, 62ft. 4in.; and depth, 
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for inland tours may comnect with the early trains. 
Each ship has an overall length of 341ft. 6in. and a 
breadth moulded of 47ft. 6in., and a depth moulded 
of l7ft. 9im., the measurement being 3244 gross 
tons. The propelling machinery, which is designed 
for a service speed of about 15} knots, consists of a 
twin-screw arrangement of Harland-B. and W. two- 
stroke single-acting oil engines working on the 
airless injection principle, and having a total designed 
output of about 5500 8.H.P. They are eight-cylinder 
units with a bore of 500 mm. and a stroke of 900 mm. 
The design embodies uniflow scavenging with poppet 





SOUTHERN RAILWAY TRAIN FERRY STEAMER 


I3ft. 3in.; with a gross tonnage of about 11,081 tons. 
Accommodation for 219 passengers is provided, also 
excellent quarters for officers and the Indian crew. 
The “City of Benares”’ is propelled by a set of 
Parsons impulse-reaction, single-reduction geared 
turbines, built by Cammell, Laird and Co., Ltd., at 
Birkenhead, which were installed by Barclay, Curle 
and Co., Ltd. They take steam from five single-ended 
cylindrical boilers, with a designed working pressure 
of 275 lb. per square inch, and superheaters raise the 
final temperature of the steam by about 180 deg. 
Fah. at the engine stop valves. The condensers are 
of the Weir regenerative type, and the necessary 








IN DOCK AT 


exhaust valves and a tuned exhaust pipe arrange- 
ment, also the recovery of heat from the exhaust 
gases in a waste heat boiler. There are three 100-kW 
oil engine driven generator sets and a 73-kW emer- 
gency generator set. The ships are miniature liners 
in design and lay-out of the passenger accommoda- 
tion, which is arranged for 219 first-class and 108 
third-class single and two-berth cabins. These two 


fine ships have without doubt encouraged the growth 
of the tourist traffic between Scotland and Northern 
Ireland. 

Three other Harland and Wolff built ships were the 


NEWFOUNDLAND STEAMER 





“NORTHERN RANGER ’’ 


was built and engined by William Denny and Brothers. 
Ltd., for the L.M. and S. Railway Company’s cattle 
boat service between Heysham and Belfast. She is 
a two-masted single-funnelled ship of fine lines. 
having a length of 310ft. and a breadth of 45ft., with 
a designed speed of 17 knots. Provision is made to 
carry about 735 head of cattle. Denny’s also built a 
small motor vessel, the “‘ Countess of Breadalbane.” 
for the Loch Awe service of the Caledonian Steam 
Packet Company, and the “ Arran Mail” for the 
L.M. and S. Railway Company. We illustrate 








** Lairdswood,”’ and the ‘* Lairds- 


** Lairdserest.”’ the 


above the Clyde passenger steamer the “‘ Marchioness 





DOVER 


of Graham,” which was built aud engined by the 
Fairfield Shipbuilding and Engineering Company. 
Ltd., of Govan, Glasgow, to the order of the L.M. and 
S. Railway Company. This ship replaces the old 
Clyde paddle steamer the “‘ Jupiter,’ and she is a 
turbine-driven steamer with accommodation for 
about 1300 passengers and crew on four decks, com- 
prising the lower, main, promenade, and shade decks. 
The ship is in service on the Ardrossan—Arran route. 
The propelling machinery consists of a twin-screw 
arrangement of Parsons single-reduction geared 
turbines, steam being provided by a single-ended 
cylindrical boiler of the return-tube type arranged 
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for burning coal under the forced draught closed | 
stokehold system. 

The steamer ‘‘ Northern Ranger,” built by Fleming 
and Ferguson, Ltd., of Paisley, and illustrated on 
page 21, was built for the Newfoundland Railway | 
Company’s coastal services between Newfoundland 
and Labrador and the Canadian ports. She has a 
length of 231ft. and a breadth of 36ft., with a depth 
of 22ft. moulded. The accommodation is for 62 first- 
class and 76 third-class passengers. The engines are 
of the reciprocating type with independent auxiliaries, 
and steam is furnished by Scotch marine boilers. In 
the holds space is provided for 38,000 cubic feet of 
cargo and the coal bunkers of 2&0 tons capacity permit 
a steaming range of about 3000 miles. During the 
official trials a speed of 114 knots in the loaded con- 
dition was obtained. 

Towards the end of the year, on Monday, October 
12th, the Southern Railway Company’s Dover 
Dunkirk train ferry was officially inaugurated by 
Monsieur Corbin, the French Ambassador. On page 21 
we show one of the train ferry steamers in the Dover 
dock. The construction of the dock was described 
in two articles which appeared in our issues of October 
9th and 17th. The three ferry steamers, which are 








named the “‘ Twickenham Ferry,” the ‘‘ Hampton 
Ferry,” and the “ Shepperton Ferry,” were built by | 


Swan, Hunter and Wigham Richardson, and are | 


equipped with Parsons geared turbines, steam being | 
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“ISLE OF SARK" 


S.R. STABILISED SHIP 


supplied by Yarrow coal-fired boilers with Taylor 
stokers. The machinery was described in THE 
ENGINEER of April 20th, 1934. They are considerably 
larger than any other vessels in the cross-Channel 
service, having a length of 359ft., a beam of 63ft. 9in., 
and a mean laden draught of 12ft. 6in. They are 
designed for a speed of 164 knots. On April 10th, 
1935, a paper giving a full description of the train 
ferry steamers was read by Sir Westcott Abell before 
the Institution of Naval Architects. 

The service has proved successful in all but the 
worst Channel weather, but at such times some 
difficulty has been experienced in docking the train 
ferry steamers at Dover in the face of a gale and high 
seas. 

An interesting event of the year was the trial of 
automatic stabilisation by the Southern Railway 
Company in one of its latest cross-Channel ships, the 
Denny-built twin-screw turbine steamer, the “ Isle 
of Sark.” The first voyage to the Channel Islands 
with the new equipment was made early in April, 
and satisfactory results are said to have been obtained. 
The system employed is that invented by Dr. Motora, 
of the Mitsubishi Nagasaki Shipyard, which was 
described and illustrated in Tae Encineer of June 
27th, 1930. The actual Denny-Brown ship stabiliser 
fitted in the “ Isle of Sark ” was fully described, and 
results of trials given in an article which appeared in 
our issue of September 25th, 1936. Above we give a 
view of the “Isle of Sark” in dry-dock, with the 
stabilising fins fitted. Further experiments of the 
Southern Railway Company in the stabilisation of 
cross-Channel vessels will be awaited with interest. 

(To be continued.) 








GERMAN LinER AGROoUND.—When the new German 
15,500-ton liner ‘‘ Pretoria” was leaving Southampton 
for the Cape on December 24th she ran aground on a mud 
bank near the mouth of the Beaulieu River. A large 
amount of fresh water and fuel oil were discharged to 
lighten the ship and she was eventually released on 
December 26th with the help of seven tugs. When she 





was examined the ship was found to be undamaged and 
proceeded on her voyage on December 27th. 


The Birtley Coal Picking Plant. 


THE elimination of hand labour is one of the most 
important phases in the “ quantity production ” systems 
in use in modern industry. As long as production is 
dependent, not merely on the presence of skilled men 
able to handle adequate quantities with consistent accuracy, 
but on the health, skill, eyesight, &c., of these men 





on the older installations had to be passed over belts and 
selected by hand by trained men, women, or boys from 
the shale middlings, &c., which surrounded it. Such 
selection naturally involved inaccuracies, mistakes, and 
inconsistencies which in the case of good-quality coal 
kept down the rate of production, and in the case of the 
poorer qualities kept down the value of the product on the 
market. The Birtley Company, Ltd., introduced a pneu- 
matic separator for small coal in 1925, thereby eliminating 
one phase of the hand picker’s work, with a consequent 

















FiG. 1—-ELECTRIC COAL PICKER 


being free not merely from deterioration, but also from 
fatigue, so long will a throttle remain on the output 
obtainable from the industry. 
the few remaining places where hand labour is extensively 
used, and the consequences are shown in the semi-politica 











FiG."2—MARSHALLING DEVICE 


struggle which goes on continuously, and which demon- 
strates that by these methods the natural market value of 
coal is insufficient to meet the present cost of its produc- 
Any elimination of hand labour in this field is 


tion. 














FIG. 3—SPACING CONVEYOR 


therefore not merely commercially sound, but is also a 


national advantage. 


The Birtley Company, Ltd., of Birtley, Durham, has 


had much to do with the introduction of mechanical coal 
handling and of recent years has paid particular attention 
to the elimination of the * picker.” The entire output 


The coal trade is one of 


increase in speed and gain in consistency. The company is 
now introducing an electric picker, capable of detecting 
coal from shale and the different grades of middlings. 
In some cases even different qualities of coal can be 
recognised by the machine. 

It has been found that electric conductivity provides 
quite sufficient variation to prove reliable as an auto- 
matic indicator, and without going into details and figures 
of special cases, it can generally be said that the specific 
resistance of most shales and stones varies between 0-5 
and 5 megohms. The resistance of the middlings varies 
a great deal, according to the amount of non-combustible 
material associated with it, and between different points 
of the surfaces of pieces, but in nearly all cases the resist- 
ance lies somewhere between 10 and 1000 megohms. The 
resistances of different coals vary also, but they seldom fall 
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FiG. 4—DIAGRAM OF DETECTING CIRCUIT 


below 1000 megohms, and are generally more of the order 
of tens of thousands of megohms, 

Given this difference detectable by electrical means 
between shale and coal, and between one type of coal and 
another, the design and operation of the machine becomes 
a practical proposition. The coal is led past a series of 
* feelers’ in an electrical circuit, which is completed by 
the coal. The figures given above are obtained by placing 
small test pieces of approximately cobble size between a 
set of feelers similar to those used on the machine and. 
measuring the conductivity of the circuit by an ordinary 
galvanometer. 

The Birtley electric picker is designed to handle coal in 
sizes ranging approximately from 2in. to 8in. in diameter. 
The machine, as shown in Figs. 1 and 7, consists of four 
stages. First, a marshalling device is provided, as shown 
in Fig. 2. Into its hopper sized coal is fed. It consists of 
an inclined corrugated chute to which is imparted a com- 
bined circular and “ jigging”? movement. This move- 
ment has the effect of arranging the lumps of material, one 
behind the other in the corrugations, and thus delivering 
them to the next stage. The second stage consists of a 
spacing conveyor, which travels at such a speed that each 
piece is taken on at a distance of about 18in. from its 
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predecessor, and carried past the detector at an interval 
Along the belt of the 
conveyor longitudinal plates are provided to divide the 
belt into as many paths as there are corrugations in the 
Fig. 3 shows the conveyor, in this 
The detector is built 
across these paths and consists of three sets of fine spring 
wires arranged both horizontally and vertically, as shown 


of about one-third of a second. 


marshalling device. 
case subdivided into three paths. 


in Fig. 5. One detector acts for each path on the con 
veyor independently. 





Fic. 5—-DETECTORS 


the grid circuit of a sensitive Thyraton valve circuit, the 
diagram of which is shown in Fig, 4. This particular 
circuit has been arranged to suit an alternating current 
supply at 440 volts, 50 cycles. 

The grid voltage of the Thyraton valve is normally 
held at a lower potential than the filament. By 
increasing the capacity of the variable condenser, 
however, this voltage difference can be made less, with 
«a consequent increase in the sensitivity of the valve. 
Another point in the transformer secondary, at a potential 


The spring wires are connected to 


its fully open position. 
coil to absorb the discharge from the coil. 
remains closed, and the coal is allowed to slide over it 


’ 


of the “line ’’ of the coal. 





normally closed and opens only when the selector attains 
A condenser and resistance are 
connected in series, in parallel with the relay operating 
When coal is 
passed through the detector, the gate of the selector 
. | throughout the entire country. 
When raised, the gate causes the shale to be guided out 
Any ordinary mains current, 


either alternating or direct, may be used to operate the 
selector solenoids, as well as the control panels. 


The 


sixty-one for stream diversion. Besides the dams there 
are numerous canals, flumes, and other appurtenant 
works. Construction contracts now in force aggregate 
£17,200,000, while materials and supplies of all kinds 
represent a total expenditure of £11,170,000, distributed 
About 12,000 men are 
employed by contractors on the construction works, and 
4000 on Government works, with some 20,000 additional 
of indirect labour. An exceptionally large material con- 
tract covers twenty service gates and twenty emergency 











voltage applied to the feelers of the detector mechanism 
is never greater than 60 volts, and the resistance of the 
pieces of material being of the order of megohms, the 
current flowing through the material undergoing treatment 
is, of course, of the order of micro-amperes. 

Fig. 7 shows a typical version of the machine, in this 
case a three-channel one, but other arrangements can be 
made. When only the separation of coal from shale is 
required, a single-stage machine is used, but various other 
selections of different grades of coal can be carried out in 








FiG. 6—-SELECTORS 


gates—all 84ft. in diameter—for the Grand Coulee dam 
on the Columbia River. The Boca dam, in California, 
for which contracts have been let recently at £146,000, is 
of the earth embankment type, 110ft. high, to store water 
of the Little Truckee River. Tenders have been received 
for the Marshall Ford dam, on the Colorado River, in 
Texas, which is to be a straight gravity concrete dam. 
265ft. high, for flood control. Tenders have been received 
also for the Fresno dam, an 80ft. earth embankment on 
the Chain of Lakes in Montana. And early in 1937 tenders 
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FiG. 7—PLAN AND ELEVATION OF COAL PICKING PLANT 


iugher than the filament, is connected to the frame of the 
machine. One of the feelers is also connected to the frame, 
the other being connected through a limiting resistance 
to the grid of the valve. Should a piece of conducting 
material pass through the feelers, then an increased poten- 
tial will be applied to the grid of the valve, this increase 
being dependent upon the resistance of the piece of 
material. If the valve sensitivity is so set that this increase 
of potential is sufficient to ionise the mercury vapour, 
then a current will flow from the anode to the cathode, and 
operate the relay switch which is connected in series with 
the anode. When this switch closes, it connects the selector 
which is the final mechanism of the machine to its work- 
ing current supply, and thus brings it into operation. 

The selector, illustrated in Fig. 6, consists of a plate 
arranged at the end of the spacing conveyor to act as a 
gate. It is operated by means of a solenoid, which is con- 
nected to the mains and raises the gate whenever a piece 
of shale provides a reduced resistance across the feelers. 
Complete operation of the selector mechanism is obtained 
by means of the auxiliary switch on the operating relay 
and the switch connected to the selector. This latter is 








multi-stage machines. ‘The machine has been evolved 
during the last four years, and we understand that one 
is already in use at a colliery. 








IRRIGATION AND RECLAMATION IN 
AMERICA, 


Since the United States Bureau of Reclamation 
launched its emergency programme, three years ago, it has 
placed contracts aggregating £28,370,000 for construction 
work and purchase of materials on Government projects 
for irrigation. Of thirty-five dams for water conservation 
in the arid regions, four have been completed, twenty are 
under construction, three are nearly ready for tenders, 
and eight are in various stages of design. These last, as 
well as those under construction, include both large storage 
dams and small diversion dams. They will all add to the 
total of 133 dams already built by the Bureau of Reclama- 





tion, of which seventy-two are for storage of water and 


will be invited for the Pine River dam, in Colorado, which 
also will be of the earth embankment type. Thus the work 
of this very active department of the Federal Government 
includes the storage of water in great reservoirs, the diver- 
sion of river waters to irrigation canals, the control of 
flood waters, the utilisation of water power, and a wide 
range of works in the distribution of water for irrigation 


purposes. 








G.W. Raimtway puRING 1936.—During the past year 
149 new locomotives, 393 new type carriages, and 4260 
new wagons were built at the Swindon workshops of the 
G.W. Railway. In addition, 2100 locomotives were 
repaired and 154 condemned. The total passenger and 
freight mileage run during 1936 amounted to 97,400,000. 
Stores to the value of 5} million pounds were issued by 
the Swindon stores department. In connection with 
permanent way work 30,000 tons of new rails and 62,000 
new sleepers were used in the relaying or resleepering of 
400 miles of track. 
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Oil Engine Rail 


No. 

N general, the internal combustion engine as a 
power unit for railway use made, during the past 
year, little appsrent progress. At the same 


time the construction of numerous vehicles of various 
sizes and types during 1935 causes the progress in 
In 1935 
during the industrial 
slump, turning all the capital and resources available 
to the development of oi! engines or, in a few cases, 


1936 to appear less than, in fact, it was. 
many manufacturers were, 





CONTROL DESK OF ARMSTRONG - WHITWORTH SHUNTER 


petrol engines, for use on the railways. By 1936 
those manufacturers had completed the propaganda 
experiments and demonstrations necessary to launch 
a new idea, and had settled down to a steady pro- 
gramme. The fact that these programmes exist at 
all and that in nearly all cases successful designs of 
power unit or vehicle are now standardised is in 
itself a, big step forward. The past year was, however, 
an unsatisfactory one for the development of new 
ideas. With the sudden increase of traffic, both in 
volume and density, the existing systems, well under- 
stood and tested, were in demand. Nevertheless, 
the internal combustion engine as the motive power of 
railcars or locomotives became more firmly established 
for certain classes of work 
on passenger and goods 
services. The work for 
which these vehicles have 
proved to be most suitable 


Traction in 1936. 


I. 


developed the “ parcel car,”’ both in this country and 
abroad. It consists of a railear designed not for the 
carriage of passengers, but to replace the post and 
luggage accommodation of the displaced passenger 
train. This system as a means of handling traffic 
opens up great possibilities since the passenger stops, 
and the stops made for parcels, mail, and light goods, 
rarely coincide as to place or time. The use of two or 








more independent vehicles in consequence provides 





more intensive services for all classes of traffic than 
can the normal! unit train. 


Power Units in 1936. 


Power units in general have become not merely 
of greater horse-power, but also of more stabilised 
design. Simplification of maintenance work, the use 
of parts or even whole engines of a type standardised 
for road vehicles or similar purposes, and the general 
elimination of unnecessary complications, are features 
of last year’s designs. On the other hand, certain 
details showed their importance and received more 
attention than in preceding years. The question of 


Starting & leolating Switch 





is, in the case of passenger 


vehicles, for country lines, Gn 

either between small towns ba 

and the nearest city or 

saath oe Oft Trip 

for linking up a series of y 1 eae fatter 
; “ ; ; > 

small villages. For main Es nine tO 


lines railcars have the dis- 
advantage that their pas- 
senger-carrying capacity, 
especially at peak periods, 
is inadequate, while for 
suburban services their 
inability to take additional 
trailers during rush hours 
has proved a disadvantage. 
Where, however, a steam 
locomotive has been run 
with an uneconomically 
small load, the railcar has 
proved eminently success- 
ful. The capacity of these 
vehicles, too, has been 
generally increased, a fact 
which at once combats one 
of the chief disadvantages 
and proves the reliability 
and usefulness of the type. 
In general, railcars in former years had a capacity of 
some 60 to 80 passengers, and engines having an 
output of between 200 and 350 B.H.P.; the figures 
to-day show a tendency to become about 150 to 300 
passengers with horse-powers going up to 500 or 
more. The rise in power is by no means proportional 
to the rise in seating accommodation, since notable 
advances have been made in the adoption of light- 
weight construction and the throwing over of the 
bogie of the “ horsebox,”’ or other standard vehicle, 
in tow. In this connection several makers have 
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high horse-powers for peak load conditions has caused 
the supercharger to be fitted to certain models. As a 
means of allowing the internal combustion engine to 
emulate the steam engine and give, momentarily, 
horse-powers in excess of its rating, it has much to 
commend it, since it enables the vehicle to keep, not 
merely the steam timing for the whole run, but 
also the steam timing for all parts of the run, even 
where on heavy gradients the steam engine is work- 





The problem of designing a railway oil engine to 
produce a horse-power/revolutions curve more nearly 
approaching to that of the steam engine has led 
designers to use other means of raising the B.M.E.P. as 
well. For example, particularly abroad, a large number 
of cylinders is generally favoured when high torque 
combined with high peak revolutions is demanded, 
twelve or even sixteen-cylinder units being normal. 
Engine revolutions generally have been increased, 
even for quite large capacity cylinders, and the conse- 
quent decrease in engine weight has proved advan- 
tageous. The two-stroke engine is not generally 
favoured, though some excellent examples are 
described later. On the other hand, a new field of 
design has been opened up in the more extensive use 
of fuels other than “diesel” oil. In France and 
Germany producer gas has been applied successfully. 
In this country two petrol-engined vehicles are now 
in service, and in America distillates of several types 
are used. 


Transmission Developments. 

While no radical changes have oceurred in the 
means of transmitting the engine torque to the wheels, 
the available means have all been considerably 
improved. In some cases the apparatus has been 
simplified and the auxiliary plant formerly needed 
has been either eliminated or incorporated in such a 
way as to simplify such minor, but important, 
matters as piping, switchgear, couplings, or controls. 
Transmissions have been adapted to the work 
required with the assurance of certain knowledge, 
and in many cases are designed to produce the exact 
torque required for each operation undertaken. In 
general the mechanical drive has become adequate 
for railcar use, while the electric transmission retains 
the larger shunter field with a few exceptions. For 
smaller shunters mechanical drive is making headway, 
but generally with a minimum of gears, two or three 
at most being provided. It seems to be recognised 
that the driver of a shunting engine is in no position 
to change gears during a shunt, and in consequence 
the locomotive is designed to shunt on one gear or 
another, not “‘ through the gears.” 

The past year was one in which the internal combus- 
tion engine was established as an accepted power unit 
for railway use and in which experimentation ceased 
and production of standard vehicles for use in certain 
fields began. Manufacturers generally ceased to be 
the apostles of a new system and became makers and 
exponents of their own products. 


Shurting Locomotives in 1936. 


One of three oil-electric locomotives which were 
delivered during the year by the English Electric 
Company, Ltd., to the New Consolidated Goldfield 
Company, Ltd., for use on various mine locations in 
South Africa is shown opposite. The engines and 
electrical equipment were made at the Preston works 
of the English Electric Company and the mechanical 
portions at the works of R. and W. Hawthorn, Leslie 
and Co., Ltd., of Newcastle. These locomotives have 
&@ nominal output of 410 B.H.P., but as they are in 
use at approximately 4000ft. above sea level they 
have been derated by the makers to 350 B.H.P. The 
first shunter built by the English Electric Company 
was delivered on trial to the L.M.S. Railway in 1934. 
As a result of its performance ten similar units were 
ordered and were delivered last year. At present all 
eleven units are in full service for twenty-four hours 
per day, six days a week, in several L.M.S. yards. A 
similar shunter was completed and delivered to the 
Great Western Railway and has now been in successful 
operation for over six months in the London district. 
Finally, two of the same type were delivered to the 
Sudan Government Railways during the year. They 
are of special interest, as, in addition to normal 
shunting work, they are used for mixed passenger 
train haulage. 

Ten further shunting locomotives for the L.M.S.R. 
were delivered during the year by Sir W. G. Arm- 
strong, Whitworth and Co. (Engineers), Ltd., and 


| were fully described in THE ENGINEER of April 10th, 


page 398. An illustration of one of these locomotives 
with the outer casing opened up as for maintenance 
duties is shown opposite, and the general accessibility 
will be evident. Also described in the same article 
was a similar locomotive supplied to the Bombay, 
Baroda and Central India Railway. The Armstrong- 
Whitworth locomotives of this type are fitted with 
the firm’s constant horse-power control, which has 
undergone a certain amount of improvement. Another 
illustration shows the driver’s desk in the cab 
opened for inspection. As this desk contains all the 
electrical control equipment, with the exception of the 
field rheostat itself, it will be seen that the gear has 
been greatly simplified. In the wiring diagram, repro- 
duced, the absence of all contactors save the main cir- 
cuit breaker will be noted. One of the reasons for the 
retention of this contactor is the difficulty frequently 
encountered with drivers accustomed to steam engines 
in ensuring that the locomotive is brought to a 
‘dead’ stop before the reverse is operated. The 
drivers frequently are unable to detect the difference 
between “‘ creeping ” speeds and stop, and in conse- 
quence throw the reverse when in motion. Such 
action causes heavy currents to be generated in the 
motor and the main relay is designed to protect the 





ing on a late cut-off and developing a considerable 
excess power over the normal. 





system from these reversed currents. 
There is illustrated opposite a locomotive recently 
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supplied to the L.M.S. Railway (Northern Counties 
Committee) by Harland and Wolff, Ltd., for use on 
the 5ft. 3in. gauge lines in Northern Ireland. ‘This 
locomotive is of particular interest, in that it is 
believed to be the first on a British railway to use a 
Voith-Sinelair hydraulic turbo-converter transmission. 

Although primarily designed as a shunting loco- 
motive, the unit is fitted with a two-speed gear-hox, 
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turbo-converter consists of two units, namely, a 
torque converter for use at the lower running speeds 
and a fluid fly-wheel for use at the higher running 
speeds. -The change over is effected at will by the 
driver. There is, however, no hard-and-fast rule 
about the operation of this control. It is quite possible 
to start from rest with the control in the fluid fly- 
wheel position. ‘To ensure as far as possible that the 
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ARRANGEMENT OF HARLAND AND WOLFF 330 H.P. LOCOMOTIVE 


which enables it to be used, when required, as a 
branch line locomotive at a maximum speed of 
50m.p.h. This is particularly useful, in that it enables 
it to replace an ordinary branch line steam engine, if 
required, in emergencies, and that it also enables the 
locomotive to travel at high speeds from one point of a 
railway system to another under its own power. The 
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400 H.P. 


change of speed is effected by means of a hand wheel 
on the gear-box and not from the cab. The converter 
is driven through ‘speed-up ”’ gearing from the 
engine to reduce the value of the torque to be trans- 
mitted and the hydraulic transmission enables very 
simple controls to be used. These are the engine 
speed control, the change-over control for the turbo- 
converter, the brake, and the reverse control. The 





locomotive is brought to rest before the reversing 
gear is thrown over the reversing lever is interlocked 
with the turbo-converter control and with the brake, 
so that the converter control has to be put into 
“neutral” and the brake put on before the reverse 
gear can be thrown over. 

The engine is started by compressed air from bottles 


kept charged by a compressor mounted on and driven 
by the engine. An auxiliary Hamworthy petrol- 
paraffin air compressor is also supplied for charging 
the bottles at any time, if this is necessary when the 
main engine is not running. The cooling water in the 
main and auxiliary engine jackets is in one circuit, so 
that the heat from the auxiliary assists the main 
engine to start up. The locomotive has the following 





specification :-—-The weight is 48 tons, all adhesive ; 
the maximum tractive efforts are 24,000 lb. on low 
gear and 7200 lb, on top, while the corresponding 
maximum speeds are 15 m.p.h. and 50 m.p.h. The 
engine is a two-cycle eight-cylinder Harland-B. and W. 
unit developing 330 B.H.P. at 1200 r.p.m. A Voith- 
Sinclair turbo-converter transmits from the ** speed- 
up ”’ gearing to a Power Plant reverse and reduction 
gear-box of the bevel type, whence spur wheels and 
double helical wheels take the drive to the jackshaft. 
A two-speed gear is provided in this drive. Vacuum 
braking is fitted. The locomotive has an estimated 
hauling capacity for 1000 tons on the level on 
low gear. 

Harland and Wolff also supplied last year a 400 H.P. 
engine of the same type to Canada. It is intended to 











75 H.P. DREWRY 10-TON LOCOMOTIVE 
replace a petrol engine which was destroyed by fire 
on one of the Canadian Pacific electric transmission 
railcars. The engine of the Harland-B. and W. 
traction type, is shown below. The normal operating 
speed is 1000 r.p.m. with an idling speed of 300 r.p.m. 
Intermediate speeds are obtained by electro-pneu- 
matic valves operating the governor control. 

W. G. Bagnall, Ltd., of Stafford, completed two 
bogie type eight-wheeled articulated shunting loco- 
motives fitted with a six-cylinder Gardner “6 L 2” 
engine developing 73 B.H.P. maximum at 1300 r.p.m. 
The locomotives are a repeat order from the Ashanti 
Goldtields Corporation, Ltd., and are for use in 
Ashanti. The drive is taken by an Uskide flexible 
coupling to a two-speed epicyclic gear-box and thence 
vid the reverse gears to both bogies, on each of which 
the wheels are coupled. The general specification 
follows the well-known Bagnall design. Also for use 








HARLAND AND WOLFF RAILCAR OIL ENGINE 


in West Africa is an 0-6-0 type Bagnall locomotive 
now under construction and fitted with a 110/120 H.P. 
Bagnall-Deutz engine. In general the locomotive 
follows standard practice. The engine is a three- 
cylinder vertical model and a four-speed gear-box 
is fitted, giving speeds of 4, 63, 11, and 17 m.p.h. in 
either direction. 

A number of standard small shunting engines were 
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delivered by the Hunslet Engine Company, Ltd., of 
Leeds, from its range of 10, 20, 30, and 40 H.P. 
models. In 60 cm. and 2ft. gauges these engines are 
carried on stock for quick delivery to industrial and 
estate undertakings. Locomotives of these horse- 
powers have also been built to 18in., 80 cm., 2ft. 6in., 
3ft., metre, 3ft. 6in., and 4ft. 84in. gauges, equipped 
with two-speed, three-speed and four-speed gear-boxes, 
und with a single speed. A new range of small-power 
locomotives for 4ft. 84in. rail gauge, suitable for 
working with main line rolling stock and specially 
designed to meet the requirements of smaller factories 
and industrial concerns where deliveries take place 
from the railway company once or twice daily, and 
where generally the volume of work is not sufficient 
to keep a full-size locomotive working, was developed 
by the company. 

A particularly interesting locomotive recently com- 
pleted was one for metre gauge, and although of only 
56 H.P., it is built entirely to main line specification, 
and is generally a miniature of the 200 and 300 H.P. 
shunting locomotives built by the firm. It is inci- 
dentally the smallest locomotive which has been fitted 
with the ‘‘ Hunslet ’’ patent automatic pre-selective 
gear change mechanism, and is an 0-6-0 type, with 
coupling-rod and jackshaft drive, and power brakes. 

Another locomotive of interest is one now almost 
completed for underground working. It is fitted with 
the ‘‘ Hunslet ”’ patent exhaust gas conditioner, and 
although it can develop a maximum power of 204 
B.H.P., it has been built down to a total height of 
Mit. in view of the restricted headroom. ‘This is 
claimed to be one of the first locomotives ever built 
of this power for underground work. 

During the year Hunslets fitted no less than nine 
different proprietary makes of oil engine with almost 
as many different transmissions, the most interesting 
of the latter being a Cotal unit for a 165 H.P. loco- 
motive, believed to be the largest so fitted in this 
country, and which is at the present time in twenty- 
four hours per day continuous service. 

A typical example of the German State Railways’ 
shunting locomotives, in this case a 300 H.P. Deutz 
eight coupled locomotive, having an adhesive weight 
in working order of 60 tons, is shown on page 24. 
Locomotives built by the Humboldt-Deutz Motoren 
A.G., of Cologne last year amount to eight of from 
40 to 65 H.P. for the German State Railways, twenty- 
one locomotives of from 110 to 150 H.P., and thirty- 
five of from 50 to 75 H.P. They have been delivered 
to the German, Belgian, French, and Russian rail- 
ways, and to numerous industrial and harbour under- 
takings in Germany and abroad. The engine is a 
six-cylinder four-stroke, fitted with air starting. 
Orthodox mechanical transmission is used, and either 
four or eight speeds can be provided. With the eight- 
speed gear-box a maximum speed of 60 kiloms. per 
hour is obtainable. 

In America the oil-engined * switching ’’ locomo- 
tive has become an accepted part of railway equip- 
ment. .The use of much heavier rolling stock and 
continuous braking on goods trains makes the loco- 
motive specification somewhat different from our 
own. The General Electric Company, Ltd., delivered 
last year to the New York, New Haven, and Hartford 
Railway Company five 600 H.P., 100-ton locomotives, 
now in twenty-four hour day freight and passenger 
switching service. Originally in service at New 
Haven, Conn., they have since been moved to the 
Boston, Mass., area. The last of these locomotives 
was delivered in November, 1936, and one of them 
is illustrated below. The frame and bogies are 
welded steel structures, and the bogie construction 
enables it to take @ minimum curve of 75ft. radius. 
The engine is an Ingersoll-Rand, eight-cylinder, four- 

cycle oil engine, rated at 600 H.P. at 750r.p.m. It is 
of the variable-speed type, a standard governor, con- 
trolled by an oil-operated servo motor being used. An 
additiorial overspeed governor is fitted. The transmis- 
sioniselectric, adirect current generator being mounted 


through a flexible joint. The four traction motors 
drive one axle each through double reduction gearing. 
They are force ventilated by fans, belt driven from the 
generator shaft. The motor connections of each bogie 
are used in series and in parallel, and in each position 
full and shunted field connections are provided. 

The Drewry Car Company, Ltd., of London, 
delivered various small locomotives, railcars, &c., 
to the Crown Agents and other purchasers. Among 
the orders was one for six 75 B.H.P. locomotives for 
the New Zealand Government of the type shown 


wheels. 

Illustrated below is a 78-ton locomotive delivered 
during September, 1936, to the Monongahela Connect- 
ing Railroad, U.S.A., by the General Electric Company, 


cranks side-rods to the coupled 


and 


Ltd. It is of the firm’s oil-electric type and repre- 
sents the two-engined design of shunting locomotive; 
two engines built by the Cooper Bessemer Corpora- 
tion of Mount Vernon, Ohio, driving the generators. 
Each engine is a six-cylinder type ““EN” unit 
with cylinders 8in. by 10}in., running at 800 r.p.m. 





An interesting point in the design from the mainten- 
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on page 26. Fifteen Gardner-engined locomotives 
of various types were also delivered to the Eagle 
Oil and Shipping Company. The same general 
design was followed throughout in both contracts. 
The engines are the well-known Gardner type, of 
different sizes and horse-powers, while the trans- 
mission is standardised and consists of a Vulcan 
Sinclair hydraulic coupling, Wilson-Drewry four- 
speed preselective gear-box, giving speeds of 3-1, 
5-7, 9-1, and 15 m.p.h. at normal engine r.p.m., and 
reverse and reduction gear unit 


a spiral bevel 
on the jackshaft. The final drive is by balanced 





GENERAL ELECTRIC OlL LOCOMOTIVE FOR MONONGAHELA CONNECTING RAILROAD 


ance point of view is that “dry” cylinder liners 
are used; they are freely suspended from the 
cylinder heads, thus being easily removable. The 
gudgeon pins of the Cooper- Bessemer engines 
are also of interest in that they are rigidly held in 
the connecting-rod, thus eliminating one tolerance 
between piston and crankshaft. A specially shaped 
saddle-piece on the connecting-rod allows the entire 
length of gudgeon pin to be used as a bearing surface 
on which the piston rests, thus overcoming the possible 
disadvantage of a non-floating gudgeon pin. 
(To be continued.) 
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Introductory. 


ROGRESS in electrical manufacture during the 
period under review is indicated by the amount 
of employment it provided. Whilst in July, 1935, 
some 271,000 workpeople were insured in the various 
branches, by the corresponding month of 1936 the 
figure had increased to 292,000. Of this advance, 
electrical engineering accounted for 9000 and cables 
10,000. The relatively small increase in the figures 
for wiring and contracting indicates that progress 
occurred mainly in connection with manufacture. 
For the first ten months of the year, electrical exports 
showed an increase of approximately 10 per cent. 
over the corresponding period of 1935. The actual 
figures were £11,035,542 and £12,114,485 respectively. 
Exports of electrical machinery amounted to 
£3-95 millions and electrical goods and apparatus to 
£7-78 millions. The export of motors showed 
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an inerease from £840,000 to £994,000. Cor- 








NEW YORK, 





NEW HAVEN AND HARTFORD 600 H.P. 





MARSHALLING LOCOMOTIVE 





eeting in 1936. 


responding figures for static transformers are 
£414,000 to £637,000, and for starting and control 
gear from £341,000 to £497,000. Cables as a whole 
showed a gain of £107,775, although exports of sub- 
marine cables declined by some £84,000 as compared 
with the last ten months of 1935. 

Imports of electrical goods and machinery showed 
an advance of some 23 per cent. over the preceding 
period. The main items giving rise to this state of 
affairs were cables, wireless. apparatus (other than 
valves and receiving sets), accessories, and motors. 

Increased activity was mainly brought about by the 
placing of large home orders, such as those for the 
grid, housing development, and Government con- 
tracts. The Beama figures of 168 for new home orders 
in October for heavy electrical plant and 213 for 
foreign orders of a like character are both records in 
their respective spheres. Noteworthy orders were 
received by the industry in respect of the railway 
programmes of the Southern, London and North- 
Eastern, London, Midland and Scottish, and the 
£40,000,000 extension scheme of London Transport. 


The Central Electricity Board. 


At the beginning of November the C.E.B. announced 
that general trading under a grid tariff would begin 
in South Scotland on January Ist, 1937. Later in the 
year it is hoped to introduce a tariff for North-East 
England, so that by the end of 1937 the Board will 
have extended its normal trading activities to the 
whole of the country covered by the scheme. The 
grid tariff for South Scotland follows the completion 
of the Galloway water power scheme, which has an 
aggregate capacity of 102,000 kW. Stations at 
Tongland and Glenlee were put into operation in the 
summer of 1935, and the remaining three at Ken- 
doon, Carsfad, and Earlstoun in November, 1936. 
Normally the stations, equipped mainly by the English 
Electric Company, will he used to provide large 
quantities of energy for export through the grid to 
meet the peak load demands in North-West England 
and Central Scotland. 

The opening of the new Fulham station, of which 
we give an interior view in one of our Supplements, 
in September provided an additional 120,000 kW of 
plant in South-East England. Approximately 
500,000 kW of new generating plant and nearly 
9,000,000 Ib./hr. of new boilers were added during 
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1936 to the capacity of the selected stations, 
which were increased by two, bringing the total now 
in operation up to 137. Under the South-East 
England (Alteration and Extension) Scheme, the 
generating station of the Watford Corporation was 
selected, and under the Alteration and Extension 
Scheme for Mid-East England the station of the 
Grimsby Corporation. These schemes also provide 
for certain alterations in respect of the main trans- 
mission lines and sub-stations scheduled in the 
original schemes. 

With the approval of the Electricity Commissioners, 








of erection at the Barking station of the County 
of London Electric Supply Company. Similar in 
design to the two original sets, it operates at 600 lb. 
pressure and 850 deg. total temperature. The new 
B.T.H. 51,600-kW machine installed in the Kearsley 
power station was dealt with in our last issue, and 
searcely calls for further attention here. <A 
30,000kW B.T.H. set was put into operation at the 
North Wilford station of the Nottingham Corpora- 
tion, and one of similar size at the Spondon station 
of the Derby and Notts Electric Power Company. 
Orders were received for 30,000-kW, 3000 r.p.m. turbo- 





KENDOON POWER STATION OF THE GALLOWAY POWER COMPANY 


the Board gave directions during the year to owners 
of selected stations to carry out extensions to meet 
the increased demands for electricity expected during 
the winter 1938-39, and also with respect to some of 
the extensions required for the winter of 1939-40. 
When completed, these extensions will add some 
800,000 kW of generating plant and over 10,000,000 
lb./hr. of boilers to the capacity of the selected 
stations concerned. The Board also made arrange- 
ments with the Kent Electric Power Company for 
the erection on the Thames near Dartford of a new 
capital station for South-East England. It is to 
have an initial capacity of 120,000 kW and will be 
ready for service during the winter of 1939—40. 
Construction of the new 132,000-volt line from Iron- 
bridge to Stoke-on-Trent is well advanced; a new 
132,000-volt line is about to be constructed from 
Leicester to Corby for supplies by the Kettering 
Urban District Council to Stewarts and Lloyds, 
while arrangements are being made for the erection 
of a 132,000-volt line from Upper Boat to Ebbw 
Vale for supplies by the Ebbw Vale Urban District 
Council to the steel works of Richard Thomas and 
Co. A new 132,000-volt line for reinforcing the 
existing line from Stourport to Worcester is also to 
be put in hand. The new 33,000-volt lines from 
Colchester to Coggeshall and Worthing to Little- 
hampton, and the tie lines to Ramsgate and Berwick- 
on Tweed were completed. Construction is nearing 
completion on a 33,000-volt line between Coventry 
and Hinckley, dnd is proceeding on the 33,000-volt 
line reinforcing the existing Carlisle to Egremont 
line; and arrangements have been made to erect 
a new 33,000-volt line between Spondon and Derby. 
Several new sub-stations and extensions to existing 
sub-stations were brought into commission. 


Generating Sets. 

Although many turbo-generators were produced 
none of them were particularly noteworthy from the 
point of view of steam conditions or size. As 
regards output, the 105,000-kW Metrovick set in- 
stalled in the Battersea station of the London 
Power Company in 1935 remains by far the largest 
machine in service in this country. The highest 
pressure turbine of which we have. particulars 
is a 30,000-kW extraction turbine designed for 
1200 lb. per square inch for the Dagenham works 
of the Ford Motor Company. The machine will 
be the second of its kind to be supplied to these works 
by the British Thomson-Houston Company. At 
the outset the steam temperature is to be 750 deg. 
Fah., but it will eventually be raised to 900 deg. 
Fah. A second B.T.H. 50,000-kW alternator, shown 
in one of our Supplements, was put into service at 
the Ironbridge station of the West Midlands Joint 
Electricity Authority, and an order for a similar 
set was received. Like the alternator installed during 
1936, that of the new set will be wound for 33,000 
volts. At Ironbridge the stop valve pressure is 375 lb. 
per square inch, and the total steam temperature 
750 deg. Fah. 

A third B.T.H. 75,000-kW machine is in the course 





alternators for the Sheffield, Portsmouth, and 
Coventry Corporations. The machine for Sheffield 
will operate in the Neepsend station, and two for 
Coventry in the Longford station, the alternators 
in the latter case being wound for 33,000 volts. 
Smaller machines of the high-pressure extraction 
and back-pressure types were manufactured. 

The increasing popularity of high-voltage genera- 
tion is shown by the contracts secured by C. A. Parsons 
and Co., Ltd. Three 40,000-kKW sets to generate 
directly at 33,000 volts are being built for the new 





Table Bay station at Cape Town, and two 30,000-kW| 


machines ordered, namely, a 30,000-kW set for the 
Hull Corporation, and a 20,000-kW unit for the 
East Rand Proprietary Mines, South Africa, are 
being wound for 22,000 volts. The 3000 r.p.m. set 
for Hull is noteworthy by reason of the large output 
obtained from a single cylinder. 

A 30,000-kW, 3000 r.p.m. turbo-generator is also 
under construction for the Norwich Corporation. 
In this instance the turbine is of the tandem type 
with a double exhaust, and is similar to the machines 
supplied to Brighton, Swansea, Hackney, and else- 
where. The Randfontein Estates Gold Mining 
Company placed an order for a single-cylinder turbo- 
set of 24,000 kW output at 3000 r.p.m., and a third 
20,000-kW set designed for this speed has been put 
in hand for the Southern generating station of the 
Calcutta Electric Supply Corporation. ° 

From a technical point of view one of the most 
interesting Parsons’ jobs in hand is the construction 
of a 20,000-kW, 3600 r.p.m. pass-out turbine for the 
Ford Motor Company of Canada. It will take steam 
at a pressure of 800 lb. per square inch superheated 
to 800 deg. Fah., and will pass out partially expanded 
steam for process work at pressures of 175 lb. and 
7 lb. respectively. Among other orders for industrial 
machines is a second 15,000-kW, 3000 r.p.m. turbo- 
alternator for Imperial Chemical Industries, Ltd. 
The steam conditions are 800 lb. pressure and 800 deg. 
total temperature. 

Orders for ten generating sets of 30,000 kW and 
over were placed with the Metropolitan-Vickers 
Electrical Company. The largest is an additional 
60,000-kW set for the new Fulham power station 
opened in September. Among other machines included 
in this bateh of orders was a 51,500-kW set for an 
extension of the Clarence Dock station of the Liver- 
pool Corporation. It will be a duplicate of the two- 
cylinder machine ordered at the end of last year. The 
turbine is designed for 600 lb. pressure and 800 deg. 
Fah., and the alternator is to be wound for 33,000 
volts. A new 50,000-kW set is being built for the 
Deptford West station of the London Power Company. 
For an extension of the Portishead station of the 
Bristol Corporation the firm is constructing a 
51,250-kW two-cylinder unit. The base of the 
condenser of the new machine will be some 58ft. 
below the turbine, and the condenser will be composed 
of two shells, both of the vertical type. A two- 
cylinder, 50,000-kW set designed for 750 lb. pressure 
and 825 deg. Fah., complete with condensers and 
auxiliaries, is for the Blackburn Meadows station 
of the Sheffield Corporation. 

Following the order for a 30,000-kW machine for 
the Clydes Mill station of the Clyde Valley Company, 
to which reference was made in our last review, an 
order was received from this company for a similar 
unit for the Yoker station. Similarly following the 
installation of a 30,000-kW Metrovick unit at 
the Harbour station of the Belfast Corporation, 

















30,000-KW METROVICK SET AT BELFAST 


machines to work at the same voltage for the Mulajore 
station at Calcutta. A 30,000-kW, 36,000-volt 
machine put into service at Nottingham during 1936 
brings the total number of high-voltage Parsons’ 
concentric conductor machines already built and 
under construction up to twenty, with an aggregate 
rated capacity of 783,650 kVA. f 
Other large Parsons turbines ordered during 1936 
include a third machine of 51,500 kW capacity for 
the Hams Hall station, Birmi and two} 
50,000-kW sets for the Dalmarnock station of the 





Glasgow Corporation. The alternators for the latter 
sets are being wound for 20,000 volts.. Two other 


another set of the same capacity was ordered during 
the year, complete with condensing plant. For an 
extension of the Stalybridge, Hyde, Mossley, and 
Dukinfield Electric Tramways and Power Company, 
a complete unit of 30,000 kW was ordered, the con- 
denser again being of the central flow type. 

The first of the sets having 33,000-volt alternators 
rated at 39,000 kVA, on order for the North Metro- 
politan Electric Supply Company, is now completed, 
and a 25,000-kVA unit to operate in the same station 
is nearing completion. The self-contained turbine 
units ordered numbered twenty-two. 

(To be continued.) 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. Unless otherwise specified home trade quotations are delivered f.o.t. Export quotations are 


f.o.b. steamer. 


The Steel Position. 


In view Of the intensive production of steel during 
the past year the holiday break has been welcomed, as it 
has allowed for a very necessary overhaul of plant and in 
some cases will have enabled producers to overtake part of 
their arrears of work. The outstanding problem at present 
is the difficulty of obtaining sufficient semi-finished steel, 
and the steps now being taken to increase the supply of 
basic billets are being watched with interest. The gravity 
of the position is accentuated by the growing shortage 
of supplies from the Continent, and the tonnage already 
arranged for has not arrived so freely as was expected. 
Re-rollers requiring tested steel, however, have to rely 
wholly on the English works, as there is no Continental 
material available. The Association rate for untested 
billets is now 2s. 6d. higher at £6 5s., delivered South 
Staffordshire works, the advance equalising the loss of the 
railway freight rebates. The inquiry for steel sections, 
joists, and plates has been well maintained and a heavy 
volume of specifications has been received from consumers 
who have long-running contracts. Prompt delivery is 
increasingly difficult to obtain and structural engineers 
continue to experience much inconvenience from the lack 
of material. Producers are now so heavily booked that 
practically all business is restricted to supplies on contract. 
In some quarters it is feared that with the development of 
the defence programme the shortage of steel will become 
even more acute. The revival in shipbuilding has resulted 
in larger tonnages of steel being absorbed in centres con- 
nected with the industry, and here again there have been 
renewed complaints of delayed deliveries which will 
result in a large amount of material due by the end of 1936 
being carried forward into the New Year. Boilermakers 
are exceptionally busy and marine engineering firms have 
contracts on hand which will keep them fully engaged for 
many months. A feature of interest is the increasing call 
for stainless and special steels, and it is understood that 
the output of stainless steel this year will constitute a 
record. In spite of the recent advance in the rates for 
colliery steel the demand for arches, joists, and rails has been 
more active. Larger orders have been booked by the heavy 
engineering and motor industries for bright-drawn steel. 


Pig Iron. 


Supplies of pig iron in all districts are down to an 
abnormally low level. The position has become serious 
and steps are being taken in several directions to increase 
the output early in January. On the North-East Coast 
the amount of iron available for early delivery is extremely 
small, although the makers state that their regular 
customers have suffered little inconvenience. It is under- 
stood that production will be increased by about 1500 tons 
per week after the turn of the year. Although a fair 
amount of business has been offering at the recently 
advanced quotations, makers have shown considerable 
reluctance to increase their commitments. A few orders, 
however, have been accepted for delivery during the 
second quarter of 1937. The amount of iron now being 
delivered is sufficient only for current requirements and 
does not allow for the building up of reserves. A few 
inquiries have been received in the export department, 
but makers have been invariably forced to refuse them. 
The position as regards East Coast hematite is difficult, 
as an Official statement is expected which will raise the 
minimum rates, and it has been suggested that the present 
quotations may be advanced by at least 10s. per ton. 
Under present conditions makers claim that rising costs 
of production make current prices: unremunerative. As, 
however, they are heavily sold ahead, it would be some 
months before a higher level of prices would bring any 
real benefit. A certain amount of business has been done 
in additional parcels for regular clients at substantial 
premiums on the official minimum rates. Owing to the 
holiday break trading during the past week has been 
restricted and has covered only a few transactions in 
Derbyshire makes ; but practically the whole of the output 
is sold for some months ahead. The shortage of supplies 
in the Midland area gives cause for concern, particularly 
in the case of Northamptonshire grades, and consumers 
of these descriptions have been forced to purchase in other 
districts. Producers are heavily sold forward and some 
have accepted business for delivery as far forward as the 
end of the third quarter of next year. In addition to the 
intensive demand from the light castings branch, requests 
from engineers, jobbing foundries, and other consumers 
tend to increase. On the North-West Coast the production 
of hematite appears to be quite inadequate for the 
demand, and there is no indication of any expansion in 
output until well into the first quarter of this year. Just 
prior to the holidays the prices of West Coast hematite 
and Bessemer mixed numbers were advanced by 12s. 6d. 
per ton. In Scotland there has been a sustained demand 
for all grades of pig iron and inquiries indicate that still 
larger tonnages will be required in the near future. Some 
relief may be afforded by the importation of foreign iron, 
but supplies from other countries are now much more 
difficult to obtain. The request for special quality irons 
remains brisk and prices are firm. 


The North-East Coast and Yorkshire. 


Notwithstanding the boom conditions which rule 
in the iron and steel markets, the situation is full of 
anxieties for manufacturers, distributors, and consumers 
alike. In all departments of the market the possibilities 
of a serious shortage of supplies in the New Year has to 
be considered, and this is becoming the most important 
factor in the position. The steel makers are apprehensive 
as to the possibility of obtaining their requirements of 
basic iron, hematite, and scrap; the re-rollers are in 


difficulties regarding their supplies of semi-finished steel ; 
and consumers, particularly the constructional engineers, 
are wondering where they will obtain all the finished steel 
materials they will need. The steel works have entered the 





New Year badly in arrears with their contract deliveries 
and with little prospect of overtaking them for a consider- 
able time. So difficult is the situation in this respect that 
most works on the North-East Coast worked throughout 
the usual Christmas holidays except in those departments 
in which repairs to plant were urgently needed. The engi- 
neering shops in this district are working full time and the 
constructional establishments have more work on hand 
than they can conveniently handle. Complaints are 
frequent of jobs being interrupted by delays in the supply 
of steel, although the manufacturers appear to be doing 
their best to divide their production equitably between 
their customers. The shortage of billets is perhaps giving 
rise to the greatest concern, the more so as there seems 
little prospect of obtaining additional quantities from the 
Continent for some time. Hopes, therefore, are concen- 
trated upon increasing the British production and more 
steel furnaces are expected to be put into commission 
early in the New Year. The fears entertained regarding 
adequate supplies of scrap and pig iron resulted in the 
expression of conservative views as to the probability of a 
sufficient increase in the production of this class of 
material. The situation at the sheet works has greatly 
improved during the past few months and the rise in the 
export prices has not greatly affected the demand. It is 
understood that permission to increase home trade quota- 
tions has been refused, but there is a widespread tendency 
for the makers to charge substantial premiums on the 
official prices. In Yorkshire the production is increasing, 
but it remains insufficient to meet the requirements of the 
consuming trades. The demand for basic billets is increas- 
ing rather than declining, and there has been a substantial 
expansion in the requirements of consumers of acid billets. 
The Christmas stoppage in the Sheffield district was limited 
to the shortest possible duration, but at some works depart- 
ments closed in order to carry out repairs to plant. 
The pressure to obtain supplies of stainless steel is growing 
and considerable quantities are passing into consumption. 


Scotland and the North. 


Holiday stoppages in Scotland will do little to 
relieve the serious shortage of pig iron. Blast-furnaces 
may have a small margin of supplies after the break, as 
the repairs which must be undertaken at many of the 
works will cause a temporary cessation of deliveries, 
but the slackening in the efforts to cover requirements 
will be only slight. The pig iron shortage is, in fact, 
developing into a matter of national importance. The 
report of the Departmental Committee appointed by the 
President of the Board of Trade in reviewing the position 
of the iron and steel trades in the West of Scotland 
states that continued prosperity depends largely upon a 
market being found for coke-oven gas. The complete 
modernisation of the coke ovens and ironworks by the 
installation of the most up-to-date by-product recovery 
plant is urged. In the meantime, notwithstanding 
arrivals of pig iron from outside sources, including India, 
the tonnage available is barely sufficient to cover deliveries. 
In the hematite section business has been restricted 
owing to uncertainty regarding the upward trend of 
prices in other districts, and premiums are being paid for 
any material that can be secured. Activity in the steel 
trade has reached a point where the extension of plant 
has become an absolute necessity, and the greater produc- 
tion due early in the New Year is being anxiously awaited. 
A large number of fresh orders will have accumulated when 
the New Year holidays are over, and the suspension of 
work will be made as short as possible. Potential orders 
for defence work and in connection with shipbuilding, 
motor cars, and constructional schemes will provide 
employment for some time to come. The North-West 
Coast is meeting a boom in the demand for that particular 
brand of hematite iron, while production is confined to 
the seven furnaces in Barrow and Workington, which 
have been operating since the commencement of the year. 
With no prospect of expansion in the output before the 
spring, deliveries must continue in arrears, and consumers 
are waiting anxiously in Scotland, South Wales, and the 
Midlands for supplies. Local steel works restarted after 
the holidays with employment in hand for eighteen months 
ahead. In Lancashire, conditions point to a continuance 
of the recent activity, the machine tool and electrical 
engineering sections being busy. Makers of heavy steel 
material indicate delays in delivery of about two months. 


Current Business. 


Head, Wrightson and Co., Ltd., Thornaby-on- 
Tees, have received an order from the L.N.E.R. Company 
for 400 additional steel hopper coal wagons of 20 tons 
capacity each. The value of the order is approximately 
£100,000. Contracts for two cargo ships of 8500 tons 
deadweight for the British India Steam Navigation Com- 
pany, Ltd., have been booked by William Gray and Co., 
Ltd. Lawther, Latta and Co., Ltd., managing owners 
for the Nitrate Producers’ Steamship Company, Ltd., 
London, have placed an order with Short Brothers, 
Ltd., Pallion, Sunderland, for a cargo steamship of about 
10,000 tons capacity, to be built on the Isherwood 
‘“* Arcform ”’ system of ship construction. The Burntisland 
Shipbuilding Company, Ltd., has received an order for 
a cargo steamer of 1350 tons deadweight from the London 
and Channel Islands Steamship Company, Ltd., London. 
Machinery, of the triple-expansion type, will be supplied 
by David Rowan and Co., Ltd., Glasgow. Coast Lines, 
Ltd., have placed orders with the Ardrossan Dockyard, 
Ltd., for two motor coasters. Swan, Hunter and Wigham 
Richardson, Ltd., Wallsend, have received an order from 
Newcastle owners for a 10,000-ton cargo motorship, 
to be fitted with engines of the Swan, Hunter-Doxford 
type. Joseph L. Thompson and Sons, Ltd., Sunderland, 
have received an order for an 8000-tons cargo steamer from 
the Barry Shipping Company, Ltd., of Cardiff, and have 
also booked an order from British owners for a steamer of 
9000 tons, to be engined by George Clark, Ltd., Sunderland. 











A comprehensive list of the prices of materials mentioned below will be found on the next page. 


The South African Railways and Harbours Administra- 
tion have placed a contract for the supply of fish-plates 
with Colvilles, Ltd., Glasgow. Fraser and Chalmers 
Engineering Works, Erith, Kent, are to erect an anti- 
coal-breaking appliance on the south side of the river at 
Blyth for the London and North-Eastern Railway Com- 
pany. A factory for the production of metal reinforcement 
for roads and buildings is to be built at Gateshead by the 
Square-Grip Reinforcement Company, Ltd., Teddington, 
Middlesex. The British Oxygen Company, Ltd., Thames 
House, Millbank, London, 8.W.1, has acquired the whole 
of the share capital of the Quasi-Are Company, Ltd., 
electric welding supply specialists, of London. The 
Department of Overseas Trade announces that the 
following contracts are open for tender :—South African 
Union Tender and Supplies Board: Quantities of Dutch 
and knuckle draw-tongs, dynamometers and ratchets, 
sweep rods and draw vices (Pretoria, February 5th) ; 
cast iron pipes, spigot and socket, 3jin. by 3m., or, 
alternatively, 3}in. by 9ft., together with bonding clips 
(Pretoria, January 29th). South African Railways and 
Harbours: Mild steel sections and plate, black steel 
bolts and nuts, rivets, and coach screws, &c. (Johannes- 
burg, January 18th). 


Copper and Tin. 

The standard copper market opened, following 
the holidays, with renewed strength. Operations, how- 
ever, were largely of a speculative character, but these 
were of sufficient volume to give prices a further sub- 
stantial rise. Three months’ metal advanced to within 
10s. of the £50 level, the highest price recorded since 1930. 
Consumption is reported to be well maintained, both in 
this country and on the Continent. In America the 
recent extensive buying has been followed by a luil, 
but many consumers in the United States are nervous 
regarding their supplies, and in a number of instances 
have asked that original orders should be increased in 
tonnage. The recent advance in the domestic quotation 
will not benefit producers for some time, as most of them 
are heavily sold forward. Surprise was expressed at the 
volume of buying which took place on the new basis, 
but there is no doubt that manufacturers will easily obtain 
higher prices for their products. It is reported that Chile 
produced 149,683 metric tons of copper during the first 
eight months of 1936, as compared with 187,240 metric 
tons in the corresponding period of 1935. The decline 
is said to be due to the international restriction scheme. 
Between January and May of 1935—that is, in the five 
months before the scheme came into operation—Chile 
produced at a very high rate of capacity. Since the 
beginning of last August copper quotas have been raised 
gradually from 70 per cent. to 105 per cent. of the standard 
tonnages, and in some quarters it is considered probable 
that this rate may be reduced in order to maintain 
prices. At the present improved level of values certain 
high-cost producers may be tempted to resume produc- 
tion at mines which have been out of action for a long 
time. ... More interest has been displayed in tin during 
the past week, and all positions appear fairly easy to secure, 
The demand from consumers, however, has shown some 
irregularity ; a fairly active business was reported on the 
Continent, and moderate purchases in this country, 
whilst America bought less freely. A large amount of 
speculative interest seems to have been diverted to other 
sections of the non-ferrous metal market, although tin 
has benefited to some extent from the genera! upward 
movement. A small contango has ruled, so that con- 
ditions in the tin market seem more normal. It is generally 
felt that some official announcement regarding the renewal 
of the restriction scheme and its ratification by the Govern- 
ments concerned is overdue, as the old agreement expires 
at the end of 1936. 


Lead and Spelter. 


In the lead market this week the volume of 
buying for all positions has continued unchecked, but 
latterly forward metal seemed to be the chief attraction. 
Foreign lead was done up to £28 5s., the highest point 
reached since 1929. There is a genuine shortage of supplies, 
and the position has not been helped by the heavy specula- 
tive purchases. Although the metal is now required in 
all directions, production shows only a limited increase, 
and since June, Spain has been practically out of the 
market as a supplier of lead. There is no indication that 
larger tonnages will be available within the next few 
months. On the other hand, consumption tends to increase 
and greater quantities will be required for industrial 
purposes, apart from the metal needed in connection 
with the various defence programmes. The recent 
advance in the rates for American lead has removed the 
possibility that metal from that quarter would be disposed 
of here at the enhanced London prices. In some quarters 
it is argued that-the actual demand from consumers has 
not been sufficient to justify the sharp rise which has 
taken place. However, the outlook is fairly cheerful, 
and a further steady expansion in trade is expected during 
the next few months.... The upward movement in 
spelter values has made further progress, up to £19 5s. 
having been paid for near and forward. Although con- 
ditions have remained comparatively active, inter- 
mittent profit-taking has caused temporary setbacks 
and prices have not appreciated to the same extent as 
those for some other metals. Consumption has increased 
a little during the past few weeks, and this should improve 
the statistical position, although production is still 
potentially in excess of present requirements. It is under- 
stood that in America efforts to revive the Cartel have 
met with some success, and that there is every likelihood 
that some form of control will be brought into operation 
in the early part of 1937. The demand for spelter in 
America has been exceptionally good of late, and consump- 
tion on that side is expected to be on a much larger scale 
during the ensuing year. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations, Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 
only from associated British Steelmakers. * For Markets other than India, Australia and New Zealand, 5s. per ton must be added. 
t South Africa 5s. and Foreign Markets 2s. 6d. higher. 


STEEL (continued). NON-FERROUS METALS. 


PIG IRON. 


7 Home. Export. Home. Export. (Official Prices, December 30th). 
(D/d Teesside Area) GLascow AND Disrricr- S s.. &» . 8. Gi C 
“ge OPPK 
N.E. Coast— £.s,. d. £ ad ee es Seen He OT Pere *s 10 0 tig. 
Hematite Mixed Nos.*... 4 5 @... 314 6 pe mee te ss 9 10 0 Cash ... £48 Oto £48 Il 3 
No. 1 seers gaan 42 BR Bess: 315 0 Joists 83 0... *s 10 0 Three months ... £48 Oto £48 16 3 
Cleveland-— (D/d Teesside Area) Channels... ... ... ... 9 8 O01... *8.15 0 Electrolytic £53 Oto £54 0 0 
y ¢ .y Q jo Ay o 8 + 
NO. 8 te ee ee ee Rounds, ain. and “? 1 3 0 p10 0 Best Selected Ingots, d/d Bir- 
oie Es See ae ae ee ee under 3in. 910 0... 8 12° 6 
No. 4 Forge eae acer Flats, 5in. and under i. te MPA 8 ¥2°'6 mingham ssi 
Basic (Less 5/— rebate)... 3.15 0... Plates, jin. (basis) 910 6... 79 0 0 Sheets, Hot Rolled aid 
MIDLANDs- ” Hin. | ss node) BO RB -@ ca, 9 5 0 Export. 
Staffs— (Delivered to Black Country Station) : din. 0. 100 6... 79 1000 Tubes, Solid Drawn (basis) 12}d. 
North Staffs. Foundry... 4 6 0... ” igin. . -10 5 6... 79:15 0 ». .Brazed (besia) 124d. 
- Forge “ae a Se Un. ¥ to fin. shiek: coo ease 10 5 0 - 
Basie (Less 5/— rebate) . 315 0 Boiler Plates, jin. 06 Re? oe ose 912 6 — 
N : Ingots, 70/30,d/d Birmingham = £34 Oto £36 0 0 
Northampton— SourH Waites AREA— £00 ds £ s. d. y i 
Foundry No. 3 436 Angled iulsinc.civads ads Gel BienOeds *8 10 0 Export, 
Pomse ia Si wr ee 6 TO. OL PORTA OE BS Ok “910 0 Tubes, Solid Drawn, 2/1 Alloy lid. 
Derbvshire— Joists o "946 *8 10 0 .. Brazed 3d. 
No. 3 Meanie. 5  eé 0... Sime. dl jeg abit 8 15 Ob ies 
Forge 410 Rounds, 3in.andup_... 10 3 0... *9 10 O dat vr wal ;, 
ScoTLAND under 3in. 0 3) Px. 8 12 6 Cast : : 3 “at Uite 2a8e 10 
Sec AND—- Three y 3 [232 p23. 7 6 
Hematite, f.o.t. furmaces* 4 5 6... Flats, 5in. and under 910 0... 8 12 6 Three month: i 0 to, £233.17 6 
No. 1 Foundry, ditto 4:30: 6 :: Plates, jin. (basis) 913 0... #9 0 o | Leap: £27 Oto £2716 3 
No. 3 Foundry; ditto "ie a oe WS SSS ag ‘9 5 O | Spevrer: (Cash and forwarl) 9 
Basic, d/d (Less 5/—rebate) 315 0 ... tin... ... ... 10 3 0... Mid 10 97} Aluminium Ingots (British) £100 to £105 
N.W. Coast | 418 Od/d Glasgow U oan ‘L. ce 46 " : i i 7 
i Mie : i Q,£ 
Hematite Mixed Nos.* 5 3 6. ,, Sheffield n. fein. to fin. ine eer 
ie 5 9 6 Birmingham IRELAND—¥.0.Q. BELFAST. EST OF [IRELAND 
oe cas Pediat: $4. a ea: FUELS. 
SE ese oo le pe 910 6 
Mess ees enc ce” aus ee can 10 lo 6 SCOTLAND. 
ys ! SCOTLAND 
MANUFACTURED TRON. Sele ae Giga. Suabrn@ia 918 O | LANARKSHIRE iEexport. 
‘ Home. Export. Channels... res 913 0 915 6 (f.0.b. Grangemouth) —Navigation Unscreened) 15/3 to 16/6 
Lancs. AND YORKS. Ses d. Bit. tia Rounds, 3in.andup ... 10 8 0 1010) 6 Hamilton Ell 16/6 to 17/ 
Crown Bars IS HD *: 10 0 0 c unites Sin: Sak gt! gig 8 8 0 Splints 19/- to 19/6 
Best Bars bios, a joe” aoe. 112) 6 Plat Sie. cen) 915 6 ‘9 1 
ates, in. (basis - 9.16 © .. T 5 0 | AyRsHIRE— 
scsi fein. ... ... 10 0 6... 1lo 3 9 (f.0.b. Ports) —Steam 15/6 
Crown Bars . ‘ sn ROMO 2 w 0 0 Ries). YO 18) Or +10 8 0 t 
Marked Bars (Staffs.) ... 130 0... 12 10 0 2 ¢@ 5 ‘ FiresHIRE— 
jin. Te ds i ak 10 130 OO : 
No. 3 Quality ; ae Ls on r a he (f.0.b. Methil or Burntislanc) 
: 1. fein. to fin. sibt: 2p “Oo -@ 1 8 0 “ 16/3 8/6 
No. 4 Quality o 917 6 Prime Steam . 6/3 to 16/6 
SCOTLAND OTHER STEEL MATERIALS. Unscreened Navigation 15/6 to 16, 
7 cy Home. Export. 
Crown Bars ... ssc We... @ ..- 10 0 0 : - LorHians— 
B ) — aecsins haste f.0.b. Leith)—Hartley Prin 16/6 
oa : j 0.0. Le ~riar’ a rime j 
Mb. S.-obe oa SD of tS 8 14-G. to 20-G., d/d 1115 0... ...fob. 11 5 0 oe SB i a 
‘Qn . ' " : i. Th «-- . one ¥ 
N.E. Coasr 21-G.to24-G.,d/d ... 12 0 0... ...fob. 1110 0 say og hbaabiaanr 
Common Bars oe | oe See 10 0 0 25-G. to 27-G., d/d 1212 6... .f.o.b. 12 5 O ENGLAND 
Besi Bars... 4 11 0 0... 10 12 6 South Africa, 24-G. Basis £11 5s., plus 3% on invoice value ; att. SS 
Double Best Bars 1110 O... 11 10 0 Irish Free State, £12 15s. f.0.q. YORKSHIRE, MANCHESTER— 





The above home trade sheet prices are for 4-ton lots and over ; 





B.8.Y. Hard Steams 


19/6 to 23/- 


NORTHEEN IRELAND AND FREE STATE-— 
. . 24! 
Crown Bars, f.o.q.... me 8726 xi 2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, Furnace Coke 19/- to 24 
_ 30s. per ton extra. NorTHUMBERLAND, NEWCAsTLE— 
STEEL. Galvanised Corrugated Sheets, Basis 24-G.— Blyth Best 17/6 
Home. Export. Home. £ s. d. Peay ~. Re 16/6 
LonDON AND THE SouTH— £ os. d. Si. cabs 4-ton lots andup... ... 14 0 0 » Best Small ... 14/- 
Aves os... 1287 K06..0 VOHG06 Lie *3 10 0 2-ton to 4-ton lots ee ay Fe Unscreened 16/- to 17,- 
Teas: nts ht Ogg & 7910 © Under 2 tons + se 160 = 0 DurRHAM— 
Joma aE: : Seah let ale *s 10 0 Export: India, £13 15s. to £13 17s. 6d. ¢.i.f.; South Africa, Best Gas... 16/6 
Chenneis.:. ... 5. ts.) VIG SG *8 15 0 £13 10s. f.0.b., plus 3 p.c. invoice value ; Australia and Foundry Coke 25/-- to 27 
Rounds, 3in. and up... 10 56 *9 10 O Rhodesia, £13 17s. 6d. f.o.b.; Lrish Free State, £14 15s. ’ 
inder 3in 9 12 ¢ 8 12 6 £ G I. £13 15s. f.0.} SHEFFIELD— Inland. 
! er. . ° . ~ » o s >) aT . JS . -; ~4 
; =i ‘ a a a atte: Best Hand-picked Branch ... 27/6 to 29/6 
Flats under 5in., . 912 6 8 12 6 | Tin-plates , : ‘ 
“wifey * South Yorkshire Best... ... 24/— to 30/ 
Plates, jin. (basis) a O15 8 s;. ‘yy 0 0 20 by 14 basis, f.0.b. Bristol Channel Ports, 19s. 9d. PREEE 21 /- to 3 
o. fin. 10 0 6... ‘9 56 O Tin-plate Bars, d/d Welsh Works, £6 Os. Od. , easy de ath te bee 
ae - ¢ + j ee 
” ¢in..... es 10... 8.6 .« 9 10 O Billets. £ s. d. CarpirrF— SOUTH WALES 
jin. Ly Wr 10) 602 915 0 Basic (0-33% to 0-41%C.)_.... ; I BPP ONG Secnnni Cutis 
Un. % to Fin. ‘asad: 39RD eBr@ £.. 10 5 0 Medium ert er fo tO bs rt C.) ge a 6 Best Admiralty Large ... 19/6 
Boiler Plates, fin... ...10 5 6. 912 6 » Hard 0-61% to0-85%C.) TE ALE: Best Seconds 19/— to 19/44 
: rt » ow» (086% to 0-99% C.) Cie , 
NortH-East Coast— £8. d. £ s. d. , 1 Best Dry Large 18/6 
: - (1% C.andup) . ae ere. iy: ae s S tn 
Angles sue ‘ee eet Dans *8 10 O Soft +0 0-25% C.), 600% d $6 Ordinaries 18/3 to 18/6 
Pastis itxai acs eer T IO Gl @.% *9 10 0 i i Hie pe a bE s Be 0 Bunker Smalls 15/— to 15/6 
Jeite ah) cilia. oldoliguacd *8 10 0 - a » dee gett: eee Cargo Smalls ... 13/6 to 14/6 
Channels... .. seyidt ask Bia 71¢ *8 15 0 ef ngnt, sy y BF Dry Nuts . 25/- to 27/ 
Rounds, 3in. andup. ... 10 3 0... *9 10 O Foundry Coke 30/- to a2/6 
under 3in. “432, SR ois. § 12 6 FERRO ALLOYS. Furnace Coke 24/6 to 25/ 
Plates, jin. (basis) ... 910 6... +9 0 «0 edn he Mipees Power -. 3/14 a? Patent Fuel 22/- 
Ab nines veka tbr’ $0: Bac@ |-ne pare Aen dges si au asda 
. Per Ton. Per Unit. ‘ 
Pins... 253076. AO Ol Brn 19:10 O 3 q F ay Anthracite Coals : 
Ferro Chrome, 4 p.c. to6p.c.carbon £21 10 0 7/- 4 
: fin. .. NEMO ; 79:15 0 3 ‘od 1 0 0 a Best Large «... . 36/— to 40/- 
n. # to fin. ine! Sh. ge bee. 10 5 0 ee piace 491.0. ¢ “ye Machine-made Cobbles... t1/— to 48/6 
nie Plates, jin... ... 10 0 6... 912 6 niwaprte ae ae . Nuts 40/- to 48/6 
SpeciallyRefined ... 25/- to 35 
MIDLANDS, AND LEEDs snp Distrrot— Max.2p.c.carbon £33 10 0 il Beams sie RO Ae 
£ d -s. d 1 ae Peas Ben: ee 19/— to 23/6 
8. d. 1 8. d. 1 p.c. carbon £36 5 0 11 : 19) 12/6 
Angles... ... Poh, Tigh agi ef *8 10 0 0-50 p.c.carbon £37 5 0 12) Rubbly Culm... 2/- to 12/6 
Tees. ae ee . -10 3°02... *9 10 0 carbon-free ... 9}d. per Ib. Steam Coals : 
Joists J ee, A "8 10, 0 Metallic Aucune, ‘a 2/5 per Ib. Large Ordinary 18/- to, 20/6 
Channels. . aug tee. cree. feat *8 15 0 | Ferro Manganese Fah WA 76 p.c. £11 15. 0 home 
Rounds, 3in.andup ... 10 3 0... *9 10 0 Silicon, 45 p.c. to 50 p.c. £1115 Oto£l2 5 0 — or rain 
* under 3in. 4608 ORO Ohare 812 6 scale 5/- p.u. 
Flats, 5in. and under ... 910 0... 812 6 75 p.c. £16 17 6to£l7 7 6 FUEL OIL. 
Plates, in. (basi : Ses) ¢ |. yoo scale 6/— p.u. i : 
s se sar g ; 7 P Inland consumption ; contracts in bulk. 
fyin.... . 918 0... 9 5 0 Vanadium 12/8 per Ib. Seethinnié 68 Givvenninand tani ul. Ad:iper-galled 
din. ... ... ... 10 3. 0 79 10 O Molybdenum... ¥ 4/6 per lb. pence Seah : 
” Yin. ver ee ee WB OO... 710 5 0 », Titanium (carbon free) 9d. per lb. Ex Ocean Installation. Per Gallon. 
Un. ¥ to fin. inl. 918.0 x3 10 5 © | Nickel (per ton) £200 to £205 Furnace Oil (0-950 aeevrn) 3}d. 
Boiler Plates, fin.... ... 10 3 0... 9 12 6 | Cobalt 7/- to 7/1 per lb. Diesel Oil : 4d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 


Labour Problems. 


THE year closed with a mass of problems arising 
out of the social reforms still unsolved, and the crucial 
question of relations between employers and labour 
appears insoluble unless some particularly subtle means 
can be found to harmonise conflicting principles. The 
crisis came with the strikes that have already lasted six 
weeks in the engineering and metallurgical works in the 
Lille and Maubeuge areas where the opposing forces are 
stronger than they are elsewhere. The uncompromising 
Socialist and Communist labour elements feel that they 
are backed up by a Popular Front Government and by the 
Confédération Générale du Travail, which is officially 
associated with the Government, and northern employers 
are determined to break down at all costs an agitation that 
aims at their complete subjection. The Government 
hoped to clear away obstacles against a realisation of its 
labour reforms by arbitrating on all disputes, but its 
plans were upset by limitations that the Senate imposed 
on decrees according to the Government exceptional 
powers and by amendments to the compulsory arbitra- 
tion Bill which Monsieur Blum rejected. It is hoped to 
find some means of inducing the Government to accept a 
form of compulsory arbitration that shall be fair and 
equitable and entirely effective without the Government 
or the C.G.T. controlling negotiations and having the 
power to influence awards, or, in other words, giving a 
political bias to the settlement of industrial disputes. 
Monsieur Blum in the meanwhile is endeavouring to 
escape from a difficult situation and avert a dangerous 
crisis by appealing to the patriotic sentiments of employers 
and men for a resumption of work in the interest of national 
defence, and recently invited them to meet him with a view 
to settling matters in dispute. Employers’ representatives 
maintain their refusal to enter into negotiations that would 
challenge their right to take.on whom they pleased and 
to exclude from their works men who are known to be 
political agitators. They will have no Communist organisa- 
tion in their factories. The men, on the other hand, refuse 
to submit to arbitration the principle that the entire body 
of workmen must be taken back after a strike, including 
their political delegates. The failure of Monsieur Blum to 
bring about this conference was followed by the men 
endeavouring to induce the Government to requisition 
works on the ground that they were engaged on the pro- 
duction of war material. This demand was rejected 
because such material was only a minor part of the total 
normal production, and did not therefore fulfil the con- 
ditions required for the nationalisation of works. The 
employers’ representatives returned to Lille to discuss the 
matter further with their federation, which sent a vigorous 
letter to Monsieur Blum informing him that they refused 
to reinstate agitators and allow their engineers and fore- 
men to be “ set at defiance, insulted, threatened, and even 
injured.” 


Arbitration. 


How to get out of this apparently inextricable 
situation is a problem that has put the Chamber and the 
Senate in complete opposition. The aim of the latter body 
is to free arbitration from all political influence, and there- 
fore to exclude the Government and the Confédération 
Générale du Travail from an arbitration monopoly. The 
fundamental character of arbitration proceedings is 
expressed in the necessity of carrying them out “‘ with a 
respect of private property, of liberty to work, and of 
union liberty,’’ which latter stipulation means that there 
must be no compulsion on men to join particular unions 
and that all unions must have a voice in labour councils 
proportionate to their membership. ‘‘ Respect of private 
property and liberty to work ”’ puts an end to the occu- 
pation and picketing of factories. The rejection of the 
Senate’s amendments postponed a solution of difficulties 
that were rapidly becoming more serious, and the Senate 
was disposed to approve of the Government issuing a short - 
term decree authorising it to deal with labour disputes on 
condition of its observing the above-named stipulations 
pending the drawing up by the Senate of a new com- 
pulsory arbitration Bill to be presented to the Chamber. 
The draft of the Bill is now completed, and at the moment 
it is not known whether the Government will proceed 
with the decree or wait for the new Bill. In any case, the 
resistance of the employers and the Senate’s attitude have 
weakened considerably the Government’s position, and 
the liberty clauses that change the whole aspect of the 
labour problem have been introduced with so much insist- 
ance that the Chamber will face a grave responsibility by 
rejecting them. 


Wages and Costs. 


Another phase of the labour movement is the 
claim of operatives in the engineering and metallurgical 
trades in the Paris area for an advance of 15 per cent. in 
wages as compensation for higher living costs. There is 
no threat of a strike, possibly because the men may be 
impressed by the turn of events in the north, and as the 
claim appears to come within the scope of the decree which 
authorised the Government to arbitrate on matters arising 
out of the franc devaluation until the end of the year, 
employers have appealed to Monsieur Blum. The appeal 
points out that on signing the collective contract the 
men agreed that there should be no change in wages for 
one year. The higher wages then guaranteed and the new 
social charges have, say the employers, increased pro- 
duction costs in the Paris engineering and metallurgical 
trades by a minimum of 40 per cent. and generally more. 
All employers, from the largest to the smallest, are 
affected, and the further increase in wages asked for by 
the men would deprive them of profit and even involve 
them in loss, with serious consequences for the industry. 
Employers state their case in the belief that the Govern- 
ment. will be impressed by the danger of further wage 
advances, and they leave the dispute to arbitration in 
accordance with the decree, with the reservation that the 
Government shall take all responsibility for the conse- 
quences. 


British Patent Specifications. 


When an % ted from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


tion is com 





INTERNAL COMBUSTION 


455,982. May Ist, 1935.—Vaponisers, N. F. Hanson, Sdllested, 
Denmark. 

The inventor claims that this vaporiser will effect a saving 
of fuel of some 40 per cent. whether it is used for heavy or light 
fuels. Upon an exhaust pipe A and concentric therewith is 
arranged a jacket B which is clamped between a shoulder CU 
and a threaded nut D. In the body of the exhaust pipe there 
is inserted a copper member E in which is formed a passage F 
communicating with a V-shaped passage G in the member, 
the two ends of which V-shaped passage open into a partially 
annular groove H. The inner wall of the jacket and the outer 
wall of the exhaust pire are somewhat spaced from each other 
to form a chamber U in which the fuel is heated. A suction 
pipe K is attached to the jacket by means of a threaded neck 
within which is arranged a jet nozzle L. The latter is formed 
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with a central bore and @ slot M formed parallel with the axis 
of the exhaust pipe in an abutment surface that contacts with 
the copper member E. Within the suction pipe K is arranged 
a needle valve N controlling the jet nozzle. The fuel is drawn 
from a container O through a pipe P to the chamber U, where 
it is heated, and from whence it is drawn through the groove H 
partly along the branches of the V-shaped passage G and the 
central passage of the copper member, and partly through the 
slot M to the bore of the jet nozzle, finally to leave the jet nozzle 
in vaporised form and to be admixed with the requisite amount 
of air, preferably cold air, in the suction pipe K. Due to the 
fact that the jet nozzle is in direct contact with the copper 
vaporising member, the former is heated and the rate of evapora- 
tion of the fuel increased, thus facilitating the employment of a 
heavy fuel.—November 2nd, 1936. 


456,190. September 10th, 1935.—Pistons, The Light Produc- 
tion Company, Ltd., 60-66, Rochester-row, Westminster, 
London, 8.W.1, and C. H. Brooks. , 

The rubbing surfaces of this piston are made of cast iron, but 

the more substantial part of its body is of aluminium alloy for 

the sake of lightness and thermal conductivity. In connection 


with the latter characteristic it is pointed out that at least 80 per 
| 
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will be appreciated that the heat generated by the current in 
the cable conductors is easily carried or conducted to the enclos- 
ing pipe where it is radiated away, thereby obtaining the effect 
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of radiation from a large surface with a very low temperature 
gradient between the surface of the insulation and the pipe.— 
November 3rd, 1936. 


TRAMWAYS AND RAILWAYS. 


456,186. August 26th, 1935.—Trotiey Wires, I. H, Hurst, 
P.O. Box 6924, Johannesburg, South Africa. 

This invention relates to trolley wires for overhead electric 
traction, and‘ consists in making the wire of a cross-sectional 
shape such that curved surfaces of the wearing area and longi- 
tudinal grooves for the reception of suspension ears are dis- 
posed between top and bottom surfaces which are flat, the 
top surface being broader than the bottom surface, but narrower 
than the greatest width of the wire which occurs at approxi- 
mately half the depth of the wire. With a trolley wire of such 
a section, standard trolley fittings can be used. The flat surface 
on the top is more economical than the usual round surface 
and the cross-sectional area of the figure between the flat and 
usual curved surface is transferred to the wearing area. The 
bottom flat ensures, in combination with the top flat, that the 
wire is wound on the drums at the maker’s works in flat layers, 
so that it is unwound evenly and equal wear takes place on 
each side of the wire after erection. Trolley wheels or shoes 
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will not foul suspension ears when going round curves or on 
the straight. A maximum wearing area (active section) and 
a minimum inactive area are provided, thereby ensuring a 
maximum life, and reduced yearly renewal cost. A trolley 
wire, the wearing area of which is about 50 per cent. greater 
than that of the usual British 8.W.G.4/0 section, is obtainable 
with a section, the distance between the top and bottom flats 
whereof is, for example, 13/5,in., the bottom flat being, say, '/j¢in. 
wide, and the top flat between 0-218in. and 0-3l7im. The 
maximum width of the section in this case would be algBut 
jin. The longitudinal grooves, which merge into the top flat 
and lower rounded wearing surface with smooth arises, have 
walls which produced would intersect at a distance of 7/¢,in. 
from the top surface, the upper wall making an upper angle of 
51 deg. with the horizontal at that point, and the bottom wall 
making a downward angle of 27 deg. with the same point. The 
cross-sectional area of this example of wire is ahout 95 square 
millimetres.— November 4th, 1936. 
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cent. of the heat given to the crown of the piston is dissipated 
through the belt containing the piston rings. The cast iron 
piston A has screwed into it the two plugs B and C, which, 
together, form a ball joint for the small end of the connecting- 
rod D. The screw by means of which they are attached is of the 
square-threaded type, so that it may be screwed up tight and | 
secure and yet have a slight radial clearance to accommodate 
thermal expansion and contraction.—November 4th, 1936. 


TRANSMISSION OF POWER. 


May 3rd, 1935.—Execrric Powrer Casies, The 


456,340. 
Okonite Company, Passaic, New Jersey, U - 
The invention aims at using rubber-covered cables for the 
conduction of large amounts of electric power at voltages which 
have hitherto been precluded by the development of corona 
discharges and the consequent perishing of the rubber. The 
cable is consequently threaded through a large metallic pipe, 
and the intervening space is filled with a mixture of helium 
and nitrogen in proportions ranging from 10-90 per cent. to 
30-70 per cent. under pressures as high as 200Ib. per square 
inch, maintaining the gaseous medium surrounding the 
insulated conductors under a high pressure the inventors 
materially increase the dielectric strength of the insulation, 
roughly in direct proportion to the number of atmospheres 
of pressure used. This results in an equally great increase in the 
vole at which corona will form on the surface of the insulation 
and thereby permits of increasing the operating voltage on the 
cable for the same thickness of rubber insulation. This means 
that rubber can be used at higher voltages than normally used 





at present. By employing a gas mixture which is a good con- 
ductor of heat and a relatively large enclosing metal pipe it 





456,302. January 6th, 1936.—BoGir SesPENSION SysTEMs, 
L. EK. W. Montrose-Oster, C.901. Karlsbad (C.S.R.), Czecho- 
Slovakia, and Pollopas Patents, Ltd., 2 and 3, Charterhouse - 
square, London, E.C.1. 

In this railway coach the body and underframe are supported 
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from the bogies at points above their centre of gravity, so that 
on rounding curves they naturally swing to a comfortable 
angle, and stresses tending to distort the frame do not arise. 
The method of suspension on the ball joints A A is easily followed 
in the drawing.— November 6th, 1936. 


WATER PURIFICATION. 


May 3rd, 1935.—BasE-EXCHANGING MATERIAL FOR 


456,344. 
S. Moller, Nr. 35, 


Brrncinc Asovut Ion EXCHANGES, 
Korsorgade, Copenhagen, Denmark. 
This invention is based upon the discovery that naturally 
occurring materials of a certgin type, when treated with an 
alkaline compound, produce an ion-exchanging material, par- 
ticularly suitable as a base-exchange material in the softening 
of water, possessing the ion-exchanging property in a particularly 
high degree. The minerals joining the coal deposits in the Faroe 
Islands consist of an upper and lower deposit, and constitute 
the type of materials with which the invention is concerned. 
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The former is nearly black or brownish black, and contains 
considerable amounts of carbon and iron. Beneath the 
coal deposit the rock is found in a purer state of greyish 
colour and having a smaller content of carbon and iron, and 
in some places is nearly free of carbon and iron. Both of 
these minerals have a high percentage of silica and alumina, 
but it has been found, however, that the grey mineral will more 
easily combine with or take up alkali, ine salts, or other 
alkaline metal compounds; for example, alkali hydroxides, 
soda, potash, water glass, and the like, when brought into 
contact with solutions of such substances. According to the 
invention, th » & process for producing ion-exchanging 
material consists in treating a mineral of the type above 
described in a comminuted state with an alkaline compound. 
The reaction may be carried out in the cold. The following 
examples illustrate the manner in which the invention may be 
carried into effect:—Example 1: 200 kilos. of the above 
described black mineral from the Faroe Islands in the state of 
lumps are dried for half an hour at about 200 deg. Cent., and 
after it has been allowed to cool it is mixed in a mixing drum 
with 40 kilos. of an aqueous solution of soda lye of 12-30 Bé. 
After thoroughly mixing the product, which is only slightly 
moist, is packed into barrels or drums. The base-exchanging 
capacity of the product will exceed 1000 cubic metres 
degree of hardness for each chm. of the product. The 
same result may be obtained by using a solution of water 
glass of similar concentration in place of the solution above 
specified. Example 2: 200 kilos. of the black mineral are 
ground to the desired size and mixed with about 10 kilos. of 
soda ash. The dry mixture is packed into barrels or drums. 
When it is brought into contact with water the material takes 
up alkali and acquires the property of base exchanging.— 
November 3rd, 1936. 








MISCELLANEOUS. 
455,601. January 17th, 1935——Manuracrurinc SLABS FROM 
Purp or Frsrous MarTerRiat, Vereinigte Strohstoff- 


Fabriken, Coswig (Bez. Dresden), Germany. 

This invention is concerned with the manufacture of slabs or 
boards of cellulose material and aims at producing a board of 
homogeneous structure. The machine comprises a suction box 
A, over the top of which passes a continuous web belt B sup- 
ported on grids C. Above this there is suspended an open 
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bottom box D carried by excentrics E E and having a rubber 
water-tight joint at F. In operation the box is lowered on to the 
web, which is stopped at the time, and is flooded with liquid from 
the suction box. The cellulose material is then thrown in and, 
on account of the flood of liquid, is thoroughly dispersed over 
the area of the box. The liquid is drawn off through the suction 
box, the forming box is raised by the excentrics, and the made 
board moved forward by setting the web belt in motion.— 
October 19th, 1936. 


455,615. April 23rd, 1935.—Guianps, V. A. Trier, Andre Works, 
Victoria- ens, lLadbroke-road, Notting Hill Gate, 
London, W.11. 

In this specification claim is made for ‘‘ the combination with 

a wall in which is an aperture through which the escape of 

fluid is to be prevented, of a member passing freely through the 

aperture in such a manner that it can both oscillate about its 
own axis and rock in planes containing that axis and having 
formed or rigidly mounted thereon a part having a face which 
lies opposite to that part of one face of the wall which surrounds 
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the aperture, and a ring of rubber or like resilient material which 
is interposed between the opposed faces and is caused to adhere 
to them either by bonding or by compressing the rubber ri 
between them so that the rubber acts as a seal between the wall 
and the member passing through it which will permit the member 
both to oscillate about its own axis and to rock in planes con- 
taining that axis to a limited degree relatively to the wall 
without breaking the seal.” Alternative constructions are so 
peng in the drawing that they need no description.—October 
23rd, 1936. 


455,987. May 2nd, 1935.—Hypravutic REMOTE-CONTROL 
Apparatus, C. Hyland, 6, York-street, Wakefield, York- 
shire. 

This is a remote-control device of the hydraulic type, and 


the object is to prevent expansion and contraction of the fluid, | 


caused by changes of temperature, from affecting its operation. 
The transmitter is shown in the upper part of the figure, and 
comprises a pair of opposed eftatans and pistons A A, which 
are operated by the forked lever B. They are immersed in a 
chest of oil C, and their working ends are kept full through 
passages D D fitted with non-return valves. e set screws 
EE are for determining the length of stroke of the pistons. 
The tra itter is co ted with the motor below by the pipes 
FF. The motor has a single piston G in the face of which 
there are cut two helical grooves H. These grooves may register 
with the spill port J, and, by returning the oil to the chest C, 








terminate the stroke of the motor piston. In order to determine 
the length of the stroke the piston is turned round so that the 
grooves register with the spill port sooner or later. The trans- 
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mitter always supplies slightly more oil than is necessary for 
the stroke of the motor.—November 2nd, 1936. 


456,304. January 2Ist, 1936.—Siuice Gares, Maschinen- 
fabrik Augsburg-Niirnberg A.-G., Nirnberg 24, Germany. 
This invention concerns the arrangement of valves in lock and 
dock gates for the passage of water into, or out of, the lock. 
The valves are formed as a series of pivoted vanes, after the 









































fashion of a Venetian blind, which are operated together by 
vertical connecting-rods. The vanes may placed in various 
positions, as shown in the drawings, with the object of creating 
eddies in the water and thus dissipating the energy of its flow.— 
November 6th, 1936. 








Forthcoming Engagements. 


Secretaries of Institutions, Societies, d&c., desirous of having 
notices of meetings inserted in this » are requested to note 
that, in order to make sure of its insertion, the 'y infor 
should reach this office on, or before, the morning of the won 
of the week preceding the tings. In all cases the TIME a 
PLACE at which the meeting is to be held should be clearly stated. 




















Monpay, JAN. 4TH. 


Soc. or CuEmicaL Inpustry.—Burlington House, Piccadilly, 

W.1. “ The Zinc Industry,” 8S. Robson. 8 p.m. 
Turspay, JAN. 51H. 

Inst. OF AUTOMOBILE ENGINEERS.—Royal Soc. of Arts, 
John-street, Adelphi, W.C.2. ‘The Four-cylinder Engine : 
Maximum Life, Performance, and Refinement,’ G. F. Gibson. 
7.45 p.m. 

WEDNESDAY, JAN. 6TH. 

Inst. oF HeaTING aND VENTILATING ENGINEERS.—Inst. of 
Mechanical Engineers, Storey’s-gate, S.W.1. Discussion on 
“‘ Effects of Water Vapour Content in the Atmosphere of 
Interest to Heating and Ventilating Engineers.” 

Soc. or Grass TecHNOLOGy.—Trocadero Restaurant. Annual 
dinner and dance. 7.15 p.m. 

THURSDAY, JAN. 7TH. 

Inst. oF Execrrica, ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. ‘“ Lightning,” B. L. Goodlet. 6 p.m. 

Junion Instr. or ENGINEERS.—39, Victoria-street, S.W.1. 
“* Street Lighting with icular reference to Discharge Light- 
ing Installations,” E.W.C. Day. 7.30 p.m. 

Friway, Jan. 8TH. 

Inst. oF MrecHANIcAL EnGrInEeERS.—Storey’s-gate, S.W. 1. 
Thomas Lowe Gray Lecture, “The Main and Auxiliary 
Machinery of the Queen Mary,” J. Austin. 6 p.m. 

Inst. or Sanrrary Encingrers.—Caxton Hall, 8S.W.1. ‘‘ The 
Disintegration of Solid Matters in Sewage,” H. R. Lupton. 
6 p.m. 

Royat AERONAUTICAL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ High-duty Aero-engines and Fuels,” F. R. 
Banks. 6.30 p.m. 

Monpay, Jan. lira. 

Inst. or Crvit Enctngerrs: NorTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘The Numerical Solution of 
Formule by Graphical and Mech | Methods,” Prof. F. H. 
Hummel. 6.30 p.m. 

Inst. or Tkansport.—Inst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘Some Considerations 
of Problems Affecting Port Management,” Sir Lionel A. P. 
Warner. 5.30 p.m. 

Iron anv STEEL Inst. anD CLEVELAND Inst. oF ENGINEERS. 
—Cleveland Scientific and Technical Inst., Corporation-road, 
Middlesbrough. ‘‘ The Constitution of Blast-furnace Slags in 
relation to the Manufacture of Pig Iron,” T. P. Colclough. 
7.30 p.m. 





TuEsDAY, JAN. 12TH. 

Inst. or AUTOMOBILE ENGINEERS: CovENTRY CENTRE.— 
Geisha Café, Hertford-street, Coventry. “Fuel Pumps,” 
D. Bonnion Browne and J. N. Morris. 7.30 p.m. 

Inst. oF AUTOMOBILE ENGINEERS: DERBY CENTRE.—Tech- 
nical College, Derby. ‘‘ Fuel Pumps for Aeroplanes,” W. C. 
Clothier. 7.30 p.m. 

Inst. or Civizn Enaingers.——Great George-street, S.W.1. 
“ Pre-stressing Bridge Girders,” H. J. Nichols. 6 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—36, 
Elmbank-crescent, Glasgow. ‘‘ The Training of Welders,” J. Orr 
and W. Heigh. 7.30 p.m. 





Inst. of Marine EnaineErs.—85, The Minories, E.C.3. 
“Design for Economy in Ship Propulsion,”” J. F. C, Conn, 
and “ Engines Aft versus Amidships,” J. L. Scott. 6 p.m. 

WEDNESDAY, JAN. 137TH. 

British Horotoercat Inst.—33, Northampton-square, E.C.1. 
“ Time Switches,” E. E. Sharp. 7 p.m. 

Inst. or Crvi ENGINEERS: StupeEnts’ Srection.—Great 
George-street, S.W.1. ‘‘ Telephone Cables,” N. C. Callard 
De Jong. 7.30 p.m. 

Inst. or ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 

.C.4. “‘Power Transmission by Rope, Belt, Chain, and 
Gearing,” E. L. Parry. 7.30 p.m. 

Inst. or WELDING.—-Inst. of Mechanical Engineers, Storey’s- 
ate, S.W.1. ‘* Welding Non-ferrous Metals: Some Problems,” 

. W. G. Hignett. 6.30 p.m. 

Tron AND STEEL Inst.—Joint meeting with Electro-depositors, 
Technical Soc. British Industries House, Marble Arch, W.1. 
“The Tinning of Steel Strip by Electro-deposition,” D. J. 
Macnaughtan and W. H. Tait. 8 p.m. 

THuRspDAy, JAN. l4rH. 

Inst. oF AUTOMOBILE ENGINEERS: BristoL CENTRE.— 
Merchant Venturers’ Technical College, Unity-street, Bristol. 
“Fuel Pumps,” D, Bonnion Browne and J. N. Morris. 7 p.m. 

Inst. oF Crvr. ENGrNzERS: BIRMINGHAM District Associa- 
T10oN.—James Watt Memorial Inst., York House, Great George- 
street, Birmingham, 3. ‘‘ Engineering Experience ‘in India,” 
F. W. Ireland. 6 p.m. 

Rarmway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. “The Ironbridge Alterations,’ L. T. Catchpool. 
7.30 p.m. 

Royat AgronavticaL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ Magnesium Alloys,” Dr,C. H. Desch. 6.30 p.m, 


Fripay, JAN. 157TH. 


Inst. or Crvit ENGINEERS: YoRKSHIRE Assoc.—Grand 
Hotel, Sheffield. Annual dinner. 6.30 p.m. 

Junior Inst. or ENGINEERS.—-39, Victoria-street, 8.W.1. 
“* Bakelite.” Informal meeting. 7.30 p.m. 

Monpay, JAN. 18TH. 

Inst. or AUTOMOBILE ENGINEERS: GLASGOW CENTRE.-— 
39, Elmbank-crescent, Glasgow. ‘Trolley Buses,” E. T. 
Hippesley and J.C. Dabbs. 7.45 p.m. 

Turspay, Jan. 197H. 

Inst. oF AUTOMOBILE ENGINEERS : Luton CenTRE.—George 
Hotel, Luton. ‘“ Trolley Buses,” E. T. Hippesley and J. C. 
Dabbs. 7.30 p.m. 

WEDNESDAY, JAN. 201TH. 
or AvuToMOBILE ENGINEERS: LEEDS CENTRE.— 
Metropole Hotel, Leeds. ‘‘ Trolley Buses,” E. T. Hippesley and 
J.C. Dabbs, 7.15 p.m. 

Inst. or CuEmMIcAL ENcineERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘‘Superphosphate Manufacture,” 
W.G.T. Packard. 6 p.m. 

Fripay, Jan. 22NpD. 

Inst. OF Marine ENGINEERS: JUNIOR SEcTION.—Royal 
Naval College, Greenwich. ‘‘The Trend of Development 
in the Design and Construction of Ships and their Propelling 
Machinery, and the Influence of this Trend on the Design of 
Future Construction, with special reference to Warships,” 
Sir Westcott S. Abell. 5.30 p.m. 


Inst. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


J. H. Fenner anv Co., Ltd., are opening a new branch at 
Bank of England Chambers, Pall Mall, Manchester. Mr. H. L. 
Titterington, for many years sales engineer for the company in 
Manchester, has been appointed manager of the branch, and the 
technical work will be under the control of Mr. W. W. Butler. 











CONTRACTS AND ORDERS. 


The Editor is always ha, to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 








Butt Motors, Ipswich, have received contracts for “‘ Super 
Silent ’ motors for the air conditioning and heating services of 
the L.M.S. New Queen’s Hotel, Leeds, totalling about sixty 
motors; and for similar motors for air conditioning equipment 
at Grosvenor House, London. 

Tue InTeRNATIONAL Marine Rapio Company, Ltd., has 
received instructions to supply and install naval radio equip- 
ment in the Argentine cruiser and three destroyers now being 
built at Vickers-Armstrongs, and in two destroyers being built 
by John Brown and Co., Ltd., and Cammell Laird and Co., Ltd. 


Heap, WricuTson snp Co., Ltd., have been awarded a 
further contract from the London and North-Eastern Railway 
Company for 400 all-steel hopper coal wagons of 20 tons capacity 
each. This order follows on a similar contract received three 
months ago. The value of the order is almost £100,000. 


Tue Crompron-West TRACTION ORGANISATION has received 
an order for twenty car sets of rail coach electrical equipment for 
Blackpool Corporation cars. Each equipment includes two 
motors manufactured by Crompton Parkinson, Ltd., at Chelms- 
ford, each rated at 57 H.P., 600 volts, with helical gearing, and 
arranged for field control. In addition, there are special cam- 
drum type controllers arranged for field control, together with 
current collector gear, resistances, circuit protection apparatus, 
and anti-wireless interference coils. These parts will be manu- 
factured by Allen, West and Co., Brighton. 








CALENDARS, DIARIES, &c. 


F. W. Brackett anv Co., Ltd., Hythe Bridge Ironworks, 
Colchester.—Monthly wall calendar. 

Brusa ExecrricaL ENGINEERING Company, Ltd., Falcon 
Works, Loughborough.—Pocket diary. 

Wi1ams, LEA AND Co., Ltd., Clifton House, Worship-street, 
London, E.C.2.—Monthly wall calendar. 

Matta GOVERNMENT Orricr, Malta House, 10, Regent-street, 
London, 8.W.1.—Monthly wall calendar. 

RayBeEstos-Bextaco, Ltd., Asbestos House, 
street, London, S.E.1.—Daily wall calendar. 

Perro-Fitex Tusrnec Company, Ltd., Cassiobury Works, St. 
Albans-road, Watford, Herts.—Monthly wall calendar. 

County or Lonpon Etectric Suppry Company, Ltd., 46-47, 
New Broad-street, London, E.C.2.—Monthly wall calendar. 

HacksripGe Exectric Construction Company, Ltd., anp 
Hewirtic Execrric Company, Ltd., Walton-on-Thames.— 
Combined t book and telephone number memorandum 


pad. 
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A Seven-Day Journal. 


Portsmouth’s Empire Air Base. 


On Monday, January 4th, the Docks and Airports 
Committee of the Portsmouth Corporation met to 
consider further the scheme for the establishment of 
an air base for Empire services at Langstone Harbour. 
As recorded in our Journal note of September 11th, 
the Portsmouth City Council decided not to consider 
the more expensive barrage scheme, but to continue 
negotiations with the Government for the construc- 
tion of a base on a tidal plan. On Monday the Com- 
mittee heard the report of the deputation which 
recently waited upon Imperial Airways, Ltd., in order 
to discuss the scheme, and it afterwards decided to 
recommend the Portsmouth City Council to adopt 
the scheme. We are given to understand that the 
scheme now recommended for acceptance would mean 
an expenditure of close upon three-quarters of a 
million pounds, towards which the Corporation would 
receive a Government grant of about £160,000. With 
the plan as now revised, it would be possible to develop 
the air base at first either on a tidal or a barrage basis. 
The new scheme provides for the use of the present 
City aerodrome in connection with the proposed air 
base, but eventually it is proposed to lay out another 
aerodrome in the vicinity of the Farlington Marshes. 
If this is done, it would then become possible to utilise 
a part of the present aerodrome for playing fields, and 
to sell the remainder in order to reduce the cost of the 
scheme. If such a sale be effected, it is estimated that 
the construction of the new Empire air base would not 
increase the City rates more than Id. in the £. The 
Committee’s recommendation will come before the 
City Council before the end of the month. 


L.M.S. Rolling Stock Programme. 


THE London, Midland and Scottish Railway Com- 
pany announces that its 1937 rolling stock and works 
programme will involve an expenditure of £7,650,000 
for major replacements and improvements. This 
programme, which is distinct from the works which 
will be constructed under the Railways (Agreement) 
Act, 1935, includes the provision of 105 locomotives, 
210 locomotive boilers, 751 carriages, 12,305 wagons, 
450 containers, 500 motor vehicles, and 500 trailers. 
Over £1,000,000 is to be spent on passenger vehicles, 
which will embody many new features and improve- 
ments. Of the 751 vehicles to be built, the programme 
will include 17 restaurant cars and five kitchen cars, 
151 vestibule, 180 corridor and 293 non-corridor 
passenger coaches of various types, 20 horse-boxes, 
50 luggage and parcels vans, and 25 covered combina- 
tion trucks. The newstock, we are given to understand, 
will be of special lightweight design and construction, 
and welding will be employed as a general feature. 
In pursuance of its policy of fostering the use of 
Empire materials wherever possible, the company will 
employ decorative woods of Empire origin in the 
interior decoration of 620 of the vehicles to be buiit. 
Ivorine tablets. identifying the woods and _ their 
country of origin will be exhibited for the information 
of travellers and to direct attention to these Empire 
supplies. 


Profit-Sharing in Co-operative Productive 
Societies. 

From statistics issued on December 24th by the 
Co-operative Productive Federation we are able to 
supplement our survey of profit-sharing during 1935, 
the summary of which appeared in these columns on 
June 26th, 1936. The Federation had associated 
with it at the end of the year forty-two co-operative 
productive societies, ten of which were connected with 
clothing, fifteen with footwear, and twelve with 
printing, the remaining five being in a miscellaneous 
group. Of these five, four have an engineering interest. 
The Walsall Locks and Cart Gear, Ltd., with a share 
and loan capital of £24,080, did business totalling 
£84,025, its 414 workpeople receiving £39,833 in 
wages during the twelve months. The net surplus 
amounted to £4007 (£2834 in 1934), out of which the 
shareholders received £107, or $ per cent. on capital, 
and the employees £3250, or 1s. 11d. in the £ on wages ; 
while £110 was allocated to educational and charitable 
purposes. This society is by far the largest in this 
section. Leicester Carriage Builders, Ltd., had a 
capital of £6109, and, with a pay-roll of £4236 and 
28 employees, did business amounting to £14,511, 
which gave a surplus of £577 (£98 in 1934). No dis- 
tributions were made. Only one other society, the 
Chesham Builders, Ltd., had a surplus at the end of 
the year. This society, with its capital of £1273 and 
31 employees, paid out £4511 in wages and increased 
its sales to £9126. The surplus totalled £288 (£244 
in 1934), out of which capital received £23 (24 per 
cent.), labour £200 (1s. 3d. in the £), and the sum of 
£9 was voted to charity. The remaining society 
with which we are concerned is Alcester Needle- 
makers, Ltd. It had a share and loan capital of 


£6849, 42 employees, a pay-roll of £4211, and the 


of £853 (deficit of £409 in 1934). The whole of the 
forty-two co-operative productive societies of which 
details are given had 7908 workpeople and paid 
£827,972 in wages during the year. The sales aggre- 
gated 2? millions, there being a net surplus of £129,082. 
The shareholders in twenty societies were allocated 
£6716, labour in twenty-four societies received 
£35,041, and the customers in twenty societies had the 
sum of £55,696 returned to them, a total of £4983 
being voted to education and charity. On the whole, 
the 1935 results of profit-sharing in these federated 
societies show a distinct improvement over those for 
the preceding year. 


G.W.R. South Wales Developments. 


Last week the Great Western Railway Company 
announced its intention to establish a £100,000 centre 
in the special area for all repair and painting work 
required for the carriage stock in that area. The 
result of this decision will be not only to concentrate 
the work, but to provide permanent employment in 
the special area. The plans have now been com- 
pleted for the erection of extensive workshops and 
plant at Caerphilly, in Glamorgan. They will com- 
prise a carriage lifting shop, 30,000 square feet in 
area, designed to deal with fifty coaches at a time, 
and another workshop of similar dimensions for all 
other repair work and for carriage painting, along 
with additional buildings covering an area of 26,000 
square feet for the same purpose, and stores and offices 
necessary for these extensions. Among the equip- 
ment to be installed will be wheel lathes and other 
machinery of the latest design and electrically driven 
overhead cranes for raising the entire carriages from 
their bogies. The G.W.R. Company has since 
announced a further scheme to assist the special area. 
It will take the form of the erection of carriage-holding 
sheds at Cherry Orchard, between Caerphilly and 
Cardiff, to accommodate more than 100 coaches. 
Seven long sidings will be constructed, 1000ft. of 
which will be covered by sheds, and the total width of 
the building will be nearly 100ft. The sheds will house 
the carriage stock reconditioned during the winter, 
and not required for immediate use, after it has passed 
through the new repair shops at Caerphilly. 


The Employment Returns. 


ACCORDING to a statement issued by the Ministry 
of Labour on Thursday, December 31st, it is estimated 
that on December 14th, 1936, the number of insured 
persons, aged 16-64, in employment in Great Britain, 
exclusive of agricultural workers, was approximately 
11,132,000. This was 12,000 more than on November 
23rd, 1936, and 503,000 more than a year before. 
Statistics are not yet available which would enable 
satisfactory estimates to be made of the numbers of 
agricultural workers in employment. There was an 
improvement in employment between November 
23rd and December 14th in coal-mining, iron and 
steel manufacture, the motor vehicle and aircraft 
industry, shipbuilding and repairing, the cotton 
industry, tailoring, the distributive trades, and hotel, 
boarding house, &c., service. There -was a decline, 
however, in a number of industries, including build- 
ing and public works contracting, agriculture, fishing, 
stone quarrying, and dock and harbour service, 
in which outdoor employment was interrupted by 
the adverse weather conditions prevailing on Decem- 
ber 14th. On that date the numbers of unemployed 
persons on the registers of employment exchanges 
in Great Britain were 1,365,035 wholly unemployed, 
194,841 temporarily stopped, and 68,843 normally in 
casual employment, making a total of. 1,628,719. 
This was 5117 more than the number on the registers 
on November 23rd, 1936, and 239,846 fewer than a 
year before. The total on December 14th, 1936, com- 
prised 1,305,382 men, 40,949 boys, 241,771 women, 
and 40,617 girls. 


Mechanised Farming. 


On Tuesday, January 5th, a second conference on 
mechanised farming, convened, as was that of a 
year ago, by the Agricultural Economics Research 
Institute and the Institute for Research in Agri- 
cultural Engineering, opened at Rhodes House, 
Oxford. It was attended by representatives from 
every county in England as well as parties from 
Scotland, Ireland, and Wales and overseas. In his 
opening address, Mr. C. 8. Orwin, the Director of the 
Agricultural Economics Research Institute, said that 
most of the implements and machinery in use to-day 
were designed to increase the output of manual labour, 
but their introduction not only brought new problems 
to the farmer, but might well lead to the introduction 
of new principles of agricultural practice. An out- 
standing example was, he pointed out, the process of 
drying short grass as a substitute for hay. The 
opening session was devoted to a discussion of tractors 
and row-crop work, and on Tuesday evening the 





sales amounted to £17,594, resulting in a deficiency 


conference dinner took place in Christ Church Hall. 





On Wednesday the morning was occupied by a dis- 
cussion of cultivation processes, while in the afternoon 
the question of maintenance of fertility was dealt 
with. The whole of Thursday was given up to the 
consideration of the problems connected with grass- 
drying, and on Friday the working of combined 
harvesters and similar machinery was discussed. 
The closing address on Friday was given by Dr. H. J. 
Denham, the Director of the Institute for Research 
in Agricultural Engineering. 


British Trade in Northern Europe. 


THE Advertising Association has just issued—price 
5s. post free—a valuable report on the visit of a dele- 
gation of the Association to Denmark, Sweden, 
Finland, and Norway in July, 1936. The report 
embodies the results of the investigations conducted 
and of the information gleaned as a result of the 
contacts made during the visit, and it is published 
with the hope that it may assist in creating new 
avenues of trade between Great Britain and these 
northern markets and in cementing and increasing 
existing commercial relations to the benefit of all the 
countries concerned. A considerable portion of the 
report reproduces the British Board of Trade figures, 
giving the volume and values of trade, in both direc- 
tions, between the United Kingdom and each of the 
four northern countries. It is hoped that the opinions 
gathered during the mission will be of value as express- 
ing trade tendencies and receptivity, but it is con- 
sidered at least as important to place on record the 
actual figures over a period of six years, so that inter- 
ested individuals may take cognisance of the official 
data concerning their specific branch of trade. In 
an introduction, Sir Ernest Benn, who led the party, 
expresses the indebtedness of the party to the secretary 
of the Association, Mr. Chapman, and his staff, who 
contributed much to the success of the conference. 


World Employment. 


AccoRDING to the returns for the last quarter of 
the year which have just been issued by the Inter- 
national Labour Office in Geneva, world employment 
is steadily increasing. The figures indicate a decrease 
in unemployment of about 26 per cent., correspond- 
ing to a drop in the number of unemployed from 
about 20,000,000 in 1935 to 14,500,000 in 1936. They 
show that in practically every country the registered 
unemployment has again declined, as compared with 
the corresponding date in the previous year. It is 
clear from the returns that the improvement, which 
has now been taking place for nearly four years, 
steadily continues in nearly all the countries of the 
world. Both Austria and Switzerland are exceptions 
to this rule, and the situation is not quite clear in 
Estonia, the Netherlands, Poland, and Yugoslavia. 
It is noted that while in several countries the number 
of people recorded as being in industrial employment 
is now greater than in 1929, it is less than it was in 
that year in Belgium, Canada, Czechoslovakia, 
France, Luxemburg, the Netherlands, Poland, Swit- 
zerland, and the United States. Hungary has now 
improved her employment figures, and is no longer 
in the above list. As no index figures are available, 
it is not possible to draw a comparison in the case of 
Austria and Germany. 


Public Service Vehicles. 


THE fifth annual reports of the Traffic Commis- 
sioners for each of the traffic areas in Great Britain 
have been published by the Stationery Office (price 
2s. 9d. net), and contain information as to the standard 
of maintenance attained by operators of vehicles. 
In general, the trend is towards a closer observance 
of the law by operators of vehicles, although Sir 
Philip Game, Commissioner of Police of the Metro- 
polis, states that there appears to be an increasing 
tendency by applicants for licences to withhold in- 
formation asked for relating to previous convictions. 
The Northern Area Commissioners state that the 
standard of driving is improving steadily, but 
emphasise the necessity for operators to report failure 
or damage to a vehicle calculated to affect the safety 
of the public, and consider that the ventilation of 
many vehicles is still inadequate. The number of new 
vehicles being put into service is noted, and the Com- 
missioners for the West Midland Area find that the 
main movement has been towards greater seating 
capacity. In spite of the increased use of compression 
ignition engines, they state that the year has not 
shown any improvement in smoothness, silence, or 
absence of smoke. The human element is still the 
major cause of accidents, but frailties of the human 
element are not helped by some designs of body front 
incorporating high radiators, which reduce visibility. 
Commenting on the absorption of smaller undertak- 
ings by larger operators, they point out that such 
transfers increase the responsibility of the Commis- 
sioners to secure that any tendency towards monopoly 
shall not lead to unreasonable curtailment of facilities 
or an increase in fares. 
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Harbours and Waterways in 1936. 


No. I. 


HE trade revival experienced in the year 1936 
has necessarily had some influence on the plans 
of port authorities, both at home and abroad, for 
the development and better equipment of their docks 
and harbour facilities. This repercussion was more 
marked in certain foreign countries and in some of 
the British Dominions than in the ports of Great 
Britam. Improved trade at home has no doubt 
induced port authorities to embark on works of 
re-equipment which, had it not been for the welcome 
change in financial conditions, might have been 
postponed until a later date. Notices of private Bills 
to be introduced in the present session of Parliament 
that have so far appeared contain no proposals for 
port works of a major character. The vast expendi- 
ture on public works which is the order of the day 
in some foreign countries, notably in the United States 
of America and evidenced in Germany and Italy 
on a much smaller, though still important, scale, is 
not necessarily an indication of revival in national 
or world trade. In no country of the world is the 
building of great public works being carried out on 
such a vast scale as in the United States of America. 
Many authorities of repute in the spheres of finance 
and economics in America regard the huge expenditure 
of public funds which is entailed by this policy of 
public works construction, much of which cannot be 
directly remunerative, as fraught with danger to the 
financial future of the nation. 
UNITED KINGDOM AND IRISH FREE 
STATE. 


THE 


The Port of London. 

A year ago we referred to the then recent decision 
of the Port of London Authority to carry through 
an important scheme involving an expenditure of 





sections of the trade of the port a welcome increase 
over that of the preceding year had been recorded ; 
that improvement continued throughout 1936. In 
May the Authority announced that it had under 
consideration a scheme of port development far 
larger than that authorised in 1935. The new scheme 
comprises a programme of works estimated to cost 
nearly £12,000,000. It is not, of course, intended to 
carry out all these works in the immediate future, 
but the programme has been drawn up with the object 
of its realisation within as short a time as financial 
considerations permit. The first stage of this major 
programme includes the reconstruction of the north 
side of the Royal Victoria Dock, several new bridges, 
the enlargement and deepening of passages, improve- 
ment and deepening of the West India Import Dock, 
a new quay with three deep-water berths and a five- 
storey warehouse at the West India Dock, the con- 
struction of new and the rebuilding of existing ware- 
houses at many of the older docks in the port, and 
the modernisation of mechanical and electrical 
equipment. The programme of works to be carried 
out in later stages includes an extension of the 
passenger landing stage at Tilbury, a new graving 
dock at Millwall, lengthening the entrance lock at 
the East India Dock, and the provision of new ware- 
houses and shed accommodation and the rebuilding 
of existing warehouses on a large scale. The most 
costly work included in the programme is, however, 
a new dock providing seven berths to be made on a 
site lying to the north of the Royal Albert Dock ; 
this, it is proposed, should be made when the increased 
trade of the port calls for such extended accom- 
modation. 

The Co-operative Wholesale Society is about to 
erect a large modern flour mill and a provender mill 
on a site of 4} acres at the Royal Victoria Dock, 





by the railway company, which came before Parlia- 
ment in May and July. The Commissioners will 
pay to the railway company £600,000 in respect 
of the purchase of the dock property ; of this, £150,000 
is to be provided by the Special Area Commissioner, 
The Bill received the Royal Assent in due course, 
and the chairman of the Tyne Improvement Com- 
mission announced in November that arrangements 
for the transfer of the dock to the Commissioners 
were in progress and that proposals for building a 
new deep-water quay in theriver and in close proximity 
to the dock would shortly be laid before the Com- 
mission. It is understood that no definite decision 
as to the details of the proposed deep-water quay 
has yet been reached, but statements made by the 
Commissioner for Special Areas and on behalf of the 
Tyne Improvement Commissioners indicate that 
the total cost will be in the neighbourhood of 
£1,350,000, towards which the Commissioner has 
offered grants amounting to about £400,000. The 
scheme, which is on a less ambitious scale than 
that for the utilisation of the Jarrow Slake site, 
for which sufficient financial assistance was not forth- 
coming, provides for building a river jetty about 
1400ft. long, with a minimum depth alongside of 
35ft. at low-water spring tides. The channel depth 
between the open sea and the jetty will, at the same 
time, be deepened to 35ft. at low water. 

The new coal-shipping staiths at Jarrow built 
by the Tyne Improvement Commissioners at a cost 
of about £200,000, were opened by the Duchess of 
York, who was accompanied by the Duke, on 
July 28th. Unfortunately, the staiths were damaged 
by a fire which occurred on November 20th. We 
published an illustrated description of them in our 
issue of July 31st, 1936. The structure is probably 
the most up-to-date example of coal-shipping staiths 
of the conveyor-belt type now becoming common 
in the North-East Coast ports. The depth of water 
in the ship berths alongside is at present 25ft. at 
low water of spring tides, but provision has been 
rade for a further increase by dredging of 5ft. in 
depth if this should be required in the future. There 
are three ship-loading conveyors, each of which is 





THE 


more than £1,750,000 for which parliamentary 
authority had been obtained. A beginning had 
already been made a year ago with some of the works 
included in the Authority’s programme which, in 
the main, is concerned with the Royal Albert and 
Royal Victoria Docks. At the Royal Albert Dock 
the widening of the north quay, over a mile long, 
has been completed and the deepening of the dock 
is in hand. At the Royal Victoria Dock a new quay 
1750ft. long has been built and a three-storey ware- 
house is nearing completion. The passage at Con- 
naught-road between the two docks is being deepened 
and the necessary alterations to and strengthening 
of the twin railway tunnels which pass under 
Connaught-road passage have been carried through. 
Among the works which were completed during the 
year at the other docks of the Authority are the 
provision of further timber accommodation at the 
Surrey Commercial Docks and improvements to 
the lock gates there. A swing bridge has been built 
and railway improvements made at the Millwall 
and West India Docks. At Tilbury sheds have been 
reconstructed and quays reconditioned. A large 
amount of work has been and is still being done to 
improve and modernise the mechanical equipment 
of the docks, including much of that in the older docks 
of the port. 

The Port Authority’s report for the year ended 





March 3lst, 1936, indicated that in practically all 


GATES OF THE DOVER - DUNKIRK TRAIN FERRY DOCK 


which was recently acquired by the Society. The 


buildings will have a water-side frontage of 565ft. 


The Mersey. 


The only capital work of major importance on 
which the Mersey Docks and Harbour Board is 
now engaged is the improvement of the sea channels 
of the Mersey by extensions of the training banks. 
Since 1908, when the Taylor’s Bank revetment on 
the concave east side of the Crosby channel was 
begun, successive extensions of the system of rubble 
stone training walls, or submerged revetments 
brought up to just above low water, have been 
almost continuously under construction by the Dock 
Board. 

A large grain store is being built at the Brunswick 
Dock, Liverpool, for the Liverpool Grain Storage 
and Transit Company, Ltd. It will have a storage 
capacity of 60,000 tons, and the equipment is 
designed for discharging grain from the ship at the 
rate of 600 tons per hour. 


The North-East Coast and Humber Ports. 

The negotiations between the London and North- 
Eastern Railway and the Tyne Improvement Com- 
mission, which had been carried on at intervals 
over a period of several years, resulted in an agree- 
ment which was arrived at in time to permit the 
inclusion of the proposalr in a late Bill, promoted 





provided with a power-driven “‘ Handcock ” appliance 
to minimise breakage of coal. 

The Tyne Commissioners in December placed a 
contract for the construction at a cost of about 
£40,000 of a river quay near the Albert Edward 
Dock at North Shields for the accommodation of 
traffic between the Tyne and Oslo. The quay will 
be 400ft. long with a minimum depth of 22ft. in the 
berth; a transit shed 250ft. long will be erected 
on the quay. 

The further extension in an eastward direction of 
Newcastle Quay, which is the property of the City 
Corporation, sanctioned a year ago, will, when com- 
pleted, have a length of about 630ft. The quay exten- 
sion, which is on the east side of the Ouseburn, is 
being built of reinforced concrete piles and cylinders, 
and will have a deck 52ft. in width. The river bed 
along the quay frontage is to be dredged to a depth of 
30ft. at L.W.O.S.T. 

The old Hebburn Dry Dock, the largest on the 
North-East Coast, and the ship-repairing yard con- 
nected with it, which were purchased in 1935 from 
Palmer’s Hebburn Company, Ltd., by Vickers- 
Armstrongs, Ltd., were reconditioned during the year. 
The pumping system of the dry dock has been elec- 
trified, the fitting-out jetty has been extended to a 
length of 650ft., and the crane and other equipment 
of the yard has been modernised. The dry dock is 
705ft. long internally and has an entrance 89ft. 6in. 
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wide and 29ft. of water over the blocks at high water 
of ordinary spring tides. The dry dock was built 
as long ago as 1904. 


Two of the dry docks at North Shields belonging | 


to Smith’s Dock Company, Ltd., are being lengthened, 
as far as site restrictions permit, in order to accom- 
modate vessels of larger dimensions than is at present 
practicable. 

The extension of the deep-water area in Blyth 
liarbour to which we made brief reference a year ago, 
has not yet been_completed by the Harbour Com- 
missioners. It is expected that the new basin will be 
available for shipping in the course of the present 
year, when 4} acres of water space, having a mini- 
mum low-water depth of 24ft., will have been added 
to the harbour area. Blyth is in the enviable position 
among coal-shipping ports of experiencing for several 
years in succession a steady increase in the tonnage of 
coal shipped. For the first nine months of 1936 the 
coal shipments were over 5,000,000 tons, an increase 
of 8 per cent. on the corresponding figures for 1935 
and of 20 per cent. on the 1929 figures. 

The Tees Conservancy Commissioners are extend- 
ing the training wall on the west side of the Seaton 
Channel near the mouth of the river Tees. 

The London and North-Eastern Railway has 
approved plans for large extensions to the fish docks 
at Hull and Grimsby. The St. Andrew’s fish dock at 
Hull is to be extended westward by an addition, 
1250ft. long, thereby increasing the total water area 
of the dock from 19} to 24} acres. The passage 
between the old St. Andrew’s dock and the existing 
western extension is to be widened from 35ft. to 50ft. 
The new extension will have a quay on its northern 
side, 1000ft. long and 92ft. wide. Five new trawler 
slipways are to be built and a quay constructed on 
the south side of the extension to provide fitting-out 
berths. The expenditure at Hull is expected to be 
about £750,000. At Grimsby a reinforced concrete 
quay with a two-storey fish market, 790ft. long, is to 
be constructed on the south side of No. 2 Fish Dock. 
At the same time the fish market on the south-west 
quay of No. 2 Dock, which was destroyed by fire in 


1934, is to be partially reconstructed. The works, | 


both at Hull and Grimsby, will be carried out as a 
part of the programme of the Government Railway 
Assistance Loan. 


Southern Railway Ports. 


The Cunard White Star liner “Queen Mary’ 
entered the great dry dock at Southampton for the 
first time on Sunday, March 29th, 1936; the ship 
had arrived at Southampton from the Clyde on the 
Friday preceding. Contrary to expectation, the 
“Queen Mary” was berthed at the old Ocean 
Dock, and not alongside the new extension quay in 
the river Test. 


channel approaches. 

Mr. F. E. Wentworth-Shields, the chief docks 
engineer of the Southern Railway, retired in Novem- 
ber, 1936. From 1892 onwards he had been asso- 
ciated with the development of the Southampton 
docks, except for a few years towards the close of the 
century, when he was engaged on railway construc- 
tion works and for a period of two years subsequently 
when he was in Egypt. It is he who has been respon- 
sible for the design and construction of all the great 
dock extensions and improvements carried out at 
Southampton since 1907. Mr. Wentworth-Shields 
has been succeeded as docks engineer to the railway 
company by Mr. M. G. J. MeHaffie, who has been for 
some years resident engineer at the Southampton 
dock extension works. 

After long delays caused by difficulties of construc- 
tion, the train ferry dock at Dover was inaugurated 
and brought into service by the French Ambassador, 
Monsieur Corbin, on October 12th, when the steamer 
‘‘ Hampton Ferry ” left the dock and proceeded on 
her voyage, which on this occasion was to Calais. 
The through sleeping car service between London 
and Paris, and vice versd, vid Dover, began on the 
night of October 14th-15th. The normal service of 
the ferry boats is intended to be between Dover and 
Dunkirk, the latter port being eminently suited to the 
accommodation of the ferry boats in closed docks, 
which can be entered and left at any state of the tide 
with a minimum of delay. The site of the ferry ter- 
minal at Dunkirk in Darse No. 5 is very close to 
that which was used in 1917-19 for the berthing of 
the wartime cross-Channel ferries. The three ferry 
boats now engaged on the Dover service were all 
completed in the course of the year 1934, and, except 
for occasional special service on which some of them 
were engaged, they lay at Southampton until last 
summer awaiting the completion of the works at 
Dover. We published in our issues of October 9th 
ind 16th an illustrated description of the terminal 
works at Dover and of the train ferry steamers. The 
building of the dock at Dover was begun in August, 
1933, when a construction contract was placed by the 
railway company with the firms of Nuttall and 
Mowlem jointly, but since June, 1935, the work has 
been carried on and completed by J. Mowlem and Co., 
Ltd., on behalf of the joint firm. The ferry dock is 
closed by two steel gates of the ‘‘ Box ”’ flap type, one 


| engineer to the Clyde Trustees, stated recently that 


To enable the liner to make use of | Proceed with their dock extension scheme, the first 
the Ocean Dock, alterations and improvements were stage of which involves an expenditure of about 
carried out in the passenger shed accommodation, and | £500,000. A contract for the construction of a new 
a considerable amount of dredging was done in the | Western. breakwater, about 4000ft. long, and the 


at a level either above or below that of the water in 
the tidal harbour. The closed dock has an internal 
length of 414ft., a width of 70ft., and a depth of water 
over the sill at low water of spring tides of 17ft. 
| Considerable difficulty was experienced in carrying 
out the work owing to the fissured nature of the chalk 
rock upon which it is built and the inflow of water 
resulting from this condition. The means adopted 
by the chief engineer of the Southern Railway Com- 
pany, Mr. George Elson, and by the contractors in 
overcoming these difficulties were described in the 
articles to which we have already made reference. 


Bristol Channel and South Wales Ports. 


The Great Western Railway announced in April 
that in view of the continued decline in coal exports, 
Penarth Dock would be closed temporarily on and 
from July 6th, 1936, until further notice. The total 
tonnage of coal and coke shipped at Penarth in 1935 
was no more than 978,000 tons, compared with 
2,245,000 tons in 1929; and, unfortunately the 
South Wales coal and coke export trade shows indi- 
cations of continued decrease. The Penarth dock is, 
however, still available, and is being used for lying-up 
purposes. The Great Western Railway Company 
continued during the year its programme of re-equip- 
ment of the South Wales ports, but less was done in 
this direction than in any of the three years imme- 
diately preceding. At Newport modifications are 
being made in the tracks upon which the coal hoists 
in the North Dock travel, which will enable three 
hoists to be brought together when necessary for 
loading into one vessel. At Swansea some additional 
| electric cranes are being provided. 


Scotland. 

The Clyde Navigation Trustees completed the 
deepening of the navigable channel of the Clyde and 
the rectification of certain bends in the river in ample 
time to enable the ‘‘ Queen Mary ” to proceed down- 
stream from Clydebank in March. A survey of the 
river channel made before the departure of the 
“Queen Mary.” showed that a relatively small 
amount of additional dredging would secure an 
increase of 18m. in the minimum low-water depth 
formerly maintained between Shieldhall and Port 
| Glasgow. The Clyde Trustees thereupon decided to 
proceed with this dredging and maintain the increased 
depth in the future. Mr. A. E. Gardiner, the chief 





| nearly 5,000,000 tons of material were removed from 
| the river and deposited at sea as the result of the 
| Various operations connected with the launch of the 
| « Queen Mary ” and her voyage down the river to 
| the sea. 


The Leith Dock Commissioners decided in July to 


partial reconstruction and extension for 2500ft. of 
the existing east pier was placed with K. L. Kalis, 
Sons and Co., Ltd., in October. The contract also 
includes a considerable amount of dredging and re- 
clamation of foreshore and is expected to be completed 
about four years hence. The future entrance to the 
harbour will have a width of 400ft. between the pier 
heads and be sited nearly a quarter of a mile further 
seaward than the present entrance. About 114 
acres of water surface will be added to the existing 
water area of 106 acres. 

Considerable damage was done to the north break- 
water of the fishery harbour at Lossiemouth during a 
storm in February. 


Ireland. 
The proposals for the improvement of Galway 


Commissioners and other 
local authorities on the one side and the Free State 
Government on the other for many years, were carried 
a stage further in September, when tenders for the 
new works were invited by public advertisement. 
So far no decision has been come to as to the accept- 


between the Harbour 


ance of a tender. The work includes a good deal of 
rock breaking and dredging, the construction of a 
small entrance pier and rebuilding and enlarging the 
dock entrance. 

An extension of the North Quay in the river 
Liffey, completed in 1936, adds another 800ft. of 
berthage to the accommodation provided in the port 
of Dublin. The new quay is expected to be used 
largely for timber cargoes. 


Other Ports of the United Kingdom. 


The Ipswich Dock Commissioners recently invited 
tenders for the construction of a 600ft. extension to 
the Cliff Quay. The work will be carried out in 
reinforced concrete. 

Work was begun in September on a scheme, the 
cost of which is estimated at over £26;000, for the 
iiaprovement of the almost derelict Southwold 
Harbour in Suffolk. The work is apparently being 
carried out by the Corporation of Southwold by whom 
the harbour was sold many years ago to a trading 
company. The property has, however, been bought 
back by the Corporation for, it is said, the sum of 10s. 

Two years ago in our annual review we referred to 
the six new coaling plants which were about to be 
provided by the London, Midland and Scottish Rail- 
way at Fleetwood for bunkering the fishing fleet. 
Three of the new coal conveyors have been installed 
in Wyre Dock and three in the Fish Dock, all capable 
of dealing with 20-ton wagons. In future the bunker- 
ing of trawlers will be performed by means of these 
electrically operated belt conveyors, which replace 
the old system of bunkering by cranes and buckets. 

A new pier at Douglas, Isle of Man, was opened in 
May and has received the name of King Edward VIII 
Pier. It is intended for the landing and embarka- 
tion of passengers and will supplement the berthage 
for passenger steamers at the Victoria Pier. Work 
on the new pier was begun nearly six years ago, and 
its cost is said to have been about £250,000. 

Falmouth Docks Company, Ltd., which, in spite 
of the depression which for the past four years has 
seriously retarded the development of ship-repairing 
undertakings, seems to have been able steadily to 
increase the facilities for dry docking and repairs 
provided at Falmouth, is now engaged in lengthening 
one of the older dry docks at the port from 350ft. 
to 550ft., and widening it to 80ft. The company is 
also increasing its quay accommodation by the con- 
struction of a new wharf of timber parallel with the 
existing Empire Wharf completed two or three years 
ago. The new wharf, which will be known as King’s 
Wharf, is carried on piles of turpentine wood, the 
superstructure being of Douglas, fir. 


Inland Waterways of the United Kingdom. 


The steady disappearance of horse-traction from the 
Grand Union Canal was emphasised by an announce- 
ment made by the Canal Company in September that 
the tugs hitherto maintained for towing horse-drawn 
canal craft through the Blisworth and Braunston 
tunnels in Northamptonshire would be discontinued. 
These two tunnels have an aggregate length of nearly 
3} miles. A few years ago an average of 175 horse- 
drawn craft passed through the tunnels every week. 
The number of barges so hauled is now less than 
12 per week. Practically every boat now built for 
service on the canal is either self-propelled or is suit- 
able for towing by a mechanically propelled craft 
working with it. 





Harbour, which have been the subject of discussion 


(To be continued.) 
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30,000-kVA, 3000 r.p.m. turbo-alternator is 

being wound by the General Electric Company 
for 20,500 volts. It is the sixth machine to 
be built by this firm for the Johannesburg 
Corporation power station, and when installed 
it will bring the aggregate capacity of G.E.C. 
machines up to 110,000 kVA. Sets were 
supplied to South Africa, India, Australia, Canada, 
South America, Palestine, West Indies, West Africa, 
Egypt, Iran, and other countries. Two 17,000-kVA 
turbo-alternators were built for Palestine and a 
similar unit for the Adelaide Corporation power 
station. Among the alternators for home service is a 
third machine of 62,500 kVA capacity, now under 
construction for the Hams Hall power station, 
Birmingham, and a 10,000-kKW unit for a large 
colliery in Scotland. The General Electric Company 
informs us that many geared back-pressure sets are 





placed behind the other. These double gates allow 


the water surface inside the dock to be maintained 





being installed in factories in which process steam is 
required. 








Electrical Engineering in 1936. 


I. 


(Continued from page 28, January Ist.) 


Two 40,000-kW English Electric sets, designed for 
3000 r.p.m., will, it is claimed, be the largest machines 
operating at that speed in Great Britain. Although 
we have no precise details of work undertaken by this 
company, great activity is said to have prevailed in 
all departments. 

The Brush Electrical Engineering Company com- 
pleted during the year the 37,500-kW Ljungstrém 
set shown on page 36 for the Brighton Corporation, 
the largest machine of the kind built in this country. 
The steam conditions are 650 lb. per square inch, 
850 deg. Fah. and 29in. vacuum, the feed being 
heated to 340 deg. Fah. by four-stage bleeding. 
Among smaller machines of this type installed 
during the year was the 12,500-kW house service set 
for the new Fulham station. 


Switchgear. 
Switchgear progress is never easy to compress into a 
smallspace. A. Reyrolle and Co. report on this occasion 
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that one of their principal orders was received from 
the Sheffield Corporation for 33-kV metal-clad gear 
for the new switch house at the Blackburn Meadows 
station. The firm also records that it was able to 
take part in one of the largest Dominion projects 
begun in 1936 by supplying the switchgear for the new 
Temple Bay station in the city of Cape Town, South 
Africa. 

Ferguson, Pailing report that the demand for their 
round tank breakers increased considerably. The 
orders received were for the most part for the firm’s 
standard designs, including spring closing breakers, 
but a steady programme of research and short circuit 
testing was pursued. Short circuit testing is now 
practised by this and most of the large switchgear 
manufacturers, who have provided themselves with 
elaborate and costly testing plant. 

B.T.H. breakers having ratings ranging from 
1500 MVA at 132 kV and 33 kV to 750 MVA at 
33 kV and 500 MVA at 66 kV have been developed 
and successfully tested. Many of them incorporate 
the new B.T.H. “self-compensated ” explosion 
chamber, claimed to be the most efficient device 
of its kind so far produced. A new design of 
33-kV, 1500-MVA power station switchgear was 
completed. It is of the metal-clad oil-filled type 
with duplicate single-break low oil content breakers, 
and oil immersed isolators for disconnecting the 
breakers instead of the plugs and sockets previously 
used on this kind of gear. 

Although the new Fulham power station was put 
into operation as recently as last October, the Metro- 
politan-Vickers Electrical Company received instruc- 
tions to complete the switching equipment for a third 
turbo-generator for which provision was originally 
made in the lay-out. Spring-closing mechanism for 
oil circuit breakers,of the smaller types installed 
where means for remote electrical operation are not 
available or where remote mechanical operation is 
neither possible nor desirable have recently been 
developed by this firm. 

The G.E.C. switchgear contracts embraced work 
for overseas, particularly for the Government of 





Madras and the Public Works Department of New 
Zealand. In this country additional 33-kV equip- 


Volksrust with one exception will be of B.T.H. 
manufacture. 

During the year the Electricity Supply Commission 
placed another order for four B.T.H. rectifier equip- 


—— 





railway systems, and these also are in process of being 
installed. 
were put into service on the London Passenger 
Transport Board’s system. Three 2000-kW units are 


Five additional mercury arc rectifiers 


eft 
2 


New B.T.H. 33-KV SWITCHGEAR 


ments for the Germiston—Pretoria section of the 
South African railways. These are additional to the 
eleven equipments ordered by them at the end of 











37,500-KW BRUSH LJUNGSTROM TURBO)]- GENERATOR 


ments were constructed for the grid and extensions 
were made to the 132-kV sub-stations. 


Rectifiers. 


Rectifier manufacturers have little to say about 
technical developments. Grid control for voltage 
regulation and inversion isnow considerably more than 
a year old, and scarcely calls for attention here. Follow- 
ing the standardisation of the 450-ampere pumpless air- 
cooled rectifier by the G.E.C., a 600-ampere unit has 
been developed. A rectifier of this kind, housed in a 
cubicle covering a floor space of 4ft. by 4ft. 6in., is 
capable of giving a maximum continuous output of 
1000 kW at 1600 volts. A view of a pumpless 
250-kW G.E.C. rectifier equipment installed during the 
year at the Putney Bridge sub-station for the supply 
of current to trollybuses is given, also a view of a 
recent G.E.C. installation of water-cooled rectifiers 
in the Stepney Central sub-station. These rectifiers 
are working on a lighting and power load, and 
differ in this respect from most other rectifiers 
we have described. They supply a 480—520-volt, 
three-wire network, and operate in conjunction with a 
rotary balancer set. Automatic voltage regulation is 
obtained by means of motor-driven on-load tapping 
switches on the transformers. 

A large proportion of the twenty B.T.H. grid- 
controlled 3000-volt rectifier equipments ordered by 
the Electricity Supply Commission for the Cato 
Ridge—Durban and Glencoe—Volksrust sections of the 
South African Railways has been put into commission. 
All the sub-stations from Cato Ridge to Durban are 
completed, and a skeleton service is running. It will 
be recalled that these rectifiers are required to operate 
both forward for supplying the railway and inverted 
for returning regenerated energy to the A.C. supply 
system. The control grids are also utilised to give 
flat compounding in both directions of operation. 
When all the equipments are in operation, the whole 
of the converting plant in the sub-stations for the 
320-mile electrified main line from Durban to 





1935 for the Randfontein—-Springs section, bringing 
the total on this order up to fifteen sets. These 
rectifiers are rated 1500 kW at 3000 volts, and are 
equipped with grids and high-speed relays for rapid 





suppression of the arc in the event of backfire. They 
are now being installed in the Johannesburg district. 
The B.T.H. Company also completed during 1936 





@ total of*30,000 kW of rectifiers for other 3000-volt 


in a new sub-station at Tower Hill and two 1500-kW 
units at Hendon. 

An order was received from the London and North- 
Eastern Railway Company for the complete rectifier 
equipments for all the sub-stations for the electrifica- 
tion of the line from Newcastle to Gateshead. Six 
rectifiers, rated 1000 kW at 630 volts, will be installed 
in four remote-controlled sub-stations. The entire 
main high-tension D.C. supply for the new high- 
power transmitters in the new Empire Broadcasting 
Station at Daventry of the B.B.C. will be furnished 
by five B.T.H. rectifiers rated 400 kW at either 
12,000/14,000 or 19,000/22,000 volts D.C. 

The third order from the Southern Railway for 
twenty-seven 2500-kW rectifier equipments for the 
main line electrification schemes was completed by 
Bruce Peebles and Co., Ltd., who during the year 
received a further order from the same railway for 
thirty-one 2500-kW of similar rectifier equipments. 
When the orders outstanding have been completed, 
the company will have supplied 100 rectifier equip- 
ments to the Southern Railway, each of 2500-kW 
normal capacity and totalling 250,000 kW. 


Rolling Mills. 

Trade revival in the steel industry resulted in an 
exceptionally large demand for rolling mill drives. 
Among the more important supplied by the British 
Thomson-Houston Company was one for a mill 
rolling electrical sheet. It comprises a 700 H.P. 
induction motor with a slip regulating phase advancer, 





G.E.C. AIR-COOLED RECTIFIERS 


which, in addition to returning slip energy to the line, 
corrects the power factor at all loads. Another 
consists of a 750 H.P. induction motor for, driving a 
mill producing stainless sheet. For“driving a con- 
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tinuous billet rolling mill at Stewarts and Lloyds, 
Ltd., works, Corby, the firm built a 4500 H.P. 
synchronous induction motor, believed to be the 
largest synchronous motor so far constructed. Com- 
posed of a salient pole machine with an independent 
induction motor winding on the pole faces, it com- 
bines the starting characteristics of the induction 
motor with the good power factor of the synchronous 
motor with a relatively large air gap. Other equip- 





G.E.C. WATER - COOLED 


ment associated with the installation consists of two 
2000 H.P. induction motors driving tandem billet 
mills and three 500 H.P. D.C. motors with a common 
motor generator set driving edging stands. 

A large reversing equipment is in course of 
manufacture for the Shelton Iron, Steel and Coal 
Company, Ltd., which is converting steam-driven 
mills to electric driving. The motor is rated at 





3800 H.P., 62/160 r.p.m., and is designed for a 


country for the cold rolling of tin-plate strip by a con- 
tinuous process, the electrical equipment for which 
under construction at the B.T.H. Works. It 
comprises four 1000 H.P. D.C. motors, and one 


is 


400 H.P. D.C. motor, each of which drives one of fiva 
tandem stands, and one 200 H.P. D.C. reel motor, 
together with a common motor generator set and 
complete control gear. 
Another example of a 





= vv . 
drive for a continuous 





RECTIFIERS AT STEPNEY 


cold rolling mill comprises three 250 H.P. B.T.H. 
motors driving tandem stands, and two 60 H.P. 
motors driving reels, supplied from a synchronous 
motor generator set. Orders were received for rolling 
mill electrical equipment for Australia, and smaller 
electric rolling mill drives are under construction 
or are being installed. 

The Metropolitan-Vickers Electrical Company also 
reports a marked improvement in the rolling mill 





ment a completely automatic system of control is 
provided which eliminates the possibility of damage 
due to careless handling on the part of the operator. 

Several rolling mill equipments are being supplied 
by the General Electric Company, Ltd., to Dorman, 
Long and Co., Ltd. The largest motor for driving 
the cogging mill is a D.C. reversing machine. It has 
a peak output of 20,000 H.P. and is controlled 
by a Ward Leonard set with a heavy fly-wheel, the 
induction motor having a slip regulator. The mill 
motors are designed to reverse from full speed in 
one direction to full speed in the opposite direction 
in little more than three seconds. In the case of the 
merchant mill a 1200 H.P. induction motor and two 
D.C. motors of 1000 and 400 H.P. drive the roughing 
and finishing rolls. The installation includes a large 
number of auxiliary motors driving the tilting tables, 
&c., and over 200 individual live roll motors. Another 
rolling mill installation for which the G.E.C. is respon- 
sible is for the Ford Motor Works at Dagenham, 
Essex. The roughing mill is driven by an 800 H.P. 
D.C. motor with Ward Leonard control, and the 
finishing mills by A.C. pipe motors of 600 and 300 H.P. 
In the case of the equipment for the roughing mill 
the fly-wheel is coupled to the mill. Large G.E.C. 
rolling mill equipments were also supplied to pro- 
minent firms in South Wales, Sheffield, Glasgow, 
Birmingham, and the Midlands, while smaller equip- 
ments of a similar type were supplied for lead rolling 
mills. 


Mining i ° 

Gold mining activities in South Africa were 
responsible for the larger part of the Metropolitan- 
Vickers Electrical Company’s mining contracts 
obtained during the year, although increased work 
in Australia led to the installation of several new 
winders. Underground electrification in this country 
also showed improvement. Of the sixteen contracts 
for large electrically operated winders, nine were 
made completely automatic. 
At the Ellistown Colliery a complete electrification 
scheme was introduced from the surface sub-station 
to the coal face. The work involved included the 
conversion of a considerable amount of compressed 
air plant to electric drive and the provision of a 
power factor scheme covering the whole system. 
The colliery has an output of 900 tons a day. 
Among the Metrovick new mining developments 
is a signal interlock protective system designed to 
comply with a recent South African mining regula- 
tion, which requires an automatic interlock te prevent 





the driver-moving a hoist until signals permitting 








maximum peak load of 11,400 H.P. For supplying 
the motor a fly-wheel motor generator set is being 
provided. The firm has in the course of manufac- 
ture the drive for the roughing end of a continuous 


hot wide-strip mill at the works of Richard Thomas{|mill auxiliaries. The reversing mill equipment 
and Co., Ltd., Ebbw Vale. The equipment comprises | comprises a 7000/19,300 H.P. reversing D.C. mill 
four 2500 H.P. synchronous motors for driving the| motor supplied from a fly-wheel generator set 


hot stands, a 700 H.P. D.C. motor for the slab reducer, 
a 600 H.P. motor for the scale breaker, and two 
200 H.P. D.C. motors for the vertical edgers. 

The plant will also have the first mill in this 





business. 
and Co., Ltd., the company is manufacturing the 
complete equipment for a large reversing mill, 
and five motor generator sets for the 








G.E.C. 20,000 H.P. 


PEAK LOAD MILL” MOTOR 


For the Ebbw Vale mills of Richard Thomas 


230-volt 


consisting of three main 1870-kW D.C. generators 
and a 30-ton fly-wheel driven by a 5000 H.P. slip- 
ring induction motor controlled by an automatic 
liquid starter and slip regulator. For this equip- 








orders for 
Rhodesia, West Africa, and South Africa, the con- 
tracts including in some cases the mechanical portions 
of the winders as well as the electrical portions. 


culminated in 





him to do so have been received from both the banks- 
man and onsetter. 


The British Thomson-Houston Company obtained 
electric winders for use in Uganda, 


Wireless Work. 


Television developments of the past few years 


the establishment of the television 
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transmitting station at the Alexandra Palace, to 
provide an extended trial of the systems devised by 
Baird Television, Ltd., and the Marconi E.M.I. Tele- 
vision Company, Ltd. While the two companies have 
each installed the equipment necessary for the vision 
part of the business, the B.B.C. has provided the 
transmitter common to both systems. The aerials 
for sound and vision mounted one above the other 
are illustrated below, while a view of the Baird studio, 
showing the film scanner, is given on page 38. The 
ultra-short-wave vision transmitter supplied by the 
Marconi Company.hus an output at 37-5 to 50 mega- 
cycles of 18 kW peak power and a band width of over 
3 megacycles. 

Further Marconi television developments were the 
conclusion of the preliminary studies in connection 
with a mobile high definition television transmitter 
for relaying to and controlling the main transmitter. 
Work was also done by the Marconi Company on the 
production of power amplifiers for wavelengths of 
15-60 m., capable of peak powers of 70 kW, and of 
continuous and very rapid change of wavelengths. 

While wireless developments make little appeal to 
engineers outside the wireless industry, it may be 
mentioned that during 1936 the Marconi Company 
devoted renewed attention to the perfection of a 
system of modulation which enables broadcast trans- 
mission to be carried out with great economy of power. 
Research on anti-fading aerial systems has resulted 
in the production of aerials which greatly increase the 
anti-fading range of broadcast transmitters. 

As regards small and medium-power transmitters 
for civil, naval, and military communications, 














TELEVISION AERIALS, ALEXANDRA PALACE 


possibly the most important line of development 
related to stability of frequency which aims at 
obtaining, without the aid of thermal control, the 
stability and frequency tolerances laid down by the 
C.C.I.R., while, at the same time, providing the 
widest possible frequency range. 

Progress during the year in the marine wireless 
field was directed chiefly towards improved per- 
formance. Attention was given to increasing the 
reliability of emergency and lifeboat equipments, 
improved selectivity in receivers having been obtained 
by the introduction of better high-frequency 
amplifiers. 

A new type of direction finder with four-valve 
receiver and rotating screened metallic loop was 
designed for use on trawlers. Tests show that good 
bearings can be taken at ranges up to 200 miles by 
day on the wave band 100--200 m. 

Ionosphere research was continued, particularly 
with reference to the scattering of wireless signals 
caused by irregular regions in the ionosphere. These 
have definitely been located at from 100 kiloms. to 
200 kiloms., in and above the E layer. 

A new broadcasting station for Northern Ireland 
was opened in March, and the Burghead station, 
of which we give views on page 38, in October. 


Post Office Work. 


Contracts for engineering plant placed by the Post 
Office during 1936 represent £6,400,000, an increase 
of over £1,000,000 as compared with 1935. Reduc- 
tions in telephone rates brought a large number of 
new subscribers. The net increase was 230,000, 
against 180,000 in the preceding year. In July the 
P.O. speaking clock was made available to London 


sion of the service to other areas is under considera- 
tion. A repeater enabling up to eight trunk or local 
lines to be connected for conference purposes is being 
introduced. 

The number of automatic exchanges opened 
during the twelve months ended September 
totalled 258, including fifty-one major exchanges. 
The Rugby exchange, opened in October, is the 
first major exchange to incorporate the standard two- 
motion selector, evolved by the Post Office in collabo- 
ration with its five leading equipment manufacturers. 
To improve the quality of the various tone signals in 
automatic exchanges and to obtain a greater measure 
of uniformity in those tones, an inductor tone machine 
was developed to replace the. tone drums hitherto 
used. Equipment installed experimentally in the 
Folkestone automatic area to replace the ‘‘ number 
engaged ”’ tone by an oral announcement of the word 
“‘ engaged ”’ has had the effect of reducing the period 
the switches are held by the subscribers after the 
application of the engaged signal from 11 to 6-5 
seconds. 

Power plants in which the charging is effected auto- 
matically were developed and have been standardised 
for practically all exchanges with loads up to 2000 
ampere hours per day. New trunk timing equipment, 
which enables a 9$00-cycle tone to be automatically 
applied to trunk and toll calls at the end of each three 
minutes of conversation, was made available in 
August at over 670 exchanges. Altogether a total of 
800 exchanges have been equipped with this facility. 

Eighty-five new trunk cables with a total length 
of approximately 2000 miles, involving the construc- 
tion of 1000 miles of duct line and representing an 
addition of approximately 380,000 miles of single 
wire to the trunk system, were provided. 

Great progress was made in carrier telephony, 

single-channel and three-channel carrier systems 
having been used for overhead lines to prbvide some 
sixty circuits on routes where traffic increases necessi- 
tated the provision of additional circuits at short 
notice. But the main line of advance was in the 
development of multi-channel, systems for under- 
ground cables. Equipment for providing one carrier 
in addition to the four-wire speech circuit has been 
installed to operate over lightly loaded pairs in the 
Liverpool-Glasgow cable; some forty circuits of 
this type have already been provided on reconditioned 
cable pairs originally designed for telegraphs. The 
most remarkable development of carrier principles is 
exemplified in the cable between London and Bir- 
mingham. The cable contains four flexible copper 
tubes, each with a central copper wire, forming the 
conductors for the transmission of a large number of 
carrier telephone circuits. Two tubes may carry as 
many as 300 channels, one tube being used for each 
direction. 
No fewer than 890 new inland trunk circuits 
over 25 miles long were put into service during the 
year. The longer routes show the greatest increases. 
The number of trunks between London and Scotland, 
for example, has now reached ninety-eight, of which 
fifty-five have been provided since October, 1934. 
Between London and the West Country there are 
now sixty-seven circuits. Nine additional Conti- 
nental trunks, of which five are London-Paris circuits, 
were brought into service during 1936, and many 
additional circuits were provided for _ special 
occasions. 

New unattended repeater stations were opened at 
Oxford and Kidderminster on the London-Liverpool 
cable. They are operated by floating motor generators 
connected to the power supply. In the event of the 
supply failing, an engine starts automatically and 
drives the motor generator, thus ensuring continu- 
ous power supply. Experimental circuits up to 
approximately 4000 miles long and having a trans- 
mission time of about one-third of a second were set 
up to enable studies to be made of the working of 
echo suppressors. 

The teleprinter private wire services continue to 
develop steadily, and at the end of December there 
were approximately 452 private wire point to point 
services in operation. New centres for the tariff “A” 
type of private wire service were opened at Exeter, 
Plymouth, Weymouth, Coventry, Halifax, and 
Aberdeen, making a total of thirty-six places at. which 
these facilities are available. A teleprinter broadcast 
system was developed for renters who lease a number 
of tariff ‘‘A”’ circuits and require to diffuseinformation 
on a full or partial broadcast basis ; also a system for 
use in conjunction with P B Xs and apparatus on the 
ordinary telephone extensions. 

There were other telegraphic developments, but 
we must pass on to a brief consideration of wireless 
developments. A radio service between this country 
and Kenya was established in March and by the 
installation of submarine telephone cables, Ceylon 
and Tasmania were connected, vid India and Aus- 
tralia respectively. An ultra short-wave radio circuit 
was established between Guernsey and Chaldon, 
Dorset, and linked up with the land lines to form a 
London—Guernsey trunk circuit. A new system of 
duplex transmission which enables two messages to 
be sent simultaneously from one radio transmitter 
was tested at the Portishead wireless station. The 
messages are transmitted on two neighbouring fre- 
quencies, separated by approximately 10 kilocycles 





subscribers. Calls for time are now ten times more 
numerous than they were previously, and the exten- 








that satisfactory reception either of the two messages 
is possible by the usual type of ship’s receiver, and 
that the system will therefore be useful for relieving 
the pressure during peak periods of traffic. 

The particulars sent to us of work carried out by 
the Post Office are much more extensive than usual, 
but limitations of space have prevented us from giving 
more than a brief reference to some of the more 
important developments. 


Research. 

The researches undertaken by the British Electrical 
and Allied Industries’ Research Association during 
1936 are too numerous to be considered individually 
Among the more important was an extension of the 
work now being accelerated on materials subject to 
high temperatures. Several years ago the Associa- 
tion found that knowledge of the practice and prin- 
ciples of earthing afforded a promising field for 
research and by making an early start was ready to 
give valuable assistance to the I.E.E. Wiring Regula- 
tions Committee, the Electricity Commission, and 
to the industry generally. Problems of resistance 
values at high frequencies and under surge con- 
ditions are still receiving attention. Detailed work 
having an important bearing on safety and economy 
is being undertaken. A Safety Problems Section was 
formed to work in conjunction with the Institution 
of Electrical Engineers, the British Standards Insti- 
tution and others. Work is being planned on fire 
extinction in relation to the particular require- 
ments of the electrical industry. 

In the study of the fundamental properties of 
dielectrics the Association has kept well abreast of 
investigators in various parts of the world, and since 
high-tension D.C. developments are likely to be oi 
increasing importance, this aspect receiving 
attention in the laboratory. Further contributions 
have been made on the nature of electrical break- 
down. The study of flameproof switchgear was 
extended to cover industrial requirements other than 
those of mines. Work was also done on fusible cut- 
outs. More than one solution was found to the 
problem of producing a more reliable bottom bearing 
for integrating wattmeters and capable of reducing 
the cost of maintenance and loss of revenue arising 
from slow-running meters. 

Arising out of the work done on voltage variation, 
a committee was formed to consider the best methods 
of assessing the quality of the supply given. Much 
remains to be done in the field of interference with 
communication circuits, both in connection with the 
reception of sound and television pictures. Atten- 
tion was concentrated on short-wave work, on mercury 
are rectifiers as a source of trouble, and on earthing 
problems. 

The Metropolitan-Vickers research department 
devoted attention to the production of hard metal 
compositions, especially solders and high-grade ferrous 
alloys. X-ray inspection was extended to the routine 
examination of ebonite rods and condenser sheets. 
Research on the behaviour of metals at elevated 
temperatures was, as usual, one of the major investi- 
gations of the year. The work included measurements 
on the creep occurring under compound and diminish- 
ing stresses, on the failure of high creep resistant 
steels by intercrystalline cracking, and on the creep 
behaviour of weld deposits. The bearing of the 
natural frequency of vibration upon the maximum 
stress induced in an elastic structure by an impulsive 
load was explored, particularly in relation to flame- 
proof enclosures for mining equipment. In the high- 
voltage field, investigations were carried out on the 
electric strength of dielectric materials under impulse 
voltages and on the impulse strength of wrapped bars 
for large machines. The information already avail- 
able on the impulse sparkover of air gaps at voltages 
from 300 kV to 1000 kV was supplemented by further 
extensive tests on similar gaps at voltages below 
300 kV, using some small impulse voltage generators 
specially designed for the generation of standard 
waves. 

Research work at the Wembley laboratories of the 
General Electric Company related to television, 
'Osira high-pressure mercury lamps, cold cathode 
tubes, telephone transmission, photo-electric cells, 
heavy alloys, &c. The wattage range of standard 
Osira high-pressure mercury lamps was extended 
by the introduction of a 150-watt size. Similarly, 
the wattage range of the Osira floodlighting lamps was 
extended by the addition of a 150-watt neon and 
100-watt mercury lamps. 

Much important imvestigational work on electric 
discharge lamps was also carried out by the B.T.H. 
Company, and development of a new extra high- 
pressure lamp in a quartz tube is almost complete. 
Development has continued on the normal high- 
pressure Mercra lamps, the existing standard range 
is being expanded and the possibilities of 600 and 
1000-watt lamps are being explored. Important work 
was done on large cathode ray tubes for television 
purposes, while a new television receiver, designed 
to give the highest possible fidelity in vision and 
sound reproduction, was built. 

A notable addition to the research facilities was 
made by the opening in May of the high-voltage 
laboratory at the Queen Mary College in the Mile 
End-road. The setting to work of the General 
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Electric Company’s high-power testing laboratory 





by the use of a high-speed thermionic switching device. 
The tests showed that the system is workable, and 


at Witton, Birmingham, may also be regarded as an 





40 


THE ENGINEER 





Jan. 8, 1937 








important event. Views of the high-tension labo- 
ratory and of the generating station and alternator 
exciter belonging to the G.E.C. plant are given on 
page 38. 


Miscellaneous. 

While there were no drastic changes in electrical 
practice, mention may be made of one or two innova- 
tions in design and to certain tendencies in various 
directions. Owing to the modern inclination to use 
the individual drive for live rolls, the Metropolitan- 
Vickers Electrical Company developed a_ special 
range of squirrel-cage motors for this service. For 
more arduous duty, when reversals are numerous, a 
special cascade machine was developed, presenting 
among other advantages reduced rotor inertia 
which is often a large proportion of the total inertia 
to be accelerated. The losses due to accelerating the 
load can be dissipated outside the motor carcase in 
external resistances, thereby reducing the size of 
machines for a given temperature rise. 

According to the Metropolitan-Vickers Electrical 
Company, engineers are realising that for many 
applications, the advantages gained by the installa- 
tion of D.C. equipment soon repay any extra outlay 
involved. This preference for D.C. is not con- 
fined to industry, as power engineers are also 
showing a tendency to move in the same 
direction. When completed, the new Brimsdown 
station will embody some of the most modern and 
advanced improvements in power-house design, the 
entire boiler house auxiliaries being driven by D.C. 
machines. The induced and foreed draught fans, 
stokers, and feed pumps all have a wide speed range 
so as to control the boiler efficiently under all con- 
ditions. The motor speeds are controlled by separate 
excitation in conjunction with a variable voltage 
armature supply. The system of control employed 
obviates the necessity for separate starters, as the 
machines are started up on auxiliary bus-bars, and 
switched over to the main bus-bars when up to speed. 

An automatic regulating equipment developed by 
the Metropolitan-Vickers Company during the last 
few years was put into service on the Manchester 
Corporation system at the Stuart-street station. 
Though the capacity of the generating plant under 
control forms so small a proportion of the total of the 
North-West Section of the grid that the effect on 
the frequency is negligible, the extreme precision of 
control obtainable with the new gear has been amply 
demonstrated. 

A cascade induction motor drive for a condenser 
circulating pump in a power station was manufactured 
by the B.T.H. Company. The set is designed to give 
840 H.P. at 420 r.p.m., with a 14-pole slip-ring motor 
in operation, and 390 H.P. at 330 r.p.m. with this 
motor cascaded with a four-pole squirrel-cage motor. 
Normal operation is at the lower speed, the higher 
speed being used only while syphonic head is being 
established and during condenser-cleaning opera- 
tions. Another unusual machine built by this firm 
was a 500-kW, 110-volt, 4545 ampere rotary converter, 
which was a repeat order. Both machines are said 
to be the largest low-voltage converters so far built. 


A considerable number of B.T.H. machines 
were supplied during the year for driving 
Haubold super-cutters, which are machines for 
cutting paper into sheets and stacking. Where 


the supply is A.C., B.T.H. variable-speed motors 
have been used, while for a D.C. supply a reversible 
booster scheme has been adopted, which gives 
very steady running over the whole speed range 
and which has a special arrangement to ensure a 
smooth start being made. Developments in con- 
nection with B.T.H. sound reproducers were con- 
tinued throughout the year. An interesting sound 
equipment is an audible warning device supplied to 
the order of Wm. Wadsworth and Co., Bolton, for 
warning users of the Mersey Railway lifts. 

A new light-weight welding transformer, intended 
primarily for light welding purposes and suitable for 
welding stainless and other special steels, was intro- 
duced by the General Electric Company. The 
welding current can be varied between 20 and 100 
amperes in five steps, and a striking voltage of 
approximately 90 volts is available to ensure steady 
welding conditions when working on thin material. 
This set operates on 50-cycle single-phase supply at 
voltages ranging from 200 to 460 volts. A new electric 
motor, known as the “ Motorstar,’’ was also intro- 
duced by this firm. The starter is combined with the 
motor to form a self-contained unit and no external 
wiring other than that provided at the works is 
needed. , 

A new G.E.C. voltage regulator for generators 
works on the well-known principle of cutting in and 
out of resistance in the exciter field circuit, the 
machine voltage being determined by the relation 
between the time during which the resistance is in 
cireuit and the time it is short circuited. The action is 
effected by a gas-filled relay connected in the exciter 
field, and the duration of the periods is controlled by 
the voltage applied to the grid derived from the 
generator terminals. As the apparatus is devoid of 
moving parts maintenance is negligible. 

An electro-magnetically operated vibrating con- 
veyor or feeder introduced by the G.E.C. is worked 
direct from the A.C. supply in the same manner as the 
Sherwen A.C. screen. A rheostat connected in the 
circuit controls the amplitude and thus the speed at 





which the material travels along the conveyor. In 
this way it is possible instantaneously to vary the 
tonnage delivered by the conveyor from 0 to the 
maximum tonnage for which the conveyor is designed, 
which may be as much as 600 tons perhour. The 
material can be made to travel up-hill at an angle of 
7 deg. and wet or dry material up to 15in. in size can 
be handled. There are no bearings or cams to wear 


out and no parts to grease or oil. Another interesting 
development in the same category is a small portable 
vibrator for attaching to bunkers, chutes, &c., where 
the material is sticky or damp and will not flow. The 
unit eliminates the expensive and damaging process of 
hammering the bunkers or chute to loosen the 
material. The principle of operation is the same as 





that of the Sherwen screen and conveyor. 
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Railcars during 1936. 

N November 8th, 1935, a full deseription appeared 

in THE ENGINEER of the latest two-engined 
railcar manufactured by Hardy Motors, Ltd., an 
allied company of the Associated Equipment Com- 
pany, Ltd., of Southall, Middlesex. It will be recalled 
that the cars are a successful combination of two 
standard A.E.C. commercial vehicle oil engines, 
each developing 130 H.P. and each driving the axles 
of one bogie through a fluid fly-wheel and Wilson 
epicyclic gear-box. Ten of these cars were delivered 
to the Great Western Railway at the beginning of 
last year, bringing the total now in service on that 
railway up to seventeen. The first of them was a 








HARDY MOTORS RAILCAR FOR G.W.R. 


single-engined car delivered in 1934 and still giving 
satisfactory service. Three more were delivered 
later in the same year fitted with two engines. Three 
more in 1935. Of the ten cars ordered last year nine 
are of the standard passenger-carrying type, illus- 
trated above and as described, but the tenth 
has a similar chassis equipped with a special body 
as illustrated below for the carriage of parcels. In 
all the new cars a luggage compartment is provided 
and some are now fitted with a buffet. With the 
exception of a few minor alterations such 
longer side-bearing springs, Spencer-Moulton rubber 
auxiliary springs, and improved swing links and 
bolster springs, the cars are the same as earlier models. 
The engines have been altered in detail only and 
cast iron crank cases have been fitted. The cars are 
now running out of Birmingham, Newport, Bristol, 


as 


vid Reading, where it forms the nucleus of an interest- 
ing experiment. Parcel mail is no longer handled 
by the passenger trains, which thus avoid one of 
the principal causes of prolonged stops. It is carried 
entirely in the railcar, which leaves Paddington at 
3.40 a.m., calls at Addison-road, and then runs 
non-stop to Reading and non-stop again to Oxford. 
During the day an all-stations return trip and an 
all-stations round trip are made. The car puts up an 
average weekly mileage of 1392, not including service 
runs from and to the shed, &c. 

So far none of the A.E.C. railcars has been ‘used 
for trailer haulage, but a new chassis shortly to be put 
into service has been designed for this purpose with 
standard buffers and draw gear. It is fitted with special 
electro-pneumatic control gear to enable it to be 
driven from the trailer end. 

Another firm which is producing successful railcars 
for use in the British Isles as well as abroad is Walker 
Brothers, Ltd., of Wigan. One of the firm’s railcars 
was fully described in THE ENGINEER of September 
25th, 1936, and the articulated independent power 








RAILCAR POWER BOGIE 


bogie and driver’s cab adopted by Walker Brothers, 
Ltd., was commented upon. The design has two 
advantages in that the power unit is isolated so 
that any noise, smell, or vibration from the engine 
cannot be transmitted to the passenger compartment. 
In addition, the power bogie, which is detachable, 
readily accommodates itself to track irregularities 
without transmitting ‘ wracking strains” to the 
body, which actually rests on what is virtually a 
three-point suspension system. For repair or over- 
haul work the power bogie unit can quickly be dis- 
connected and replaced by a spare unit, thus ensur- 
ing continuity of service. A power bogie is illustrated 
above separated from the body. In this condition 
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G.W.R. PARCELS 


and Worcester, at each of which stations a spare car 
is stationed. The spare cars enable a routine main- 
tenance examination to be carried out after every 
25,000 miles. About 20,000 miles are covered in a 
week by the cars. The central point of the G.W.R. 
railcar network is actually Oxford, at which there 
are thirteen railcar arrivals and twelve departures. 
'. The parcels car is run on the London-Oxford route 











TRAFFIC RAILCAR 


it can be manceuvred under its own power. The 
bogie illustrated is a 3ft. gauge unit for a unidirec- 
tional car for the County Donegal Railway, which 
has already in service several earlier Walker Brothers 
cars. The power plant consists of a Gardner ‘6 LW” 
engine developing 102 B.H.P. at 1700 r.p.m., fitted 
with a plate clutch and four-speed sliding pinion 





gear-box in unit construction and driving through 
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a worm and worm wheel to the back axle. The 
complete car is 39ft. long, Tit. 6in. wide, seats forty 
passengers, and has a tare weight of 11 tons. It is 
fitted with C.A.V. lighting equipment and vacuum 
brakes on all wheels. It has a top speed of 36-5 m.p.h. 


and is capable of hauling two trailers up a gradient 


described. The complete vehicle is 50ft. long, 9ft. 6in. 
wide, seats sixty passengers, and has a tare weight 
of 153 tons. It is fitted with C.A.V. lighting equip- 


ment and vacuum brakes on all wheels, has a top 
speed of 51-6 m.p.h., and will negotiate gradients 
of 1 in 30 without difficulty. 





WALKER TWIN COACH UNIT FOR G.N.R. 


of 1 in 40 with a gross load of 24 tons. 
averages between 15/16 miles per gallon of fuel. 

One of the two railcars for the 5ft. 3in. gauge Great 
Northern Railway of Ireland, which were equipped 
with central power bogies by Walker Brothers, Ltd., 
is illustrated above. It contains a Gardner “6 L 3 
engine developing 153 B.H.P. at 1200 r.p.m. driving 


” 


The car 





OF IRELAND 


miles per day and is averaging 13-75 miles per gallon 
of fuel. The Walker system of articulation has proved 
especially suitable for the prevailing rough track 
conditions, as the power bogie is free to accom- 
modate itself to irregularities without transmitting any 
of the vibrations to the coach body. 

Two 100 H.P. unidirectional railcar chassis [were 








WALKER 100 H.P. 


through a hydraulic coupling and Wilson four-speed 
epicyclic gear-box. The complete car is 126it. 
long, 9ft. 6in. wide, seats 159 passengers, and has a 
tare weight of 40 tons. It is fitted with C.A.V. 
lighting equipment and vacuum brakes on all wheels. 
It has a top speed of 42 m.p.h. on the level, and is 
capable of maintaining a high average speed over 








CHASSIS FOR 100 H.P. 


stiff gradients. These cars are now doing 260 miles 
per day and conveying 200 passengers for a fuel 
cost of about 1d. per mile. 

Another railcar illustrated has been built for 
the 4ft. 8}in. gauge Peruvian Corporation, Ltd., 
railway. It is a unidirectional unit fitted with a 
standard power bogie, practically identical with that 
fitted to the County Donegal Railway car just 








RAILCAR FOR PERU 


also supplied by Walker Brothers, Ltd., to the Sao 
Paulo Railway of Brazil. One is for use on the 5ft. 3in. 
gauge sections, the other on the metre-gauge sections. 
One of the chassis is illustrated below. In each 
case a Gardner 100 H.P. engine is fitted, with a plate 
clutch and a Cotal electrically controlled epicyclic 
gear-box in unit construction driving through a worm 





and worm wheel on to the back axle. Drivers’ 
cabs are fitted, but the coach body was constructed 
locally in order to save the heavy freight charges. 
Both cars have the same size of body and the 
overall length of each vehicle is 5lft. and the 
width 8ft. 6in. Each body will accommodate 
forty-eight passengers, buffet, and lavatory. Each 
car is also fitted with C.A.V. lighting equipment and 





This car is running 250 


has vacuum brakes on all wheels. The tare weight 
of each chassis, complete with driver’s cab, is 114 tons. 
The broad gauge car is geared for a top speed 
of 45 m.p.h., and the metre gauge for 40 m.p.h., as 
it has to contend with gradients of 1 in 30. 

A special high altitude car is under construction 
at Walker Bros. for the same railway for use on the 
4ft. 8hin. gauge section. It is fitted with two 100 H.P. 
dual directional power bogies with special equipment 
to enable the engines to develop their nominal horse- 
power irrespective of the variation in altitude. 
The power unit consists of a Gardner engine 
fitted with hydraulic coupling and five-speed epicyclic 
gear-box driving through a spiral bevel reverse to the 
back axle. Each bogie will be fitted with independent 
air brakes as well as emergency magnetic brakes, and 
the bogie pivots are to be positioned so as to throw the 
maximum weight on to the driving axle for adhesion. 
By reason of the Walker system of articulation this 
car, though 6lft. long, will be able to negotiate 
100 m. curves at speed with greater ease than would 
otherwise be possible for mountain railway work. 
It will have to climb 74 miles of 1 in 30 containing 
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WIRING DIAGRAM OF A.B.E. TRANSMISSION 


stretches of 1 in 22, 1 in 25, and 1 in 28, and combat 
@ variation in altitude varying from sea level up to 
15,800ft. over a distance of 216 miles. It will be 
fitted with C.A.V. lighting equipment and swivelling 
head lamps and will be heated. 

Finally two Sit. 3in., 200 H.P., dual directional 
power bogies are being supplied to the Great Northern 
Railway of Ireland for use as central power bogies, in 
two-coach units illustrated in a line engraving. 
The units in this instance consist of two Gardner 
“6LW ” engines driving through hydraulic couplings 
and five-speed epicyclic gear-boxes on to each axle 
most remote from the engine. The total length of the 
vehicle is 125ft. 6in., with a tare weight of 44 tons. 
It will have accommodation for 164 passengers and 
63 square feet of luggage space. Each car will be 
fitted with C.A.V. lighting equipment and vacuum 
brakes on all wheels. It will have a top speed of 
50 m.p.h. and will be used for suburban as well as 
main line traffic. While generally similar to the twin- 
unit cars at present in service, the power bogies in 
this case are more powerful and only mounted on four 
wheels to give greater adhesive weight. 





The English Electric Company, Ltd., of Preston, 





RAILCAR FOR,SAO PAULO RAILWAY OF BRAZIL 


has_ under construction three complete oil-electric 
trains for the Ceylon Government Railways. Each 
train will.consist of a four-coach articulated light- 
weight streamlined unit, and they will be the first of 
their type yet built in this country. Each will be 
equipped with two English Electric, ““H” type 
220 B.H.P., 1500 r.p.m., six-cylinder, four-stroke, 
solid injection oil engines, one being mounted at 
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each end of the train. Normal traction type nose- 
suspended motors on the two axles of the bogies are to 
be fitted at each end of the train. The trains will be 
notable for the body construction. An all-steel 
welded structure takes the place of body frame, thus 
making the whole car a single girder from the stress 
also 


point of view. Several other railcars are 
under construction, embodying this principle of 








and one of these will be fitted with completed body 
work. The structural bodywork of the others will be 
made by Park Royal Coachwork Ltd., and the 
coaches completed in Australia. 

The power equipment of these cars consists of the 
Armstrong-Saurer 140 B.H.P. engine, with A.B.E. 
electrical transmission, both of which are now well 
known. Certain improvements have, however, taken 





In THe ENGiIneER of August I4th last a full 
description of the Coventry railcar—illustrated in 


Fig. 18—appeared. It will be recalled that this 
vehicle is driven by an Armstrong -Siddeley 
twelve-cylinder petrol engine and is equipped 


with pneumatic tires. Light-weight construction is 
rendered possible by the use of the tires, which also, 
it is claimed, make very high speeds safe owing 
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WALKER TWO-COACH 200 H.P. RAILCAR 


construction. They are equipped with either electric 
or mechanical transmission. The E.E.C. oil engines 
are manufactured at the firm’s Rugby works and the 
electrical equipment at Bradford, not, as stated in 
last week’s issue, at Preston. 

Sir W. G. Armstrong, Whitworth and Co. (Engi- 


neers), Ltd., have under construction at Newcastle 


SX 





FOR G.N.R. OF 

place, and it is interesting to note that the engines 
are now fitted with twin starter motors and that a 
C.A.V.-Bosch lighting generator is employed. The 
voltage of the auxiliary system is 24 volts, which is 
the standard adopted by most railways. The contro] 
of the A.B.E. transmission has been modified in 
certain respects to obtain further simplification, and 


























IRELAND 

to the high braking adhesion available. ‘Two of 
these cars are now on trial on the L.M.S. and 
are running regular services on the Rugby, 


Market Harborough, Wansford, Northampton line 
and on the Rugby, Leamington Spa, Coventry, 
Nuneaton line. 

During the year the Drewry Car Company, Ltd., ot 








nine 300 B.H.P. engines for use in railcars on the 
Central Argentine Railway. Two engines are to be 
fittec. with Wilson epicyclic gear-boxes and hydraulic 
couplings and the remaining seven with 8.L.M. five- 
speed gear-boxes, which are now being manufactured 
at Scotswood works under licence. All the engines 
have been designed for three-point suspension. <A 














COVENTRY PNEUMATIC-TIRED RAILCAR 


reference to the wiring diagram shows how eftectively 
this has been achieved. Considerable development of 
the engine control system has taken place and a 
refinement has now been introduced consisting of 
an oil servo-governor providing for a series of engine 
speeds. The control solenoids act directly on the 
appropriate valves, thereby dispensing with the com- 


London, secured an order tor ninety-nine double- 
bogie railcars for the Buenos Aires Great Southern 
and the B.A. Western railways. The cars will be 
fitted with fluid fly-wheels and Wilson epicyclic 
gears. 

A full description 
below appeared in THE 


of the railcar illustrated 
ENGINEER of December 27th. 














B. R. AND W. Co.'s 140 B.H.P. RAILCAR FOR BUENOS AIRES WESTERN RAILWAY 


governor, in which the spring pressure is altered by 
means of a hydraulic servo, is being fitted. Remote 
control of this hydraulic servo is effected by a 
Westinghouse air control, which enables the driver 
to set the governor at any speed he chooses within 
the working range. 

Six railear chassis for the Western Australian 
Government Railways are also under construction, 





paratively large solenoid control which was previously 
employed to operate the fuel lever of the C.A.V.- 
Bosch fuel pump. The characteristics of the trans- 
mission are harmonised with this method of contro] 
with a view to arranging that at all loads the combus- 
tion conditions of the engine shall approach the 
ideal. It is interesting to note from the diagram that 
no power voltage is brought to the controllers. 





1935. Two of this type of vehicle were delivered by the 
Birmingham Railway Carriage and Wagon Company, 
Ltd., Smethwick, Birmingham, for service on the 
5ft. 6in. gauge tracks of the Buenos Aires Western 
Railway. The design was prepared under the direc- 
tion of Messrs. Livesey and Henderson, and includes 
a Gardner six-cylinder engine developing 140 B.H.P. 
at 1100 r.p.m., housed at one end of the car and driving 
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a Crompton-West separately excited generator, 
feeding two axle-hung traction motors. The cars 
have @ maximum speed of 65 m.p.h., seating accom- 
modation for twenty passengers, accommodation for 
2 tons of luggage, and a lavatory. It will be recalled 
that the control system operates by combined throttle 
and excitation from either end of the car, and that a 
combined Westinghouse straight air brake and 
Lockheed fluid brake system is used to operate 
Ferodo-lined internal expanding shoes in 17in. 
diameter brake drums bolted to the disc wheels. In 
running order the whole car, including fuel lubricating 
oil and water, weighs 22 tons 16 ewt. In addition to 
these two cars, the semi-streamlined, all-metal rail- 
car, which is illustrated below, was. also designed 


engines being started except in neutral, or once the 
engine has fired, and to stop the engine in the event 
of water or oil supply failure. A further safety device 
is the double free-wheel fitted, which allows the train 
to be driven in the event of one engine failing. Triple 
radiators are used with separate elements for water, 
lubricating oil, and transmission fluid. The cars are 
carried on two four-wheeled bogies and have accom- 
modation for sixty passengers and luggage. Nine 
sets of traction units have also been ordered for New 
South Wales, consisting of a Leyland 10-litre petrol 
engine developing 140 B.H.P. at 2200 r.p.m. The 
torque available at 1000 r.p.m. is 430 pounds-feet. 
The details of these sets are similar to those of the 





B.A.P., except that a special governor has been fitted 


of the railcars built in New Zealand have been of the 
three-axled type, employing a free two-axled bogie. 
Leyland power units have been mounted in the fixed 
frame and the third axle has been driven. In the case 
of the new double-engined cars, however, each power 
unit will be bogie mounted. The cars will have 
flush-sided streamlined bodies seating fifty-two 
passengers and will be fitted with six thermo- 
statically controlled Clayton heaters per car. The 
overall length will be 66ft., bogie wheel base 9ft. 3in., 
and bogie pivot centres 42ft.6in. Otherdimensionsare, 
height to roof from rail 10ft. 2in., and height above 
floor level 8ft. 94in. These cars will weigh approxi- 
mately 26 tons each, and, it is anticipated, will form 
the standard basis for the railways’ future rolling stock. 
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under the direction of Messrs. Livesey and Hender- 
son, and built by the Birmingham Railway Carriage 
and Wagon Company, Ltd., and is the first of eleven 
now under construction by that firm for the Entre 
Rios Railway Company, Ltd. The cars were designed 
for both long-distance main line traffic and shorter 
suburban runs, and have a cruising speed of 60 m.p.h. 
and @ maximum of 65 m.p.h. 

Two standard Gardner “5 L 3” compression 
ignition oil engines (one at either end of the car), each 
developing 1273 B.H.P. at 1200 r.p.m., and fitted 
with Visco air filters, are each coupled to a Wilson 
pre-selective four-speed gear-box through a Vulcan- 
Sinclair hydraulic coupling. The drive is then by 
Hardy-Spicer propeller shaft to a Bostock and 
Bramley-combined forward and reverse gear-box, 
with a final worm drive situated on the rear axle of 
each bogie. 

The gear chenge and forward and reverse control is 
electro-pneumatic, and the controller is situated under 
the instrument panel. The controls are mechanically 
interlocked, so that it is impossible to engage a gear 
with the forward and reverse control in neutral and 
also impossible to engage a direction unless the gear- 
box is in neutral. 

An overspeed governor is fitted on the gear-box, 
which, in the event of a mistake on the part of the 
driver in changing down at too high a speed, thus 
making the car drive the engines above their maxi- 
mum revolutions, automatically places the gears in 
neutral, and the governor has to be reset by hand 
before the gears can again be engaged. The brakes 
are of the Girling type, supplied by the Consolidated 
Brake and Engineering Company, Ltd., the com- 
pressed air necessary being obtained from a com- 
pressor driven direct from one engine by Brammer 
belts. The compressor also feeds the control system 
for the gear and direction change control. 

The cars have a tare weight in running order of 
28 tons 18} ecwt., and are fitted with first and second- 
class saloons and lavatories, buffet, mail and baggage 
compartments and drivers’ cabs at each end. The 
Birmingham Railway Carriage and Wagon Company. 
Ltd., is also constructing two articulated ears and two 
single-unit cars for the Central Argentine Railway, to 
be fitted with the Armstrong-Sulzer engines and 
S LM gear-boxes already mentioned, and two Ley- 
land engine and torque converter vehicles for the 
Buenos Aires and Pacific Railway. These cars are 
fitted with 10-litre Leyland direct-injection central 
spray type engines, with push-rod operated over- 
head valves. They develop 120 B.H.P. at 1900 
rp.m. At 1000 r.p.m., the normal engine speed, 
382 pounds-feet torque is available. The drive is 
taken vid a Leyland hydraulic torque converter 
built on the Lysholm-Smith system to a double- 
reduction spiral bevel and spur wheel final drive. 
The propeller shaft drives a bevel pinion, which 
meshes with crown wheels on either side. A central 
sliding dog clutch meshing with a bull gear pressed 
on the axle can engage one or the other crown wheels. 
Air pressure and manual brakes are fitted and the 
controls are electro-pneumatically operated, switch- 
operated Westinghouse magnet valves controlling 
the air supply to the neutral or direct control on the 
torque converter and to the reversing gear. The cars 
are built for multiple unit operation, and the con- 
nectors allow of indiscriminate coupling. The engines 
have the standard Bosch idling and overload governor 
fitted in the fuel pump and the “ throttles ” are syn- 
chronised by the Newton hydraulic synchronising 
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to the petrol engine throttle. A compressed air con- 
trol is fitted on the throttle “ responder ”’ control, 
the pressure of which is controlled by means of a 
self-lapping valve. A hydraulic control is used on the 
throttle itself. 

The L.M.S. Railway Company has ordered from 
Leyland Motors, Ltd., nine traction units for two 
three-car articulated trains, and three spare units. 
In this case the 8-6-litre oil engine is of the ante 
chamber type and has an overhead camshaft. It 
has @ maximum brake horse-power of 120 at 2200 
r.p.m., and 326 pounds-feet torque at 1250 r.p.m. 
The train sets are to be carried on two normal bogies 
and two articulated bogies. Electro-pneumatic 
controls throughout are fitted, and include a dead- 
man’s handle, which brings all transmissions to 
neutral and all engines to idling speed as well as 
applying the brakes. In addition, the transmission 
cannot be engaged unless all doors are closed. Two 
10-litre oil engine traction sets are also under con- 
struction for the L.M.S. Northern Counties Committee 
in the Belfast area, to be incorporated in cars of 
the railway company’s manufacture. 

Orders for twelve units have been placed with the 
same firm for double-engined railcars of a design 
entirely new to the New Zealand Government 
Railways, which are now under construction at the 
railways’ Hutt workshops. Hitherto, the majority 





RAILWAY 


The traction units will be of the same standard 
design as the B.A.P. units already described. Water 
radiators for the engines are to be mounted on the 
underframe between the bogies, and the fans will 
be driven from two auxiliary drives, one from each 
engine. The lighting dynamo will also be belt driven 
from one of the auxiliary drives. A simple yet 
efficient method is to be used for cooling the engine 
compartment. Engine exhaust pipes are to be 
coupled to the roof of the car by a universal joint, 
and the pipes will be surrounded by tubes which lead to 
the engine compartment. Hot air will be drawn from 
this compartment, vid the tubes, by the extractor 
action of the exhaust gases. Special radiatorscomplete 
with thermostats are to be provided for cooling the 
lubricating oil and torque converter fluids. Com- 
pressed air brakes are also to be used. Four sets have 
also been built for the Mogyana Railway of Brazil, 
each equipped with a Leyland 8 - 6-litre direct-injection 
overhead cam shaft engine, having manual control 
operation for single-unit work. 

Two hydraulic torque converters have been supplied 
by the Variable Speed Gear, Ltd., of Westminster, to 
the Queensland Railway Department for bolting direct 
to Gardner “6 LW” engines of 102 B.H.P. at 1700 
r.p.m. The power units have been fitted in railcars 
built in the Ipswich works of the Queensland Railways. 





(To be continued.) 








N the trade section of the Physical Society’s 
Exhibition, held at the Imperial College of Science 

and Technology from Tuesday to Thursday of this 
week, eighty-two firms were represented. Most of 
them were showing electrical instruments and 
apparatus which for a long time past have been pre- 
dominating features of the show. In the researeh 
and educational section there were twenty-seven 
exhibitors, including individuals, associations, and 
research organisations connected with firms and 
Government Departments, such as the N.P.L. and 
the G.P.O. The exhibits in this portion of the 
Exhibition were, as usual, of a very diverse character, 
and appealed to mechanical and electrical people 
alike, the mechanical exhibits consisting, among 
other things, of a simple apparatus for the accurate 
measurement of the thermal expansion of metals, 
the Haigh-Robertson fatigue testing machine for 
wire, a model of a four cylinder engine to illustrate 
the principles of dynamic balance and a recording 
gyroscope. 

The usual competition for learners and apprentices 
was held and examples of craftsmanship and draughts- 
manship for which the competitors were responsible 
were on view. Much of this work was very creditable, 
especially as the limiting age for those taking part 
in the competition is under twenty-one. Dr. C. V. 
Drysdale, Dr. H. J. Gough, Professor A. F. C. 
Pollard, and Mr. W. Taylor were the judges, and their 
decisions will be published in the February issue of 
the Journal of Scientific Instruments. Discourses 
were delivered in the Physics Lecture Theatre of the 





gear. Safety devices are provided to prevent the 





College on January 5th and 6th. The first was on 


The Physical Society’s Exhibition. 


No. I. 


* Electrical Measurements in the ‘Eighties, Particu- 
larly those Associated with Ayrton and Perry,” 
delivered by Sir James Swinburne ; and the second 
on ‘The Influence of Industrial Research on the 
Development of Scientific Instruments,’ by Dr. 
Harry Moore, Director of the British Scientific 
Tnstrument Research Association. 

One of the exhibits of the British Thomson- 
Houston research laboratories was apparatus for 
experiments on phosphorescent light. It consists of 
a wooden cylinder (Fig. 1) revolving in front of a 
powerful source of radiation. The cylinder is coated 
with phosphorescent material and the radiation from 
the exciting lamp is confined to a narrow band of 
rays falling on the part of the periphery of the 
cylinder remote from the observer. Owing to the 
speed of revolution of the cylinder the phosphorescence 
caused by the irradiation can be observed a fraction 
of a second after the cylinder has been excited. Thus 
there is no appreciable decay of the phosphorescent 
light before observation, nor is any fluorescence 
excited by the radiation visible to the observer. The 
cylinder appears luminous all over its surface and 
has in this particular example a surface brightness of 
10 equivalent foot-candles. 

For another experiment the apparatus consists of a 
-athode ray tube having a screen coated with material 
exhibiting phosphorescence after exposure to electron 
bombardment. The electron beam of the cathode 
ray tube is made to trace continuously a random path 
of varying velocity of travel, and enables the phos- 
phorescent after-glow to be observed after varying 
bombardment periods. 
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The vibratory fatigue testing machine shown 
in Fig. 2 was another B.T.H. exhibit. It is 
designed to test the vibratory fatigue properties 
of strip materials, both ferrous and non-ferrous, 
by single cantilever vibration. By special attach- 
ments double cantilever vibration can also be 
applied. The specimen is clamped at one end and is 
vibrated by a rod of high-tensile steel, 12in. long, 
acted upon by a 50 C.P.S. A.C. magnet. The vibrator 
and test piece vibrate in tune at 100 vibrations per 
second. When the test piece develops a crack or 
fault the vibration gets out of tune, causing the equip- 
ment to cease operation. The time of vibration is 

















FiG. 1—APPARATUS FOR PHOSPHORESCENT LIGHT 
EXPERIMENTS—B.T.H. 


recorded by an electrical clock, so the number of 
vibrations to cause failure are known. 

A small and inexpensive automatic voltage regu- 
lator (Fig..3) for A.C. or D.C. generators or syn- 
chronous condensers was exhibited Ly the Metro- 
politan-Vickers Electrical Company. It is easy to 
install, requires little attention and, having a wide 
range of field control, is particularly applicable to 
venerators that are driven by prime movers without 
accurate speed governors. It is capable of maintain- 
ing the voltage within +2} per cent. from no load 
to full load and can be applied to any shunt-wound 





vided with power factor compensation to ensure the 
automatic sharing of wattless current. 

The regulator consists of a carbon metal rheostat 
(Fig. 4) composed of two stacks of rectangular carbon 
plates aa. One stack can be connected either in 
series or in parallel with the other. Near the front of 
each carbon plate is a silver contact b b, and near the 
rear edge a high-resistance spacer c. Under each 
plate is a metal spacer d, which acts as a fulcrum upon 
which the plate can be rocked. Each stack of plates 
can be tilted forward or backward by means of a rod e 
and lever f pivoted at g under the control of a solenoid 
h energised from the regulated circuit. When the 
stacks are tilted forward there is a path of negligible 
resistance through the silver contacts, but when they 
are tilted backward they form a high-resistance path. 
The action of the regulator is damped by flexibly 
coupling the lever f to the piston of an air dashpot, 
and hunting is thereby checked. 

When the control solenoid is de-energised or the 
voltage is sufficiently low the stacks are tilted forward 


so that the silver contacts are closed and all the | 


resistance in the regulator is short-circuited. Under 
normal operating conditions, 7.e., when the regulated 
voltage is within the set limits, a proportion of the 
plates—approximately the upper half of each stack— 
are tilted forward and the corresponding number of 
silver contacts are closed. A small rise in the voltage 
of the regulated generator causes the closed silver 
contacts to open in succession until the increase in the 
resistance of the stacks is sufficient to restore the 
regulated voltage to its proper value. Similarly a 
small fall in the voltage causes contacts to close in 
succession until the correct voltage is restored. If it 
is desired to alter on site the normal voltage to be 
maintained by the regulator, a separate hand- 
operated rheostat is connected in the solenoid circuit. 
Usually the rheostat supplied for this purpose 
gives a range of adjustment of --5 per cent., but 
other ranges can be provided. 





In some instances a | 


discriminating no-volt relay operating in conjunction | 


with a protective cut-out switch is installed to provide 
protection against the results of abnormal circuit 
conditions. If the A.C. pressure of the regulated 
circuit exceeds 440 volts a voltage transformer is 
necessary to operate the solenoid. Where power 
factor compensation provided, current trans- 
formers are also required. 

,The automatic furnace temperature regulator 
shown in Fig. 5 has been developed by the Metro- 
politan-Vickers Electrical Company for controlling 
the temperature of resistance furnaces of the muffle 
type. Designed for operation on A.C. mains, it is said 
to be extremely sensitive and reliable. Furnace 
temperature can be held at 600 deg. Cent. to within 
+0-1 deg. Cent. over several hours or to within 


is 


-+-0-5 deg. Cent. for periods of about a week, and a | 





working range of 20 deg. to 600 deg. Cent. is possible. | 


The regulator consists of a Wheatstone bridge, one 
arm of which is a platinum resistance thermo- 
meter in the furnace. Unbalance of the network 
causes the contacts of a highly sensitive moving coil 
relay to close, thereby reducing the bias on the grid 
of a pentode amplifier, when the resulting increase 
in anode current closes a power relay, consisting of a 














FiG. 2—VIBRATORY FATIGUE TESTING MACHINE—B.T.H. 


exciter or generator on which the maximum field 
current does not exceed 10 amperes, provided the 
resistance required in the regulator is not more than 
50 ohms and’ that the power to be dissipated con- 
tinuously in the regulator does not exceed 100 watts, 
although special arrangements can sometimes be 
employed to meet individual requirements. The 
rheostat element can be connected in series or in 
parallel with the hand regulator of the controlled 
machine, which may be any shunt-wound D.C. 
generator, up to about 25 kW operating alone. In 
the case of A.C. generators the automatic regulator is 
applied to the exciter shunt field and is suitable for 
main generators up to about 250 kW. When several 
generators are operated in parallel a separate auto- 
matic regulator must be installed for each machine, 
and it is desirable that each regulator should be pro- 





thermally operated vacuum switch which controls 
the furnace current. 

The moving coil relay carries but a few micro- 
amperes, thus minimising “ stiction”’ of the contacts, 
which is also reduced by superimposed impulses 
delivered at twenty-second intervals from a con- 
denser discharging through a neon lamp. The power 
relay has an inherent time delay sufficient to prevent 
its operation under the action of the impulse from the 
neon lamp circuit, thus obviating undue deterioration 
of the contacts. Compensation for variations in 
ambient temperature is provided and the equipment 
is protected against parasitic oscillations, Other 
exhibits of the Metropolitan-Vickers Electrical Com- 
pany were a portable subjective noise meter and a 
remote indicating equipment. 

The Evershed-Midworth telemeter system, deve- 





loped by Evershed and Vignoles, of Chiswick, was 
demonstrated for the first time at the Physical 
Society’s Exhibition in 1936. It will be recalled that 
it is a simple A.C. system of distant indication applic- 
able to the direct indication of the level of water in 
distant reservoirs or to the indication of other quan- 
tities when the limited amount of power necessary to 
move the transmitter is available. The system has 
now been adapted for two-way signalling and a 
demonstration equipment was shown. As indicated 
in Fig. 6, the equipment at each signalling station 

















FIG. 3-VOLTAGE REGULATOR—METROVICK 
consists of a balance indicator and a wire-wound 
resistor, to each end of which a copper-oxide rectifier 
is connected, the resistor being traversed by a contact 
arm with a silver contact roller operated by the 
person transmitting the signal. The balance indicator 
is a simple moving coil milliammeter. A.C. supplied 
to the circuit through a transformer is split into 
positive and negative components by the half-wave 
rectifiers which are oppositely connected. 

When the contact arms of the resistors at the two 
signalling stations are in corresponding positions thx 
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FiG. 4—DETAILS OF VOLTAGE REGULATOR 


impedance offered to both halves of the wave will 
be the same and the wave form of the current through 
the balance indicators and in the pilot wires is sym- 
metrical. Thus the indicators take up the central or 
balance position. But if one of the contact rollers be 
moved to anew position a signalis transmitted. The 
impedance offered to one half of the wave will differ 
from that offered to the other half and the current 
in the pilot wires and through the balance indicators 
will not be symmetrical. 

The moving coil balance indicators deflect one way 
or the other, depending on which component of the 
A.C, is the greater, and balance can then only be 
restored by moving the other transmitter to a corre- 
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sponding position, 7.e., by replying to the signal. The 
equipment operates on 230-volt A.C. mains through a 
small step-down transformer and a limiting resistance 
in the circuit prevents damage should the pilot lines 
When a balance has 
A.C. are 


be accidentally short-circuited. 
been restored the two components of the 


for large installations requiring a number of water 
tubes. Its compact design and rectangular shape 
enable a number of units to be grouped in a minimum 
space, every conductivity tube having its individual 
indicator. Each of these units is enclosed in a case 
of non-corrosive aluminium alloy containing a 3in. 

















F1iG. 5—-FURNACE TEMPERATURE REGULATOR—METROVICK 


always equal and the accuracy of the system is there- 
fore independent of changes in the line or other 
resistances in the circuit, such as contact resistance 
between the silver contact rollers and the resistors. 
As many as one hundred signals can be transmitted 
with accuracy with only one pair of pilot wires 
between two signalling stations. Moreover, the 
current in these wires may be as small as 12 milli- 
amperes, which is a great advantage when the resist- 
ance of the pilot wires is high and the current or 
voltage is restricted. Moving coil relays introduced 
anywhere in the series circuit can be arranged to give 
an audible or visible change of signal or of an inter- 
ruption in current. 

A new alarm type of Dionic water purity meter was 











PILOT LINES. 




















Swain Sc 


THE ENGINEER’ 


Fic. 6-TWO-WAY TELEMETER—EVERSHED 


another Evershed exhibit. The water conductivity 
tube (previously shown at this Exhibition) consists 
of two glass tubes mounted in a gun-metal case and 
separated by a central tube of moulded insulating 
material which carries the positive platinum electrode. 
The casing which acts as the negative electrode also 
contains an automatic temperature compensation 
device, providing continuous compensation over @ 
range from 15 deg. to 75 deg. Cent. The indicating 
meter forms a separate unit from the water tube, to 
which it is connected by a two-core cable. This special 
indicator unit embodies several novel features and 





was designed particularly for marine purposes and 


scale indicator, a warning lamp, terminals to which an 
alarm bell may be connected, and a main switch of 
the quick make-and-break type. In addition, each 
contains two push button switches engraved respec- 
tively “ Stop-bell ” and ‘ Re-set.” 

The indicator (Fig. 7) is a specially constructed 
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“Tre Encincen” 


D.C.—Deflecting coil. 
D.C.R.—Deflecting coil 
ance, 
C.C.—Control coil. 
C.C.R.—Control coil resistance. 
A.—Contact on instrument 
pointer. 


B.—Contact on alarm pointer. 
D.—Instrument pointer stop. 
E.—Relay operating coil. 

F. —Switch contacts. 
H.—Control springs. 

J.—Press to stop alarm bell. 
K.—Press to reset alarm. 


resist - 


FiG. 7—DIONIC WATER PURITY INDICATOR— 


EVERSHED 


ohmmeter, the movement of which consists of two 
coils, the deflecting coil D C and the control coil C C. 
The latter, which is in series with the control coil 
resistance CCR, is connected directly across the 
supply terminals. The operating current, the magni- 
tude of which depends on the electrical conductivity 
of the water under test, passes from the positive 
terminal of the triple-pole switch through the deflect- 


the water tube, the deflecting coil DC, and back to 
the negative supply terminals. As the two coils D C 
and C C are in parallel across the supply, any change 
in supply voltage will affect both coils in a similar 
manner, so that the instrument reading is independent 
of voltage fluctuation. 

When the pointer has deflected to such an extent 
that the contacts A and B are closed the water tube 
is short-circuited through these contacts and the 
switch K. The consequent increase in current pro- 
duces an additional torque in the deflecting coil 
which holds the contacts A and B together, preventing 
dither and sparking. The increased current also 
operates the relay E, thus closing the contact F, F,,. 
lighting the warning lamp and sounding the alarm 
bell. Once it has fulfilled its object of attracting atten- 
tion, the alarm bell may be cancelled by depressing 
the “‘ Stop-bell ” button J and breaking contact at Fy. 
Although only one alarm bell is required for a multi- 
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10.—High pressure heater drain. 
11.—-Low pressure steam. 
12.—Evaporator. 

13.—High pressure steam. 

14.— Distiller. 

15.—Cooling water. 

16.—Distilled water tank. 


1.—Turbine. 
2.—Condenser. 
3.—Extraction pump. 
4.—Ejector cooler. 
5.—Drain cooler. 
6.—Hot well. 
7.—Feed pump. 
8.—Low pressure heater. 17.—Boiler. 

9.—High pressure heater. 18.—Raw water. 

D, ‘‘ Dionic ” to test for condenser leakage, should be installed 
after extraction pump and before any heaters. 

D, “‘Dionie”’ to test for leakage of cooling water in distiller, 
also evaporator priming. 

Ds “ Dionic ” to test evaporator priming and boiler priming. 


FIG. 8-STEAM PLANT WITH WATER PURITY METERS 


unit equipment, the circuit is so arranged that the 
cancellation of the bell by one unit still allows it to 
operate in the event of any other indicator reaching 
the alarm point. The warning lamp in the indicator 
unit affected will, however, remain alight, thus acting 
as a constant reminder of the condition. 

Not until the salinity has again fallen below the 
alarm point can the red light be extinguished by press- 
ing the ‘“ Re-set” button K, and this operation 
automatically re-connects the bell in circuit. In 
Fig. 8 is shown a typical lay-out of a turbine, con- 
denser, and boiler plant, indicating the positions in 
which Dionic water purity meters may be con- 
nected to test the purity of the water. 

Apparatus used at the new Fulham power station 
for the distant transmission of instrument readings 
was one of the exhibits of Everett, Edgeumbe and 
Co., Ltd., of Hendon. It is known as the “ auto- 
repeater ’’ system and is shown diagrammatically in 
Fig. 9. In the particular case mentioned the originat- 
ing instrument B takes the form of an unbalanced 
load wattmeter summating the outputs of turbo- 
alternators with an ultimate total capacity of 
300,000 kW. The torque of B is opposed by that of the 
permanent magnet movement K. Assuming the 
former to be exerting the greater torque, the contact 
D closes in a forward direction, thus energising the 





ing coil resistance D C R, the relay operating coil E, 


‘“* Synclock”’ motor E, and driving the toothed sector C 
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FiG. 9—AUTO-REPEATER SYSTEM—EVERETT 
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towards the right. This causes the induction regu- 
lator M to produce an inuzeased current which, after 
rectification at R, passes through the winding of the 
movement K. The gradual increase of current con- 
tinues until the torque of K equals that of B, thus 
bringing the contact D into the central or “ off” 
position. If the kilowatts diminish the other contact 
of D will be closed, thus energising the “‘ Synclock” 
motor E,, thereby turning C to the left and reducing 
the current in K until equilibrium is once more 
restored. In this way a D.C. strictly proportional to 
the torque of B (i.e., to the power) is passed into the 
pilot wires and thence through the windings of the 
receiving instrument. In the case of the Fulham 
power station these instruments are so large that a 
direct-acting movement cannot be used to operate 
the pointer, and a repeating instrument similar to 
that shown at B and K is employed. 





Among other Everett-Edgcumbe exhibits was a 
direct-reading leakage indicator for D.C. systems 
designed by Messrs. Stubbings and Quenza for use 
by the London Passenger Transport Board on its 
D.C. trollybus systems, which have both poles insu- 
lated. It consists essentially of a D.C. voltmeter of 
given resistance, provided with an external zero 
adjuster whereby the pointer can be brought to any 
part of the scale. The instrument is first connected 
between the positive main and earth, when the pointer 
deflects to the right. It then is to be brought back 
to zero by the zero adjuster. The instrument is next 
connected between the negative main and earth, and 
the resulting deflection then indicates the combined 
insulation in ohms of the system on a direct reading 
scale. The arrangement is equally applicable to 
three-wire systems. 

(To be continued.) 








Letters to 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


on 


TRAIN RESISTANCE. 


Srr,—The data on the resistance of British locomotives 
and rolling stock, given recently by Mr. Stanier to the 
British Association, is considerably more optimistic than 
that of Messrs. Kelway Bamber, O’Brien, and Lawford Fry. 

So far as moderately high speeds are concerned, the 
following figures may be of interest. They are typical 
ones, calculated from extensive observations during 
August and September last, on the southbound descent 
of Shap. After steam was shut off the mean velocity over 
alternate quarter miles was observed by means of a chrono- 
meter which measures to one-hundredth of a second. 

Mr. Stanier’s curves have been used in the calculation 


of the vehicular resistance. 
Engine No. 


6212 6209. 

Number of vehicles is 16 
Number of axles kas 71 68 
Tare tonnage at draw-bar 522 496 
Gross tonnage at draw-bar 565 535 
Initial velocity, m.p.h. 70 72-6 
Final velocity, m.p.h.... 77 79-2 
Distance, miles ... ...  ... One One 
Mean acceleration, m.p.h.p.s. 0-144 0-139 
Total accelerating force in tons ... 4:69 4°33 
Foree to overcome resistance of 

train, tons at aeaet eel aco 3-26 3-23 
Force to overcome resistance of 

locomotive,tons ... ... ... 1-51 1-63 
Total force, tons... ... 0... ... 9-46 9-19 
Component of total weight of 

train and locomotive in tons ... 9-53 9-13 


I think that your readers will concur that the agreement 
is exceptionally good. R. StpNEY BLACKLEDGE. 
Rochdale, January 4th. 


WHAT’S WRONG ? 


Srr,—The experiences of the employers mentioned in 
your leader of December 18th appear to have been 
particularly unfortunate with regard to finding suitable 
young men for training to positions of responsibility. The 
blame, however, should not be laid on the young men 
without employers first taking stock of their own adminis- 
trative capabilities, and this point is touched upon in 
your “ Retrospect ” of to-day. 

One of the outstanding features noticed by me on my 
return from overseas, after five continents had been 
traversed during twenty years’ exile, was the way the 
administrative heads of engineering concerns kept all the 
power in their hands, and it was rare that anyone else had 
a free hand to make decisions and see them carried out. 
This was in distinct contrast to what I had experienced 
and seen in the Dominions and elsewhere. The sense of 
responsibility is good for all, and in the ideal organisation 
this is highly developed, in the truest sense, from the top 
to the bottom. Such pettiness as hinted (often too true) 
by “ M.B.E., not B.Sc.” can find no encouragement in 
happy surroundings. It would appear that it is more a 
case of lack of confidence in the young men than that the 
latter are incapable of holding responsible positions. 

It is true that fifty years ago little technical knowledge 
was expected on first appointment, but there was little 
opportunity for anyone to obtain such before being 
employed in the particular sphere of engineering chosen. 
Nowadays, there is such a spate of technical knowledge 
gushing from all directions that one must sympathise with 
the young man trying to choose a particular branch of, 
and later a section to specialise in, the engineering pro- 
fession. Up to a few years ago a man with a university 
degree was not looked upon with favour in engineering 
circles, and most senior engineering officers have found 
difficulty in satisfactorily using such men in the earlier 
stages of their career. For these men to have to do hack 


work in order to have a thorough grounding of the firm’s 
specialities appeared inconsistent with the knowledge 
they possessed. The capability of passing examinations 
does not prove that a man will become a useful executive. 

For some unknown reason, a relic of a bygone age, 
engineers have considered it beneath their dignity to 
fight for better remuneration, and it must be admitted 





that the average rate of salary paid to engineers and their 
associates in Great Britain is low in comparison with some 
other countries. It cannot be expected of the technical 
institutions that any move for improvement can come 
from them. They were formed for other purposes. Two 
organisations with which I am familiar, the Institution of 
Professional Civil Servants and the Association of Railway 
Professional Officers of Australia (of which I was a founda- 
tion officer), were formed for the purpose of improving 
conditions and salaries of their members, and have been 
very successful in their endeavours. Curiously enough, 
these members are all Government servants, whose tenure 
of service is proverbial, but there appears to be no such 
organisation for the thousands of technical men employed 
outside Government circles. It would seem that the time 
has come for these men to form an organisation to safe- 
guard their interests, but it is doubtful if they and their 
employers realise the advantages that would result. 

If the position be so bad as you describe it, I would 
suggest that the complaining employers have a round table 
conference, to which a satisfied employer be invited to 
attend and describe his methods. Rather this than 
throwing the hands towards the sky and bewailing the 
waywardness of youth. NARWIL. 

London, January Ist. 


Str,—With reference to the leader in your issue dated 
December 18th, the reason why many employers are 
unable to find the class of men they require lies in the 
standard by which they are judging their material. 

There is no lack of promising personnel from which 
satisfactory executives may be drawn; the desire to 
shoulder responsibility is not wanting, nor are the other 
characteristics you outline. Yet employers cannot find 
the class of men they require. 

From your advertisement columns the one requirement 
which nearly all employers are agreed in demanding is an 
apprenticeship or works training. But how many youths 
of character, in the difficult period immediately after the 
war, succeeded in acquiring this? Reputable firms 
offering apprenticeships had waiting lists of two or more 
years; others were taking no apprentices at all in their 
efforts to absorb the men who had just been demobilised. 
The young graduate had to choose between waiting in 
semi-idleness for an opportunity to acquire his works 
training or striking out in whatever opening offered. 

If apprenticeship and shop training be taken as a 
criterion, is it any wonder that the greater part of those 
fulfilling it are not of the self-reliant type ? And that those 
with independence are barred from receiving consideration 
by the standard set by the employers themselves. 

But self-reliance is there to be had, and initiative ; 
technical knowledge is far higher than twenty-five years 
ago, and adaptability in applying it is not lacking ; nor 
in most cases, is that knowledge of machines and men which 
an apprenticeship is presumed to bestow, though it may 
have been obtained by other than the time-honoured 
method. 

Only let the employer realise that the man of twenty- 
five or thirty-five years of age whom he is seeking com- 
menced his career in a period of restricted opportunities, 
and that he willingly acquiesced in the giving of such 
opportunities as existed to his ex-Service elder brother, 
and let him:not demand that which the younger man was 
unable to obtain. Post-war. 

December 30th. 


Srr,— Your impartial leader of the 18th inst., under the 
title ‘‘ What’s Wrong?” will be welcomed by older and 
younger men alike for discussing an anomalous situation 
of mutual concern. As one of the younger generation, I 
much appreciate your invitation to express a view and 
venture to put forward some reflections which your 
article has crystallised. 

It is a platitude that the young graduate has to modify 
his outlook very considerably upon entering industry. 
Although his theoretical knowledge may be good, he lacks 
experience in applying it to the problems of industrial 
production. Established authority is therefore not 


eager to invite the opinions of the newcomer and there is a 
marked reluctance to depart from existing practice or 
routine. This is all very reasonable, but whilst realising 
the value of experience the young engineer cannot at the 
same time help being disturbed by the trend of adminis- 
trative policy expressed in the phrase ‘‘ too old at forty.” 
When is his day, he asks. 

Furthermore, he finds that it is not at all wise to assume 
responsibilities beyond those which he cannot avoid. 
However excellent, superiors are apt to be human and it 
is observed that in the competitive conditions of to-day 
tho one most skilful at “* passing on the baby” is very 
often the one who most readily finds favour. These and 
other considerations prompt the young man to tread 
warily for his own good. 

In spite of these circumstances, “character” can 
undoubtedly be expressed in many ways. The question 
is rather whether the young engineer to-day has scope for 
that more rugged expression of character which the older 
|} man may associate with the period of his own youth. 
Present conditions in industry do not, generally speaking, 
leave room for individuality except at the top. 

Not to be forgotten is the effect of the recent depression 
in depleting the ranks of those training for the engineering 
profession and trades. Industry is becoming more 
specialised, demanding a relatively larger number of well- 
trained men, and during the present boom a shortage of 
engineers of the type suitable for responsible posts is to 
be expected without pointing to a diminished standard of 
character, taking the average. 

One cannot help feeling, nevertheless, that the employer 
who cannot be suited sets his requirements above the 
reasonable standards suggested in your article and may be 
inclined to overlook the factors to which the young engi- 
neer anxious to get on has had to adapt himself. 

Lincoln, December 30th. J. B.S. 


INDUCTION EXHAUST OIL ENGINES. 


Srr,—The principle of the impulse charging internal 
combustion engine has again come into the public eye 
and no doubt the main reason is the success of the new 
Petter engine. To those concerned one offers con- 
gratulations. 

The idea has intrigued internal combustion engineers 
for a long time. Atkinson was, I think, the first to make 
practical use of it twenty-five years ago. At that time 
Hamilton had so developed the Premier engine with forced 
scavenging as to reach higher mean pressures with a cooler 
engine than normal. Atkinson got the same effect from 
the outward swing of the exhaust to suck in air and so to 
clear his combustion space. 

About this time in developing the large two-cycle gas 
engine in this country, I was faced in certain cases with 
increased charging pump loss due to the exhaust port 
closing when the reverse swing increased the pressure, 
instead of the vacuum reducing the other phase, 

I decided to investigate to see what could be done to 
control this vibration, not at first with any serious inten- 
tion to use the outward swing for suction scavenging, but 
just to reduce pump loss. 

It was held at that time that the two-cycle gas engine 
of the type concerned must have a quantity measuring 
device like the two pumps for air and gas to get the correct 
mixture for varying loads. 

Professor David, then a young man, working under 
me, carried out the research with a piece of appa- 
ratus arranged with varying lengths and diameters of 
pipe. He further devised a suitable formula to fit the 
results. 

The results further showed that 
correct conditions, use a considerably smaller exhaust 
pipe than the normal one, and also that by a special capa- 
city introduced into the pipe we could modify the period 
and the magnitude of the swing. A square pipe, a little 
larger than the diameter of the round one, if I remember 
aright, gave the best results. 

This experiment was employed in practice and later on 
in engines of the vertical duplex type. 

Just when the next step to the complete self-charging 
engine was due the war put a stop to all work. 

After the war many interesting results were made with 
an experimental two-stroke Humphrey pump with self- 
charging and also extended expansion. 

Because of these and the possibilities they seemed to 
offer, I suggested to the Cambridge Engineering Labora- 
tory people that they should try them out with a crank 
engine ; they, however, decided not to do this. 

Now we have the idea successfully carried out 
Messrs. Petters. 

The object of this letter is to suggest to, say, the 
Internal Combustion Group of the Institution of Mech- 
anical Engineers that this is a useful subject for dis- 
cussion, and if ambition lead them further to research, 
then to go for a small éngine for that purpose. With the 
extended expansion cycle some good results should be 
I at least thought so three years ago. 

ALAN CHORLTON. 





we could, with the 


by 


obtained. 
December 30th. 








SrratFoRDIANS’ AssocraT‘ion.—We are asked to 
announce that the Stratfordians’ Association (past and 
present staff of the C.M.E. Department of the L.N.E.R., 
Stratford) will hold a re-union dinner in the Abercorn 
Rooms of the Great Eastern Hotel, Liverpool-street, on 
Friday, January 29th, Major C. C. B. Morris, Chief of the 
London Fire Brigade, in the chair. Full particulars can 
be obtained from the Hon. Secretary of the Association, 
Mr. A. W. Headley, C.M.E. Department, L.N.E.R., 
Stratford, London, E.15. 














Jan. 8, 1937 


THE ENGINEER 











Rail and Road. 


BULLET-PROOF GLAss.—As a result of the recent shoot- 
ing at express trains on the South Manchuria Railway 
between Antung and Mukden, bullet-proof glass is to be 
fitted to all first-class coaches of express trains. 


MisHaep ar WarTertoo Sration.—On Wednesday, 
December 30th, a coupling-rod on the 6.20 p.m., 
larncombe, train broke when leaving Waterloo Station, 
and caused a short circuit of the electrified sections, which 
disorganised traffic in the station area. 


CANADIAN Ratmway Orpers.—Contracts totalling 
£8,000,000 for new equipment are to be awarded on January 
llth by the Canadian Pacific and Canadian National 
Railways. The latest designs of air-conditioned coaches 
and high-speed engines are among the equipment to be 
purchased from Canadian firms. 


Motor VEHICLE RegisTRatTIons.—During October 
last 36,906 new motor vehicles were registered in this 
country as compared with 33,190 in October, 1935. For 
the twelve months ended September last, 449,339 new 
vehicles were registered. The number of new vehicles 
produced during the twelve months ended September 
last was 461,352. 


FRENCH Rattway Recerpts.—As announced by the 
Ministry of Public Works, receipts of the French Railway 
system which in 1928 amounted to 16,200 million franes, 
dropped to 10,075 million franes in 1935. The drop was 
carried on to July, 1936, but in August there was a sharp 
recovery, which was maintained through the last four 
months of the year and caused the losses on the year to 
be recouped. 


Rattway TRaFFic.—Statistics issued by the Minister 
of Transport show that during the nine months ended 
September 30th the number of passenger journeys, exclud- 
ing those of season ticket holders, increased compared 
with the corresponding period last year by 27,526,501, or 
2-9 per cent. The tonnage of goods, excluding free-hauled 
traffic, conveyed during the forty weeks ended October 
8rd, increased by 8,814,743, or 4-3 per cent., compared 
with the corresponding period of 1935. 

Sarety Giass.—The Ministry of Transport regulation 
that all motor cars must be fitted with safety glass wind- 
screens came into force on January Ist. A certain amount 
of difficulty in dealing with last-minute orders has arisen, 
and in most garages a waiting list has been instituted. 
According to a statement made by Mr. Graham Cunning- 
ham, chairman of the Triplex Safety Glass Company, the 
works, although considerably overladen, were able to 
cope with all orders. It is expected that a large number of 
old cars will disappear from the roads, as they are not 
worth converting to meet the new regulation. 


SOUTHERN Ratwwway Evecrrirication.—tThe first stage 
of the Southern Railway’s latest electrification scheme on 
the western section was opened on Sunday last, January 
8rd, when electric trains ran for the first time between 
Chertsey and Waterloo, vid Staines. Four trains will run 
daily for the present, and wiil replace certain steam services 
between Waterloo, Guildford, Aldershot, and Farnham, 
via Woking. The new section adds 18 miles to the existing 
system, which the company hopes to extend by July to 
cover an electrified route from Waterloo to Portsmouth, 
estimated to cost £3,000,000. This run, 74 miles long, will 
be the longest electrified stretch in this country. 


THe PAris Exnipirion.—Arrangements have been 
concluded whereby the British railways and the Travel 
Association of Great Britain and Ireland will be jointly 
represented at the International Exhibition to be held in 
Paris from May to November, 1937. A diagram illuminated 
by neon lamps showing the railway systems of the British 
Isles will be shown outside the British Government 
Pavilion, and a railway information bureau will be pro- 
vided inside. The railways have also arranged to provide 
fully equipped railway information bureaux at the three 
sections of the British Industries Fair, to be held from 
February 15th to 26th at Olympia and the White City, 
London, and at Birmingham. 


Roap AccipENts.—In a statement made on Thursday 
of last week, December 31st, the Minister of Transport 
pointed out that the road accident figures showed that 
the deaths in 1936 were the lowest since 1928. He 
ascribed the decline in deaths to the speed limits, and to 
the greater caution displayed by drivers. The total of 
injured, he pointed out, now included cases of minor 
injury, &c., not previously included. Nevertheless, the 
increase was a little over 3 per cent., whereas the increase 
in the number of motor vehicles alone was 6 per cent., so 
that the ratio of injuries to motor vehicles had declined 
for the second year running. The decrease in the number 
, of pedestrian casualties justified the pedestrian crossing. 
Referring to the new legislation, Mr. Hore-Belisha pointed 
out that he was not a highway authority in respect of 
any roads. Under the Trunk Roads Act he intended to 
make certain through roads models for the use of local 
authorities. The Ribbon Development Act empowered 
the authorities to construct parking places to relieve 
through traffic. 


' Sausace Vans.—A series of new insulated vans for the 
conveyance of the traffic of Palethorpe’s, Ltd., the sausage 
manufacturers of Dudley Port, has been constructed by 
the London, Midland and Scottish Railway at the Wol- 
verton carriage works. The new vans have been designed 
for working on fast passenger trains, and are of three 
different capacities, namely, 3, 6, and 7 tons. The 6-ton 
and 7-ton vans are fitted with the ‘‘ Wolverton” train- 
lighting equipment, both for lighting and for the opera- 
tion of axial flow streamlined fans. The fans deliver 
600 cubic feet of air per minute and circulate the air over 
ice bunkers and distribute it throughout the vans. An air 
duct, running along the ceiling of the vans, is provided 
with vents, the flow through which can be regulated by 
shutters. Each of the four access doors is provided with 
a switch, operated automatically by the opening or clos- 
ing of the.door, the circuits of which are so arranged that 
the fans can function only when all the four doors are 
closed. The opening of any one door stops the fans, and 


Miscellanea. 





Mr. ArtHuR WorMALD.—We regret to learn of the 
death of Mr. Arthur Wormald, director of Rolls-Royce, 
Ltd., of London and Derby, and formerly general works 
manager of the company. 


IRONBRIDGE Enectrriciry Exrenston.—-The West 
Midland Joint Electricity Authority, whose headquarters 
are at Wolverhampton, has decided to extend the Iron- 
bridge generating station, Shropshire, at an estimated cost 
of £662,000. The total cost of the station when completed 
will be £3,000,000. 


GEOLOGICAL AWARD.—In recognition of his past services 
in geological research, Dr. A. P. Coleman, Emeritus Pro- 
fessor of Geology at the University of Toronto, where he 
occupied the Chair from 1890 to 1922, was awarded the 
Penrose Medal of the American Geological Society at the 
annual banquet of the Geological, Mineralogical, and Pale- 
ontological Societies of America at Cincinatti. 


Om ror Japan.—Arrangements have been made for 
the shipment of approximately 900,000 barrels of fuel 
oil and erude oil from California to Japan for naval pur- 
poses before the end of January. It is understood that 
further orders are in prospect for a similar amount. The 
cargoes will be shipped to the naval depéts at Tokuyama, 
Yokosuka, and Sasebo, and the first consignment left Los 
Angeles on December 29th last. 


CuetMsFrorD Srreet Liextina.—The County of 
London Electric Supply Company, Ltd., which some years 
ago obtained powers to supply electricity in Chelmsford, 
recently tendered for the street lighting of the borough. 
The work has hitherto been carried out by gas through 
the gas undertaking owned by the Corporation. Last 
week the Borough Council, by twenty one votes to six, 
accepted the company’s tender. ‘The new lighting is to 
be effected by means of mercury discharge lamps in the 
main roads. 

Giascow Expiostves Factory.—As part of the 
Government rearmament programme a new explosives 
factory is to be built on a site near Glasgow at a cost of 
£2,000,000. The scheme is entirely distinct from that at 
Irvine, which, it is understood, will become a filling 
establishment, while the project near Glasgow will be 
much more extensive, and will be engaged in the manu- 
facture of explosives on even a larger scale than that at 
Woolwich and Waltham Abbey. Key men are to be trans- 
ferred from these places. 


A New Coat By-propuct.—The production of a new 
type of fuel, obtained by treating anthracite with heat, is 
to be commenced at the Ogpu Mine of the Shakhstroi 
Coal Trust in the Ukraine, where two batteries of four 
furnaces each are being built for this purpose. Recent 
experiments have proved that this type of fuel can be used 
successfully in various branches of industry, particularly 
in the iron and steel industry, where it can largely replace 
coke. The capacity of the furnaces mentioned is 300,000 
tons of anthracite per annum. 


ManaGER OF Lorp NurriELp’s F unp.—The trustees of 
Lord Nuffield’s gift fund for the Special Areas, details of 
which were given in a Journal note of December 25th, have 
appointed as manager of the trust Mr. Leonard P. Lord. 
Offices of the trust are e ted to open on January 11th 
at 3, Lombard-street. Mr. Lord was managing director 
of Morris Motors, Ltd., until last August, a post he had 
held since 1933. Before that date he was general manager 
of Wolseley Motors, and had previously been with the 
Hotchkiss Company. In June, 1935, Morris Motors 
acquired Wolseley Motors (1927), Ltd., and the M.G. Car 
Company, Ltd., and Mr. Lord was appointed managing 
director of the whole group. 


First Pustico TELEVISION DEMONSTRATION.—Mr. George 
Lansbury introduced the first public demonstration of 
big screen television by the new Baird system, which was 
given at the Dominion Theatre, London, on Monday last, 
January 4th. An audience of 3000 saw a variety pro- 
gramme, which is being televised regularly during the 
ordinary film shows on to a screen measuring about 8ft. 
by 6ft. above the stage. Actually the artists televised 
were in a small studio in another part of the building, and 
television was effected by land line. The picture suffered 
a little from immediate comparison with the perfection of 
the 24ft. cinema screen. The television pictures were 
dimmer and less distinct, but obviously impressed the 
large audience. 


ProressoR Wiutt1aAM CAMPBELL.—The death is 
announced, at the age of sixty, of Professor William 
Campbell, Professor of Metallurgy at Columbia Uni- 
versity. He was born at Gateshead-on-Tyne in 1876 and 
graduated from King’s College, London, in 1892, and 
studied at Oxford during the next two years. He received 
various degrees in science from Durham University, and 
was a research scholar at the Royal School of Mines in 
London, from 1899 to 1901. He joined Columbia 
University in 1902, and eventually became Howe Pro- 
fessor of Metallurgy in the School of Mines in 1924. He 
was metallurgist in the New York Navy Yard during the 
Great War, rising to the rank of Commander in the Navy. 
The British Society of Chemical Industry awarded him 
the Saville Shaw medal in 1903. 


Wortp Steet Ovrrut.—According to statistics com- 
piled by Stahl und Hisen, the official organ of the German 
iron and steel industry, the world’s total production of 
raw steel in 1936 advanced from 99,700,000 tons in 1935 
to 123,700,000 tons, a rise of 24 per cent. This represents 
an advance of 1-3 per cent. on the world’s highest recorded 
production. The highest total production in 1936, both 
in iron and steel, was achieved by the United States, with 
48,500,000 tons of raw steel and 31,800,000 tons of pig 
iron. Next came Germany, with 19,100,000 tons of steel 
and 15,200,000 tons of iron. Russia was third with 
16,000,000 tons of steel and 14,500,000 tons of iron. Great 
Britain followed with 12,000,000 tons of steel and 7,800,000 
tons of iron. Next in order were France, Japan, Belgium, 
and Italy... Progress in the production of pig iron was 
slower. Total production was 91,000,000 tons, against 
74,200,000 tons in 1935, an advance of 22-6 per cent. 





at the same time switches on the lights. With all doors 
closed the lights are switched off. 





The 1936 iron production total was lower by 8 per cent. 
than the record world production in 1929. 





Air and Water. 





New Iratian TankeERS.—It is reported that three 
13,500-ton motor tank ships have been ordered by the 
Italian Government. 

New Frencn Navat ApporntMEeNT.—On December 
31st last, Vice-Admiral Durand-Viel, Chief of the French 
Naval General Staff, was succeeded by Vice-Admiral 
Darlan. 

New Are Mart Service.—The Imperial Airways liner 
** Castor ”’ left Marseilles on Tuesday last, January 5th, to 
inaugurate a new service to Alexandria vid Rome, Brindisi, 
and Athens. She will carry seven passengers and 2000 lb. 
of mail. 

New Far Eastern SERVICE.—A fortnightly high-speed 
service to the Far East from Italy was begun on 
January Ist. The ships engaged in the service will 
be the ‘“‘ Conte Rosso,”’ ‘* Conte Verde,” ** Victoria,’’ and 
the ‘‘ Conte Biancamano.”’ 

Arr Port ror New ZEALAND.—At a recent meeting 
of the Harbour Board at Auckland, New Zealand, it was 
stated that as soon as plans are sufficiently advanced the 
Board will be ready to undertake the establishment of a 
marine airport for the use of flying boats connecting New 
Zealand with the main Empire air scheme. 


ANTI-SMOKE ReGuLatTions.—The South Wales Trade 
Recovery and Expansion Committee reports that the port 
of Oslo authorities have decided that all vessels lying at 
the quays of the port will in future be compelled to use 
Cardiff coal only in order to prevent municipal buildings 
being blackened. The regulations are expected to come 
into force within the next six months. 


BRIGHTON-JERSEY AIR SERVICE.—A new air service 
will be opened on May 31st between Brighton, Hove, and 
Worthing Airport (Shoreham) and the new Jersey airport 
by Jersey Airways, Ltd. The flight will take about 
lh. 20min. Shoreham Airport is served by its own 
railway station, and on the Brighton-Jersey service special 
arrangements for passengers’ heavy baggage in advance 
and inter-availability of tickets will apply. 

A New Customs Launcn.—A fast motor patrol launch, 
constructed by J. Samuel White and Co., Ltd., to the 
order of the Egyptian Government, is now running trials 
at Cowes. The launch is to be used for patrolling duties 
in connection with the Customs work, and hes been built 
under the supervision of the Egyptian Government’s 
Chief Inspecting Engineer (Mr. H. R. Cotterill). The 
engine-room and fuel compartment is at the after end of 
the boat. The machinery consists of twin Kermath petrol 
engines. All compartments are adequately ventilated. A 
large fresh water tank is provided, and the launch is suit- 
able in every way for extended cruising. 


Hiex AutirupE AERODROMES—Some of the airways of 
Bolivia, it is claimed, operate at the highest altitudes, and 
under the most exacting conditions, of any in the world. 
Regular passenger and mail services are maintained over 
the highest parts of the Andes. The airport at La Paz is 
situated at an altitude of 13,500ft. The airport of Orunu, 
in the mining area, is at 12,100ft., while the altitude of the 
Cochabamba airport is 8400ft. The transport planes 
employed often take off at more than 13,000ft. in a cold 
climate with the temperature below zero, climb to a 
height of 20,000ft., and then land at the end of their 
journey at sea level and in torrid conditions. 


Tue “ Normanpie.”—The French Line ship “ Nor- 
mandie ” has docked at Havre, her home port, to lay 
up for the annual overhaul, which will keep her out of 
commission until February 24th. During her lay up she 
will enter dry dock for the customary underwater atten- 
tion, and during that time her propellers will be changed. 
Referring to recent reports of the “‘ Normandie ” having 
been delayed by the heavy Atlantic gale, the French Line 
state that the ship arrived only four hours late, and that 
she had previously made forty-four crossings punctually 
to time. The liner has maintained a wonderful regularity. 
and even when she was in a hurricane on her last west- 
bound voyage she was so steady that it was unnecessary 
to empty her swimming pool. 


Tue Liresoat SERVICE IN 1936.—1936 was the busiest 
in the whole history of the lifeboat service. Lifeboats 
were launched 466 times, or 88 more than in 1935, and the 
next busiest year was 1911, when there were 458. During 
the year the Royal National Lifeboat Institution gave 
rewards for the rescue of 491 lives, 383 by lifeboats, and 
108 by shore lines. Lifeboats also saved or helped to save 
from destruction forty-eight vessels and boats, and stood 
by, escorted to safety, or helped over 300 more. Since the 
Institution was founded in 1824 it has given rewards for 
the rescue of 64,902 lives. In other ways it was a very 
busy year for the lifeboat service. Eleven new motor life- 
boats were completed and were sent to the coast, seven for 
England, two for Scotland, one for Wales, and one for the 
Isle of Man. Eleven more, motor lifeboats are under con- 
struction and will be completed during 1937. There are 
now 131 motor lifeboats and 37 pulling and sailing life- 
boats, a fleet of 168 lifeboats round the coasts of Great 
Britain and Ireland. 

R.A.F. Pay Atterations.—New scales of pay for 
officers appointed under the R.A.F. Substitution Scheme 
were announced in Air Ministry Orders recently. The 
main object of the scheme is to substitute retired officers 
for serving officers, thus freeing the latter for more 
important duties. Special Record Office posts will be the 
highest paid. A senior assistant-in-charge will receive 
£500 a year, and an assistant-in-charge £400, rising to 
£450 by annual increments of £10. Among other rates 
announced are :—Adjutants and engineer officers, £370 ; 
higher-grade recruiting officers, £350 ; assistant adjutants 
and accountant, equipment, signal, armament and photo- 
graphic officers, £320; lower-grade recruiting officers, 
£300; assistant equipment officers, £225. These scales 
apply to officers in receipt of retired pay. Ex-officers who 
do not get retired pay will receive £30 a year more than 
the rates quoted above. In each case the officer receives 
annual increments of £10 over a period of five years. In 
addition a pension scheme, giving benefits similar to those 
provided for established civil servants, will he introduced as 





soon as possible. 
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BRITISH-BUILT CARGO SHIPS OF 1936 


(For description see page 53.) 


















































MOTORSHIPS ‘‘DUNEDIN STAR.”’ AND “ESSEX’’ AND STEAMSHIP “ ADELONG "’ 
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EDITORIAL ARHOUNCEMENT. 


In our next issue we shall wind besides the Half- 
yearly Index and a Two-page drawing of the 296-Ton 
Steom Locomotive for the Canadian National Railway, | 
a special article by SIR LEONARD HILL, F.R.S., on 
* AIR CONDITIONING.” 








THE NEW BATTLESHIPS. 


On Friday last, January Ist, the first keel plates 
of the battleships “ 
of Wales ” were laid at the Vickers-Armstrongs’ 
naval yard, Walker-on-Tyne, and the Birkenhead 
yard of Cammell Laird respectively, fourteen years 
and one day after the laying down of the “‘ Nelson ” 
and “ Rodney,” the last battleships built in this 
country, at the same establishments. Thus the 
battleship holiday inaugurated by the Washington 
Treaty of 1922 and prolonged by the London 
Treaty of 1930 is now definitely at an end. The 
fact that the keels of the new ships have been laid 
at the earliest date consistent with treaty obliga- 


tions is an encouraging sign of the Government’s | 
firm resolve to waste not an hour in restoring our | 


long-neglected naval defences. Two considerations 
combined to render inevitable the early resump- 
tion of capital ship construction for the British 
Navy. The first was the almost unanimous verdict 
of naval authorities that the capital ship remains 
the backbone of sea power. The evidence on which 
this verdict is based was presented, in part, in the 
report of the Sub-Committee of the Committee of 
Imperial Defence, dated March 26th, 1936, but 
not circulated until last November. Among the 
witnesses heard were several representatives of the 
Royal Air Force, and the report itself leaves no 
doubt that full weight was given to the influence 
of air power on modern naval tactics. Yet the 
Sub-Committee, with one accord, pronounced in 


(Thhus.) 56 | 


60 | well founded, we have wasted money ; 


5| ship, the “ 


King George V ” and “ Prince 


| favour of the capital ship, not because the members 
| Were wholly satisfied that the technical case for 
| retaining such vessels had been established beyond 
| a shadow of doubt, but because they took a broad 
| view of the national interest. A few sentences from 
ithe concluding part of the document will bear 
[repetition : “Tf capital ships are essential to our 
security, we must have them. We are dependent, 
as is no other nation, on the maintenance of our 
overseas trade. We have more to lose by making 
a false decision in so vital a matter than has any 
|other Power. Yet no other great Naval Power, 


' | though with less risk than we ourselves should run, 


| proposes to do away with capital ships. Should we 
| be the first to do so? Surely not, unless the ques- 
‘tion is settled beyond all possible doubt. We do 
not find that the question is so settled.” And 
| then, proceeding to state the matter in the simplest 
possible terms, the report added : “ The advocates 
of the extreme air view would wish this country 
to build no capital ships (other Powers still con- 
tinuing to build them). If their theories turn out 
if ill- 
| founded, we would, in putting them to the test, 

have lost the Empire.” 
| The second consideration, arising out of the 
premise implicit in the first, is the comparatively 
large sum of capital tonnage now under construc- 
tion abroad. As long ago as December, 1932, 
France took advantage of a special provision in 
'the Washington Treaty to lay down the battle- 
|ship ‘“‘ Dunkerque,” as she was fully entitled to 
| do, and two years later she began work on a second 
Strasbourg.” Both vessels were to be 
| of 26,500 tons, with a speed of 294 knots, very com- 
plete protection, and a main armament of eight 
13in. guns. In October, 1934, Italy laid down 
simultaneously the battleships “ Littorio”’ and 
“Vittorio Veneto,” “going one better” than 
France by designing them with a displacement of 
35,000 tons, a speed of 30 knots, and a main battery 
of nine 15in. guns. In the same year Germany, 
although supposed still to be bound by the Ver- 
sailles Treaty, which restricted her armoured ships 
to a maximum of 10,000 tons, had secretly begun 
work on two 26,000-ton battleships, “ Scharn- 
horst ” and “‘ Gneisenau,”’ to be armed with nine 
llin. guns, and credited with a speed of 30 knots. 
Since then she has laid down a vessel of 35,000 tons, 
and is about to begin a second unit of the same type. 
And so, at the close of last year, ten large and 
powerful capital ships were building or projected 
for three of the Continental navies alone, while 
the British Navy possessed only three fairly 
modern units, of which the newest was nine years 
old. In these circumstances it would have been 
the height of unwisdom to delay any further the 
| rebuilding of our battle fleet, though the fetters of 
| existing naval treaties—concluded when the inter- 
| national horizon was infinitely clearer than it has 
| since become—condemned us to inaction in this 
|respect until the close of 1936. It is, however, 

| gratifying to learn that the construction of the 

‘King George V” and the “ Prince of Wales ” 

| is to be pressed forward with the utmost despatch. 
Even more welcome is the news, announced by 
ithe First Lord of the Admiralty on December 
16th, that tenders are shortly to be invited for 
the building of further capital ships which are 
to be laid down in the current year. In the near 
| future, therefore, not less than four battleships 
will be on the stocks in this country, a number 
which will no doubt be increased as requisite. 
This positive demonstration of Great Britain’s will 
to rearm herself at sea cannot fail to have a good 
effect abroad, where our prolonged indifference to 
the barest requirements of national defence, coupled 
with the pacifist propaganda of a small but loud- 
voiced minority, had given rise to false and danger- 
ous misconceptions of the national character and 
future policy. It is now generally accepted that 
the Government aims not merely at the replace- 
ment of the British battle fleet, but at its numerical 
expansion until sufficient ships are available to 
form either a reserve at home or a new command 
for service other than in the Atlantic or the Mediter- 
ranean. Side by side with this expansion of the 
battle fleet, our strength in cruisers, destroyers, 
and other types is being steadily augmented. We 
are convinced that an overwhelming majority of 
the British peoples at home and overseas will wel- 
come with heartfelt relief these manifestations of 
the new and vigorous spirit which now guides the 
naval, and indeed the whole defensive policy of 
Great Britain. 

For reasons at which we do not cavil, the 
Admiralty are observing marked reticence in all 
matters relating to new construction. Conse- 
quently, few details are known, or,are likely to be 








known for some time to come, about the new 








battleships. They are understood to have a dis- 
placement tonnage of 35,000, and a main arma- 
ment consisting of 14in. guns, and it is generally 
believed, if not officially confirmed, that the speed 


will be not less than 30 knots. Should the last 
item prove to be correct, it will mean that the 
long-predicted fusion of battleship and_battle- 
cruiser is an accomplished fact. To the best of 
our knowledge, no one has yet advanced a con- 
vincing reason as to why a speed as high as 30 knots 
is necessary or desirable in every new capital ship, 
for the argument that it will enable them the better 
to evade air attack is not very impressive. On 
strategic grounds there is, and always has been, a 
good case for high speed, provided that it does not 
involve an undue sacrifice of other-qualities, but 
the tactical value of this asset, in the capital ship. 
was somewhat discredited by war experience. Our 
pre-war battle-cruisers had their armour protec- 
tion whittled down to provide more weight for 
machinery and big guns. In the event this policy 
failed to justify itself, and we recall an occasion. 
not so many years ago, when the present First Sea 
Lord, Admiral of the Fleet Sir Ernle Chatfield, 
spoke against it in public. At the same time it 
must be recognised that post-war progress in 
marine engineering and the science of ship con- 
struction has made it possible to endow modern 
vessels with relatively high speeds at a much smaller 
sacrifice of other desiderata than would have been 
feasible even twenty years ago. Moreover, in the 
new British battleships weight will be saved by 
adopting 14in. instead of 16in. guns, a decision 
which is, we hear, welcomed by the gunnery 
officers of the Fleet. The 14in. gun in question 
appears to be an entirely new model, using a pro- 
jectile exceeding 1500 lb. in weight, and with a 
rate of fire appreciably higher than that of the 
16in. mounted in the “ Nelson” class. The pro- 
tective features of the new ships are, as_ yet, 
entirely speculative, but all accounts agree that 
their defence against air attack will be superior 
to that of any existing British vessel. Multiple 
armoured decks of great strength are mentioned. 
while the number of anti-aircraft guns of 4in. or 
4-Tin. calibre is estimated to be twelve or sixteen. 
Another feature novel to the British capital ship 
is the provision of hangar accommodation for 
aircraft. In appearance the new ships are fully 
expected to set at defiance all the accepted canons, 
though in this respect they can scarcely be more 
revolutionary than were the “ Nelson” and her 
sister. What is much more important is the assur- 
ance of the First Lord of the Admiralty, Sir Samuel 
Hoare, that their design embodies to the utmost 
degree possible the suggestions put forward by the 
most experienced officers of the Fleet. The new 
ships, in short, do not represent “ freak ’’ designs 
imposed on the Navy by doctrinaires at the 
Admiralty, but ships that the Navy itself has 
recommended as being the best for the work they 
are intended to perform. That assurance will be 
equally welcome to the taxpayer, since each new 
ship of the capital type represents an investment of 
something like £7,000,000. As these words are 
written there is news from Washington that Pre- 
sident Roosevelt is about to authorise the con- 
struction of two 35,000 ton battleships for the 
United States Navy. There will be no criticism in 
this country of an American policy which involves 
tonnage equality with the British Navy, for the 
old controversy on this point ended with the 
realisation that Anglo-American preparedness at 
sea is one of the surest guarantees of world peace. 


Heavy Oil Aero- Engines. 


In August last year a German twin-engined 
monoplane equipped with two compression igni- 
tion engines, burning heavy oil, flew from Dessau 
to Bathurst, Gambia, a distance of approximately 
3700 miles in eighteen hours. The significance of 
this considerable achievement was given added 
point towards the end of the year when a run of 
serious accidents to commercial aircraft in Europe 
and America provided grim evidence of the holo- 
caust that may attend the crash of a flying machine 
powered with engines burning inflammable spirit. 
Expressions of dissatisfaction with the present 
state of British heavy oil engine development have 
not been few. Contrasts are drawn between this 
country, with no compression ignition aero-engine 
in production, and Germany, where such engines 
are being built in considerable numbers for military 
and commercial aircraft. The critics remind us, 
too, that the French Air Ministry is awarding large 
prizes for successful accomplishment of long flights 
by aircraft with heavy oil engines and that some 
interesting French units, though far from the pro- 
duction stage, are emerging. Yet the present 
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British attitude to the heavy oil engine, which | engine within the next few years, while he limited 
may be fairly described as watchful of foreign! similar output of a contemporary C.I. engine to 


developments in this field rather than adven- 
turous along independent lines, appears justified 
if full weight be given to the recent technical 
advance of the “ petrol’’ engine. Much, if not 
all, of the work done by the successful German 
designer is known here through the licence agree- 
ment for the manufacture of German compression 
ignition engines which is held by a leading British 
firm. Several of these engines have been built in 
England and are undergoing prolonged bench and 
flying trials. Further, until the arrival of volatile 
fuels of high anti-knock value diminished specific 
fuel consumption to a point comparable with the 
low figures recorded by C.I. units, native develop- 
ment in the heavy oil field had been considerable, 
including the design and construction of an air- 
cooled engine which took an aeroplane to a greater 
height—28,000ft.—than any other similarly engined 
aircraft in the world has reached. There can be 
no doubt that in the absence of high octane fuels, 
this particular engine would now be in production. 
In sum, four years ago the compression ignition 
engine offered important advantages, especially in 
economy of fuel consumption ; to-day, except for 
the elimination of a principal cause of fire, the 
heavy oil unit shows no practical advantages in 
performance over a “ petrol ’’ engine burning high 
octane fuel. Hence the adoption now of C.I. 
engines would probably involve retrograde steps 
in aeroplane design, and might even introduce 
elements of danger not far less important than 
those—of fire—it might avoid. 

Modern aeroplane design depends largely on 
high wing loading. The four-engined monoplane 
boats that are now going into service on the Empire 
routes carry, with full load, 28 lb. for every square 
foot of lifting area, or double the loading of their 
biplane predecessors in the Imperial Airways 
fleet. Figures of wing loadings of the new military 
aeroplanes are not available, but it may be assumed 
that they also are far higher than in earlier 
machines. There is no sign that the tendency to 
augment wing loadings will slacken. Indeed, the 
contrary must be expected: designers of large 
flying boats, for example are already considering 
loadings of up to 45 Ib. per square foot. High wing 
loadings lead inevitably to high take-off and land- 
ing speeds, which are kept in check by the use of 
wing flaps and other aero-dynamical devices, and 
of controllable pitch airscrews, capable of absorb- 
ing high power for take-off. That essential 
high specific take-off power is readily obtainable 
from the modern “ petrol” engine, but not from 
the heavy oil engine. Hence a C.I.-engined aero- 
plane equivalent in load and dimensions to a given 
“petrol ’’-engined aeroplane might be dangerous 
at take-off. In other words, safety might demand 
restriction of wing loading within limits that are 
now obsolete, with inevitable loss in operational 
speed and useful load. In the absence of exact 
figures of the Germar flight to Bathurst, an actual 
up-to-date performance check on this statement is 
not available. A safe assumption is that the same 
aeroplane would perform even better with engines 
burning 100 octane fuel. The fuel now generally 
used by the British and foreign Air Forces has an 
anti-knock rating expressed as 87 octane (British 
Air Ministry modified motor method). It is also 
employed in the majority of modern commercial 
aero-engines. Soon the military service may be 
supplied with quantities of 100 octane fuel, which 
is already in limited use in the United States. 
General adoption and availability of such fuel, 
enabling consumptions to be cut to approxi- 
mately 0-35 lb. per horse-power per hour, would 
mean the doom of compression ignition engines in 
military aircraft. Weight for weight, the heavy 
oil engine, with its high explosion pressures, must 
always be heavier than the “ petrol” unit; fuel 
economy, its one outstanding military advantage, 
is no longer important with the 100 octane engine 
returning equivalent or better figures. In com- 
mercial aviation the outlook is somewhat different. 
Fire risk is an undoubted deterrent to use of the 
aeroplane by the general public, and the heavy oil 
engine may prove acceptable in some types of long- 
range commercial aeroplanes. If airships come 
into large use, the case for the heavy oil unit is 
obviously strong. Not only are airships long- 
range craft, their take-off and climb are assured 
mainly by static lift, and high specific take-off 
output from the engines is not needed. Even in the 
commercial field, however, adoption of the heavy 
oil engine may be restricted by the superior effi- 
ciency of the “ petrol” engine. It is significant 


that a leading British engine designer recently 
forecast 1600 H.P. as the continuous cruising out- 
put likely to be obtained from a single “ petrol ” 





1000 H.P. 

The question that arises from these considera- 
tions is whether artificial stimulation of the demand 
for heavy oil engines is desirable, by award of 
higher State subsidies to civil air lines using C.I. | 
engines and acceptance of the inferior performance | 
of their aeroplanes. Is commercial aviation to be | 
encouraged to become uncommercial, in the 
interests of safety ¢ Is there no other means of 
eliminating fire risk? These are grave matters, 
involving the whole future of the aeroplane as a 
commercial vehicle. Probably few would favour 
such unnatural support of commercial enterprise. 
Heavy oil engines must stand or fall on their 
efficiency in all respects relatively to that of their 
rivals. And a word is necessary to those who 
assume too lightly that the use of C.I. engines means 
greatly reduced fuel costs. The fuel consumed in 
heavy oil aero-engines is not the crude oil burned 
by marine oil engines ; it is a special grade, which 
must comply with rigidly specified requirements, 
and is not generally available. Supplies of heavy 
oil fuel along the Empire routes, for example, 





would need elaborate organisation. The fuel com- 
panies would also be obliged to carry supplies of 
volatile fuel at all stations—no expert forecasts 
the total disappearance of aircraft “petrol ” 
engines—and the cost of duplicated services 
might go far towards cancelling the initially lower 
cost of the fuel oil. 








Obituary. 





ALBERT EDWARD LASLETT. 


Ir is with deep regret that we have to record the 
death, at Cheam, Surrey, on Sunday, January 3rd, of 
Albert Edward Laslett, who was for some time 
Engineer Surveyor-in-Chief to the Marine Depart- 
ment of the Board of Trade. 

Mr. Laslett was born in London in 1866, but spent 
his earlier years in the Liverpool district, where he 
was apprenticed to the engineering firm of John 
Jones and Sons. 

He gained his sea experience in the Cunard Line 
and served with distinction on a number of the famous 
North Atlantic ships of the time. He maintained 
his association with Liverpool when he left the sea to 
join the firm of consultants now known as Bushell, 
Fletcher and King, and in 1897 he entered the service 
of the Marine Department of the Board of Trade. He 
returned to Liverpool as Senior Engineer Surveyor in 
1917, and in 1921 was appointed to headquarters as 
Deputy Engineer Surveyor-in-Chief. He became 
Engineer .Surveyor-in-Chief in 1926, a position he 
filled most ably until his retirement in 1931. Since 
that date he had given outstanding service as a 
member of various committees, including the Govern- | 
ment Ships Replacement Committee, which dealt | 
with what is more commonly known as the ‘ Scrap | 
and Build ’’ scheme. 

He was a Vice-President of the Institute of Marine | 
Engineers, and his regular attendance at Council and | 
Committee meetings, and his sound judgment, which 
has been of much value during the past few years, will 
be greatly missed. He was also a member of the} 
Institution of Naval Architects, and his death will be | 
keenly felt by a wide circle of friends. 











ROBERT KNOX. 


ENGINEERS, particularly in Scotland and in Ceylon, 
will learn with regret of the death, in his fifty-seventh 
year, of Mr. Robert Knox, M.I. Mech. E., of 
Babcock and Wilcox, Ltd., Renfrew, which took 
place at his residence in Albert Drive, Pollokshields, 
Glasgow, on Thursday, December 24th, 1936. Mr. 
Knox was apprenticed to Sir. Wm. Arrol and Co., 
Glasgow, and on the completion of his apprenticeship 
was for some time with Simons and Co., shipbuilders, 
of Renfrew, as a journeyman engineer. 

In the spring of 1901 he left to take up a position 
with J. P. Morton and Co., ice manufacturers, of 
Colombo, Ceylon, where he superintended the erection 
of a new boiler and refrigerating plant. Altogether 
he was with that firm for a period of three years, 
acting as resident engineer. On leaving J. P. Morton | 
and Co. he joined Brown and Co., of Hatton, Ceylon, 
and was for a year with the Legislative Council of 
Colombo as an assistant engineer. He returned to 
his native country in 1906, when he joined the firm 
of Duncan Stewart and Co. in Glasgow and served as 
a draughtsman until 1911. 

In that year Mr. Knox was engaged by Babcock 
and Wilcox, Ltd., of Renfrew, as assistant to the late | 
Mr. Hugh Cameron, who was then chief of the tech- 
nical department of the company. On the death of 
Mr. Cameron in 1926 Mr. Knox was appointed to 
take charge of the technical department, which post 
he held until 1932, when he was appointed as technical 














adviser to the works manager, Mr. H. L. Critchley. 
On the retirement of Mr. H. L. Critchley in 1933 Mr. 
Knox continued to act as technical adviser to Mr. 
W. H. Birks, the works manager, who succeeded Mr. 
Critchley, which post he held at the time of his death. 








SIXTY YEARS AGO. 


‘THE congestion of traffic in London’s streets seems to 
become worse each year. From this fact however we ought 
not to argue, as some do, that the steps being taken to 
deal with the problem are feeble or ineffective. The 
truth appears rather to be that before any scheme for the 
relief of congestion can become operative the density of 
traffic increases sufficiently to absorb the relief and 
obscure the benefit which it would have brought had the 
density remained unchanged. There never was a time 
when complaints were not uttered regarding the con- 
gestion of London's streets. The problem was acute in 
the seventeenth century as Pepys’ diary tells us and it was 
just as acute sixty years ago as our own pages testify. 
The progress made towards its solution is not to be judged 
over a year. Rather should we estimate it by trying to 
picture the state of congestion which would have arisen 
had the streets of, say, mid-Victorian London been called 
upon to accommodate the traffic of to-day. Our issue of 
January 12th, 1877, provides us with some basis on which 
to rest this effort of the imagination. Among the most 
congested points in the Metropolis at that date was 
London Bridge and the streets by which it was approached 
at each end. At the south end the traffic to and from the 
two London Bridge railway stations had to break across 
the main stream passing towards or away from the bridge 
and was the cause of frequent “ dead blocks.” On the 
north side King William-street, only 8ft. wider than the 


| bridge, provided a severe obstruction which was made 


worse by the fact that much of the London Bridge traffic 
came from or proceeded to the East End and made use 


|of streets turning out of or into King William-street. 


Proposals for widening London Bridge were, not for the 
first time, then engaging the attention of the Court of 
Common Council. They were as we now know eventually 
carried out but writing in the issue we have named we 
condemned them as useless and dangerous. The bridge 
as Rennie built it with its four lines of traffic was, we con 
tended, capable of accommodating more traffic than its 
approaches and even if its width were doubled no real 
increased accommodation would be provided. No material 
improvement of the approaches was, we thought, likely 
to be found practicable. Alternative schemes, all of which 
we dismissed in turn, contemplated the relief of the con- 
gestion by means of traffic tunnels, ferries, rolling and 
swing bridges and high-level bridges with hydraulic lifts 
at each end. The least objectionable solution in our view 
was the construction of a supplementary fixed bridge on 
the actual site of Old London Bridge adjoining Rennie’s 
structure.... It may be argued that the great increase 
in the average speed of traffic has by itself acted in the 
direction of reducing congestion. The contention cannot 
be denied. Nor can it be gainsaid that improvement in 


| the construction of vehicles has reduced the congestion 


caused by breakdowns on the road. Sixty years ago 
breakdowns were a frequent cause of trouble. All of 
them, it seems, were not accidental. If the article from 
which we quote did not exaggerate, hundreds of crazy 
old vehicles fit for nothing but firewood and drawn by 
decrepit horses were then plying the London streets. The 
police had no powers to stop their use even when they 
knew that they were being systematically driven about 
the streets in the hope of getting them run down by the 
vehicle of some prosperous owner from whom high damages 
would later be extracted. 








BOOKS OF REFERENCE. 





The Black Book: A Directory of Solid Fuel Burning 
Appliances and Associated Equipment. 1937. London : 
Morgan Brothers (Publishers), Ltd., 28, Essex-street, 
W.C.2. Price 7s. 6d. net.—For a number of years the 
Coal Utilisation Council and the Combustion Appliances 


| Makers’ Association (Solid Fuel) have been trying to 


establish closer co-operation between the coal industry 
and combustion appliance makers. This new publication 
should do much in the production of such a co-operation, 
as it is a reference book common to both parties and is the 
first systematic classification of solid fuel burning appli- 
ances to be issued. It opens with a section containing 
full details of the various societies and associations inter- 
ested in the production and distribution of solid fuel and 
solid fuel burning appliances. The following section con- 
tains a number of authoritative articles dealing with the 
progress and utilisation of solid fuels and work done in 
research and standardisation. Much useful information is 
given in a brief chapter on the properties and uses of solid 
fuels. The directory section is divided into four parts, the 
first of which gives the names, addresses, and other par 


ticulars of over 1000 makers of solid fuel burning appli- 


ances and associated equipment. The second part is a 
classified list of the equipment with the various makers’ 
names followed by a register of the proprietary names of 
some 2570 appliances. The directory concludes with a 
“* Who’s Who ” of well-known persons and authorities in 
the solid fuel and allied industries. Hitherto the industries 
covered by this book have had to depend upon general 
reference works for much of their information, and its 
publication will be welcomed by all makers of solid fuel 
burning appliances and solid fuel distributors, to whom it 
will doubtless be of much value. 








Lonpon PassenGER TraFric.—The returns of the 
London Passenger Transport Board reveal that over 
67,350,000 passengers were carried by all services during 
the week ending December 26th. This figure is 7,000,000 
more than the figure for the same week in 1935. 
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Modern Fountain Practice in France. 


(By our French Correspondent.) 


MVHE construction of ornamental fountains was 

practised by the Romans 2000 years ago, and 
may therefore be regarded as one of the oldest of arts. 
Its development was slow, for while water was 
usually too scarce to be used for decorative purposes, 
there was no means of delivering it continuously 
under pressure. Playing, as distinguished from 
running fountains were introduced into France in 
the seventeenth century by the laying out of those 
which became famous at Versailles. From then 
onwards there was little advance in technique until 
a few years ago, when the architect was able to 
utilise effects produced by the new art of illumination, 





pumps at Versailles were at first actuated by horse 
gears and windmills, and all sorts of expedients were 
adopted to bring water to the fountains under 
adequate pressure, with no better result than to allow 
of partial playing during brief periods. At e time 
when the science of hydro-mechanics was in its 
infancy the Versailles experiments provided valuable 
experience, There was always trouble with pipes and 
mains, and the first notable advance was the supply 
of cast iron pipes by the Forges de Normandie some- 
where about 1672, but lack of water was an ever- 
present difficulty. There was, indeed, plenty of it 
in the Seine, if it were only possible to raise it to @ 








FIG. 1—HEAD OF 


whilst hydraulic and electrical engineers devised 
means ‘of providing completely automatic control. 
This achievement appears to have removed all limits 
to the possibilities of fountam design. The archi- 
tect now leaves the technology to the engineer with the 
certainty that his ideas will be realised as he desires. 

With the ‘making of the fountains at Versailles 
began a vast and costly experiment, which was 
mainly responsible for the progress in hydraulic 
engineering in France for nearly a century and a half. 
Versailles is situated above thé Seine Valley on a 
plain, with a few small streams that were expected 
to supply the fountains laid out for Louis XIV. The 





PORTE DOREE FOUNTAIN 


| height of 530ft. and convey it by a pipe lige 4590ft. 


long. A solution of the difficulty appears to have 
been suggested by the water wheel and pump that 
had been installed in the Seine at the Pont Neuf 
3ridge in 1605, and was in charge of the King’s 
engineer, Denis Jolly, at the time he was entrusted 
with the care of the fountains at Versailles. Yet no 
one thought that the idea could be realised until a 
Belgian courtier at Versailles, named Arnold de 
Ville, offered to call in the aid of a carpenter from 
his estate at Modéves, near Liége, where he had put 
down a pumping plant to raise water 165ft. The 
carpenter, whose name became famous as the creator 


of the ‘Marly machine,’ was Rennequin Sualem. 
An illiterate workman, he constructed the whole 
plant, the maintenance of which remained in his 
family for more than a century. In 1681 he began 
the construction of the pumping machinery at Marly, 
where the Seine flows at the foot of an incline to the 
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FiG. 2—PROFILE OF STEP, PORTE DOREE 


plain on which Versailles is situated. He built 
twelve water wheels, 12 m. in diameter, driving 
sixty-four pumps direct. Three other sets of pumps 
were installed up the incline, all being connected by 
ropes on trestles to which reciprocating motion was 
given by a bell crank gear arrangement. Three years 





FiG. 3—-PORTE DE SAINT-CLOUD FOUNTAINS 
ILLUMINATED 


later the work was completed. The installation gave 
better results than might have been expected. But 
the necessity of a continuous and uniform flow of 
water was unknown. The pipes suffered from water 
hammer, and there was no means of making joints 
leak-tight. Moreover, the variable level of the Seine 





often reduced the supply ,or stopped it altogether, 














FIGS. 4 AND 5—PORTE DE SAINT-CLOUD 
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until the celebrated military engineer, Vauban, over- 
came the difficulty by designing a dam. The cost of 
maintaining the pumping plant and pipe line was 
considerable. Nevertheless, the plant continued in 


operation with diminishing efficiency until, towards 
the end of the eighteenth century, various other 
schemes were examined. In 1802 an expansion joint 
was introduced similar to some of those employed 
to-day. In 1821 a steam pumping plant was installed 
with apparently unsatisfactory results, for in 1837 
it was decided to abandon it and return to hydraulic 


power. But the origtmal pumping machinery, 
installed by Sualem, had been dismantled in 1817, 
and work on the new hydraulic plant to replace the 
steam engine was not begun until 1854. The long 
experimental period was at an end. The installation 
at Marly has six water wheels of 12 m. diameter and 
4-5 m. wide, and drives four pumps. Turning at 
3 revolutions a minute, the total volume of water 
raised a day is 18,000 cubic metres. 

The final completion of the Versailles fountains 





was a great achievement. The most eminent scien- 





tific men of the time were engaged on the problem. 
It settled a technique that gave a revival to fountain 
construction when arrangements were made eighty 
years ago to bring adequate supplies of water to 
Paris, and it only gave way to new methods and ideas 
when the art of illumination revealed how much more 
could be done with the decorative character of 
fountains. The art lies in concealing the sources of 
light and arranging them in a manner to produce the 
best effects. The water must be clear, and therefore 
a closed circuit for economy is necessitated. A good 
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deal of experimental work is carried out with a view 
to producing new effects, such as mixing air bubbles 
with water from the jets in order to increase the 
brilliancy of lighting. As the technique developed 
so the installations became more complicated, and 
complete automaticity became desirable. Now we 
have fountains which play at predetermined hours and 
are illuminated at sunset without attention. 


THE Porte DorEE FouNTAINS. 


The first fountain (Porte Dorée) constructed on 
these modern lines was designed by Monsieur Louis 
Madeline, Chief Government Architect, for the Inter- 
national Colonial Exhibition held in the Bois de 
Vincennes in 1931. Monsieur Madeline informs us 
that the idea underlying the design arose out of an 
impression made upon him in Italy by water falling 
smoothly over a series of steps and disappearing in the 
ground. The head of his fountain, Fig. 1, consists 
of a column on which is raised a bronze statue. 
Water flows from each side of the column down three 
semi-circular steps which join two bases flanking 
the column. The large basin in front of the column 
opens into a channel about 370ft. long, with eight 
steps forming waterfalls and terminating in a small 
semi-circular basin from which the water returns to 
a tank underneath the head of the fountain. At 
each step the channel widens out in a rectangular 
basin in which are two vertical jets between pro- 
jectors, the latter being entirely immersed. The jets 
have a diameter of 20 mm. There are a number of 
similar jets and projectors in the principal basin. 
In order to obtain the effect of a smooth sheet of 
water falling over a step, a profile, Fig. 2, was adopted 
after experiment giving a kind of bull head to the 





Fic. 6-WATER MAINS FOR PORTE DE 
SAINT-CLOUD FOUNTAINS 


step with a forward lip. On the upstream side the 
height from the bottom basin to the crown of the 
step is 19-7in. The face of the step is hollowed out 
in order to give a backward gyratory movoment to 
the mass of water until near the surface, where it 
passes over the rounded top and falls 17-7in. into the 
basin. Monsieur Madeline says that the fountain is 
a poetic conception, and finds a suitable setting at 
the entrance to the Bois de Vincennes. The water- 
raising plant is installed in a chamber beneath the 
head of the fountain and consists of a centrifugal 
pump delivering normally 120 litres a second to a 
height of 9-5 m., and driven by an electric motor of 
24 H.P. The cast iron pipes and collectors have 
diameters ranging from 2-4in. to 15}in., and their 
total length is 1823ft. The head of the fountain and 
the eight basins and falls are illuminated by twenty- 
five concealed projectors taking 34-kW. There is 
nothing new in the hydraulic equipment, and the 
novelty consists in the complete automaticity of the 
whole arrangement and the designing of immersed 
projectors. The automaticity provides for the 
playing of the fountains on particular days and hours 
by a prearranged setting of clockwork, and illumina- 
tion at sunset is controlled in the same way by an 
astronomic clock, this being done by two series of 
contacts, one for the hours and the other for the 
days. Every possible cause of trouble seems to have 
been provided for by automatic cut-outs in case of a 
fall in the water level or of the water freezing, of sur- 
voltage or the projectors overheating. All the elec- 
trical equipment is contained in damp-proof cases. 


THE PorTE DE Sarint-CLoup Founralns. 


The twin fountains at the Porte de Saint-Cloud, 
started up in July last, present another example of 
the new technique on a much larger scale and con- 
ceived in a different manner. They are the largest 
fountains in France. They stand in an oval space 
which was formerly occupied by the Porte de Saint- 
Cloud, and the fortifications, and now opens out on 
the new motor road to the west. The idea was to 


sculptured columns over which water fell into basins, 
the whole being illuminated at night. The problem 
of illumination was to diffuse the light in such a 
manner as to exhibit the sculpture in artificial light 
without the hardness due to dense shadows produced 
by flood lighting from the ground. To achieve this 
object the light is diffused within a mass of water, 
which must, of course, be perfectly clear. The plans 
presented in competition by the architects, Monsieur 
R. Pommier and Monsieur J. Billard, were accepted 
in 1930 before the Porte Dorée fountain, just described, 
was constructed. One of the difficulties that delayed 
their execution was the objection of the Metro- 
politan Railway Company to the construction of 
basins over the underground railway station for fear 
of water infiltration. This objection was overcome 
by lagging the basins with an asphalted material, 
and constructing concrete chambers below them, 
these chambers being in communication with a sewer. 

The fountains—see Fig. 3 and opposite page—con- 
sist of two towers, each 32-8ft. high, sculptured with 
allegorical designs and standing in basins, the bottoms 
of which are tesselated with varied coloured stones, 
giving a more or less mother-of-pearl effect. The 
outside diameter of the towers above the base is 
11-8ft. and the internal diameter 8-5ft. up to 
where an ogival crown springs from the inside wall. 
Extended above the crown is an open tower. There 
are twelve vertical jets at the top of the crown, 
twelve others between its base and the top of the 
tower, and twelve around the base of the tower. 
Eight horizontal jets, lower down, discharge directly 
into the basin and eight in the basin itself. The jets 
have a diameter of 37 mm., and are designed in various 
forms to produce particular effects. The arrange- 
ment gives two rings of vertical jets at the top, with 
water falling in a sheet around the tower. The 
pumping plant and electrical equipment (Figs. 4 and 5) 
are installed in a chamber beneath one of the towers 
and the mains, pipes, and electric wires and cables 
are carried through a gallery (Fig. 6) to the other 
tower. There are two electrically driven centrifugal 
pumps, one of low-pressure with a 41 H.P. motor for 
raising 260 litres a second to a height of 23ft., and the 
other of high pressure with a 74 H.P. motor for raising 
220 litres a second to a height of 57ft. This is the most 
powerful installation of its kind for fountains in 
France. The mains and pipes are of copper, the 
largest having a diameter of 500 mm. The pipe up 
through the centre of the tower is supported at its 
upper extremity by a platform beneath the ogival 
crown, and has a diameter of 350 mm. At each stage 
of jets a circular pipe, 250 mm. diameter, is branched 
on to the central main, and supplies water to the 
jets through pipes, 60 mm. diameter. 

The necessity of concealing the sources of light in 
the water raised problems that could only be solved 
experimentally on a full-size model of a tower in the 
municipal Laboratoire des Eaux, where tests were 
made both for illumination and for the best arrange- 
ment of jets. Each series of jets requires a special 





lens to produce particular effects. The projectors 
are let into the wall of the tower with water-tight 
joints, so as to be readily accessible from the inside. 
There are four projectors immediately underneath the 
jets at the top of the fountain, twelve around the 
base of the crown, twenty-four around the base of 
the tower and sixteen in the basin, making fifty-six 
in all. The total consumption of current is 64 kW. 
The designing and construction of these projectors 
were undertaken by the Anciens Etablissements 
Barbier, Besnard and Turenne, whose recent achieve- 
ments in producing new lighting effects by novel 
means for the Paris Exhibition suggest that the 
illumination of fountains may possibly undergo 
further developments in the future. 

What has rendered possible this new phase of 
illuminated fountain design and construction is the 
automatic control of the entire installation. This 
control is independent of the more or less variable 
town electricity supply. At the Porte de Saint- 
Cloud fountains transformers step down current at 
12,000 volts to the requirements of motors, pro- 
jectors, and internal lighting. All the cables are 
carried in steel tubes. There are two switchboards, 
one providing automatic cut-outs in the event of 
hydraulic or electrical derangements, and the other 
in case of overheating or breakage of projector lenses. 
A fall in the basin water level cuts out the motors 
through an electric manometer. Losses of water 
through evaporation or other causes are made good 
by the electrical opening of a water supply valve. 
There is an interlocking of switches to prevent, for 
example, current from being switched on to the 
projectors when the fountains are not playing. There 
is the same arrangement of clockwork and astro- 
nomic clock as at the Porte Dorée fountain for pre- 
arranging the days and hours when the fountains 
shall play. Altogether, nearly a dozen ‘principal 
relays control the fountains for an indefinite period 
without constant supervision. 

While the complexity and cost of installations for 
new fountains designed on new and more imposing 
art principles and illuminated with the latest devices 
provided by the lighting engineer can hardly be 
adapted to existing fountains, there is, nevertheless, 
a growing tendency to illuminate the latter by less 
elaborate means, and two Paris fountains, one in the 
Place Daumesnil and the other in the Place Denfert- 
Rochereau, are already lighted by concealed pro- 
jectors. This lighting of fountains and illumination 
generally will be carried out fairly extensively on the 
oceasion of the Paris Exhibition. To what extent 
progress in fountain technique will be revealed in the 
Exhibition cannot yet be known, but as French science 
and art are centred on making an apotheosis of illu- 
mination, and fountains are included in the general 
scheme, such as those between the site of the tld 
Trocadéro and the Pont de l’Alma, it may be expected 
that new ideas and applications will raise still further 
the technical and artistic level of fountain construc- 





tion on modern lines. 
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E conclude from our last article our general 
survey of the progress which in 1936 was recorded 
in the shipbuilding, ship-repairing, and marine engi- 
neering industries. The recovery in the industry, 
both at home and abroad, is clearly shown by the 
launching returns for the year, They were for the 
world over 1570 ships of above 100 gross tons, repre- 
senting over 2} million tons and over 4} million 
I.H.P. These figures compare with 960 ships of over 
1} million tons and 3} million I.H.P. in 1935. Great 
Britain and Northern Ireland again occupied the 
leading world position, and launched in 1936 540 
ships totalling close upon 1,000,000 tons, with engines 
of nearly 1,890,000 IL.H.P. An outstanding feature of 
the year was the increase in the number of motor-hipss 
completed. The output for the world was 170 large 
ships, aggregating over 1,000,000 gross tons and over 
800,000 I.H.P. Towards this output British ship- 
yards contributed over 50 ships, with a total of nearly 
400,000 gross tons and over 300,000 I.H.P. The 
curves we produce on page 54 show the outputs of 
British motorship tonnage from 1920 to 1936, and 
indicate the increase in the tonnage and machinery 
power of this particular class of ship, especially during 
the last two years. If the present rate of progress is 
maintained it will not be long before the high output 
of 1930 is again reached and passed. 


British Outputs of 1936. 


During the year Harland and Wolff, Ltd., of 
Belfast, Glasgow, and London, was again the busiest 
individual British firm, with an output of 106,402 
tons of shipping launched, and 89,030 I.H.P. of marine 
machinery constructed. The work included the 
cruiser H.M.S. ‘‘ Penelope,” fast passenger and mail 
liners, Empire food ships, oil tankers, colliers, and 
smaller vessels. Of building centres, the Clyde again 





provide a monumental entrance to the city with two 








held the leading position, with a total output of 





Shipbuilding & Marine Engineering in 1936 
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(Continued from page 22, January Ist.) 


105 ships, representing about 326,000 tons and 
20,000 I.H.P. At Port Glasgow, Lithgows, Ltd., 
launched fifteen cargo ships and tankers totalling 
79,340 tons. At Greenock the Greenock Dockyard 
Company, Ltd., launched four cargo liners, aggre- 
gating 38,716 tons, and during the year booked 
important orders for the Clan Line, which will keep 
the shipyard busy for some time to come. Scotts’ 
Shipbuilding and Engineering Company, Ltd., of 
Greenock, launched two destroyers and a cruiser, 
with a total displacement of 11,700 tons and machinery 
of 143,000 S.H.P. The work on hand includes further 
cruiser machinery, destroyers, submarines, and mer- 
chant ships. At Dumbarton William Denny and 
Brothers, Ltd., launched and completed eight ships 
and sundry craft of 14,584 tons and 90,000 H.P. 
Yarrow and Co., Ltd., of Scotstoun, completed and 
launched four naval vessels, aggregating 7085 
standard tons and 115,000 S.H.P., while work was 
continued on the engines and boilers of three destroyers 
for the Yugoslav Government. A provisional order 
was booked for two destroyers for the Greek Govern- 
ment. The Blythswood Shipbuilding Company, Ltd., 
launched at Scotstoun four ships of 19,768 tons total, 
while at Whiteinch Barclay, Curle and Co., Ltd., 
launched eight ships with a total of 35,964 tons, and 
built engines of 20,740 I.H.P. On the other side of 
the river the Fairfield Shipbuilding and Engineering 
Company, Ltd., completed one Clyde steamer of 
635 tons and 1600 8.H.P. and built a small passenger 
motor vessel for coastal service. During the year 
important naval and mercantile orders were booked. 
At the Linthouse yard of Alexander Stephen and 
Sons, Ltd., five ships comprising two small passenger 
steamers, a coastal motorship for New Zealand and 
two sloops were completed, totalling 6776 tons and 
13,280 H.P. 
The largest machinery output on the Clyde was 
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that of John Brown and Co., Ltd., with a total 
of 337,700 S.H.P., of which 200,000 S.H.P. was 
the assumed maximum output of geared turbine 
machinery for the *“* Queen Mary,” and 137,700 S.H.P. 
for five naval and cargo ships, the tonnage of which 
totalled 39,438, and included a cruiser and a 
destroyer, an oil tanker, and two fast cargo liners 
for New Zealand service. 

Makers of reciprocating steam engines had a busier 
year, and David Rowan and Co., Ltd., completed 
machinery for nineteen ships totalling 36,650 1.H.P., 
and built eleven additional boilers of 6470 I.H.P. 





shared in the revival, and on the Forth the Burnt- 
island Shipbuilding Company, Ltd., launched twelve 
ships of 21,727 tons, with machinery totalling 11,900 
I.H.P.; while at Leith Henry Robb, Ltd., com- 
pleted eight ships and small craft totalling 5582 tons, 
with engines of 7650 I.H.P. At Dundee the Caledon 
Shipbuilding and Engineering Company, Ltd., 
launched and completed about twelve ships of 26,036 
tons and installed engines of 18,175 I.H.P. Steamers, 
trawlers, and dredging plant were supplied by Hall, 
Russell and Co., Ltd., and Alexander Hall and Co., 
Ltd., of Aberdeen. 





















































capacity. Six of the engine installations referred to The North-East Coast district shared to full 
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OUTPUTS OF MOTORSHIP 


included ‘* Rowan-Gotaverken ” turbo-compressors, 
and similar turbo-compressors were installed in two 
other ships during the year. John G. Kincaid and 
Co., Ltd., of Greenock, finished during 1936 thirteen 
engines for twelve ships, aggregating 36,925 I.H.P., 
and built eight steam engines of 21,750 I.H.P. total, 
giving a total output for 1936 of 58,675, or double 
that of 1935. Another Greenock firm, Rankine and 
Blackmore, Ltd., built marine steam engines of 
3900 ILH.P. and at Paisley engines of 3085 I.H.P. 
were completed by McKie and Baxter, Ltd. 
Marine steam engines of 7180 I.H.P. total were 
supplied by Aitchison Blair, Ltd., of Clydebank. 

The output of the smaller cil engines was marked 
by a large increase, over twenty-two engines, rang- 








B.H.P. Two-STROKE ENGINE—RICHARDSONS- 
WESTGARTH 


4400 


ing from 145 to 1060 H.P. being built by British 
Auxiliaries, Ltd., of Govan, and 8112 H.P. by 
Gleniffer Engines, Ltd., of Anniesland, Glasgow ; 
while the Bergius Company, Ltd., of Glasgow, com- 
pleted marine motors of 8994 I.H.P. total. 

Many of these smaller engines were installed in 
motor coasting vessels, which, along with steam 
coasters, were supplied by the Ailsa Shipbuilding 
Company, Ltd., of Troon and Ayr; George Brown 
and Co., of Greenock ; Scott and Sons, of Bowling ; 
and A. and J. Inglis, of Pointhouse, Glasgow. 

Dredging plant and equipment was supplied by 
Lobnitz and Co., Ltd., and William Simons and Co., 
of Renfrew ; Fleming and Ferguson, Ltd., of Paisley ; 
and Ferguson Brothers (Port Glasgow), of Port 
Glasgow. 

The shipyards on the East Coast of Scotland also 





TONNAGE 1920-1936 


extent the improvement in trade, and the combined 
outputs of the Tyne, Wear, and Tees exceeded that 
of the Clyde district. On the Wear the improvement 
was particularly marked, and the output for 1936 
was over four times that of 1935. The largest indi- 


vidual output on the Tyne was that of Swan, Hunter 
and Wigham Richardson, Ltd., which firm launched 
at its Wallsend and Neptune shipyards fourteen 
naval and merchant ships amounting to a total of 
88,157 tons, a large portion of which tonnage was 
At the Neptune Engine 


completed during the year. 


our issue of March 6th, 1936—and the total output 
amounted to 149,500 H.P. In addition to the 
machinery, the firm suppliecl during the year no less 
than 220 sets of oil-burning equipment for marine 
and land installations, corresponding to 364,000 H.P. 
Three multitubular boilers and six marine water- 
tube boilers were also constructed. The Parsons 
Marine Steam Turbine Company, Ltd., had a busy 
year, and the total shaft horse-power of marine 
geared turbines constructed by the firm during the 
year was 70,300. The total shaft horse-power of 
mechanical gearing manufactured during the year 
to be used in association with marine steam turbines, 
in addition to the shaft horse-power of the above- 
mentioned geared turbine machinery, amounted to 
14,200; while in addition, the gearing cut for 
licensees, to be used in association with marine 
steam turbines, aggregated 145,700 S.H.P. At the 
St. Peter’s Engine Works of R. and W. Hawthorn, 
Leslie and Co., Ltd., and the firm’s Hebburn ship- 
yard nine ships totalling 29,287 tons, with machinery 
of 77,100 S.H.P., was constructed. Vickers-Arm- 
strongs, Ltd., launched four naval vessels amounting 
to 20,800 tons at the Walker Naval Yard. 

Reciprocating machinery was also well represented 
on the river, and the North-Eastern Marine Engi- 
neering Company, Ltd., at its Wallsend-on-Tyne 
works and also at Sunderland completed thirty-six 
sets of engines, including one turbo-charged oil 
engine aggregating, along with three small boilers, 
71,620 I.H.P. In addition, during the year the 
company manufactured marine superheaters for 
191 boilers, aggregating 180,985 I.H.P. The installa- 
tions not only included superheaters supplied to new 
vessels, but also those supplied to a number of 
merchant ships whose machinery was converted by 
the firm for the use of highly superheated steam. 
White’s Marine Engineering Co., Ltd., of Hebburn- 
on-Tyne, supplied five sets of White’s economy 
engines, consisting of a combined arrangement of 
reciprocating engine and low-pressure turbine: 

The largest output on the Wear was that of William 
Doxford and Sons, Ltd., of Pallion Shipyard and 
Engine Works, Sunderland, from which thirteen ships. 
totalling 64,679 tons, were launched and many com- 
pleted. Most of these ships were of the firm’s standar:| 
economy type, similar to the ‘“ Queen Maud,” 
illustrated in our last issue. In addition, the 
firm completed Doxford opposed-piston engines for 
nineteen ships amounting to 48,480 LH.P. The 
engines were of the three and four-cylinder balanced 
type, with designed outputs of 2100 and 3600 1.H.P. 
respectively. Most of the other Wear yards were kept 
busy with cargo ship orders. 

One of the busiest yards on the Tees was that o! 
the Furness Shipbuilding Company, Ltd., where 
fourteen ships, aggregating 39,863 tons, were launched. 





These included the seven timber-carrying steamers 








BROWN-DOXFORD 6500 S.H.P. 


Works the company completed three installations of 
triple expansion engines, with Bauer-Wach low-pres- 
sure turbines, and six other sets of Bauer-Wach 
turbine installations, totalling 22,020 I.H.P. Machin- 
ery was also installed by the firm in five oil tankers 
and the welded Canadian ship ‘‘ Franquelim,”’ while 
extensive machinery repairs and overhauls were 
carried out by the Neptune works. At the works of 
the Wallsend Slipway and Engineering Company, 
Ltd., machinery was completed for three naval ships 
and the geared turbine cargo ship ‘‘ Hopestar ”—see 
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for Russia, several of which were finished during the 
year. William Gray and Co., Ltd., of West Hartle- 
pool, launched nine ships of 40,993 tons; while at 
the Central Marine Engine Works nine sets of engines, 
totalling 21,840 I.H.P., were completed. These 
included one set of double-reduction geared turbines. 
At Smith’s Dock Company, Ltd., of South Bank, 
twenty-eight trawlers and whalers, along with other 
small craft, amounting to 12,229 tons, with engines 
of 27,910 I.H.P., were launched. Several engines 
were supplied by Richardsons, Westgarth and Co., 
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Ltd. On the Humber a large number of small 
vessels, such as trawlers and coasters, were com- 
pleted 

Last year marked an active time at the Naval Con- 
struction Works of Vickers-Armstrongs, Ltd., at 
Barrow-in-Furness, where a total of 42,650 tons of 
naval and mercantile shipping was launched, and 
over 21,280 8.H.P. of machinery completed. The 
ship of the year was the ‘‘ Awatea,” illustrated and 
described in our last week’s issue. A noteworthy 
launch was the new Orient liner ‘* Orcades,” a fine 
ship of 630ft. in length, with a beam of 82ft., and a 
gross tonnage of close upon 23,400, engined with 
24,000 S.H.P. geared turbine machinery. Shortly 
before the end of the year the firm launched two 
cross-Channel steamers, the “‘Tynwald” and the 
** Fenella,”’ for the service of the Isle of Man Steam 
Packet Company, Ltd. They are 2200 gross ton 
steamers, with a length of 310ft., a breadth of 46ft., 
and a depth of 18ft. They will be equipped with 
8000 8.H.P. geared turbine machinery. The largest 
Tyne repair of the year was the conversion and 
renovation of the steamer ‘‘ Strombus,” belonging 


Wolff, has Harland-B. & W. machinery. The refri- 
gerating plant on these ships is driven by Brush 
horizonta] oil engines. 

Another interesting cargo ship is the * Adelong,”’ 
a single-screw cargo carrier of special design, built 
by Harland and Wolff, Ltd., at Govan, for the 
Australian service of Huddart Parker, Ltd. The 
ship has a poop bridge and forecastle decks, with the 
machinery placed aft. The principal dimensions are : 
length between perpendiculars 340ft., breadth moulded 
48ft., and depth moulded 27ft. The hull has been 
designed to carry coal, ore, or general cargo in four 
holds, and is so designed that cargo can be loaded and 
discharged with the minimum of labour and incon- 
venience. As our illustration shows, 6-ton cargo 
derricks are fitted to the masts, and are served by 
twelve steam winches. The propelling machinery, 
which is placed aft, was supplied by John G. Kincaid 
and Co., Ltd., of Greenock, and consists of a triple- 
expansion steam engine, taking steam from two 
Babcock and Wilcox coal-fired boilers, working under 
forced draught at a pressure of 220lb. The high- 





pressure valves are cam-operated and 200 deg. 








WHALE FACTORY SHIP 


to Chr. Salvesen, of Leith, from a whale oil carrier 
to a whale oil factory of the most modern type. This 
interesting piece of work was carried out by Palmer’s 
Hebburn Company, Ltd., of Hebburn-on-Tyne, a 
subsidiary undertaking of Vickers-Armstrongs, Ltd. 
The work was successfully completed in the com- 
paratively short time of three months, under the 
inspection of the classification authorities, and the 
ship sailed,towards the end of the year. 

The Birkenhead shipyard of Cammell, Laird and 
(o., Ltd., was well employed throughout the year, 
and important orders for the Admiralty and for 
commercial ships were completed. The ships launched 
included nine amounting to a total of 47,353 tons, 
while machinery, both geared turbines and oil engines 
representing 120,900 H.P., was installed. Among the 
ships completed were three fast cargo liners for the 
Blue Star Line, Ltd., the ‘* Dunedin Star,” the 
‘* Melbourne Star,’”’ and the “ Brisbane Star,” also 
oil tankers for the British Tanker Company, Ltd., und 
the Anglo-Saxon Petroleum Company, Ltd. During 
the year 227 ships representing approximately 
900,000 tons were handled by the repairs department. 
In the Manchester district Crossley Brothers, Ltd., 
of Openshaw, built oil engines for 21 ships, which 
totalled in output some 2870 H.P. Three engines 
were supplied by Mirrlees, Bickerton and Day, Ltd., 
of Hazel Grove, for motor coasting vessels. At 
Bedford W. H. Allen, Sons and Co., Ltd., built five 
sets of oil engine machinery, aggregating 625 S,H.P. 

On the South Coast John I. Thornycroft and Co., 
Ltd., completed three ships and other small craft of 
1408 tons total, and built machinery of 4220 S.H.P. 
The Isle of Wight firm of J. Samuel White and Co., 
Ltd., launched two destroyers for the Polish Govern- 
ment and two sloops for the British Government, 
which, with small craft, totalled 4000 tons, with 
115,500 S.H.P. of machinery. 


* Cargo Liners and Tankers. 


In our last article we dealt mainly with ships 
primarily designed for passenger service. The past 
year, however, was noteworthy for the completion of 
several cargo liners representing the latest practice. 
On page 48 we illustrate three ships of this type. The 
‘*Dunedin Star” is one of four 11,000 gross ton 
motor liners which have the distinction of being 
among the fastest cargo-carrying vessels in the trade 
between this country and Australia. She has a length 
of 522ft. 6in., with a beam of 70ft. and a maximum 
draught of 29ft. 6in., and with her straight raked 
stem and cruiser stern, combined with one-pole mast 
and a single funnel, she presents a handsome appear- 
ance. Her propelling machinery comprises a twin- 
screw arrangement of nine-cylinder Sulzer engines, 
operating on the two-stroke single-acting airless- 
injection principle. They have a bore of 720 mm., 
with a stroke of 1250 mm., and have each a designed 
output of about 6000 S.H.P. at a speed of 120 r.p.m. 
On the trials of the ship a maximum speed of over 
20 knots was attained. The two sister ships, also 
built at Birkenhead, also have Sulzer engines, but 
the “Sidney Star,” constructed by Harland and 
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“TERJE VIKEN’’ 

superheat is employed. The independent auxiliaries 
are steam and electrically driven, and the whole 
installation is highly economical in fuel. ._Two other 
cargo ships which call for mention are the Silver Line 
ships, ‘‘ Silverlarch ” and ‘ Silverpine,” which during 
the year were remodelled to give increased speed and 
were equipped with a four-cylinder, double-acting, 
two-stroke Richardson, Westgarth engine. We illus- 
trate the engine on page 54. It has a cylinder bore of 
27hin., with a stroke of 47}in., the designed service 
output being 4000 S.H.P. at 110 r.p.m. During the 
trials outputs up to 4400 S.H.P. were obtained with a 
mean speed of 14-8 knots. The reconditioning work 
was carried out by Joseph L. Thompson and Sons, at 
Sunderland, and an informative paper on the ships 
and their performance was given in April last by Mr. 
R. C. Thompson before the North-East Coast Institu- 
tion of Engineers and Shipbuilders. A fast motor 
cargo liner which was completed just before the end 


New Zealand Shipping Company. 
to the Editor of the Motorship for the photograph of 


first cargo, which is reproduced on page 48. 
** Essex ”’ has an overall length of 551ft. and a breadth 
of 70ft., with a measurement of over 11,000 gross 
tons. Her propelling machinery consists of a twin- 
screw arrangement of Brown-Doxford opposed-piston 
oil engines, illustrated on page 54, with a total 
output of 13,250 S.H.P., at a speed of 120 r.p.m. 
Each engine has five cylinders, with a bore of 725 mm. 
and a combined stroke of 2250 mm. The service 
speed fully loaded is 17 knots, and on the trials. a 
mean speed of 19-5 knots was recorded. 

The space at our disposal will only allow brief 
reference to the many oil tankers which were finished 
during 1936. Additions were made to the tanker fleets 
of the Anglo-Saxon Petroleum Company and the 
British Tanker Company, and towards the close of 
the year it was announced that the Admiralty would 
take over six of the tankers now under construction 
for the British Tanker Company for naval service. 
Early in the year the Anglo-American Oil Company, 
Ltd., took delivery of a special oil tanker built by 
John Brown and ‘Co., Ltd. 


Tonnage Built Abroad. 


German tonnage was noteworthy for its increase, 
and in the construction of steamers and motorships 
Germany followed Great Britain with large outputs. 
One of the yards, the ‘* Deschimag ” of Bremen, had 
an output of forty-seven ships, of 149,412 tons, and 
62,600 I.H.P., which exceeded that of our leading 
firm, Harland and Wolff, Ltd. It was largely 
accounted for by two large whaling ships and a fleet 
of whalers and trawlers, built on British account. 
Above we illustrate the whale factory ship ‘Terje 
Viken,”’ which was built and engined for the service 
of United Whalers, Ltd., of London. The ship called 
at Spithead in October on her way to the Antarctic. 
She is claimed to be the largest cargo-carrying ship 








in the world, having a deadweight capacity of about 


of the year was the “ Essex,”’ designed and built by 
John Brown and Co., Ltd., at Clydebank, for the | 
We are indebted | 





29,000 tons, which, if necessary, can be employed 


for bulk oil carrying. The “ Terje Viken” has an 
overall length of 635ft., with a breadth of 80ft. and 
a loaded displacement of 48,100 tons. The propelling 
machinery consists of two sets of triple-expansion 
engines with Bauer-Wach exhaust turbines, having 
a total designed output of 5500 I.H.P., steam being 
supplied by four oil-fired Scotch boilers working at a 
pressure of 250lb. with a superheated temperature 
of 620 deg. Fah. The ship is equipped with the latest 
refining machinery, and is designed for the efficient 
production of large quantities of oil. 

Another interesting German-built ship was the 
‘* Pretoria,’’ of the German African Lines, which was 
completed just before the end of the year by Blohm 
and Voss, of Hamburg. She will be shortly followed 
by a second liner, the *“‘ Windhuk.” The “ Pretoria ”’ 
has a length of 578ft., with a beam of 72ft. and a 
measurement of 16,662 gross tons. Her propelling 
machinery, which is designed for a speed of about 
18 knots, comprises a -twin-screw installation of 
geared turbines taking steam from two Benson boilers 
with a working pressure of 85 atm., or over 1200 lb. 
The total designed output of the machinery is about 
11,4208.H.P. The service results of this high-pressure 
installation will be awaited with the greatest interest. 
In our issue of November 20th we published an article 
by Director Bleicken, of the Hamburg-Amerika Line. 
on the Benson boiler installation in the ‘* Potsdam.”’ 
In this connection attention may be called to a paper 
read before the Schiffbautechnische Gesellschaft in 
Berlin, at the end of November, by Herr Schneider, 
on the performance of the three North German Lloyd 
Far East liners, ‘‘ Scharnhorst,” ‘‘ Potsdam,” and 
‘* Gneisenau,’’ which indicated that fuel consumptions 
of the order of 0:65 lb. of oil per 8S.H.P. are being 


| obtained. 


Trends in Machinery Design. 


There is little to be recorded during the year as 
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to important machinery developments, and it seems 
likely that with busier yards and engine works the 
adoption of new designs will in all probability be 
It can be stated, however, that the 
high-efficiency, large-output boilers and _ turbines 
designed for naval service will have their influence in 
the new merchant tonnage. In particular, the 
machinery of the new Cunard-White Star liner and 
the two new liners proposed for Pacific service will 
be characterised by boilers and turbines taking up 
small space with less weight and with a higher fuel 
economy. The adoption of some form of gas cleaning 
for passenger liners is now becoming essential, and 
the Howden Vortex dust collectors fitted im the 
‘‘Empress of Britain” and the ‘“‘ Queen Mary ” 
are typical of such plant. The discussion of Dr. 
Munzinger’s paper on “‘ Modern Forms of Water- 
tube Boilers,”’ read before the Institution of Mecha- 
nical Engineers on Friday, November 20th, revealed 
that although British boiler makers are not inclined 
to make wide departures from standard practice, 
they are, nevertheless, greatly interested in the 
development of the various forms of forced circula- 
tion boilers which are now being rapidly pushed 
forward on the Continent for naval and mercantile 
service. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. 


TERMS USED IN RAILWAY SIGNALLING. 

No. 719—1936. This “‘ Glossary of Terms Used in 
Railway Signalling’ has been prepared in conjunction 
with a number of British Standard Specifications dealing 
with railway signalling. The Committee responsible has 
had the co-operation of the British railway companies and 
the Institution of Railway Signal Engineers. The object 
in view in the preparation of the Glossary has been to 
standardise and co-ordinate, as far as possible, the meaning 
of terms used in the British Empire, and the definitions 
nave been made as general as possible in order not to 
restrict their application unduly. Over 300 terms are 
defined and arranged alphabetically. 


SHEET METAL FLUE PIPES. 

No. 715—1936. This new specification, entitled ‘‘ Sheet 
Metal Cylindrical Flue Pipes Fittings and Accessories for 
Gas-fired Appliances,” has been prepared under the 
authority of the Gas Industry Committee of the B.S.1. 
It incorporates requirements relating to quality and 
dimensions of metal flue pipes and accessories of nominal 
sizes from 2in. to 6in. inclusive, having welded or folded 
seams and finished by polishing, vitreous enamelling. 
electro-deposition, galvanising, or galvanising and paint- 
ing. All of the types of fittings in common use are included, 
and dimensions are also given for adaptors for connecting 
metal flue pipes to asbestos cement flue pipes conforming 
to B.S.S. No. 567. 








TurkisH Ratways.—-As from January Ist, 1937, the 


Turkish Government took over from the French holders 
the railway line running from Istanbul to the Bulgarian 
frontier for which negotiations have been in progress 
throughout 1936. 
£T6,000,000. 


Ss 


The price finally agreed upon i 
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Water Supply « Sanitary Engineering in 1936 


N the year 1936 there was a notable recovery of 

activity in the carrying out of water supply 
and sanitary engineering works, and the survey 
which follows, while giving we hope an excellent idea of 
what work is being done, is by no means exhaustive. 
The summer droughts of 1933, 1934, and 1935 
led to special measures being taken to finance 
the improvement of rural water supplies, and under 
the Rural Water Supplies Act of 1934 one million 
pounds was set aside from the national Exchequer 
to assist local authorities. Early in 1936 the 
whole of this sum had nearly been allotted in 
grants, and it became necessary to fix April 25th 
as the day after which the Minister could not under- 
take to entertain any application for a grant. The 
wet summer of 1936 made the need for special 
measures less urgent. The Costing Returns of Sewage 
Disposal Works for the year ended March 31st, 1935, 
were issued by the Ministry of Health at the end of 


August. They revealed that in 1935 local authorities 
spent £5,867,917 on capital and £11,375,721 on 


revenue account. The main object of these returns 
is to enable comparisons to be made of expenditure 
on different works. But the very wide variations 
shown—from 4-4d. to 237-4d. per head of population 
and from £1-8 to £49-1 per million gallons of sewage 
—indicate that the figures must be perused with 
reserve and that such factors as the nature of the 
sewage, whether industrial or not, the configuration 
of the ground, and the necessity or otherwise for a 


complex type of works, have a very powerful 
influence on costs. There is much to be said 
for the contentions of Mr. Joshua Bolton, who, 


in his presidential address to the Institute of Sewage 
Purification in November, argued that a Central 
Research Department which could carry out 
researches on a large scale and advise local authorities 
in any difficulties they encountered would prove 
profitable. 


London Water Supply. 


For the following notes we are indebted to the 
Metropolitan Water Board. | 

The construction of Chingford reservoir No. 
referred to in THE ENGINEER of January 3rd, 1936, 
which is being carried out by John Mowlem and Co., 
Ltd., was delayed by flooding that occurred several 
times during the year. The Lee diversion, together 
with the relief channel and intake channel, which 
together enclose the site and have a total capacity of 
about 1600 m.g.d., are practically completed. Their 
construction will tend to diminish the inconvenience 
due to flood water. 

Reconstruction of the Hampton Works.—Contracts 
were let for the reconstruction of the above works 
and the erection of the turbine and boiler-houses was 
begun. The building will be a steel-frame structure 
having an area of about 38,000 square feet with two 
shafts 150ft. high. The pumping machinery will 
comprise eight steam turbines with centrifugal pumps, 
seven of which have electrical generators in addition, 
one water turbine with a centrifugal pump and elec- 
tric generator, and one electric motor-driven unit with 
a centrifugal pump. The total water horse-power will 
be 15,000. Steam will be provided by eight water- 
tube boilers, each capable of an actual evaporation 
of 20,000 lb. per hour at a pressure of 325 lb. with a 
steam temperature of 687 deg. Fah. The contractors 
for the building are William Moss and Sons, Ltd., 
Cricklewood; for the machinery, W. H. Allen, Sons and 
Co.. Ltd., Bedford; and for the boilers, John Thompson 
(Water Tube Boilers), Ltd., Wolverhampton. 

Slow Sand Filter Beds at Surbiton.—Fourteen of 
the high-level filter beds at Surbiton, which were 
constructed in about the year 1881, were found to be 
defective, and it was decided to reconstruct them. 
The floors of the filters are to be raised and vertical 
side walls substituted for the existing sloping sides. 
New systems of under drains are to be provided, 
together with new inlet and outlet arrangements and 
gauges for recording the quantity filtered and the loss 
of head during the run of the bed. One filter was so 
reconstructed and a further two are in hand, the work 
being carried out by administration. 

Green Street Green._-An additional 24in. diameter 
bore-hole was sunk at this station and alterations to 
the existing engine-house carried out. . Machinery 
capable of pumping 1 m.g.d. against a head of 360ft. 
is about to be installed. 

Mains, Catford to Shortlands.—In view of the con- 
tinued growth of that part of the district under the 
Farnborough head it was necessary that this zone be 
supplied with Thames water. A 24in. diameter lined 
and coated steel main, 5370 yards in length, was 
therefore laid from Catford to Shortlands pumping 
station and a further 710 yards of 18in. diameter 
lined and coated steel main and 650 yards of 12in. cast 
iron main laid from Shortlands pumping station to 
connect to the mains under the Farnborough 
reservoir head. Messrs. John Mowlem were the con- 
tractors for the main laying and the steel pipes were 
manufactured by Horseley Bridge and Thomas 
Piggott and Co., Ltd. The following works, referred 
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to in THE ENGINEER of January 3rd, 1936, were com- 
pleted during the year :— 

Hornsey Pumping Station.—Two sets of six-cylinder 
vertical oil engines driving centrifugal pumps, each 
capable of pumping 3 m.g.d. in series against a head 
of 300ft. or 6 m.g.d. in parallel against a head of 
600ft. These pumps are housed in an annexe to the 
existing engine-house. 

Hammersmith Pumping Station—-Some of the 
older units at this pumping station have been 
replaced by two centrifugal pumps and a 250-kKW 
generator, steam being supplied by two water-tube 
boilers. The pumps are arranged to work either in 
series or parallel, delivering 7 m.g.d. against a head of 
300ft. or 10 m.g.d. against a head of 200ft. The 
electricity generated drives auxiliary machinery in 
the works and also two pumping units, each capable 
of delivering 2} m.g.d. against a head of 200ft. 


London Drainage. 

For the following notes we are indebted to Mr. J. 
Peirson Frank, chief engineer, the London County 
Council. 

The reorganisation of the Western pumping station, 
Grosvenor-road, Pimlico, is nearmg completion. 
The new centrifugal pumps, which will be driven by 
electric power and by C.I. oil engines, will have a 
total capacity of 850 tons a minute. A plant for 
chlorinating sewage was installed at this station. At 





maintenance works were carried out during the year. 


Provincial Works. 

West Middlesex Main Drainage.—The formal 
ceremony of opening the West Middlesex main 
drainage works was performed by the Minister of 
Health, Sir Kingsley Wood, on October 23rd. The 
purification works have now been in operation for 
about twelve months, and the results, we are informed 
by the consulting engineers, Messrs. J. D. and D. M. 
Watson, Westminster, have been very satisfactory. 
The scheme, which cost about £5,500,000, was 
practically completed during the year. It is especially 
notable for the large area and great population served. 
Sewage from 160 square miles of the county of Middle- 
sex, estimated ultimately to have two million 
inhabitants, drains to the Mogden works. It will be 
recalled that the activated sludge system of purifica- 
tion has been adopted. An aerial view of the works 
is reproduced below. 

Aberdeen.—-Considerable progress 
connection with preliminary work 
with a main drainage scheme. A main sewer is 
proposed between Clifton-road and Skene-street 
to take the drainage of the north-western portion of 
the city. This sewer will connect with the main 
sewer in Skene-street. A storm-water overflow will 
be constructed at Esslement-avenue. Another 
sewer is proposed from Prince Arthur-street to 
Broomhill-road. This sewer would connect eventually 
to an existing outfall sewer near St. Fittick’s-road. 
The total estimated cost is £450,000. 

Bedford.-The laying of the 154 miles of cast iron 
mains of 9in. to 3in. diameter, which the Bedford 
Rural District Council scheme comprised, was com- 
pleted" last year, and the booster station and the 


made in 
connection 


was 
in 





AERIAL VIEW OF WEST MIDDLESEX SEWAGE WORKS AT MOGDEN 


Abbey Mills pumping station, Abbey-lane, Stratford, 
the last sets of steam-driven pumping engines are 
being replaced by oil engines. The construc- 
tion of the extension of the activated sludge plant 
at the Northern outfall works, Beckton, is well 
advanced, and a portion of the new plant has been 
brought into operation and the first section should be 
ready early in this year. It is anticipated that the 
whole of the new plant, now under construction, 
will be in operation some time this year. The sludge 
digestion plant is nearing completion, and will also 
be brought into service during 1937. 

The Brook Green branch of the Hammersmith 
storm relief sewer was completed in September, 
and the extension of the south-western storm relief 
sewer will be ready by the end of the year. For the 
improvement of the drainage of a considerable area 
of North-West London the Bethnal Green branch 
of the north-eastern storm relief sewer was 
started. The work includes a new brick sewer 
6ft. internal diameter, nearly a mile in length, which 
is being constructed in tunnel, together with the 
enlargement of about the same length of an existing 
brick sewer, 5ft. internal diameter. For the relief 
of flooding of an area in Islington and Hackney, 
the Balls Pond-road branch of the Holloway storm 
relief sewer is now under construction. This sewer, 
5ft. internal diameter and about 4 mile long, is of 
cast iron lined with concrete and is being constructed 
in tunnel. A reinforced concrete relief culvert to 
the Stamford Brook sewer in Hammersmith Creek, 
of horse-shoe section, 7ft. high and 7ft. wide, 
was built during the year. About 4 mile of the 
Victoria-street sewer is being lined with cast iron and 
concrete. A diversion of the same sewer in Whitehall, 
at the new block of Government offices, is under 
construction in cast iron lined with brick and concrete. 

In addition, a number of important repair and 





water tower were formally opened by the Council im 
December. The undertaking provides for the distri- 
bution of water taken in bulk chiefly from the 
Bedford Corporation and the Biggleswade Water 
Board to thirty-eight parishes in the rural district, 
which have an area of 167 square miles. The engi- 
neers are Messrs. Binnie, Deacon and Gourley. 
Biggleswade.—In consequence of the average daily 
demand of the maximum week within the district 
having reached over 1,350,000 gallons a day it was 
evident that the safe limit of the yield of the Water 
Board’s well in the greensand near New Spring Farm 
had been reached, if not exceeded, and the Board 
therefore decided to add to its resources by bringing | 
into use an additional supply. A preliminary bore- 
hole was sunk into the greensand at Dunton, which, 
on testing, proved capable of yielding 20,000 gallons 
an hour. Arrangements were made for the develop- 
ment of this source by sinking four further bore-holes, 
and a contract for this work was let to George Stow 
and Co., Ltd., of Slough, who started operations 
early in December. It is the intention, on the com- 
pletion and testing of these bore-holes, to install 
motor-driven centrifugal pumps, which will deliver 
the water through a rising main to be laid to connect 
with the Board’s existing water tower at Toplers’ 
Hill. It is anticipated that this additional source 
will augment the Board’s resources by some 45,000 
to 50,000 gallons an hour. The engineers for the 
scheme are Messrs. Binnie, Deacon and Gourley, and 
the Board’s Engineer, Mr. T. A. Staniforth, will act 
as resident engineer for the bore-hole contract. 
Birmingham.—The Water Department was engaged 
more particularly during the past year in laying 
a considerable mileage of new water mains in order 
to keep pace with the abnormal building develop- 
ment, both as regards houses and factories. As 
regards the Elan aqueduct, continuous progress 
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was made in the laying of a third main of 60in. 
diameter, and there now remain only 5 miles on the 
Severn and Downton siphons to be laid to complete 
the whole of the third main on the aqueduct. Pre- 
parations are in hand for the laying of the next 
instalment, about 3 miles in length. About 3 miles 
of 24in. steel pipes were laid within the statutory 
area of supply. A contract was let during the year 
for the extension of the Northfield covered reservoir, 
and considerable progress was made with the work. 
At the Frankley pumping station a new turbine pump- 
ing plant of a capacity of 9 m.g.d. was installed, 
together with two new water-tube boilers. 

The first contract towards the improvement of 
the river Rea, extending for a length of nearly 24 
miles of the river terminating at Lawley-street 
Goods Station, was completed, and the contract, 
estimated to cost £140,000, for deepening and 
improving the river Rea between Lawley-street and 
Moseley-street, a length of approximately ~ miles, 
was put in hand. The work comprises the deepening 
of the river bed by an average of 4ft. This length 
of the river passes through a closely built-up indus- 
trial area, and it is necessary to carry out heavy 
underpinning of river walls, buildings, and bridge 
foundations. The river bed is being paved with 
Staffordshire blue wire cut bricks on a concrete 
foundation. The contractors for this work are 
Bolton and Lakin, Ltd., Queens-road, Handsworth, 
Birmingham, 21. 

A further contract is for the length of the river 
between Watson-road and Saltley Viaduct, the work 
consisting of the underpinning and reconstruction 
of the side walls and the deepening of the bed of 
the river for a length of about 1170 yards. The 
contractors are Tarmac, Ltd., of Wolverhampton, 
and the estimated cost is £90,000. The contract for 
the reconstruction of the Rea Valley main sewer 
between Lawley-street and Macdonald-street, 


Cheltenham and Gloucester.—The Cheltenham and 
Gloucester Joint Water Board, &c., Act received 
Royal Assent during 1936. This Act provides that 
the Joint Board shall take over Cheltenham’s pumping 
station on the river Severn at Tewkesbury and that this 
station be extended so as to filter and pump water by 
means of a 27in. diameter rising main, 7? miles long, 
to a new service reservoir of 6 million gallons capacity, 
to be constructed on Churchdown Hill, approximately 
midway between Cheltenham and Gloucester. Sup- 
plies for each town will be taken through 18in. 
diameter trunk mains, which are to be laid by the 
respective Corporations as distinct from the Joint 
Board. The work is to be carried out by the joint 
engineers, G. Gould Marsland and C. J. Scudamore, 
and the cost is estimated at £232,450. 

Corby.—The construction of the Eye Brook storage 
reservoir, having a capacity of 1540 million gallons 
and formed by an earthen embankment about 1700ft. 
long and about 50ft. high, will be commenced by the 
company by direct labour at the beginning of the 
present year. The joint engineers for the scheme are 
Messrs. Binnie, Deacon and Gourley and Messrs. 
Herbert Lapworth Partners. 

The Derwent Valley Water Board.—The construc- 
tion of the dam of the intended Ladybower reservoir 
which commenced in November, 1935, made steady 
progress during the past twelve months. The engi- 
neers for the work are Messrs. G. H. Hill and Sons, 
Manchester, and the contractor, Mr. Richard Baillie, 
of Haddington, East Lothian. The central cut-off 
trench was excavated for the entire length of the dam 
to an average depth of over 100ft., and the two dis- 
charge tunnels were holed through, and are now being 
enlarged and lined. The dam will be an earthen 
embankment, 1250ft. long at the crest, with a maxi- 
mum height of 143ft., and will impound some 5500 
million gallons. A second line of pipes, 39in. dia- 
meter, is being laid for a length of 6} miles 





together with subsidiary sewers, adjoining the river 





on the portion of the Board’s aqueduct to the east 
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Rea, was nearly completed. The length of the sewers 
in question is about 1} miles ; the main sewer varies 
in size from 75in. to 98in., and subsidiary sewers 
from 45in. to 60in. diameter. The work included 
construction in tunnel in which cast iron sections 
were used, parts being driven by means of a shield. 
A good deal of work upon the laying of other 
sewers of various sizes was carried out or started 
during the year. 

Bridgwater.—The year saw the beginning of exten- 
sive estate development, both by private enterprise 
and by the Corporation and to provide drainage 
facilities for these estates several works which deserve 
short mention were projected. Besides sewers 
of various diameters a pumping station will be 
required at a cost of £4400. This station will be 
constructed in conjunction with the sewerage scheme 
to discharge unscreened sewage and surface water 
into the river during tide-lock. Another pumping 
station, to cost £10,600, will be necessary to deal 
with the effluent from a new factory now in course of 
construction. A length of 150 yards of 27in. dia. con- 
crete pipes was laid during the year, and in conjunction 
with it a pumping station was constructed housing 
two duplicate sets of effluent pumps and storm pumps 
dealing with 560 and 2200 gallons per hour respec- 
tively of unscreened factory effluent, sewage, and 
storm water against a total head of 18}ft. The station 
is constructed to discharge effluent into the tidal 
river. To meet the increased demand for water supply 
in the borough a scheme is being carried out, com- 
prising an additional impounding reservoir at Durleigh 
from which water is to be pumped to the town, aug- 
mented by a further supply from an existing impound- 
ing reservoir, which latter has necessitated an addi- 
tional pumping station at Ashford. This pumping 
station, which will cost £8100, will supply water to 
the new Queenswood service reservoir on the out- 
skirts of the town and interconnections with the 
existing system of mains will allow of its use as a 
reserve unit for an existing service reservoir. The 
station is to contain duplicate centrifugal pumps, 
each capable of lifting 69,000 gallons per hour against 
57ft. head, the motive power being slow-speed crude 
oil engines. There will be five pressure filters. The 
Durleigh reservoir, to hold approximately 210 million 
gallons, is in course of construction on the outskirts of 
Bridgwater. It is being formed in a natural valley 
and the dam will consist of 70,000 cubic yards 
earthen bank and 10,000 cubic yards of clay puddle 
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Stow SAND FILTER AT GLASGOW 


ot Derby. this work is being carried out under 
the direction of the Board’s engineer, Mr. R. W. 8. 
Thompson. 

Edinburgh.—_Two new open sand filters, each 
capable of delivering 1,500,000 gallons daily, are 
being constructed at Fairmilehead. They will increase 
the existing filtering accommodation at this station 
to 124 million gallons. The filters are estimated to 
cost £25,000. 

Glasgow.—During 1936 a new slow sand filter was 
erected at Gorbals waterworks, thereby increasing 
the filtering area at this level from 6000 to 7267 square 
yards. Excavations were commenced in March and 
concreting was completed by November 25th. The 
filter, which is illustrated by an accompanying line 
engraving, consists of a rectangular basin, 120ft. by 
95ft. and 6ft. to 6ft. 6in. deep. The walls are of mass 
concrete, 18in. thick, at a slope of 1 in 1. The floor 
is of concrete, 6in. thick, with a fall of 6in. towards a 
drain in the centre. The drain itself has a fall of 6in. 
towards the discharge well. The aggregate for the 
concrete consisted of a hard sandstone which was 
obtained from a quarry about half a mile from the site 
of the operations, and the fine screenings from the 
crusher provided much of the sand. The filtering 
materials consist of 6in. to 12in. broken stones, 2}in. 
ring, on top of which are 6in. broken stones, 2in. 
ring, and 4}in. gravel. The gravel is separated from 
2ft. 6in. filtering sand by a layer of perforated tiles, 
l}in. thick. The stones and gravel were obtained 
from the sandstone quarry, and most of the filtering 
sand was from Loch Etive. The sand was washed 
in the existing sand-washing boxes before being placed 
in the filter. The supply and discharge pipes are 
of cast iron 15in. in diameter and are connected 
respectively with the supply and discharge pipes for 
the existing filters. Operations were carried out entirely 
by direct labour under Mr. John Cochrane, engineer 
and manager, Glasgow Corporation water department. 

Owing to the elevation of a new housing scheme 
in the Ruchill district to the north-west of the city, 
it was decided to erect on the high ground a reinforced 
concrete water tower of sufficient storage capacity to 
give an adequate supply to this district, and at a pres- 
sure sufficient for fire protection purposes... The tower 
was therefore designed for a capacity of 50,000 
gallons, giving approximately forty-eight hours’ 
storage. The tank is circular in plan, being 29ft. in 
diameter and 18ft. high, supported on six columns, 
which are braced in three places in the height. The 





The columns are supported on a circular reinforced 
concrete raft founded on boulder clay. 
Preliminary arrangements for the extension of the 


Dalmarnock sewage works are now being made. An 
experimental plant on the Simplex activated sludge 
process, capable of dealing with a minimum of 
500,000 gallons per day, was erected during the year, 
and will be used to ascertain whether a plant of this 
character would be suitable. In order to cope with 
the rapidly increasing drainage from the southern 
area of the city, extensions to the Shieldhall sewage 
works were begun. The work comprises the con- 
struction of five continuous flow settling tanks of the 
Pruss design, and detritus and overhead sludge con- 
solidation tanks. The plant will be suitable for the 
treatment of 16 million gallons per day dry-weather 
flow. 

Hythe.—During the year a bore-hole was sunk to a 
depth of 350ft. at Postling Wents, for the purpose of 
augmenting the existing water supplies. The well 
was sunk by Le Grand, Sutcliffe and Gell, Ltd., and is 
lined with steel tubes from 27in. dia. at the top to 
12in. in the lower length, the middle sections being 
perforated. Owing to the presence of fine sand the 
the water will be raised by compressed air. The 
tender of Ruston and Hornsby, Ltd., of Lincoln, was 
accepted for the installation of the necessary pumps, 
the engine-house, tanks, &c., designed by the Borough 
Engineer, and it is hoped to have the works in com- 
mission by July. 

Liverpool.—New works carried out during the year 
ended December 3lst, 1936, were chiefly in connec- 
tion with the third instalment of the aqueduct from 
Lake Vyrnwy, and the completion of the alternative 
draw-off arrangements from the lake. The alterna- 
tive draw-off was officially opened by the Lord Mayor 
of Liverpool in July, 1936, after which advantage 
was taken of it to examine and repair the Hirnant 
tunnel, which had been in continuous use since the 











base of the tank is 62ft. above the ground level. 





commencement of the Vyrnwy supply in 1891. The 
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work on the Hirnant-Morda section of the aqueduct 
consists of approximately 3-6 miles of 42in. steel 
pipes, lined and sheathed with bitumen, and com- 
prises three lengths on the Vyrnwy side of Oswestry, 
which will complete the third instalment between 
Lake Vyrnwy and Oswestry. Work commenced in 
the middle of June, 1936, and at the end of Decembér 
53 per cent. had been carried out. It is expected that 
the contract will be completed early in 1937. The 
pipe-laying contractors are Nott, Brodie and Co., 
Ltd., of Bristol, and the total cost, including pipes, 
valves, &c., is £72,395. In order to provide additional 
filtering capacity to conform with the aqueduct 
capacity on the completion of the third instalment, 
four new filter beds were put in hand. The new beds 
will be slightly larger than the existing beds, having 
an area of 0-848 acre each, and will add to the capa- 
city of the Oswestry filtration plant by approximately 
8,000,000 gallons per day. Excavation began in 
April, 1936, and 65 per cent. has been carried out to 
date. The beds are expected to be completed in 
1937. The contractors are A. Monk and Co., Ltd., of 
Liverpool, and the total cost of the work, including 
pipes, valves, &c., is £44,233. On the Cotebrook- 
Norton section of the aqueduct the work consists of 
3-32 miles of steel pipe, bitumen-lined and sheathed, 
and will complete the section between the balancing 
reservoirs at Cotebrook and Norton. Work com- 
menced in May, 1936, and will be completed early in 
1937, the pipe-laying contractors being Lehane, 
Mackenzie and Shand, Ltd., of Derby. The total 
cost, including pipes, valves, &c., is £57,753. Work 
is in progress on two lengths of 42in. steel pipes, 
bitumen-lined and sheathed, between Norton Tower 
and the Manchester Ship Canal, and on the north 
bank of the river Mersey. These two lengths consti- 
tute, with the Manchester Ship Canal and river Mersey 
crossings, the remaining portion of the third line 
between Norton Tower.and the Prescot storage 
reservoirs. Pipe-laying:- commenced at the end. of 
September, 1936. The pipe-laying contractors are 
Lehane, Mackenzie and Shand, Ltd., of Derby, the 
total contract cost of the work, including pipes, 
valves, &c., being £66,835. In order to provide for 
the third and fourth instalments of the Vyrnwy 
aqueduct, it has been found necessary to construct a 
second tunnel under the river Mersey. The works 
comprise the sinking of two shafts, one on each side 
of the river Mersey ; the driving of &@ tunnel between 
the two shafts, and the laying of 38in. diameter, 
bitumen-lined steel tubes in the Mersey crossing No. 2 
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and 40in. diameter pipes in the existing Ship Canal 
crossing. The north and south shafts of the Mersey 
crossing No. 2 will be 90ft. and 8Lft. deep respectively, 
and both shafts will be 16ft. 4in. internal diameter. 
The tunnel, which will be LOft. internal diameter 
and 945ft. long, will be approximately 40ft. below 
the bed of the river, and is being driven by shield and 
under compressed air. Trial borings were sunk in 
1935, and, in May, 1936, work was commenced on 
the sinking of the south shaft. At the beginning of 
October, the south shaft had been completed, and 
since then 175ft. of the tunnel driver and lined. The 
laying of the necessary pipes through the Manchester 
Ship Canal subway was also completed. The total 








NOTTINGHAM SEWAGE WORKS: 


contract price of the work, including tunnelling, pipes, 
and pipe-laying, is £67,177. 

Luton.—-A scheme was submitted to the Ministry 
ot Health for an entirely new sewage purification 
works on a new site and for a new main sewer. The 
sewer has been designed to carry sewage and storm 
water from a population of 150,000, while the works 
will treat the flow from a population of 120,000, pro- 
vision being made for future extensions. The esti- 
mated cost of the work amounts to £358,800, and the 
consulting engineers are Messrs. J. D. and D. M. 
Watson, Westminster. 

Manchester.—A district (booster) pumping station 
was erected at Gorton, with mercury arc rectifiers, 
and three vertical 8in. pumps, and another pumping 
station was erected at Northenden, containing two 
horizontal 4in. pumps. In the former case control 
is entirely electric and automatic, working by means 
of an Electroflo meter set to a predetermined rate 
of flow. In the latter case control is obtained by 
means of an air pressure cylinder, as in most of the 
older boosters of the Manchester Corporation water- 
works. At Haweswater practically the whole of the 
foundations of the dam have been exposed, a good 
bottom having been found at an average depth of 
about 20ft. The dam is being built of concrete, 
with in situ facing, and along about one-third of the 
total length of foundations concreting is in progress. 
Sections are all 35ft. in length, and several of them 
have now reached a height of 40ft. above river bed. 

The sludge digestion plant at the Davyhulme 
sewage works, commenced in 1935, was nearly 
completed, and two additional sludge storage 
tanks were constructed. The total cost of these 
works was approximately £30,000. A 3ft. Qin. 
diameter sewer mainly constructed of cast iron 
segments lined with brick and concrete, at an average 
depth of 90ft., costing £42,000, was laid during the 
year. A further length of the eastern intercepting 
sewer of the Wythenshawe main drainage system, 
5ft. 3in. diameter brick barrel, was begun, and 
is estimated to cost £16,320. The Sharston sewer, 
on which work was started in 1935, was completed at 
a cost of £18,000. Repairs to the river Mersey 
banks, estimated at £2000, were commenced. 

Nottingham.—Another scheme completed during 
the year is that for sewage disposal and main 
drainage works for the city of Nottingham. Powers 
to carry out the scheme were obtained in the Notting- 
ham Corporation Act, 1929. The total area served 
by the works now finished is nearly 40 square miles, 
with an estimated population at the present time of 
304,500 and a daily dry-weather flow of sewage of 
15 million gallons. Provision was made in the scheme 
for an ultimate population of 542,500, with a daily 
dry-weather flow of 24 million gallons. The disposal 
works are designed to treat a volume of sewage and 
storm water at the rate of 72 million gallons a day. 
The estimated cost of the sewerage works in the 
scheme is £748,440, and that of the disposal works 
£332,960, making a total for the whole of £1,081,400. 
The objective of the new scheme was the dual one 
of providing a main drainage system of sufficient 
capacity to deal efficiently with the present and future 


SNEINTON PUMPING STATION 





requirements of the district, and to reduce the annual 
cost of pumping to as small a figure as possible. With 
this object in view a new gravitation trunk sewer, 
3} miles in length, was constructed through the heart 
of the city between Bobbers Mill and the outfall 
sewers in Roughhill Wood, Sneinton. By this means 
all the sewage from the area lying on the north and 
north-west of this sewer will gravitate to the outfall 
sewers, leaving that from the remainder of the area 
to be pumped. As a result about three-quarters of 
the total tlow will gravitate to the outfall sewers 
and only one-quarter will be pumped. 

The approximate length of new sewers in the scheme 
is 18 miles, about 5 miles being in tunnel, mostly at 
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a considerable depth. The sewers vary in size from 
8ft. 6in. diameter, constructed of brickwork and 
concrete, down to pipe sewers of small dimensions. 
The new outfall sewer from Roughhill Wood, Sneinton, 
to the sewage disposal works, is 2? miles long, 14 
miles being in tunnel. It is constructed of brickwork 
and concrete. The gravitation trunk sewer is 3} 
miles in length, nearly 3 miles being in tunnel, varying 
in depth from 40ft. to 166ft. 

A series of chambers has been provided at the 
junction of the gravitation trunk sewer and the 
two outfall sewers in Roughhill Wood. In the first 
chamber, storm water in excess of three times the 
dry-weather flow of sewage, after passing over a 








NOTTINGHAM : CONSTRUCTION OF SEWER 


long weir, will be conducted by means of a 4ft. 
diameter iron siphon to the storm-water tanks, 
situated adjacent to the new pumping station at 
Sneinton. The storm-water tanks are five in number, 
each 220ft. long and 100ft. wide, with an average 
water depth of 6ft. 9in. The tanks cover an area of 
nearly 4 acres, and are capable of holding 5 
million gallons of storm water. When they are 
full any excess of storm water passes over a weir 
into the effluent outfall drain, 4ft. diameter, and is 
discharged into the river Trent. The new pumping 
station at Sneinton, electrically operated and largely 
automatic in action, will supersede the old Station 
in Trent-lane, with its steam,operated pumps and 
boilers. In addition to dealing with the sewage from 





the pumped area of the city it will be utilised for 
lifting the contents of the storm-water tanks into 


the outfall sewers. The pumps are of the ‘ Black- 
stone’ Unchokeable type, driven by ‘* Bull” 
motors, and fitted with ** Brookhirst’’ automatic 


float switch gear. 

The flow of sewage to the disposal works is esti- 
mated at 15 million gallons per day in dry weather, 
nearly half of which consists of tracie wastes from the 


various factories in the city. The works are 
eminently suitable for filtration, being — situated 
on a bed of river gravel and sand underlying 


a good top soil. 
The sewage was formerly distributed over the land 





DETRITUS TANKS AND DREDGER 


without any preliminary treatment, and purified 
by percolating downward througin tie soil into under 
drains, whence it was cdeliverai by means 
main effluent outfalls into the river, the sludge being 
retained on the surface of the soil and, after drying, 
finally ploughed into the land. The object of the 
new works was to increase the filtering capacity of 
the land by means of preliminary treatment, which 
would remove from the sewage the inorganic and 
organic solids in suspension. Atter leaving the 
outfall sewers, the sewage now flows through detritus 
chambers and screening chambers. Thence it passes 
by means of a central inlet channel to the 
tinuové-flow settlement tanks. After flowing through 
the tanks, where the organic matters ar 
deposited, the clarified effluent is distributed ove: 
the land for final treatment. The slidge from the 
settlement tanks is pumped to a specially prepared 
area, where, after being allowed to dry, it is ploughed 
into the land. 

Oldham.-—A 
and Co., Doncaster, for 
to the sewage purification works, comprising 
aeration tanks, for partial purification of the 
sedimentation tank effluent, final separating tanks, 
additional biological filters, heated sludge digestion 
tanks, and sludge drying beds. Work on titis contract 
was begun in July last. The estimated cost of the 
complete scheme is £82,000, and the population pro- 
vided ¥or is 155,000. The consulting engineers are 
Messrs. J. D. and D. M. Watson. 

Rugby.—Arrangements were made by the Rural 
Council for a bulk supply of water from Rugby Urban 
District Council. Two schemes are in preparation, 
one to serve the northern part of the district, involv- 
ing 15 miles of pipe line, and one serving the southern 
area, involving 20 miles of pipe line. 

Sheffield.—_New sewage disposal works at Coisley 
Hill are under construction at an estimated cost ot 
£40,000. These works are necessary Owing to various 
estates which have been developed for housing pur- 
poses in that particular part of the city. Lio-aeration 
or activated sludge treatment has been adopted. The 
new sewage pumping station at Tinsley is nearing 
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contract was let to Frank 
alterations and 


completion. The estimated cost of the work is 
£3275. It was rendered necessary owing to the olti 


pumping station having to be demolished, the land 
being required for the widening of the main road and 
reconstruction of bridges over the L.N.E. Railway 
Company’s line between Sheffield and Hull. During 
the present year the construction of four further units 
of the bio-aeration plant at the Sheffield main works 
will be begun, at an estimated cost of £56,290. 
This undertaking is designed to meet the increased 
flow of sewage. The whole of the work is being carried 
out by administration. 

South Essex.—The additional waterworks autho- 
rised by the South Essex Waterworks Act of 1935 
were commenced in January of last year, and con- 
siderable progress was made with the embankment 
and with the flood works necessary to pass floocs 
down the valley without interfering with a continual 
raising of the embankment to its final height. By 
means of these Works it is intended to make fuller 
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use of the waters of the river Stour (Essex and 
Suffolk) by increased abstraction when the volume 
of the flow therein is large, and to pump such waters 
to the storage reservoir of about 5500 million gallons 
which is being made by the construction of an embank- 
ment across the valley of the Layer Brook at Abberton. 
A considerable length of the high-tension electric 
transmission lines which passed over the site of the 
embankment and occupied part of the bed of the 
reservoir was diverted by the Central Electricity 
Board. The inlet works to a pumping station adjacent 
to the reservoir are now well advanced, and the 
designs of two important road diversions across the 
reservoir have been approved and work will be 
begun in a few weeks. Tenders have been received 
for primary filtration apparatus to be installed with 
secondary filters at Layer de la Haye. They will be 
supplied by the Paterson Engineering Company. 
The Abberton section of the works is being carried out 
by administration under a resident engineer, and the 
remaining sections by contract. The joint engi- 
neers appointed by the company are Messrs. T. and C. 
Hawksley, Binnie, Deacon and Gourley, and Bernard 
W. Bryan. 

Sutton-in-Ashfield.-Tenders were called for and 
work is about to start on the sewerage and sewage 
disposal of Sutton-in-Ashfield at a-cost of about 
£45,000. The scheme comprises some new sewers, 
alterations to the existing works, new filters, sludge 
digestion tanks and sludge drying beds. The consult- 
ing engineers are Messrs. J. D. and D. M. Watson, of 
Westminster. 

W olverhampton.—The Minister of Health sanctioned 
a £25,000 scheme for extending the main sewage 
works at Barnhurst by the installation of four 
circular percolating filters, together with humus tanks 
and ancillary works. All contracts were let in 
December, and work has already begun. 

The Wolverhampton Corporation Act of 1936 
authorises the construction of a new pumping station, 
pipe line, and two service reservoirs, &c., at an 
estimated cost of £248,250, and this work is now to 
be proceeded with, together with the reconstruction 
of an existing pumping station. 

Worcester.—Besides extensions of water mains to 
provide for the development of private estates, and 
various sewer extensions for parts of the added areas 
of the city, there was -put into operation at the 
sewage works a sludge digestion plant, and work is 
now in progress for utilising the gas for power 
purposes. 


France. 


Water Supply.—Continued financial embarrass- 
ments and difficulties occasioned by the labour and 
social reforms during the second half of the year 
retarded the execution of the programme for improv- 
ing the Paris water supply, and the putting in hand of 
the Vals de Loire scheme for bringing to the city a 
million cubic metres of water daily was again held 
up by delay in obtaining from the Government 
permission to issue a public Joan for the purpose. 
Everything is ready for the work to begin, and pre- 
parations for it have been advanced as far as possible, 
so that the undertaking should make rapid progress 
when the decree authorising the loan is signed. The 
signature has been withheld for purely financial 
reasons, which are said to be already responsible for 
a loss of three years in starting upon the Vals de 
Loire works, Meanwhile, the supply of water from 
the river sources and filtering beds has been increased 
by 100,000 cubic metres a day, partly by augmenting 
the delivery of aqueducts and partly by rapid filtra- 
tion at the Saint-Maur and Ivry beds. The supply of 
spring and filtered water now nearly approaches a 
million cubic metres a day, though at times it has 
fallen off considerably through the necessity of 
repairing mains and aqueducts. There is no reserve 
of water to meet any large increased consumption, 
and pending supplies from the Vals de Loire new 
schemes have been proposed, one of them for the 
sinking of an exceptionally deep well below the green 
sands of the Paris basin. Early in the year a technical 
commission was appointed to proceed with the scheme, 
a sum of five million francs having been voted for the 
purpose, but nothing has been done with the actual 
sinking of the well, which is of a highly speculative 
character, and as time is of great importance, and 
probably little would be gained on the Vals de Loire 
undertaking, this phenomenally deep well will proceed 
leisurely, if at all, for its geological interest. If the 
past year has failed to show much activity in the 
carrying out of new works, there is a considerable 
number of projects all over the country awaiting 
financial assistance under the extended public works 
programme. Particularly is this the case with the 
rural water supply, the extension of which proceeded 
very slowly during the year, and as less than a third 
of the communes throughout the country has a 
satisfactory water distribution there is a vast field for 
activity when money can be provided for the purpose. 

Sanitation.—Work on the sewerage programme in 
the Department of the Seine continued during the 
year within the limit of financial possibilities, which 
were not large, and consisted chiefly in laying mains 
for the discharge of sewage to the Achéres farm and 
in extending the Clichy sedimentation station, which 
will have to deal with a considerably increased volume 
of sewage and used water. The pumping plant at 


installation is entirely automatic and under the control 
of one man. The pumps have been ordered, and as 
preparations are well advanced it is evidently believed 
that the financial situation this year will be favour- 
able to greater activity. [Everything is well advanced 
for the construction of the sewage treatment station 
at Achéres, and it is hoped to start shortly on the 
work, which will occupy about two years. There has 
been a revival of agitation in favour of a more active 
sanitation policy throughout the country, where it is 
affirmed that nearly one-half of the population live 
in small towns and villages devoid of sanitary 
arrangements and that less than a quarter of the 
towns with sewage mains have a really efficient 
system. Small municipalities and communes have 
rarely the means to carry out such work, which 
involves a financial problem that has long been under 
consideration. An agitation also started early in the 
year against a proposal to lay down an incineration 
plant in the suburban town of Puteaux, and it 
extended to existing incineration stations in and 
around Paris,on the ground of an alleged pollution of 
the air by dust. While the removal of incineration 
piants to beyond the Paris area could not be enter- 
tained on account of the cost, something has been 
done to attentuate the grievance, and attention has 
been given to other methods of refuse disposal, 
particularly to the controlled process of dumping the 
refuse and covering it with earth. In 1935 about 
120,000 tons of refuse were disposed of in this manner, 
and it is probable that this total was exceeded last 
year. 


Asia. 

Shing Mun Valley Waterworks, Hong Kong.—The 

construction of this reservoir, which has a capacity 
of 3100 million gallons, is virtually completed, and 
arrangements are being made for its formal inaugura- 
tion in the present month. In September last year tem- 
porary impounding was commenced to augment the 
supply to Hong Kong during the dry season, and the 
water was allowed to rise with the building of the 
dam, the highest level reached being about 15ft. 
below top water level in September last. At this level 
the dam proved to be water-tight. The main or 
Gorge Dam is 275ft. high above the stream bed and 
the respective portions are of the following volumes : 
Reinforced concrete face diaphragm, 8900 cubic 
yards; concrete in tongue trench, 19,700 cubic 
yards ; thrust block, 132,000 cubic yards ; and rock- 
fill, 480,000 cubic yards. It was described in a paper 
presented by Mr. W. J. E. Binnie to the Second Con- 
gress, International Commission on Large Dams of 
the World Power Conference, held at Washington, 
D.C., on September 7—12th last, and an abstract of 
this paper appeared in THE ENGINEER of November 
13th last. A photograph is reproduced m a Supple- 
ment to our previous issue. The subsidiary dam at Pine- 
apple Pass contains 211,000 cubic yards of material in 
the embankment, 9000 cubic yards of concrete in cut- 
off and core wall, and 49,500 cubic yards of rockfill. 
The work was carried out for the Hong Kong Govern- 
ment by direct administration to the designs and 
under the supervision of Messrs. Binnie, Deacon and 
Gourley, the resident engineer being Mr. G. B. Gifford 
Hull, M. Inst. C.E. 
Rangoon Water Supply.—The designs for the Pegu 
Yomas reservoir, which will comprise an earthen 
embankment 136ft. high, to form a reservoir with a 
capacity of 2370 million cubic feet, have been pre- 
pared, and arrangements are now being made for the 
Corporation to construct this reservoir by direct 
labour. It is expected that a contract will be placed 
shortly for the supply of the 43 miles of 56in. internal 
diameter concrete lined welded steel pipes which are 
to convey the water from the reservoir to the Corpora- 
tion’s existing Kokine service reservoir. ° The works 
are being designed by Messrs. Binnie, Deacon and 
Gourley in collaboration with Mr. A. E. Mann, 
M. Inst. C.E., the Engineer to the Corporation, and 
the chief resident engineer is Mr. E. C. Steer, B.Sce., 
Assoc. M. Inst. C.E. 








South African Engineering Notes. 


(By our South African Correspondent.) 


Carre Town, December 14th. 


Municipal Electricity Association. 

A LARGE number of delegates and visitors 
attended the Convention of the Association of Municipal 
Electricity Undertakings of South Africa and Rhodesia. 
The retiring President, Mr. G. G. Ewer, of Maritzburg, 
said that at the last Convention thirty-five towns were 
members of the Association; since then sixteen other 
towns had joined, making a total membership of fifty-one. 
He thought that highly satisfactory, and when it was noted 
that those fifty-one towns had a total of approximately 
£13,000,000 invested in their electricity supply under- 
takings, it would be appreciated that the Association had 
very considerable interests in all matters appertaining to 
municipal electricity supply. Dr. H. J. van der Byl, 
Chairman of the Electricity Supply Commission, addressed 
the Convention, and said every time he went abroad he 
tried to make a comparison of the extent to which elec- 
tricity was used in South Africa as compared with other 
countries, and recently he was able to make a comparison 
with the supply and use of electricity in the United States, 
and as a result had no hesitation in saying that South 





that South Africa would actually take the lead, but that 
would not be possible until the Municipal Councils saw 
that it was not wise to take too much of the profits from 
the electricity departments for the relief of rates in other 


directions. To some extent that might be justified, but 
he thought it was going too far. The abnormal demand 
for electricity in Johannesburg following its great expan- 
sion was described by the Mayor of that city, Mr. Donald 
W. MacKay, at the Convention when welcoming the dele- 
gates. The output of electricity for the last financial 
year ended June 30th, he said, reached a total of no less 
than 209,000,000 units, and a maximum demand of 
67,400 kilowatts was attained. That constituted the 
amazing increase for a municipal area of 12,500 kilowatts 
over the preceding year, and the demand and the require- 
ments were increasing. Mr. D. Leibbrandt in a paper 
read before the Congress said that before the end of 1937 
more than 1000 miles of railway line would be electrified 
in the Union, and more than 20 per cent. of the Union’s 
rail traffic would be carried over electrified sections, as 
compared with America with its enormous railway system 
of 244,838 open miles, of which 6441 track and 2760 route 
miles were electrified. Approximately, 237,000,000 units 
will be purchased by the Union railways for traction pur- 
poses and over £587,000 will be paid per annum for electric 
power. Electric rolling stock will be represented by 328 
units, comprising 135 locomotives and 193 motor coaches. 
The cost of construction in hand to-day of all railway elec- 
trification in the Union is approximately £2,000,000. 
Raiding Electricity Profits. 

Mr. George H. Swingler, electrical engineer to 
the City of Cape Town, has protested to the City Council 
against the excessive amounts taken from electricity 
profits for the relief of rates, and in the course of a report 
which he submitted stated that if it had not been for the 
City Council’s raids on electricity profits, the price of 
current in Cape Town could have been reduced by 10 per 
cent. During the last ten years the electricity depart- 
ment has contributed, to the end of 1935, amounts to a 
total of £433,278. He did not consider adequate pro- 
vision had been made for the financial security of the 
undertaking. If he were not so concerned about the future 
financial resources of the undertaking and so convinced of 
the necessity of husbanding its resources, he would some 
t me ago have recommended serious consideration being 
given to an immediate reduction in electricity charges, par- 
ticularly in connection with the establishment of industries. 
Mr. Swingler is in agreement with the general opinion 
all over the world that electricity undertakings should 
contribute to relief of rates only when they are financially 
secured against adverse circumstances, and even then the 
amounts should be limited. For 1936 the Council takes 
£100,000, and so avoids increasing the general rate. 
Mr. Swingler stated that the price of coal is rising, and 
in this connection he said that if coal was available to 
Cape Town at the same price as it is in Johannesburg, 
it would mean a saving of £88,000 a year in working cost. 
In spite of Mr. Swingler’s protest, the City Council 
adheres to its decision. 


Railway Electrification Schemes. 

Further big railway electrification schemes are 
under consideration by the Union Railway Administra- 
tion. It is aimed eventually to electrify the whole route 
from Pretoria to Durban. Some of the reasons for such a 
step are the heavy traffic between Durban and the Rand, 
the steep gradients on the route, and the fact that the plant 
already established for the electrified sections is capable 
of carrying a much bigger capacity than is at present 
required. The electrification of further sections therefore 
would be a natural development to obtain the fullest 
benefit from the works in existence and those which are 
being completed. The electrification of the line between 
Pretoria and Germiston should be completed by May, 
and it is expected that by August the rest of the scheme 
on the Rand will be finished. The work of doubling the 
line between Germiston and Pretoria and the lowering of 
the line at Jeppe is proving difficult, and is not expected 
to be finished before then. It is believed that electrifying 
of the lines to Witbank and to Klerksdorp will follow. 
This will allow of the abandonment of some of the “ steam 
sheds,’’ and a consequent saving of expenditure. The 
next step may be to electrify at first from the Rand as 
far as Volksrust, and later to complete the scheme to 
Durban. 


New Shipping for Union Trade. 

South Africa leads the world in shipping activity 
at the present moment. Approximately one-fifth of the 
shipping under construction in the world is to trade to 
South African ports. Four years ago the tonnage being 
built for the Union did not reach 50,000, but in 1934 a 
strong movement towards modernisation and accelera- 
tion of existing services began. By November last year 
shipping under construction for the Union trade had 
reached 300,000 tons. To-day, a year later, there are 
500,000 tons under construction, including vessels being 
remodelled. Altogether, fifty-two ships are involved at 
a cost exceeding £13,500,000, plans are in hand for new 
ships, and orders are likely to be placed shortly for at 
least twelve ships of a total of over 66,000 tons. The 
following is a summary of the work in hand or proposed : 
—On order, 47 ships; total tonnage, about 402,000 ; 
approximate cost, £12,235,000 ; to be rebuilt, five ships, 
98,500 tons, cost £1,250,000; proposed twelve ships, 
567,960 tons, cost £3,295,000. There is a remarkable pre- 
ponderance of high-speed cargo carriers. Most of them are 
refrigerated. There are thirty-one vessels in this class, 
against only six passenger liners, five medium-speed 
cargo ships, and six miscellaneous craft, such as tugs, 
dredgers, &c. Out of the forty-seven vessels on order, 
thirty-five will fly the British flag, four the Norwegian, 
three that of Holland, three the Swedish flag, and two the 
German. It is interesting to note that only twenty, or 
47 per cent., of these ships are to be oil engined, the 
remainder being steamers. The foreign ships in hand, 
with two exceptions, are to be motor ships. Speed is 
becoming of greater importance than ever in the South 
African trade. The acceleration of the mail ship service 
by three days exemplifies the speed-ups that are taking 
place. It is a curious fact that there are now more high- 
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senger ships. During the last two years most of the 
speed records established in the South African trade have 
been made by cargo ships. Had the “ Stirling Castle ” 
not made her recent quick trips to break the ‘“‘ Scot’s ” 
43-year-old records, it is certain that the records would 
have fallen to a cargo ship before the end of this year. 

An analysis of the designed speeds of the vessels under 
construction is of interest. In the 20 knots and over class 
there is only one vessel, the Union-Castle mailship now 
building. In the 18 to 20 knots class, there are six, four 
cargo ships and two passenger vessels; in the 16 to 18 
knots class there are twenty-seven, of which three are 
passenger vessels. Three ships have speeds of 14 to 16 
knots, and the remaining ten have speeds of under 14 knots 
and five of these are harbour craft. é 

The biggest building programme is that of the Union- 
Castle Line, which is spending £2,900,000 on one 26,000- 
ton mailship, two 8000-ton refrigerated cargo ships, and 
the reconstruction of the five mailships ‘‘ Arundel Castle,” 
““Windsor Castle,” ‘Carnarvon Castle,” ‘“‘ Warwick 
Castle,” and ‘‘ Winchester Castle.” Next comes the 
Clan Line which is spending £2,500,000 for eleven high- 
speed cargo vessels. This firm will probably order more 
in a few months, and they will be round about 10,500 tons 
each. The Dutch shipping company, the K.P.M., is 
spending approximately £2,250,000 on three fast motor 
passenger liners, each of 14,500 tons, for the trade between 
the East Indies and the Union. The German-African 
Lines are spending about £1,600,000 for two 16,000-ton 
passenger liners, now being completed. The Ellerman 
group has five ships on order, costing approximately 
£1,000,000. They are two high-speed cargo steamers and 
two other similar vessels, about 9000 tons each, and a 
medium speed cargo steamer of 6200 tons. Three com- 
panies are each spending about £600,000 on new ships 
for this run. The Wilhelmsen Line of Norway has four 
ships of 7500 tons each on order; the New Zealand Ship- 
ping Company has two fast 11,500-ton refrigerated motor- 
ships under construction ;, and the Blue Star Line two of 
11,150 tons each. The Transatlantic Line of Sweden is 
spending about £300,000 on three fast cargo liners, two 
of 5700 tons and one of 3400 tons. Smaller sums are 
being spent by other companies. The Port Line has on 
order an 8600-ton motor cargo ship, the T. and J. Harrison 
Line a passenger and cargo steamer of 6800 tons, the 
Hogarth Line two 4000-ton cargo steamers, and the 
Elder, Dempster Line two motor cargo ships of 4000 tons. 
A dredger and four tugs of 600 tons each for the Union 
Government will cost about £320,000. Within the next 
six months three 12,000-ton 21-knot liners for the Osaka 
Shosen Kaisha of Japan will be ordered, and will cost 
around £2,250,000. A 10,000-ton liner costing £400,000 
is planned by the American South African Line, and the 
Shaw, Savill Line will order a refrigerated ship of 11,000 
tons at a cost of about £350,000. The Transatlantic Line 
will probably repeat its recent order for a 3400-ton refri- 
gerated passenger and cargo vessel. Six small craft to 
fly the Union flag and an unspecified number of high- 
speed cargo liners for the Blue Funnel Line’s service com- 
plete the list of proposed new ships. 


Huge Printing Press. 


Up to the present two large printing presses have 
produced the Argus newspaper, printed at Cape Town. 
Each is of four units (64 pages), one made by Hoe and Co., 
of London, and the other by Foster and Son, of Preston. 
Now a third press is running for the first time, capable 
of producing 60,000 printed, folded, trimmed and counted 
copies of the Argus each hour. It is a Goss printing press, 
weighs 216 tons, is 43ft. in length and 10ft. 8in. in breadth. 
Each reel carries 5 miles of paper and weighs about half 
aton. Altogether, 16 tons of newsprint are loaded on the 
machine at once. When the 5 miles of paper have been 
unrolled from a reel, an intricate Witton-James machine 
swings a new reel into position, and the tip of a new 
“web ”’ is pasted on to the tail of the paper of the old 
reel. The whole operation is performed by one man 
pressing a button. The new machine has a choke release 
which clears any jam automatically. It requires 2800 lb. 
of ink to fill its ducts. Ball and roller bearings carry 
every possible moving part. There are 114 of these bear- 
ings in each of the four main printing units of the machine. 
Automatic pressure oiling systems circulate lubricant to 
every part of the machine. No less than 185 gallons of 
oil have to be used before the containers are full and the 
machine can be run. It takes over 1 cwt. of grease to 
pack other moving parts of the press. High speed in other 
departments makes the whole process incredibly swift. 
The autocaster, for instance, casts three plates a minute 
from papier-mache matrices. News, merely typewritten 
‘copy ” three minutes before, can be included in one of 
the pages that are being printed at the rate of sixteen 
to the second. The stereo plates on the press machine 
while it runs weigh 3600 lb. 


Extensions at Cape Town Docks. 


Preparations are proceeding in connection with 
a start on the F scheme in Table Bay Harbour, which pro- 
vides for the construction of two deep-water berths on the 
inshore side of the New Harbour Basin. The block-making 
yard has been reopened to start making cement blocks 
for the new quays. About fifty men have been put on the 
work and will turn out about twenty blocks a day, each 
weighing between 12 and 16 tons. On December Ist the 
suction dredger “‘ Cetus,’”’ having been overhauled, was 
put to work clearing the sand and silt from the 
rock where the quay is to be built in preparation for 
the arrival of the rock-breaker from England. There 
rock is 28ft. below low water, and the rock-breaker will 
have to deepen this by another 12ft. down to 40ft. before 
a start can be made with the building of the wall. 


Rock-breaker for Cape Town Harbour. 


The steam hopper ‘ Stonewell”’ has arrived at 
Cape Town from Southampton towing the James rock- 
breaker which is to work on the new harbour scheme. 
The vessels have been supplied to the South African 
Railways and Harbours Administration by the James 
Dredging, Towage and Transport Company, Ltd., of 
London and Southampton. The rock-breaker was built 


in 1930, the hull being specially built for transportation 











and towage to any part of the world. It is 100ft. long by 
28ft. in beam, and 8ft. in depth, with a gross tonnage of 
197, and is classed to Lloyd’s highest classification 
(100 Al). All rock-breaking machinery is of Messrs. 
Lobnitz’s latest pattern, and comprises two 10-ton rams, 
one being a spare, with all working and mancuvring 
winches, &c. The vessel is also equipped with working 
anchors, chain ram, and guide wires. Steam is supplied 
by a marine type boiler. The vessel is capable of breaking 
rock to a depth of 60ft. below the surface. In appearance 
it-is somewhat like an over-size pile-driver, with a tall 
gantry erected in the bows. 


Oil Discovery Claimed in Kenya. 


The possibility of oil supplies discovered in 
Kenya being sufficient to meet the requirements of the 
whole of British Africa south of the equator has become 
known in Nairobi by the news of a scheme to form a 
company with a capital of £250,000 if the promoters are 
able to obtain exclusive licences to explore an area of 
nearly 4000 square miles, which is at present not dis- 
closed. 
from the Kenya coast. 
neer named De Jean, who in a preliminary report states 
that several centres have been located with a geological 


formation which is usually associated with oil deposits. | 


There is evidence of a large inland sea, once existing, and 
the whole district appears to have been violently heaved 
up, then compressed and folded. The present feature of 
the district is a great fracture, the line of which is marked 
by a series of volcanoes, mostly extinct. The present 
intention is to form a small company with a capital of 
£12,000 to acquire the licence and carry out preliminary 
surveys. After that the larger company will be formed. 
It is rumoured that several groups are now investigating 
the area, and that the Government is embarrassed by the 
number of applications for licences, most of which cover 
the same districts. 


National Roads for the Union. 


Under the National Road Board scheme, the 
sum of £11,157,094 will be spent on road construction 
during the next five years. The total amount available 
for new roads (100ft. wide) will only be £5,478,000, the 
balance being absorbed as follows :—New bridges, 
£600,000 ; upkeep and repairs, £1,588,800; plant and 
machinery, £648,000 ; administration, £129,000; interest 
and redemption, Divisional Council and Provincial loans, 
£2,172,601 ; Road Board loans, interest and redemption, 
£540,693. 
structed in the Cape Province is 3011 miles, and for the 
other three Provinces 2385 miles. 


A New Tanganyika Railway. 


Connections by rail will be very materially 
improved in Tanganyika Territory by the construction of 
the new line which will connect the Central Railway 
(Dar-es-Salaam-Kigoma on Lake Tanganyika) with the 
Tanga—Moshi line, and it is probable that the new line 
will branch off to the north-east at a point between 
Morogoro, and Kilosa on the Central Tanganyika Railway, 
and will link with the Tanga line at Korogwe, between 
Korogye and Mombo. The new line will run from near 
Kilosa to Korogwe. The coastal line between Dar-es- 
Salaam and Tanga is not in good condition, and motorists 
proceeding between these two points have to make a 
lengthy inland detour, vid Morogoro. The new railway 
will thus be an extremely valuable adjunct to Tanganyika 
Territory’s lines of communication. It may be that the 
actual building of the line will be delayed until the future 
status of this enormous mandatory territory is more clearly 
and certainly defined. Another consideration which may 
possibly affect the construction is the question of motive 
power. On the Tanga—Moshi Railway wood fuel is burned. 
In the course of time the use of electric power may be 
extended to the railways. There is abundance of water 
power in this district of North-East Tanganyika. For 
many years waterfalls have been used to produce power 
and light for the many sisal plantations in this area. 
Falls on the Pangani River present great potentialities 
in respect of the generation of power. 








ENGINEERING TRADESMEN-RECRUITS FOR 
THE ARMY. 


THE War Office announces the inauguration of a new 
scheme for obtaining engineering-tradesmen recruits for 
the Army from the Royal Ordnance Factories, the railway 
companies, and many engineering firms, who have under- 
taken to co-operate. The scheme is intended to attract 
unmarried engineering tradesmen between the ages of 
twenty-one and twenty-five years who have completed 
an apprenticeship in certain skilled trades. The number 
of men required by March 3lst, 1937, is 1000, and the 
trades for which there are vacancies are as follows :— 

Fitters. 

Turners (Royal Army Ordnance Corps only). 
Electricians. 

Instrument mechanics. 

The terms of enlistment are :— 

(i) Royal Engineers, six years with the Colours and 
six on the Reserve. 

(ii) Royal Army Ordnance Corps, three years with 
the Colours and nine on the Reserve. 


The co-operation which has been promised by the under- 
takings mentioned above will take the form of facilitating 
enlistment and of giving favourable consideration to appli- 
cations for re-employment when the men concerned pass 
to the Reserve at the conclusion of their Colour service. 
The men can remain members of their trades union while 
in the Army and if not members they can join whilst 
serving. The particular advantage of the scheme to 
recruits is that during their Army service they will be 
engaged at their civilian trade and when they leave to 
go to the Reserve they will have had several years more 
experience under varied conditions, which will be a great 
asset to their future employers. Moreover, they will join 


The mileage of 100ft. wide roads to be con- | 


the Army knowing that they will be eligible for employ- 
ment when they leave ; they are trained men and will on 
discharge possess the qualifications of having been con- 
tinuously employed as skilled men. Should they, on the 
other hand, decide while in the Army to make the Army a 
career, and their qualifications are sufficient, they will 
have an opportunity of doing so and of reaching the more 
highly paid ranks. 

Pay and other conditions (food, accommodation, cloth- 
ing, medical attention, &c.) will be those normally applic- 
able to men enlisted as Army tradesmen, viz., pay com- 
mencing at 22s. 9d. a week, rising at the end of a year 
(subject to passing the usual trades test) to 35s. Full pay 
is issued during holiday periods (normally twenty-eight 
days a year), together with a ration allowance of Is. 1ld. 
a day (present rate), During the periods of Reserve service 
Reserve pay of 9d. a day (5s. 3d. a week) is issued. Full 
information regarding the conditions of enlistment, 
together with application forms, can be obtained at any 
Recruiting Office. Applicants will be interviewed, trade 
tested, and medically examined in their own town as far 
as possible. 
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CALENDARS, DIARIES, &c. 





BROTHERTON AND Co., Ltd., Leeds. ~Monthly wall calendar. 


Epwarp Woop anv Co., Ltd., Ocean Ironworks, Manchester 
17.—Monthly wall calendar and a pocket diary. 


FiscHerR Beartncs Company, Ltd., Upper Villiers-street, 
Wolverhampton.—Daily wall calendar. 


G. anv J. Werr, Ltd., Cathcart, Glasgow. 
Ltd., Oxford. 


Pocket diary. 
Morris Morors, Cowley, Monthly wall 
calendar. 
SrorHER? AND Prrr, Ltd., Bath.—-Desk memorandum pad. 
WELLWortTHY Piston Rines, Ltd., Radial Works, Lymington, 
Hants.—Monthly wall calendar. 
Crosstry Bros., Ltd., Openshaw, Manchester, 11.—Monthly 
wall calendar. 
HARLAND AND Wo rr, Ltd., Belfast.—-Monthly wall calendars. 
ALEXANDER MATHIESON AND Sons, Ltd., Saracen Tool Works, 
East Campbell-street, Glasgow, C.1.—Pocket diary. 
|  Jouwn TULLIS AnD Son, Ltd., St. Ann’s Works, Glasgow, 8.E.— 
| Desk memorandum pad. 
| Crorrs (ENGINEERS), Ltd., Thornbury, Bradford. 
| wall calendar. 
But Morors, Ltd., Ipswich._-Monthly wall calendar. 
| G. ann T. Earue, Ltd., Wilmington, Hull——Monthly wall 
| calendar to last for three years. 





Monthly 


| 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr. J. G. GoopENOUGH, assistant to the managing director of 
Dorman, Long and Co., Ltd., of Middlesbrough, has been 
appointed general manager of the company. Mr. Frank 
Shepherd, general works manager of the Britannia group of 
works, has been appointed general works manager for all coke 
ovens, iron and steel works, and rolling mills of the company. 


A. C. Wickman, Ltd., of Coventry, informs us that as a result 
of the development of its own machine programme, its 
agency agreement with Alfred H. Schutte, Cologne, Germany, was 
terminated by mutual arrangement on December 3lst, 1936. 
As from that date, E. H. Jones (Machine Tools), Ltd., of Hendon, 
N.W.9, has {been appointed sole agent in Great Britain for 
the sale of ‘Schutte ”’ machines, but by arrangement with 
E. H. Jones, Ltd., Messrs. Wickman will still be in a position to 
supply spare parts and accessories to existing users of “ Schutte ” 
automatics. 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


SunpeAM ComMERctAL Veuicixs, Ltd., has received a further 
order from the Wolverhampton Corporation for Sunbeam-B.T.H. 
four-wheel trollybus chassis. This is the eighth repeat order 
the company has received from this municipality for Sunbeam- 
B.T.H. trollybuses. 

RANSOMES AND Rarvter, Ltd., have received from the Appleby- 
Frodingham Steel Company an order for a Rapier electric 
stripping shovel for removing overburden in the ironstone mines 
in Lincolnshire. This machine will have an 8 cubie yard bucket 
at 115ft. radius, and will, it is claimed, be one of the five largest 
shovels ever built in Europe. 

EpGar ALLEN AND Co., Ltd., announce the receipt of further 
| large orders for crushing and grinding machinery. Among these 
| orders are some large items for export, one being for twenty 
tube mills for gold mines in South Africa. These mills are 
6ft. Gin. in diameter by 20ft. long and are for crushing gold ore, 
Another order recently received by the company is for a com- 
bination tube mill for the manufacture of Portland cement. 
This mill will be one of the largest ever built in this country and 
will measure 8ft. 4in. in diameter by 45ft, long, and its total 
weight, complete with load, will be 215 tons. It is for a large 
cement works in this country. 











LAUNCHES AND TRIAL TRIPS 


ApoynE, steamship ; built by Caledon Shipbuilding and Engi- 
neering Company, Ltd., to the order of Aberdeen, Newcastle, 
and Hull Steam Company ; dimensions, length 260ft., breadth 
374ft., depth 24ft.; deadweight, 1200 tons. Engines, triple- 
expansion, 1650 I.H.P ; launch, December 28th. 

ABBEYDALE, tank ship; built by Swan, Hunter and Wigham 
Richardson, Ltd., to the order of British Tanker Company, Ltd.; 
to carry 12,250 tons. Engines, one set of Doxford four-cylinder 





opposed piston ; launch, December 28th. 
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‘Markets, Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The Continental Position. 


Conditions on the Continent in practically all 
branches of the iron ahd steel industry, as regards demand 
and dearth of supplies, very closely approximate those 
ruling here. In Belgium the scarcity of pig iron is becoming 
more pronounced, and the steel works are taking practically 
all the basic iron available. In consequence consumers 
are seeking supplies from Luxemburg, where the produc- 
tion of foundry iron has been resumed. Makers will not 
accept orders for No. 3 foundry beyond the end of January, 
and hematite iron also is now extremely difficult to secure. 
Active deliveries of semis are being made against running 
contracts, and there are further inquiries coming in, but 
producers are holding aloof. For the quarter ending 
December 31st British works specified for 68,000 tons out 
of the option of 70,000 tons in addition to the quota. 
Discussions are still going on with regard to prices for 
present quarter deliveries, as the scarcity of supplies of 
semis in most producing countries has resulted in a con- 
tinuous upward movement. So active has been the demand 
for thick plates that customers have had to be rationed. 
In January the tonnage placed at the disposal of exporters 
of merchant steel will not exceed 110,000 tons, against 
180,000 tons in December and 260,000 tons in November. 
In France there has been a general reluctance to accept 
new business, as most of the steel works have sufficient 
orders to keep them fully occupied for some months. 
Following the introduction of the forty-hour week, which 
came into force on December 6th, sharp advances in 
prices resulting from the increased cost of coal and ore 
will be less likely. Supplies of pig iron in Germany have 
steadily diminished and lengthened periods for delivery 
are now required. The export demand tends to increase 
and supplies have proved inadequate for requirements. 
There has been no decline in the demand for semi-finished 
steel and makers have been compelled to refuse further 
orders. The production and sales of bars are said to have 
attained record figures. Large orders have been circulating 
for plates suitable for shipbuilding, boilers and tanks, 
whilst medium sheets have also been in keen request. 


Pig Iron. 


The most important feature of the week was the 
advance of 12s. 6d. per ton in East Coast hematite. 
The market expected that the movement would be about 
10s. Makers, however, indicated that the rise would have 
been still greater had they not advanced the differential 
rates charged for hematite with a low sulphur and 
phosphorus content.- The new rate for East Coast hematite 
mixed numbers, delivered in the Middlesbrough district, 
is 98s. per ton, with the usual 5s. rebate under the loyalty 
clause. Makers are now booking orders at the new prices 
for delivery until the end of June, but at the present rate 
the whole of their output to the end of that period will 
very soon be disposed of. The position with regard to 
Cleveland iron remains unaltered, but arrangements for 
speeding up production are being accelerated as much as 
possible. Meanwhile strict rationing of supplies continues 
and speculative buying is being discouraged. A certain 
amount of new booking has been done for early summer 
delivery, though most makers are heavily committed and 
are not seeking fresh orders. Export inquiries tend to 
increase, but in view of the sustained home demand only 
a meagre percentage of this trade can be dealt with. 
Inquiries continue to be received for Northamptonshire 
and Derbyshire pig iron and the greatest difficulty at 
present is being experienced in obtaining sufficient supplies 
of Northamptonshire iron, as stocks at the furnaces have 
been entirely cleared. Rationing has been resorted to, as 
a rule on the basis of previous deliveries. The recent fillip 
in the demand for forge iron has been fully maintained, 
and although there have been adequate supplies of Derby- 
shire grades a scarcity of Northamptonshire quality has 
developed. In line with other brands, the demand for 
special irons tends to increase from week to week, as larger 
tonnages are being absorbed by the motor and heavy engi- 
neering works. On the North-West Coast the shortage 
of hematite remains unrelieved, in spite of the higher 
rates now ruling. and although two furnaces are to be 
brought into operation at an early date they will only 
replace others due for reconditioning. It is understood 
that no real increase in production is possible until the 
late spring. In Scotland there was a lull in new business, 
but makers showed no concern, as they are heavily booked 
forward, and with costs of production tending to increase 
rather weleomed an opportunity of avoiding further com- 
mitments. 


The North-East Coast and Yorkshire. 


The pressure for supplies of pig iron in the Cleve- 
land district is such that the opinion is expressed that 
imports may exceed exports, notwithstanding the increas- 
ing difficulty of securing foreign supplies. Middlesbrough 
iron workers, in even busy periods, have previously 
observed the English Christmas and the Scottish New 
Year holidays, but this year work at the furnaces con- 
tinued without interruption. Moreover, the price advances 
have had no effect on the volume of new business offering, 
and makers are still cautious in increasing their commit- 
ments, especially on export aecount. If anything, buyers’ 
anxiety to book forward has been increased by the price 
advances announced. Supplies of ore were smaller in 
December, and obvious uncertainties prevented the 
development of fresh business. A steady level of coke 
prices and supplies, however, materially assists pig iron 
makers. The hematite position has been helped by the 
settlement of prices on a satisfactory basis, which has 
opened up the road to possibility of new business, but 
bookings are still limited by the difficulty of arranging 
deliveries. These remain on a rationing system, and 
the extra furnaces which go into operation this month are 
urgently needed. Similarly, in the manufactured iron and 








steel trade extension of plant is imminent. Although it 
is estimated that production in 1936 in the Cleveland 
district was around 2,500,000 tons, makers realise the 
importance of greater production, not only to take proper 
care of home needs, but to prevent export business from 
going elsewhere. While relative quietness characterised 
the holiday period in the Sheffield district, the anxiety 
regarding the covering of requirements over the first half 
of the New Year was clearly indicated. It is, however, 
hoped that the active preparations for extending the pro- 
ductive capacity of the steel mills will materially relieve 
the shortage. Meanwhile, the recent price advances 
have made no impression on the volume of demand. ~ 


The Midlands and South Wales. 


As in other districts, the holiday intervals have 
been curtailed in view of the strenuous efforts on the 
part of manufacturers to meet the demand. The shortage 
of material which has prevailed in the latter part of 1936 
will continue in the New Year, and serious endeavours 
are being made to increase the output of British billets, 
on which re-rollers have in the main to rely, as appre- 
hension is felt regarding the continuance of adequate 
supplementary imports. Small angles and tees under 
4in. united, and joists and channels 3in. web and less, 
have now been brought into the British makers’ rebate 
scheme, and will in future be subject to a rebate of 
15s. per ton. There has been little change in the 
pig iron market, consumers of Northamptonshire iron 
having mostly covered their requirements up to mid- 
summer, while other grades are sold still further ahead. 
Prices of bar iron are expected to be adjusted shortly 
in: sympathy with the recent advance in forge iron. 
The demand has been mainly for the best grades. Strip 
and sheets have been in active request recently. Con- 
tinental quotations for bar iron have been too high to 
affect materially the supply position here, although some 
sections of the trade prefer the Continental product. 
Steel requirements are so large that makers are obliged 
to concentrate on deliveries to those who took the pre- 
caution of placing their orders well ahead, and new 
business is difficult to negotiate. The delivery position 
may become increasingly acute when Admiralty contracts 
come on the market. Both black and galvanised sheets 
have been in active demand from home consumers and 
the works report an improved export trade. In South 
Wales the volume of new business in tin-plates at the 
recently advanced prices has been satisfactory, whilst the 
orders already booked have resulted in an increase in the 
production quota to 70 per cent. of capacity. The 
demand for sheet and tin-plate bars has also increased and 
requirements of local consumers have become heavy. 


Scotland and the North. 


The New Year holiday caused a brief pause in a 
period of intense activity ruling throughout virtually all 
branches of the Scottish iron and steel trades. The heavy 
steel makers have extensive orders on their books, and 
are anxious to resume work as soon as the necessary repairs 
can be made to plant, a matter which will largely deter- 
mine the length of the holiday break. Supplies of semi- 
finished material from abroad have proved disappointing, 
and there has in consequence been additional pressure for 
the delivery of local makes. Increased activity has ruled 
of late in the tube trade, and the re-rollers are fully 
employed. The export demand for galvanised sheets, 
which for some time was unsatisfactory by comparison 
with the insistent call from home buyers, is now showing 
signs of much greater strength. The pig iron position 
continues to be discussed with considerable anxiety, and 
up to the present no very helpful suggestions appear to 
have been made for coping with the pressure for supplies. 
At the steel mills the holiday stoppages, although brief, 
allowed some respite in deliveries, but such stoppages 
have been cut down to a minimum, and little improvement 
in conditions can be seen. Those consumers urgently in 
need of material are in an unfortunate position, and the 
placing of fresh business was hampered by the delay in 
announcing the new basis of hematite prices. The iron 
and steel industry on the North-West Coast resumed 
work as quickly as possible after the holiday, and every 
section is working at full capacity. Any furnaces to be 
put into blast before the spring will merely replace those 
needing repairs. The hope of larger supplies of West 
Coast hematite has been deferred, as the relief afforded 
by the holiday stoppage at the steel mills has allowed 
delayed deliveries to be only partially overtaken. The 
Manchester market reopened very quietly after the 
holiday, but inquiries showed that the cessation of 
deliveries under contract had been far more brief than usual. 


Current Busizress. 


Swan, Hunter and Wigham Richardson, Ltd., 
Wallsend, have received an order from Ellerman’s Wilson 
Line, Ltd., Hull, for two fast cargo liners, each of 7000 tons, 
for North Atlantic service. The machinery will consist 
of triple-expansion engines of the latest type. Charles 
Connell and Co., Ltd., have booked orders for two cargo 
steamers of 9000 tons each deadweight for British owners. 
Sir James Laing and Sons, Ltd., Sunderland, are to build 
three ships of similar tonnage, of which two are for the 
Minster Steamship Company, Ltd., London. The 
Southern Railway Company has placed orders with the 
following firms on the North-East Coast for the supply of 
about 18,000 tons of cast iron railway chairs. These have 
been allocated as follows :—Pease and Partners, Ltd., 
Middlesbrough, 7400 tons; Teesside Bridge and Engi- 
neering Company, Ltd., Middlesbrough, 3500 tons; 
Head, Wrightson and Co., Ltd., Thornaby-on-Tees, 2650 
tons; and Smith, Patterson and Cd., Ltd., Blaydon-on- 
Tyne, 4500 tons. Hurst, Nelson and Co., Ltd., have 
received a contract valued at about £50,000 from the 








Export quotations are 


London and North-Eastern Railway Company for 200 all- 
steel hopper wagons of 20 tons capacity. The firm is 
already engaged on a contract for 500 similar wagons for 
the same railway. The Appleby-Frodingham Steel Com- 
pany, Ltd., Scunthorpe, is to erect a coking plant with 
by-product recovery works, and will also extend the 
sintering plant. Other developments in Lincolnshire 
include an addition of twenty-three ovens to the existing 
battery of John Lysaght, Ltd., Scunthorpe. The Depart- 
ment of Overseas Trade announces that the following 
contracts are open for tender :—South African Railways 
and Harbours: structural iron and steel work, &c. 
(Johannesburg, March Ist). 


Copper and Tin. 


Sustained buying in the standard copper market 
has brought prices for three months up to £50 Is. 3d., 
whilst electrolytic touched as much as £55. The high 
prices ruling for copper in Europe have led to the raising 
of the American domestic price of electrolytic to 12 cents 
per Ib. In view of this advance and increasing demand, 
it is possible that some of the high-cost mines in Michigan 
will resume production in the near future, as it is under- 
stood that a profit can be made at 11 cents a lb. For a 
time prices in Europe were above those ruling in the 
United States, but it is now stated in some quarters that 
the copper industry in America is unable to meet the 
domestic demand, so that the price position may be 
reversed, especially in view of the tariff of 4 cents per lb. 
which makes imports prohibitive. It is argued, how- 
ever, that even if the tariff were removed there would be 
no great influx of foreign copper, owing to the enormous 
demand for the metal in Europe. There is a danger that 
copper may now go much beyond its real value, and 
although this point has not yet been reached, in face of 
the rapidity of the advance a temporary setback would 
oceasion no surprise. The stocks of refined copper in 
official warehouses at the end of December totalled 45,519 
tons, against 44,732 tons at the end of November and 
76,938 tons a year ago.... According to one authority, 
the visible supply of tin at the end of December showed 
an increase of 1518 tons to 19,712 tons, whilst the carry- 
over in the Straits decreased 817 tons to 2122 tons, a net 
increase of 601 tons. Although the increase was substan- 
tially smaller than expected, prices reacted to lower levels, 
and moderate selling pressure caused the decline to go 
still further. Business in America has been on the quiet 
side, with only a small daily turnover, whilst operations 
have been largely professional. The tone of the market 
improved following the statement by the International 
Tin Committee that the restriction scheme had been 
renewed for a further five years as from January Ist. 


Lead and Spelter. 


The lead market is still being influenced by 
intensive speculation, and while this continues prices will 
no doubt fluctuate sharply from day to day. Large-scale 
purchases of this character tend to raise the metal higher 
than its intrinsic value, the opposite being the case when 
the quantities bought are liquidated. The statistical 
position, however, is considered sound, and the demand is 
maintained at an exceptional level in this country, 
whilst in the United States stocks have been reduced by 
nearly 60,000 tons since the end of July to 176,900 tons. 
Stocks of duty-free lead in English warehouse at the 
end of December amounted to 2291 tons, and in bond 
to 3795 tons, against 2443 tons and 3955 tons respec- 
tively at the end of November. The world production of 
lead in November is given as 145,200 tons, against 128,800 
tons in October, excluding Italy and Spain. Production 
in America totalled 40,300 tons, against 39,300 tons in 
October. It is reported that Germany has developed 
a profitable method of treating large deposits of low- 
grade material. 


Non-ferrous Metal Average Prices. 


The average values of the principal non-ferrous 
metals dealt in on the London Metal Exchange show an 
all-round appreciation for the month of December, the 
gain being most pronounced in the case of lead. The 
average price of standard cash copper was 40s. 3d., and 
for three months 39s. 3d. above the November average, 
whilst electrolytic copper showed an increase of 39s. 3d., 
and wire bars of 40s. 5d., with best selected 44s. 11d. 
higher. Standard cash tin disclosed a rise of 24s. 2d. in 
December and three months 58s. 11d. above the averages 
for the previous month. The December average for lead 
for shipment the current month showed the substantial 
increase of 76s. 9d., and for shipment in the third following 
month 76s. 2d., whilst the mean advanced by 76s. 5d. 
Spelter for shipment the current month was 33s. 1d. 
higher than in November, shipment the third following 
month being 31s. 10d., and the mean 32s. 6d. up. The 
following are the official London Metal Exchange average 
quotations for December :— 


STaNDARD CoPprER ... Cash (mean) £45 19 844 
3 Months (mean) £46 5 10H 
Settlement £45 19 6," 

ELECTROLYTIC COPPER (mean) £50 13 9 


ELECTROLYTIC WIRE Bars 
Best SELECTED CoPpPER (mean) 
STANDARD TIN ... Cash (mean) 
3 Months (mean) 
Settlement 
( For shipment the current month 





| For shipment the third following : 
Leap, month Pt cee, Oa 0] 
| Mean Stalag 7: 
| Settlement ...0 05 ©... 21. See) eee 3 
( For shipment the current month... £17 19 133 
| For shipment the third following : 
SPELTER{ month aden Nae eae Neue. ede £18 2 1085 
| Mean £18 1 OF 
| Settlement £17 19 3y4 
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Current Prices for Metals and Fuels. 


Makers ’ official home trade prices per ton, delivered buyers’ stations. 


Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


only from associated British Steelmakers * For Markets other than India, Australia and New Zealand, 5s. per ton must be added. + South Africa 5s. and Foreign Markets 2s. 6d. higher. 


t F.o.b. prices on orders booked after Jan. 1st, for delivery after March 31st, 10s. per ton extra. 


PIG IRON. 


6 
OS 


6.3: 


Station) 


Home. 
(D/d Teeaside Area) 
N.E. Coast £ os. d. 
Hematite Mixed Nos.*... 4 17 6 ... 
No. 1 ee OES 
Cleveland— (D/d Teesside Area) 
No. 1 geet en ACA Beare 
Me SGteess Se Oe SA 
No. 4 Forge ... . Sr ee PEL 
Basic (Less 5/- rebate) is oe 
MIDLANDS— 
Staffa— (Delivered to Black Country 
North Staffs. Foundry... 4 6 0©... 
“* » Forge a oe Sw 8 
Basic (Less 5/- rebate)... 4 2 6... 
Northampton— 
Poundry No. 3.-ii.20 4:32 6... 
Forge 3.18 6 
Derbyshire— 
eae SE ae ae 
Forge TO ee ee a ee 


ScorTrLanp - 
Hematite, f.o.t. furnaces* 
No. 1 Foundry, ditto 
No. 3 Foundry, ditto 
Basic, d/d (Less 5; 
N.W. Coast— { 18 
Hematite Mixed Nos.*... - 36 
| 9 6 
* Less 5/— rebate. 


MANUFACTURED 


4 

4 

4 8 ns 
-rebate) 4 2 6... 

4 

5 

5 


0 d/d Glasgow 


TRON. 


Home. 
Lancs. AND YORKS.— S sa: 
Crown Bars mae @... 
Best Bars 12 0 0 
MipLANDsS— 
Crown Bars ... .. nae © 
Marked Bars (Staffs. pe Se Ores. 
No. 3 Quality bess ate ee ed 
No. 4 Quality 917 6 
ScoTLAND— 
Crown Bars 10 0 
Best... 2..9.9 
N.E Coast- 
Common Bars 0... 
Best Bars vist 2 a Ge FR ass 
Double Best Bars ae OP Gc 


NORTHERN IRELAND AND FREE StTaTE-— 
Crown Bars, f.o.q.... 


STEEL. 


ae ©... 


Home. 
LONDON AND THE SouTH— = 
Angles 9 5 6 
Tees... 10 5 6 
Joists 9 5 6 
Channels.. , 910 6 
Rounds, 3in. and up 10 5 6 
- under 3in. = 912 6 
Flats under 5in., ... 9 12 6 
Plates, jin. (basis) ... 915 6... 
» +m. me 6 € ... 
bs tin. ... 10 5 6 
in. ... ' 1010 6 
Un. ¥% to fin. incl. 10 3 0 
Boiler Plates, jin.... 10 5 6 
Nortu-East Coast— £ os. d. 
Ee a ee a ie 
Tees... 10 3 0 
Joists 9 3 0 
Chania: < anctpinpt>wt E 2 
Rounds, 3in. and up 10° 3:2, 
under 3in. vie OBS @. 4. 
Plates, jin. (basis) ... 910 6 
eed MGA cccres ose: cee ge crs 
oe tin. ... a. a me gan 
% fin. .. oe RO, 62:6: 
Un. ¥ to tin. inal, «se RB Be pe 


Boiler Plates, jin.... 


MIDLANDS, AND LEEDS AND DistRictT— 


es. ad. 
DNS 63! cn. oer eas ae 
Tees... lo 3 0 
Joists bee Shas 9 3 0 
Channels... .. oe a a MP ai 
Rounds, ain. ini up 10 3 0 
” under 3in. .- 910 O 
Flats, 5in. and under ... 9 10 0 
Plates, Zin. (basis) ... 913 0... 
” Bia: 5. ST} See OA, x4 
% fin. ... ar ew 
* fein. .. a. Me gx ee 
Un. ¥ to tin. ol. eee MAB Orca 
Boiler Plates, }in.... 19 3 0 ... 


» Sheftield 


» Birmingham 


Ex I ort. 

: <a. 
314 6 
3 if 0 
Export. 
oe 8 
it 10 0 
Il 2 6 
10 1000 
iz 10 O 
Ww 100 
| Tae Se 
10 100 
ll .2 6 
11 12 6 
Export. 
£8, 
*8 10 O 
*9 10 0 
*§ 10 0 
*8§ 15 0 
79 10 0 
$12 6 
8 12 6 
9 0 0 
19. 5 O 
79 10 0 
79:15 0 
10 5 0 
912 6 
Se. 1d. 
*8 10 0 
*9 10 0 
*8 10 0 
*8 15 0 
*9 10 0 
812 6 
79 «0 «0 
9 5 O 
7910 0 
9 15 (0 
10 5 O 
912 6 
£m @. 
*8 10 0 
*9 10 O 
*8 10 0 
*8 15 O 
79 10° © 
8 12 6 
812 6 
9 0 0 
79 5 O 
9 10 O 
T10 5 O 
10 5 O 
912 6 


STEEL (continued). 


Home. Export. 
GLASGOW AND DisTRIcT-— fa, d. £ s. d. 
Angles oor es *8 10 0 
Tees... ce ae es ; *9 10 0 
Joists. Pe eI Kea! OME | GG F *8 10 0 
Channels... ... ... a Le he : *8 15 0 
Rounds, 3in,andup ... 10 3 0... .. *9 10 0 
- under 3in. ato a Om 8 12 6 
Flats, 5in. and under . 9 :30..@°:.. 812 6 
Plates, jin. (basis) 910 6. 19 0 O 
he fein. . 915 6... 9 & O 
fin, ... i Oe, 19:10 0 
- ee 1g. &.) 6... 19 15 0 
Un. & to fin. leek 9:18, 0... 10 5 0 
Boiler Plates, pia: 1 0 6 912 6 
SourHh Wares AREA— £..&...d, £ s. d. 
CO a eee ee on | ee *83 10 O 
Tees... We 3... *2 10 O 
Joists. eee ee ee *8 10 0 
Channels... ... .. ; So) O.-O% *8 15 0 
Rounds, 3in. and up 10 3 0 *9 10 0 
under 3in. oe ee oe 812 6 
Flats, 5in. and under 910 0. 812 6 
Plates, jin. (basis) . O22... O..0.5 79 0 O 
» Bake x! <3 : 236.0 9 5 O 
fin. . 10 3.0 9 10 «0 
fein. wt @ 79 «15 ~«(O 
Un. ¥in. to fin. inel. 10 3 O 10 5 0 
LRELAND—F.0.Q. BELFAST. Rest or IRELAND. 
£s.d £ s. d. 
Angles 9 Bw ei iva 910 6 
Tees.. ee ee Ler ee 1010 6 
pee OL, Ale S “oe 918 0O 
Channels... ... . Oa we ss 915 6 
Rounds, 3in. and up 10 8 O 10 10 6 
under 3in. 8 8 0 8 8 0 
Plates, jin. (basis) 915 6 9 18 «=O 
iin. oO 0 6 ‘lo 3 (0 
jin. id 5 6 r10 688 COO 
t icin. .. 1012 6. rwO13 OO 
Un. xin. to Jin. incl. 10 5 6... 10 8 O 
OTHER STEEL MATERIALS. 
Home. TExport. 
Sheets Sm ia: £ ses. d. 
14-G, to 20-G., d/d 11 15 O tan. 33. 8. @ 
21-G. to 24-G., d/d ; 12 0 O f.io.b. 11 10 0 
25-G. to 27-G., d/d 12.33 .6 f.o.b. 12.. 5.. 0 
South Africa, 24-G. Basis £11 5s., plus 3% on invoice value ; 


Irish Free State, £12 15s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £s. d. 


4-ton lots and up . 14 0 v 
2-ton to 4-ton lots 14 7 6 
Under 2 tons 16 0 0 


Export : India £16 7s. 6d. c.i.f.; South Africa, £13 10s. f.0.b., 
plus 3 p.c. invoice value ; § Australia £13 17s. 6d. f.0.b ; 
Rhodesia, £13 17s. 6d. f.0.b.; Lrish Free State, £14 15s. 
f.o.g.; General, § £13 15s. f.o.b. 

Tin-plates 

20 by 14 basis, f.o.b. Bristol Channel Ports, 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


19s. 9d. 


Billets. . & a 
Basic (0-33% to 0-41%C.) : ~~. 
Medium (0- 42% 1 to 0- 80% C y ey ee 

Hard 0-61% to0-85%C.) ... ... ... 8 7 6 

» (0°86% to0-99%C.) ... ... ..9 2 6 

$i » (1% C. and up) 2 etd tate BSS 

Soft (up to 0- 25% C.), 500tonsandup ... ...6 &E O 
Rails, Heavy, 500-ton lots, f.o.t. = RS es) 

» aed 


Light, f.o.t. 


FERRO ALLOYS. 


Tungsten Metal Powder... 3/14 per Ib. 


Ferro Tungsten 3/— per lb. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6 p.c.carbon £21 10 0 7/- 
» *6p.c. to 8p.c. sa1..0 © 7/- 
PA 8 p.c. to 10 p.c. . £21 0 0 7/ 
+ ‘Specially Refined ... 
Max. 2 p.c. carbon £33 10 0O 11/- 
| p.c. carbon £36 5 0 11/- 
0:50 p.c.carbon £37 5 0 12 
Pa carbon-free 94d. per Ib. 
Metallic chromium z/5 per lb. 
Ferro Manganese (loose), 76 p.c. £11 15 0 home 
Silicon, 45 p.c. to 50 p.c. £1115 Oto#l2 5 O 
scale 5/— p.u. 
75 p.c. £16 17 6to£l7 7 6 


scale 6/— p.u. 
12/8 per lb. 
4/6 per lb. 
9d. per Ib. 
£180 to £185 
7/- to 7/1 per lb. 


+ Vanadium 
» Molybdenum... 
Titanium (carbon free) 


Nickel (per ton) 
Cobalt =... see nee tee tee ne 








§ F.o.b. prices as from Jan. 1st, for delivery after March 31st, £1 per ton extra. 


NON-FERROUS METALS. 


(Official Prices, January bth). 


COPPER 
Cash ... £48 17 G6tolt48 18 9 
Three months ... £49 2 6 £49 5 OU 
£53 15 Oto £54 10 0 


Electrolytic 
Best Selected dente d/d Bir- 


mingham £53 15 0 
Sheets, Hot Rolled £81 U0 OU 
Home. Export. 
Tubes, Solid Drawn (basis) 12}d. 124d. 
»  Brazed (basis) 12}d. 123d. 
Brass— 
Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy lid. Lld. 
Brazed 13d. Lad. 
Tixn— 
Cash ... . £228 15 0 to £229 5 0 
Three months ... . £229 15 Oto £230 5 0 
Leap : . £26 Ll 3to £2618 9 
SPELTER : - £18 8 9 to £1815 0 


Aluminium Ingots (British) ... £100 to £105 


FUELS. 


SCOTLAND. 
LANARKSHIRE— Export. 
(f.0.b. Grangemouth)—Navigation Unscreened) 15/3 to 15/6 


Hamilton Ell 16/6 to 17 

Splints 19/— to 19/6 
AYRSHIRE— 

(f.0.b. Ports)—-Steam 15/6 


 IFESHIRE— 
(f.0.b. Methil or Burntisland) 
Prime Steam ... 
Unscreened Navigation 


16/3 to 16/6 
15/6 to 16/ 
LoTHIANS— 


(f.0.b. Leith) 
Seeondary Steam ... 


16/6 
16/ 


-Hartley Prime 


ENGLAND. 


YORKSHIRE, MANCHESTER 


B.S.Y. Hard Steams 19/6 to 23/- 


Furnace Coke 19/- to 24/- 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 17/6 
» Second... 16/6 
Best Small ... 14/- 
Unsereened 16/- to 17/- 
DurHAM— 
16/6 


Best Gas... 
Foundry Coke 25/-- to 27/- 
Inland. 
27/6 to 29/6 


SHEFFIELD— 
Best Hand-picked Branch ... 


South Yorkshire Best ... 24/- to 30/- 
Seconds ... . 21/- to 22/- a 
CarpivF— SOUTH WALES. 


Steam Coals : 


Best Admiralty Large ... 19/6 
Best Seconds aes 19/- to 19/44 
Best Dry Large 18/6 
Ordinaries 18/3 to 18/6 
Bunker Smalls 15/- to 15/6 
Cargo Smalls ... 13/6 to 14/6 
Dry Nuts 25/- to 27/- 
Foundry Coke 30/— to 47/6 
Furnace Coke 24/6 to 25/ 
Patent Fuel 22/- 
Swanska— 

Anthracite Coals : 
Best Large ..- 36/- to 40/- 
Machine-made Cobbles.. 41/- to 48/6 
Nuts 40/- to 48/6 
Beans pe to 35/- 
Peas ohm ites 19/— to 23/6 
Rubbly Culm... ne to 12/6 

Steam Coals : ¢ 


Large Ordinary 18/- to 20/6 


FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. per gallon, 


Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 its = 


Diesel Oil 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 


Compulsory Arbitration. 


THE necessity of doing something to settle 
immediately the labour agitation was responsible for the 
Senate and the Chamber agreeing to a compromise over 
the wording of the compulsory arbitration Bill in a manner 
that has not given entire satisfaction to either of them. 
‘The Senate’s proposal, which was dealt with in a previous 
note, has been shortened and simplified. While maintain- 
ing the principles of liberty and rights of property laid 
down in that proposal, it does not provide means of 
enforcing an observance of awards, and as it may take 
some time to set up the machinery necessary to meet all 
cases, the Government is authorised to fix the procedure 
for the settlement of disputes by the publication of 
decrees until the end of the present session—that is to say, 
for about six months. There can be no appeal against a 
final arbitrator’s award, which must be published, and the 
grounds upon which the award is based will also be made 
known. One of the concessions made by the Senate is 
that the final arbitrator will not necessarily be drawn 
from the higher magistrature and may be selected from 
members of any of the State Councils, including the Cours 
de Cassation. While the Bill was under discussion there 
was a claim by the men for a further general increase in 
wages of 15 per cent., which claim was supported by 
demonstrations and strikes, and some of the unions 
declared that they repudiated the collective contract 
fixing the initial advance in wages for one year. They 
declare that the advance in living costs, which deprive the 
men of the benefit of the rise in wages, is due to the franc 
devaluation. Some of the inflated cost of living is certainly 
caused by the higher prices paid for foreign raw material 
and products. By far the greater part of the inflation is, 
however, the result of higher wages which automatically 
increase the social charges, and of the forty hours’ week, 
which burdens industry with another 20 per cent. in 
wages without financial benefit to the wage earner. The 
shorter week has also lessened production. There are 
complaints of a lowering of efficiency and reduced output 
in all branches of industry where the forty hours’ week has 
been imposed. The figures of lower output with more men 
employed in the coal mines during November are illuminat- 
ing on this point. In view of the men’s attitude in insisting 
upon a strict observance of the collective contract when it 
suits them, and of threatening to repudiate it when it 
fails to work to their satisfaction, there are grave doubts 
whether compulsory arbitration awards can be enforced 
if unacceptable to the men. Any removal of these doubts 
will be left to Monsieur Blum during the six months that 
he will be free to arrange for arbitration. 


Railway Problems. 


The railway companies have struggled along for some 
years under a hopelessly accumulating load of deficit, 
which they attribute to the taxes, charges, and free services 
imposed upon them as concession holders from the State. 
Their initiative in working the railways is limited by the 
terms of the concession, and they cannot modify rates and 
fares without Government sanction. Had they been able 
to retain the measure of liberty which was granted to 
them by the convention of 1921 the companies affirm that 
the present financial crisis would not have arisen. The 
difficulties under which the companies labour have been 
the subjéct of perennial debate, and as the concessions will 
lapse in about fifteen years time the problem is now 
receiving special attention from a Government which is 
held to have decided views on the part that the State 
should play in industrial and other affairs of national 
interest. The whole question of national railway reform 
is under consideration by the Government, which appears 
to favour either an amalgamation of all the companies 
into one company or the nationalisation of the entire 
system. The former alternative is objected to because it 
would give a rigid and unwieldy character to an enterprise 
that needs suppleness to deal with different territories 
that have nothing in common as regards traffic. National- 
isation of the railways would not solve the problem of the 
defigit, which would merely be transferred to the State. 
The State Railways offer an example of enterprise and 
initiative, but their deficit is far greater than that of any 
company. The companies have realised economies that, 
at the end of five years, amounted to 3450 million franes, 
while there has been an improvement in railway working 
efficiency. All their efforts to reduce the deficit have been 
nullified by the new social charges, and now the forty 
hours’ week is to be imposed on the railways, this measure 
having so far been delayed by the fear of financial conse- 
quences arising out of a huge increase in the number of 
railwaymen and employees. The idea of the Government 
is to limit the extra number of men for the time being to 
60,000, but the short week will, it is said, necessitate the 
employment of a considerably larger number of additional 
men and will impose an impossible burden on the railway 
system with its annual deficit of something like 4000 
million franes. . 

Shipbuilding. 

In its annual report the Chantier et Ateliers de 
Saint-Nazaire (Penhoét) states that prospects for the ship- 
building industry are improved by the greater activity in 
other countries, and Penhoét itself has a satisfactory 
amount of work in hand, including the construction of the 
30,000-ton liner for the Compagnie Sud-Atlantique to 
replace the burnt-out ‘* Atlantique,” and the laying down 
of the 35,000-ton battleship “‘ Jean-Bart ”’ in the new con- 
struction dock of the Chantiers de la Loire in association 
with Penhoét. The dock is not completed, but the half 
of it for the hull construction was sufficiently advanced 
for the laying of the keel recently, and the other half, on a 
lower level for fitting out the ship afloat, will be finished 
before the hull is ready to be floated across the dock. 
Now that stock is being taken of facilities for dealing with 
the naval shipbuilding programme there is some regret 
at the operation of the State rationalisation scheme during 
the slump in suppressing the yards of the Chantiers Navals 
Frangais and the Chantiers Maritimes du Sud-Ouest, 
whereby the total number of slips was reduced from eighty- 
five to seventy-one. 


British Patent Specifications. 





When an % ion is icated from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls, each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 

















.INTERNAL COMBUSTION ENGINES. 


456,805. August 2nd, 1935.—Furx Insection Pumps, Black- 
stone and Co., Ltd., P. Jackson, and J. F. Butler, Rutland 
Engineering Works, Stamford, Lines. 

This is a fuel injection pump in which the governing of the 
engine is effected by means of by-passing some of the oil back 
to the suction side. In the figure the pumping plunger is shown 
at A, the oil inlet at B, and the delivery at C. The by-pass 
valve is marked D and is operated by the tappet E on the lever 
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G. This lever is pivoted at H, and carries a roller J bearing 
in a cam-shaped depression in the operating tappet of 
the plunger A. It will be seen that the action of this roller 
and cam face will open and close the by-pass valve D to control 
the delivery of fuel to the engine. The timing of this control is 
determined by a wedge-shaped piece K, connected with the 
governor (not shown) moving the support L of the lever G.— 
November 16th, 1936. 
456,808. March 12th, 1936.—Expritosioxn ENGINES WITH 
OscILLATING BLapEs, R. Babel, 41, Avenue Léon Gambetta, 
Clichy, Seine Department, France. 


be 





vanes oscillating in a cylinder, but no hint is given as to the 
working cycle. 
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tight joint between the vanes and the cylinder. The circum- 
ferential joint is made by the two cup-shaped pieces A and B, 
which are pressed outwards by the springs CC. At the hub 
the tight joint is maintained by the ring D, which is pressed 
up against the hub by the spring E. It is grooved so as to pro- 
vide efficient lubrication. The vanes are cooled by water 
circulating from the pipe F in the direction shown by the arrows. 
November 16th, 1936. 


SWITCHGEAR. 


456,803. February 22nd, 1936.—E.zorric Ligutine [NsTALLA- 
tions, The British Thomson-Houston Company, Litd., 
Crown House, Aldwych, London, W.C.2. 

One object of this invention is to provide an improved circuit 
and apparatus for regulating the voltage and current in a series- 
operated discharge lamp throughout the starting and operating 
period. A transformer A provided with a primary winding 
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B is connected into a constant current series circuit C. A 
secondary winding D of this transformer supplies current to 
an electric discharge lamp E and an incandescent filament 
lamp F in parallel. A relay coil G is also connected in parallel 
with the lamps E and F, and operates a contact bar H. When 
this coil is sufficiently energised, it operates this contact bar 














to close a circuit across a pair of contacts J, thereby closing a 





This invention is concerned with internal combustion engines | 
in which the working piston takes the form of a radial pair of | 





circuit to a second lamp K. The electric discharge lamp E 
is of a type in which a metal vapour, such as mercury, for 
example, is used. During cold weather it is necessary to heat 
the lamp to 0 deg. Cent. or above before it will take even a 


starting current. Since it is desirable to operate these lamps 
on standard series street lighting circuits in which a constant 
current is maintained, special apparatus must be providod to 
control the voltage and to make use of the energy which is 
available for each lamp. It will be apparent that the incan- 
descent lamp F being connected in parallel with the lamp E 
will be energised at the instant that the current flows in circuit 
D. The current flowing through the discharge lamp E at the 
beginning of the operation is comparatively high (5 amperes), 
so that a comparatively low voltage (20 volts) is obtained due 
to the reactance of the transformer. The incandescent lamp F 
takes a negligible amount of current at this voltage. During 
warm weather a discharge lamp will start very quickly, and 
the operating current will immediately diminish, thereby 
increasing the voltage across the two lamps. When normal 
operating voltage (in the present instance 155 volts) is reached, 
the incandescent lamp carries its full-load current and the 
discharge lamp acts as a voltage regulator. The transformer A 
is designed to furnish the necessary current at the normal 
operating voltage for both lamps. In cold weather, however, 
the discharge lamp E will allow no current to pass, so that the 
voltage across the two Jamps will rise and energise the coil G. 
This coil is arranged to move its armature when a predetermined 
voltage is reached ; in the present instance at approximately 
200 volts. Its contacts are thereby closed and the circuit to 
the third lamp K is established. As long as the discharge lamp 
E does not allow current to pass, the coil G will maintain the 
circuit to the lamp K closed. The two lamps F and K will, 
therefore, convert the available energy into light, and can be 
mounted close enough to the discharge lamp to raise the tem- 
perature thereof by radiation. When the temperature of this 
lamp is raised, the discharge will start and the voltage across 
this lamp will fall to a low value, ¢.g., 20 volts, thereby reducing 
the current in the coil G, which drops the contact bar H and 
disconnects the incandescent lamp K. As the discharge lamp 
E then reaches normal operating conditions. the voltage again 
rises and the incandescent lamp F, which remains in the circuit, 
again reaches full brilliance, and the discharge lamp acts as a 
voltage regulator therefor.—November 16th, 1936. 


TRANSMISSION OF POWER. 


456,814. May 15th, 1935.—FiLEex1ste Power on MovemMeEnt- 
TRANSMITTING MercHanisM, W. E. Barber and H. A. 
Watts, Royal Aircraft Establishment, South Farnborough, 
Hants. 

This is a development of the Bowden wire principle of trans- 
mitting impulses—that is to say, either pulls or pushes. The 
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The idea is concerned solely with keeping a | 


connecting cable comprises a flexible core A round which there 
is wound a spiral strip B interspaced by a binding of wire C. 
The periphery of the spiral strip is flattened, as shown in the 
end view, to reduce friction in the enclosing casing, and it may 
be used in conjunction with suitably shaped nuts to impart 
movement to the cable.—November 16th, 1936. 


GAS PRODUCERS. 


456,816. February 2Ist, 1935.—AprPpararus FoR Hxarrne 
BuLtk MaTeRIAL sucH as Coat, Fried. Krupp, Aktien- 
gesellschaft, Essen, Germany. : 

This might be described as a low-temperature carbonisation 
plant. It is built up of groups of four vertical retort chambers 

A A, which are heated by hot gases passing through the passages 
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BB. These gases are circulated by means of a fan C and are 
maintained at the requisite temperature by the gas burner D. 
The surplus burnt gas is discharged at E. The retort units are 
closed at the top and the bottom by water-sealed covers, and 
can be removed from the setting for charging and emptying. 
The top covers have gas outlets F.—November 16th, 1936. 


MINING MACHINERY. 


456,770. May 16th, 1935.—Coat-wasHING Puiant, Colliery 
Engineering, Lid., 46, Rutland Park, Sheffield. ; 
The dirty coal drops from the chute A on to a pan B, where it 
builds up into a cone having the natural angle of repose of the 
material, with the result that it flows evenly downwards into 
he trunk C. This trunk depends into another one D up which 
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a flow of water is maintained from the supply branch E and 
through the perforated plate F. The water overflows over the 
weir G and carries with it the coal, while shale drops down into 
the bottom of the hopper H. The coal is carried down over the 
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grid J, which separates out the fines and the water. These 
drop into the decanting vessel K below, where the very fine 
particles are carried away by the water overflowing at L, 
while the larger particles drop into the bottom of the hopper.— 
November 16th, 1936. 


WATER PURIFICATION. 


456,571. June 12th, 1936——-A Process oF SorrEeNING 
UnruririepD WateER, I.G. Farbenindustrie Aktiengesell- 
schaft, Frankfort-on-Main, Germany. 

This invention relates to a precess of softening water. The 
inventors say that they have found that the softening of water 
which contains appreciable amounts of gypsum hardness and 
none or only a small amount of chlorides of alkaline earth metals is 
advantageously carried through by adding barium carbonate 
to the water to be softened, separating the solid substances, 
which consist mainly of barium sulphate and calcium carbonate, 
precipitated as well as of any excess of barium carbonate from 
the water, e.g., by filtering, treating the water with a base- 
exchanger having exchangeable hydrogen ions and degasifying 
the water. By the addition of barium carbonate to the water 
the gypsum contained in the water is completely converted into 
barium sulphate and calcium carbonate. Since, as is well 
known, the reaction between gypsum in a dissolved state and 
solid barium carbonate is promoted by the presence of free 
carbon dioxide it may be advisable in the case of water poor in 
carbon dioxide to add free carbon dioxide, before, during, or after 
the addition of the barium carbonate. From the water barium 
sulphate is precipitated completely while calcium carbonate is 
precipitated only partially, part thereof being kept in solution 
by the free carbon dioxide contained in the water. The solid 
salts precipitated are removed from the water in the usual 
manner, as, for example, by sedimentation and subsequent 
filtration. The water thus obtained which no longer contains 
sulphate. hardness, but only carbonate hardness, is subjected to 
a treatment with a base-exchanger having exchangeable 
hydrogen ions. Any substances provoking the hardness of 
water still present may thus be removed from the water without 
their place being taken by other salts. The free carbon dioxide 
still contained in the water is later removed by the usual de- 
gasification of the water. When the water originally employed 
as starting material contains a small amount of chlorides of 
alkaline earth metals, the softened water will contain a corre- 
spondingly small amount of free hydrochloric acid, which may 
readily be removed by neutralisation with caustic soda solution. 
—wNovember 11th, 1936. 


MISCELLANEOUS. 
N°454,762 


454,762. Februar 26th, 1936 
—Pire Drivers, A F. 
Burgess, Lloyd Wise and 
Co., 10, New-court, Lincoln’s 
Inn, London, W.C.2. 

This pile driver is of the 
internal combustion compres- 
sion-ignition type. It has a 
eylinder A and monkey B 
acting on an anvil C with a PB 
piston TD. Fuel is injected by 
a pump E worked by the bell 
crank F and the tappet G on 
the monkey, which comes into A 
action just at the end of the 
stroke. The machine is started 
by the explosion of a sporting 
cartridge, with a blank charge, i 
in a special fitting in the cylin- 
der head.—October 7th, 1936. 
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456,353. May 7th, 1935.—-CentRIFuGEs, The Bird Machine 
Company, Neponset-street (no number), South Walpole, 
Massachusetts, U.S.A. 

This is a machine for such purposes as dewatering china clay 
slurry and similar operations. It depends upon a combination 
of centrifugal and electro-attraction forces. Such slurry may con- 


N°456,353 


ry 
| 
| 
| 












SSAA es z 
\SGRSITIPSLLO( TTL E OCT IG ODODE, POLITE. 






tain particles of the magnitude of one micron, which it is desired 
to recover. The slurry is fed continuously by a pipe A into a 
conical centrifuge B, which is supported by the bearing C and 
driven by the belt pulley D and hollow shaft E. The inner 
shaft F is electrically insulated by a sleeve G and carries a worm 
H. It is driven in the same direction, but at a higher speed than 
the centrifuge, by the belt J. Electrical connections from the 





generator K give the centrifuge a positive potential and the 

worm H a negative charge. The clay particles are deposited 

on the inner surface of the centrifuge and discharged through 
its small end by the action of the worm H, while clear water 

escapes at the other end.—November 9th, 1936. 

456,181. August 8th, 1935.—CENTRIFUGAL CLUTCHES AND 
Brakes, British Belting and Asbestos, Ltd., 59, Southwark- 
street, London, 8.E.1, and E. W. Sisman, Scandinavia 
Mills, Cleckheaton, Yorkshire. 

This invention is amply described in the following official 
claim. The illustration needs no comment. A centrifugal 
clutch having a driving member, a driven member, and a 
plurality of separate friction devices forming an operative con- 
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nection between said driving and driven members, characterised 
in that each device comprises a friction element distinct from, 
but attached to, one end of a flexible link trailing from, and 
attached to, an anchoring member freely pivoted on the driving 
member, so that the flexible link is unrestrained and the friction 
element is free to move in any plane to counteract the excentric 
running or irregular surface of the driven member.—November 
4th, 1936. 
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of the week preceding the meetings. In all cases the TIME and 
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To-DAY. 

Inst. OF ELECTRICAL ENGINEERS: METER AND INSTRUMENT 
SEec.—Savoy-place, Victoria Embankment, W.C.2. ‘ Nickel- 
iron Alloys of High Permeability, with Special Reference to 
Mumetal,” W. F. Randall. 7 p.m. 

Inst. OF MEOHANICAL ENGINEERS.—Storey’s-gate, S.W. 1. 
Thomas Lowe Gray Lecture, ‘The Main and Auxiliary 
Machinery of the Queen Mary,” J. Austin. 6 p.m. 

Inst. oF SANITARY ENGINEERS.—Caxton Hall, 8.W.1. ‘‘ The 
Disintegration of Solid Matters in Sewage,” H. R. Lupton. 
6 p.m. 

Royat AERONAUTICAL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ High-duty Aero-engines and Fuels,” F. R. 
Banks. 6.30 p.m. 

SaTURDAY, JAN. 9TH. 

Royat Iyst. or Great Brrrain.—21, Albemarle-street, W.1. 
Christmas Lecture, vi, ‘‘ Mechanically Propelled Ships,” G. I. 
Taylor. 3 p.m. 

Monpay, Jan. 11TH. 

BRADFORD ENGINEERING Soc.—Technical College, Bradford. 
** Production of Oils from Coal by the Hird Process of Low- 
temperature Carbonisation,” H.P. Hird. 7.30 p.m. 

CHARTERED Surveyors’ Inst.—12, Great George-street, 
Westminster, S.W.1. ‘‘ The Nation’s Food Supplies in Relation 
to Defence,” Major Nelson Rooke. 6.30 p.m. 

Inst. or Crvm. ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘The Numerical Solution of 
Formule by Graphical and Mechanical Methods,” Prof. F. H. 
Hummel. 6.30 p.m. 

Inst. oF Metats: N.E. Coast Locat Section.—Armstrong 
College, Newcastle-upon-Tyne. ‘“ Shipyard Metals,” M. A. W. 








Brown. 7.30 p.m. 

Inst. or Merats: Scottish Locat Section.—39, Elmbank- 
crescent, Glasgow. ‘“‘ Magnesium Alloys,” A. J. Murphy. 
7.30 p.m. 


Inst. or TRansport.—lInst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘Some Considerations 
of Problems Affecting Port Management,” Sir Lionel A. P. 
Warner. 5.30 p.m. 

Inon anv Street Inst. anpD CLEVELAND Inst. or ENGINEERS. 
—Cleveland Scientific and Technical Inst., Corporation-road, 
Middlesbrough. ‘‘ The Constitution of Blast-furnace Slags in 
relation to the Manufacture of Pig Iron,” T. P. Colclough. 
7.30 p.m. 

TuEspay, JAN. 127TH. 

ILLUMINATING ENGINEERING Soc.—Inst. of Mechanical Engi- 

neers, Storey’s-gate, Westminster, S.W.1. ‘‘ Some Important 


Considerations in Colliery Lighting,” J. W. Howell. 7.30 p.m. 

Inst. of AUTOMOBILE ENGINEERS: COVENTRY CENTRE.— 
Geisha Café, Hertford-street, Coventry. ‘“‘ Fuel Pumps,” 
D. Bonnion Browne and J. N. Morris. 7.30 p.m. 


Inst. or AvToMOBILE ENGINEERS: DerRBy CeNTRE.—Tech- 
nical College, Derby. ‘‘ Fuel Pumps for Aeroplanes,” W. C. 
Clothier. 7.30 p.m. 

Inst. or Crivit EnoineEers.—Great George-street, S.W.1. 
“ Pre-stressing Bridge Girders,”” H. J. Nichols. 6 p.m. 

Inst. oF ELEcTRICAL ENGINEERS: N. MIDLAND STUDENTS’ 
Srection.—Hotel Metropole, Leeds. Address by 8. R. Siviour. 
7.15 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Training of Welders,” J. Orr 
and W. Heigh. 7.30 p.m. 

Inst. or Marine Enornerers.—85, The Minories, E.C.3, 
‘** Designing for Economy in Ship Propulsion,” J. F. C. Conn. 
6 p.m. 

WEDNESDAY, JAN. 13TH. 

British Horotoatoar Inst.—33, Northampton-square, E.C.1. 
“Time Switches,” E. E. Sharp. 7 p.m. 

Inst. or Crvizt Enainerrs: StupEents’ Sxction.—Great 
George-street, S.W.1. ‘Telephone Cables,” N. C. Callard 
De Jong. 7.30 p.m. 








Inst. or ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 
Fleet-street, E.C.4. ‘“‘ Some Notes on the American Methods of 
Heating and Ventilating,” C. 8. K. Benham. 7.30 p.m. 

Inst. or WELDING.—-Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘* Welding Non-ferrous Metals : Some Problems,” 
H. W. G. Hignett. 6.30 p.m. 

Tron AND STEEL Inst.—Joint meeting with Electro-depositors’ 
Technical Soc. British Industries House, Marble Arch, W.1. 
“The Tinning of Steel Strip by Electro-deposition,” D, J. 


Macnaughtan and W. H. Tait. 8 p.m. 
N.E. Coast Inst. or ENGINEERS AND SHIPBUILDERS : 
Grapvuate Sxotion.—Bolbee Hall, Newcastle-upon-Tyne. 


‘**The Design of Ships’ Lines,” E. E, Bustard. 7.15 p.m. 


Tuurspay, Jan. l4ru. 


Guascow UNIverRstry ENGINEERING Soc.—James Watt 
Engineering Laboratories, Glasgow. ‘‘ Line and Level in the 
Setting Out of a Tunnel,” J. Robertson. 7.30 p.m. 

Inst. oF AUTOMOBILE ENGINEERS: BristroL CENTRE.- 


Merchant Venturers’ Technical College, Unity-street, Bristol. 
** Fuel Pumps,” D. Bonnion Browne and J. N. Morris. 7 p.m. 
Inst. OF CiviL ENGINEERS: BIRMINGHAM District Associa- 
tron.—James Watt Memorial Inst., York House, Great George- 
street, Birmingham, 3. ‘‘ Engineering Experience in India,” 
F. W. Ireland. 6 p.m. 
Inst. or METALS: 
Mall, S.W.1. ‘‘ Copper,” R. D. Burn. 
Inst. oF StrucruRAL ENGInEERS.—Inst. of Civil Engineers, 
Great George-street, Westminster, S.W.1. ‘Steel Work in 
Buildings: Thirty Years’ Progress,” 8. Bylander. 6.30 p.m. 
Rattway CLus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4, ‘“‘ The Ironbridge Alterations,”” L. T. Catchpool. 
7.30 p.m. 
Royat AERonavuTicaL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ Magnesium Alloys,” Dr.C. H. Desch. 6.30 p.m. 


Lonpon Sectrton.—S.M.M.T., 83, Pall 
7.30 p.m. 


Fripay, JAN. 15TH. 
Inst. oF Crvit ENGINEERS: YORKSHIRE Assoc.—Grand 
Hotel, Sheffield. Annual dinner. 6.30 p.m. 
Inst. oF Mertats: Suerrietp Locat Srecrion.—Applied 


Science Dept. of the University, Sheffield. ‘‘ Technical and 
Industrial Development in the Electrochemical Surface Treat - 
ment of Metals,” Dr. 8. Wernick. 7.30 p.m. 

Junior Inst. oF ENGIneers.—39, Victoria-street, S.W.1. 
“* Bakelite.”’ Informal meeting. 7.30 p.m. 

N.E. Coast lyst. or ENGINEERS AND SHIPBUILDERS.—-Mining 
Inst., Newcastle-on-Tyne. ‘Some Recorded Water Con- 
sumptions and Powers of Merchant Vessels,” T. G. Potts. 6 p.m. 

MonpDay, JAN. 187TH. 

Inst. or AUTOMOBILE ENGINEERS: GLASGOW CENTRE. 
39, Elmbank-crescent, Glasgow. ‘‘ Trolley Buses,” E. T. 
Hippesley and J.C. Dabbs. 7.45 p.m. 

TuEspAy, Jan. 197TH. 

Inst. of AUTOMOBILE ENGINEERS: LuTON CeNTRE.—George 
Hotel, Luton. ‘ Trolley Buses,” E. T. Hippesley and J. C. 
Dabbs. 7.30 p.m. 

[Ron AND STEEL INSTITUTE.- 
** Controlled Grain Size in Steel,’’ Messrs. T. 
Bolsover. 7 p.m. 


Imperial Hotel, Birmingham. 
Swinden and G. R. 


WeDNEsDAY, JAN. 201TH. 

Inst. OF AvuTOMOBILE ENGINEERS: LEDS CENTRE. 
—— Hotel, Leeds. ‘‘ Trolley Buses,” E. T. Hippesley and 
J.C. Dabbs. 7.15 p.m. 

Inst. oF CHEMICAL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘‘Superphosphate Manufacture,’ 
W.G.T. Packard. 6 p.m. 

Inst. OF ENGINEERS-IN-CHARGE. 
Fleet-street, E.C.4. ‘‘ Gas Service,” R. N. Le Fevre. 
7.30 p.m. 

IRON AND Steet Inst.—Constitutional Club, St. Ann-street, 
Manchester. ‘‘ Controlled Grain Size in Steel,” Messrs. T. 
Swinden and G. R. Bolsover. 7 p.m. 

Newcomen Soc.—Inst. of Civil Engineers, Great George- 
street, Westminster, S.W.1. ‘History of the Smeatonian 
Society,” S. B. Donkin; “The Early Years of the Hydraulic 
Ram,” H. W. Dickinson; ‘‘ Note sur J. de Montgolfier et le 
Bélier Hydraulique,” C. Cabanes. 5.30 p.m. (tea, 5 p.m.). 


Fripay, Jan. 22NnpD. 

Inst. or Marine Engineers: Junior Section.—Royal 
Naval College, Greenwich. ‘‘The Trend of Development 
in the Design and Construction of Ships and their Propelling 
Machinery, and the Influence of this Trend on the Design of 
Future Construction, with special reference to Warships,” 
Sir Westcott 8. Abell. 5.30 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, 8.W.1. 
‘* The Modern Steam Car,” M. Harman Lewis. 7.30 p.m. 

SaTuRDAY, JAN. 23RD. ‘ 

Assoc. or SpectaL LIBRARIES AND INFORMATION BUREAUX.— 

Visit to the Imperial War Museum. 2.15 p.m. 
Monpay, JAN 257TH. 

Inst. oy Cryr. ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 
6.30 p.m. 


-St. Bride Inst., Bride-lane, 
(Films.) 


TuEspay, JAN. 267TH. 

Inst. OF AUTOMOBILE ENGINEERS: BIRMINGHAM CENTRE 
—James Watt Memorial Hall, York House, Great Charles- 
street, Birmingham. ‘“ Fuel Pumps,” D. Bonnion Browne 
and J. N. Morris. 7.30 p.m. 

Inst. or Civis ENGINEERS.—Great George-street, 8.W.1. 
“Salonika Plain Reclamation Scheme,” B. W. Huntsman ; 
“The Lake Copais, Boeotia, Greece: Its Drainage and 
Development,” A. J. Dean. 6 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS 1N ScoTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Application of Cast Iron to 
Engineering,” A. Campion. 7.30 p.m. 

WEDNESDAY, JAN. 277TH. 

Inst. or FuEL.—British Industries House, Marble Arch, W.1, 

“The Combustion of Carbon,” Prof. H. L. Riley. 7 p.m. 


THURSDAY, JAN. 28TH. 

Inst. or StructuRAL Enoineers.—Inst. of Civil Engineers, 
Great George-street, Westminster, 8.W.1. “‘ Soil Mechanics and 
Concrete Pile Driving,” M. J. ©. McCarthy. 6.30 p.m. 

Roya ArronauticaL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ Plastic Materials for Aircraft Construction,” 
Dr. N. A. de Bruyne. 6.30 p.m. 

Fripay, JAN. 29TH. 

Inst. of Merats: BrruincHam LocaL Srcrion.—James 
Watt Memorial Inst., Birmingham. ‘‘ Special Cast Irons,’’ J. G. 
Pearce. 7 p.m. 

Inst. of ExLxectricaL ENGINEERS : NortH-EASTERN CENTRE 
—Old Assembly Rooms, Westgate-road, Newcastle-on-Tyne 
Annual dinner and dance. 7 p.m. 

Junior Inst. or Encoingers.—39, Victoria-street, S.W.1. 
“The Sunbury Cathode Ray Engine Indicator,” Captain 
McGilliwie and R. Stansfield, 7.30 p.m. 
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A Seven-Day Journal. 


The London Power Company. 


PARTICULARS sent to us by Sir Leonard Pearce, 
chief engineer of the Tondon Power Company, con- 
cerning the output of all the company’s stations 
during 1936, show that 2,273,810,000 units were 
generated, representing an increase of 18-10 per cent. 
over 1935. The units supplied to the feeders were 
2,161,743,639, an increase of 18-17 per cent. over the 
previous year. The highest number of units generated 
in one day was 9,020,480 and the maximum demand 
582,400 kW. No less than 46-2 per cent. of the total 
output was produced by the Battersea station, 
which generated 1,050,147,270 units at a thermal 
efficiency of 29-14 per cent., against 28-59 per cent. 
in 1935. The maximum demand on the station was 
194,600 kW and the highest number of units produced 
in one day 4,344,000. Of the 1,050,147,270 units 
generated during 1936, 995,749,500 were supplied to 
the feeders. The load factor for the year was 60-85 
per cent. From January Ist to November 18th, with 
two sets in service, the units sent out were 841,100,000, 
themaximum demand 141,350-kW, and the load factor 
76-75 per cerft. From November 18th to December 
31st, with three sets in operation, the corresponding 
figures were 154,650,000 ; 186,300; and 80-4 per cent. 
Trial running with the two original 69,000-kW 
machines began on September 6th, 1933, and until 
the end of the year a thermal efficiency, based on 
units generated, of 26-15 was achieved. During 1934 
when 500,000,000 units were generated, the efficiency 
was increased to 27-24 per cent., and in 1935 to 
28-59, when nearly 800,000,000 were produced. 
When the new boilers with higher steam temperature 
are in full commission the figure of 29-14 per cent. for 
1936 should be increased, although the existing steam- 
raising plant will preclude the realisation of a very 
marked gain. The proposal of the London Power 
Company to install a second 105,000-kW set, to be 
fed with steam by a primary turbine operating at a 
considerably higher pressure, will involve the con- 
struction of the second half of the Battersea station. 


New Trading Estates. 


AT its meeting held in Glasgow last week, the 
Clyde Navigation Trust decided to offer to let for 
ninety-nine years 66 acres at Shieldhall, between 
King George V Dock and Renfrew, to the Economic 
Committee of the Scottish Development Council, 
which is co-operating with the Commissioner. On 
the estate sectional factories will be constructed for 
leasing, to which the promoters of the lighter indus- 
tries may, it is felt, be attracted by the offer of ready- 
made buildings equipped with light, power, water, 
and other ‘facilities. Sections of the land will, we 
understand, also be available for any manufacturer 
or industrialist who makes application for ground for 
building a factory or works. Speaking at Newcastle- 
on-Tyne on Wednesday of last week, Colonel K. C. 
Appleyard, the chai:man of the North-Eastern 
Trading Estates, Ltd., announced that an engineering 
contract for the amount of £170,000 had been signed 
and a further £70,000 contract entered into for build- 
ing factories on the Team Valley’ Trading Estate. 
The company, he said, now saw its way to building 
about twenty factories, of which eighteen would be 
built to order for firms who would soon be in busy 
occupation. Apart from the work of building, these 
factories should employ from 1000 to 1500 people. 


The Lille Arbitration. 


THE arbitration award in the Lille engineering 
dispute was published on Monday and declares that 
the ten engineers and shop foremen against whom 
sanctions were demanded by the men’s union shall 
remain at their posts, and that employers shall take 
back all the men, including the twelve who had been 
ordered to stand out pending inquiries, with the 
exception of one man, for whom the arbitrators are 
required to find a similar occupation elsewhere. This 
reinstatement holds good until the charges brought 
against the men and the engineers are dealt with in a 
court of law, after which the arbitrators will decide 
whether there are to be dismissals or not. The award 
was awaited with special interest, as being the first 
one made under the new Compulsory Arbitration 
Act, and as dealing with the principle of employers’ 
authority over their men. The men’s union refused 
to admit the right of employers to discharge workers 
who had committed acts of violence during the strike, 
and when, during the preliminary attempt at con- 
ciliation by two arbitrators chosen by employers and 
the men’s union, there appeared to be no way out 
except by submitting the question of employers’ 
authority to the arbitration of the President of the 
Cours de Cassation, the union, affiliated to the Con- 
fédération Générale du Travail, brought charges 
against a number of engineers and foremen who had 
all stood firmly by their employers. The award is 
in the nature of a judicial verdict, and is therefore 
fraught with serious consequences to employers, who 
had not expected that the law would intervene to 
subordinate their right to discharge men for disci- 


plinary or other reasons to judgments of the courts. 
No other interpretation can be given to the award if 
it is to be accepted as a precedent. The award has 
aroused particularly the indignation of engineers 
whose professional sense of responsibility is irritated 
by the charges and demand for sanctions made against 
them, A stipulation in the award that employers 
must take measures to prevent contact between 
engineers and foremen who are in conflict with the 
men during the strike raises difficulties that can easily 
be foreseen. On Monday, January 11th, the return 
to work was postponed, and it was impossible to 
re-open the works as decided upon by the arbi- 
trators representing the two parties, for the engineers 
decided almost unanimously to come out on strike 
until the charges brought against them by the men 
were withdrawn. 


Extensions of Selected Stations. 


As stated in our annual article on “ Progress in 
Electrical Engineering in 1936,” early last year the 
C.E.B. announced extensions accounting for over 
400,000 kW of new generating plant and boilers of an 
aggregate capacity of over 5,000,000 lb. per hour, 
mainly for the requirements of the winter of 1938. 
The Board has since completed the arrangements 
necessary to meet that winter’s load and has arranged 
for some of the extensions which will have to be 
carried out in anticipation of the increased demand 
during the winter of 1939. Accordingly the Board 
has recently issued directions to the owners of selected 
stations to proceed with the installation of new 
turbo-alternators, boilers, and cooling towers, which 
will add another 400,000 kW to the capacity of the 
selected stations. The value of the orders represent- 
ing such directions during 1936 is estimated at 
nearly £10,000,000, bringing the total value of 
extensions to selected stations during the past three 
years up to approximately £25,000,000. In addition, 
arrangements have been made for the Kent Electric 
Power Company to construct a new capital station on 
the Thames near Dartford. In the Central Scotland 
area the only station to be extended is the Carolina 
Port station of the Dundee Corporation. In the 
North-West England and North Wales area two 
stations are to have new plant, namely, the Stuart- 
street station of the Manchester Corporation and the 
Clarence Dock station of the Liverpool Corporation. 
The stations to be extended in the Mid-East England 
area are Ferrybridge, Blackburn Meadows, St. 
Andrew’s-road, Prince of Wales, Grimsby, and Neeps- 
end, belonging respectively to the Yorkshire Electric 
Power Company, the Sheffield Corporation, the 
Huddersfield Corporation, the Rotherham Corpora- 
tion, the Grimsby Corporation, and the Sheffield Cor- 
poration. In Central England the stations affeeted 
are Longford, Hams Hall, Freeman’s Meadow, Iron- 
bridge, and Stourport. The respective owners of 
these stations are the Coventry Corporation, the 
Birmingham Corporation, the Leicester Corporation, 
the West Midlands Joint Electricity Authority, and 
the Shropshire, Worcestershire, and Staffordshire 
Electric Power Company. The Woolwich and 
Croydon Corporation stations in the South-East 
England area are also to be extended ; but, as in the 
case of Neepsend, the extension in the latter case 
will only consist of a new cooling tower. 


North-East London Railway Improvements. 


FURTHER details are now available concerning the 
£14,500,000 scheme adopted by the Standing Joint 
Committee of London Transport and the main line 
railway companies for the extension and development 
of railway services in North London. The work, 
which will occupy about three years, provides for the 
extension of the Central London tube eastward from 
Liverpool-street and for the electrification of the 
L.N.E.R. lines between Liverpool-street and Shen- 
field and Fenchurch-street. The Central London 
tube extension will include a new Bethnal Green 
station, after which the tube will rise to the level of 
the District lines and run on either side of them into 
thé existing Mile End Station, from which it will 
continue in tube, coming to the surface at Stratford 
L.N.E.R. station, which is to be rebuilt to give plat- 
form interchanges between the tube, the local elec- 
trified lines, and Fenchurch-street. From Stratford 
the Central London line will be taken in tunnel to a 
quarter of a mile south of Leyton L.N.E.R. station, 
where it will come to the surface again and form a 
junction with the Loughton and Epping line. The 
tube trains will travel on existing surface lines from 
Leyton to Leytonstone, where the service will be 
divided, half going vid Gants Hill and Newbury Park 
to Hainault and the other half to Woodford. At 
Woodford it will again be divided, half going on to 
Loughton and the other half round the northern 
section of the Fairlop loop line to Hainault. The 
Liverpool-street-Shentield electrification scheme will 
involve the alteration of the lines leading to the plat- 
forms on the eastern side of Liverpool-street Station 


to be segregated from tbe steam services ; the con- 
struction of a new single line for two-way working 
between Bow Junction and Stratford, a distance of 
1-08 miles, for the running of a shuttle service 
between Fenchurch-street and Stratford; a surface 
interchange station at Stratford between the extended 
tube railway and the L.N.E.R. Ilford and Fenchurch- 
street lines; and the transposition between Liverpool- 
street and Ilford of the present main and suburban 
lines to enable the electrified trains to run into the 
east side platforms at Liverpool-street Station. The 
density of the proposed electric service over these 
sections of the L.N.E.R. will necessitate the adoption 
of automatic and non-automatic multiple-aspect 
colour light signalling, together with power signalling 
on certain sections of the route. Six sub-stations will 
be necessary, with a total capacity of 32,000 kW. 


Safety in Mines. 

At the resumed sitting of the Royal Commission on 
Safety in Coal Mines, held on Monday, January 11th, 
at Caxton Hall, London, under the chairmanship of 
Lord Rockley, evidence was given by Mr. J. A. Hall, 
of the Mineworkers’ Federation of Great Britain. 
Mr. Hall presented a memorandum on behalf of the 
Federation, which advocated the total abolition of shot 
firing in coal mines, and claimed that there were other 
methods of bringing down the coal which might well 
be substituted for it. It was held by the Federation 
that the great increase in the number of shots fired 
underground had greatly added to the dangers of 
mining work. The Federation put forward the recom- 
mendation that, should it be found impracticable to 
abolish shot firing, then the present regulations should 
be amended in various directions. Among the 
suggestions which were advanced by the Federation 
were that the positions of shot-firer and deputy should 
be held by separate persons, all of whom should 
possess a deputy’s or higher certificate; that the 
number of shots should be limited to three an hour ; 
and that the number of detonators issued to shot- 
firers should also be limited, while the immediate use 
of approved shot firing appliances should be made 
compulsory. On the subject of haulage, it was 
pointed out by the Federation that while the develop- 
ment of mechanical haulage was in itself a cause of 
greater danger, it had not been accompanied by 
corresponding improvement of the haulage systems 
necessary to ofiset the greater strain imposed by the 
new method of mining. The first essential to a 
reduction of haulage accidents was, the Federation 
held, to ensure that the haulage was not in motion 
when the workmen were travelling the roads. Haulage 
chains should be sent to the surface every three 
months for examination and annealing. It was 
essential to fix a uniform minimum height and width 
of 6ft. for travelling roads at all collieries, and to 
compel the provision of proper facilities for conveying 
men to and from the coal face. All haulage roads 
should have a clearance of at least 2ft. at each side of, 
and above the top of, each tub. 


The Croydon Air Liner Disaster. 


THE resumed inquest on the fifteen victims of the 
Dutch air liner disaster near Croydon on December 
9th, 1936, was concluded on Tuesday last, January 
12th. As described in a Journal note of December 
18th, 1936, the machine collided with a house at 
Purley shortly after leaving Croydon aerodrome, and 
burst into flames. Evidence was taken from George 
Cuthbert Young, ground engineer, who was in charge 
on the tarmac at Croydon aerodrome at the time of 
the departure of the air liner for Amsterdam, that 
visibility was then about 20 to 25 yards. He explained 
that under these conditions it was quite usual for a 
plane to take off. The take off was perfectly normal, 
and the machine was one fitted with the latest instru- 
ments for directional and blind flying. Questions by 
Mr. H. J. Phillimore, for the executors of Mr. Leonard 
Stemp, were asked Young as to the position of the 
white line placed to help pilots in foggy weather. 
Young agreed that it was quite probable from the 
position where the machine was found that the pilot 
had missed the line. He said that the machine was a 
very fast type, and would probably take off at a 
speed of about 82 m.p.h. Another ground engineer, 
Mr. Edward G. Harsant, said that the machine did 
not seem to gain height as quickly as it should, 
probably owing to the pilot leaving the white line 
too soon and flying at an angle. The evidence of 
Major J. P. C. Cooper, Air Ministry Inspector of 
Accidents, was that the machine as traced by the 
wheel marks, took a course parallel with the white 
line for just over 200 yards, and then crossed the line 
in a southerly direction. The port wheel of the 
machine struck a light wooden frame within the aero- 
drome. Eighty yards farther on both undercarriage 
wheels struck the iron fence on the aerodrome 
boundary and knocked it down, and carried away 
part of the surround netting of a tennis court imme- 
diately outside. The jury found that the accident 











and the platforms to enable the local electric services 


resulted from the pilot losing direction, owing to fog. 
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Air Conditioning. 


i bares body, a dynamic source of heat, is kept at 
body temperature by heat loss balancing 
heat production. The average loss of heat of a 
sedentary man, clothed and under ordinary room 
conditions, is by evaporation 92, convection 
138, radiation 195, a total of 425 B.Th.U. With 
moderate work, the respective figures would be 
120, 178, 248, total 546 (Rubner). The body can 
be taken as equivalent to a vertical cylinder 6ft. 
high, lft. in diameter, and surface 21 square feet 
(A. H. Barker). Out of doors, if the heat loss 
becomes too great more clothing has to be put 
on, and body activity increased to produce more 
heat. Indoors, for comfort of sedentary workers, 
the loss must be kept approximately at the above 
rate, neither too little nor too much. It is com- 
monly said that it does not matter whether the 
loss is more by radiation and less by convection, 
or vice versd, but that is not so. Ideal conditions 
for sitting out of doors are given by the warm 
radient heat of the sun and a gentle cool breeze. 
On such a day the conditions on entering a glass- 
house are felt to be stuffy. This is due to the change 
in the quality of radiation, and the absence of 
cooling breeze. 

Stutty conditions in crowded rooms were thought 
to be due to chemical impurity of the air, to excess 
of carbonic acid, or lack of oxygen. This is not so, 
for the ventilation through crannies of doors and 
windows and walls is sufficient to prevent any 
significant increase of carbon dioxide or fall of 
oxygen, and no poisonous substance is given off 
by the body. Nevertheless, it is essential to keep 
the air in rooms free from offensive smell. 

The difference of temperature inside and outside 
a@ room maintains a great amount of natural 
ventilation. In very cold countries even the 
cracks of double windows have to be pasted up 
to prevent unbearable draughts. There is a less 
concentration of oxygen in a pint of air at a high 
Alpine health resort than in the most crowded 
room in London. Apart from poisonous fumes in 
certain factories it is only in hermetically walled 
chambers such as mines, submarines, sewers, &c.., 
that chemical impurity of the air becomes 
important. Sailors in submarines, cooled by the 
sea, endure even up to 7 per cent. of carbon 
dioxide ; | or 2 per cent. gives no distress. Stuffi- 
ness is due to the physical conditions of the 
environment, to the quality of the radiation, and 
the lack of adequate cooling and evaporative power. 

Crowded in a room, people radiate heat to 
each other, so that loss of body heat by radiation 
is greatly lessened. Warm air, entangled between 
their bodies, cannot freely move away, so that 
these are insulated from heat loss by layers of 
warm air; this not only in their clothing, but 
between their bodies. Convective loss is thus 
very much reduced. Hence, there comes into 
play the emergency method of losing heat, viz., 
by evaporation of sweat ; this, too, will be checked 
if the air is warm and moist. Evaporation has 
great cooling power, but it depends on the difference 
between the absolute humidity of the air surround- 
ing the body, and that of the layer of air saturated 
at the temperature of the surface of the body. 
Fans are of the greatest use because by moving 
the air in contact with the body they greatly 
increase the convective and evaporative loss. 
Students crowded into a small glass chamber 
soon flush and sweat, but are at once relieved 
when a fan in the roof is turned on and stirs up 
the colder and drier air which sinks to the lower 
parts of the chamber. 

The aim of all systems of ventilation and heating 
should be to secure a comfortable warmth without 
stuffiness and to maintain vigour. ‘The effect of 
over-warm conditions on working power is very 
great. Thus with ordinary relative humidity 
a man performed five times more work at 90 deg. 
Fah. than at 120 deg. Fah., and four times more 
work at 100 deg. Fah. with relative humidity 
30 per cent. than in saturated air at 100 deg. 
Fah. In such extreme conditions it is impossible 
to keep the body temperature from rising. There 
is a limit to which the body temperature can 
rise safely. The great importance of cooling hot 
places such as the deep South African mines is 
then made clear. When the pulse, in efforts to 
keep cool by flushing and sweating, exceeds 135 
per minute, there is distress, and when it reaches 





By SIR LEONARD HILL, F.RS. 


160 there is great distress and risk of heat stroke. 

For hard muscular work 80 deg. Fah. with 
saturated air is the limit; for a sedentary man 
90 deg. Fah.: with a velocity of air movement 
of 200ft. per minute the latter may stand for a 
time 95 deg. Fah., but his body temperature 
rises. In a room in hot weather and in hot places 
air can be cooled and humefied by contact with 
a cold water spray, the water being cooled by 
refrigeration, and the air freely circulated. The 
immense importance to health and working power 
of cooling rooms in the tropies should be realised, 
and means taken to ettect this. Insulating 
sources of heat such as furnaces and steam pipes 
by asbestos or water jackets is of great value to 
factory and other workers. Sources of heat should 
be removed from the working places as far as 
possible, and local sources mitigated by hoods 
or fans. High roofs and ample floor space, 
and adequate openings in the roofs for escape 
of heated air, and large openings in the lower 
walls for entry of cool air, aid natural ventilation 
greatly. 

Heat stroke results when the sweat glands fail 
to work in hot places, and the skin becomes dry. 
Artificial sweating can be made effective by 
covering the body with a wet sheet and setting 
a fan to blow on it. By, such simple means 
taken in time all deaths from heat stroke can be 
prevented. 

That the quality of the radiation used for 
artificial heating is of no 
importance is far from 
being the case. The 
longer infra-red rays from 
dull red and dark sources 
of heat do not penetrate 
but warm the surface of 
the skin, and thus give 
to the face a dry and 
taut feeling. On the other 
hand, shorter infra-red 
and red rays, which are 
given off in_ greater 
amount by bright sources, 
penetrate through the 
skin and excite flushing 
and transpiration of 
moisture, thus giving a 
pleasant feeling to the 
skin. Further, I have 
shown that the former 
rays acting on the skin, 
reflexly by way of the 
nerves, cause congestion 
and narrowing of the air 
ways of the nose and 
lungs, while cool air, and 
in the case of many 
people bright sources of 
heat, have the contrary 
effect. A feeling of 
stuffiness is produced by congestion of the air 
sinuses of the noses. The stuffy effect of dull 
red and dark sources of heat must be set aside by 
a sufficiency of ventilation with cool air. Bright 
sources of heat which ventilate the air by flues 
have an advantage then over dull red sources 
installed without flues. The modern gas fire, 
in which the whole of the surface is made luminous, 
is a far more comfortable source than the old- 
fashioned type in which a fire-brick back in the 
upper part gave off dark beat. Electric fires can 
be made more comfortable sources of heat by 
putting more energy into. and so brightening, 
the incandescent wires. 

When dull red or dark sources are used there 
should also be window or fan ventilation. 

It is most essential that all rooms should have 
that amount of cool air moving through them 
which will just not cause a perceptible draught. 
The amount and nature of dust, smoke, fumes, 
and disease-carrying microbes in the air breathed 
determines its purity. Such free ventilation will 
remove dust, and the microbes which are sprayed 
out as “droplet” infection, when 
‘carriers’ of disease cough, sneeze, and explo- 
sively speak. The spread of colds, influenza, 
fevers of childhood are thus kept down. Rooms 
which cannot be adequately swept clear of polluting 
microbes must be ranked as dangerous to health. 
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The breathing of cool air, capable of taking up 
much moisture. when saturated in the lungs at 
almost body temperature, enhances the secretion 
of fluid from and the flow of arterial blood through 
the respiratory membrane, and is therefore of 
great value to health. The secretion of the 
membrane has potent bactericidal powers; the 
running of the eyes and nose in cold conditions 
out of doors thus has a cleansing and protective 
effect, which is taken advantage of in sanatorium 
treatment. The membrane is swept clean of dust 
by the ciliated cells which line it, and the sweeping 
and marvellous rhythmic cleansing movements of 
these minute defenders must not be clogged by 
the breathing of dust-fouled air. Every means 
should be taken then to prevent pollution of air 
with dust. Certain asthmatic and_ bronchitic 
people are sensitive to one or other kind of dust. 
Certain dusts, such as silica and asbestos, produce 
degeneration of the lung tissue and favour tuber- 
cular infection. 

Radiant warmth is much more important in 
maintaining comfort than air temperature. Given 
plenty of radiant heat cool air is felt to be very 
pleasant and invigorating. Thus outside air 
in copious streams can be made to flow through 
ducts on to workers in front of furnaces with very 
good effect. 

To raise the air temperature and warm people 
by convection is quite wrong, and produces stuffy 
enervating conditions. Particularly are con- 
ditions unpleasant when walls are cold and the 
air hot. Convection heating in time warms the 
walls and so limits loss of radiant heat from the 
body, but such heating is not readily adjusted 
to climatic changes. 

Sources of radiant heat placed in or near the 
ceiling can be used with advantage to warm the 
people in the room, but must be so placed that 
a person can sit in any part of a room and work 
in comfort; they should, moreover, be turned 
on so as to warm up the floor and furniture before 
the workers arrive in the morning. Dark heat 
from hot water coils can be used most advan- 
tageously to warm the walls by night, so that they 
can be turned down and windows opened enough 
to give fresh air by day. It is quite wrong to 
turn them on when the workers are about to 
arrive, and make the work room stuffy in the 
afternoon. 

With a fire as the source of heat in a work room 
those near it are too warm and those near the 
windows too cold, but for a domestic room unequal 
warming is fresh and stimulates the nerves. 
Panels for heating are best placed in the ceiling 
for the warmed air forms a layer there, and the 
whole becomes a source of radiant warmth. 
Such sources must not depend for their effect on 
heating the building, must be rapid in action, and 
ample enough to allow wide and rapid variation 
and any stuffy quality of the radiation must be 
countered by abundant cross ventilation with 
cool air. With such sources the air can with 
comfort be 10 deg. Fah. below the usual 
room temperature, and conditions obtained 
excellent for -school children. There is great 
advantage in lining living rooms with wood or 
other insulating material when these are heated 
by radiant sources intermittently. 

It is possible by a sufficiency of radiant sources 
to warm comfortably those who are sitting out 
of doors in a wind-screened place in winter, and 
by the addition of are lights produce the health- 
giving effects of Alpine sunshine and open air. 
A very moderate degree of floor heating can also 
be used in schools, and this, too, allows the advan- 
tage of open windows. There is almost no sickness 
in an open-air school. 

In estimating conditions of comfort it must 
be borne in mind that the thermometer gives 
merely an indication of the temperature of the 
surroundings as they affect it. Moving cool air 
has a profound effect on the human body, but 
none on the thermometer. To measure this cooling 
power the writer introduced the Kata thermo- 
meter*, a large bulbed spirit thermometer which 
is heated up above 100 deg. Fah., then dried and 
suspended, and the rate of its cooling from 100 deg. 
to 95 deg. Fah. observed with a watch. The 





* Made by J. Hicks, 8, Hatton-garden, F.C. 
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rate of heat loss is determined in millicalories 
per square centimetre per second by dividing a 
factor by the time of cooling. The Kata thermo- 
meter sums up the effect of unidirectiona] air 
currents and eddies, and is a very sensitive anemo- 
meter, the velocity of air movement being deter- 
mined from the rate of cooling and the air tempera- 
ture by a formula or graph. When covered with 
a wet muslin glove, the “ Kata” is of value in 
measuring the cooling rate when this has to be 
mainly by sweating as in warm places. 

A dry “Kata” cooling 130 deg. to 125 deg. 
is used for measuring velocity of air in very warm 
places, e.g., above 90 deg. Fah. 

A silvered “ Kata” is also used which takes 
no account of any source of radiation when 
measuring velocity of air movement. 

The “ Kata” measures the rate of cooling of 
itselfi—a much smaller object than the body. 
It is then empirically graduated ; a dry ‘‘ Kata ”’ 
cooling power of 5-6 is taken as the standard 
of comfort in this country. Apart from cooling 
power the quality of radiation, as already stated, 
is an important factor in comfort, but if there is 
adequate movement of air and cooling any feeling 
of stuffiness is removed. 

The Eupatheostat is another 
for regulating room conditions. It is a blackened 
copper cylinder, 22in. high, Tin. in diameter, 
standing on 22in. legs, and electrically heated by 
a constant input of about 20 watts. When it 
is used for controlling an environment to an 
equivalent temperature of 64 deg. Fah., its surface 
is maintained at 76 deg. Fah.; this is taken as 
the surface temperature of the clothed body. 
The Industrial Health Research Board have 
decided that “the equivalent temperature of 
an environment is that temperature of a uniform 
enclosure in which in still air, a black body of 


instrument used 


sufficient size would lose heat at the same rate 


above body temperature, movement, of course, 
increases distress and risk of heat stroke. At 
ordinary room temperatures a change of relative 
humidity between 40 and 60 is of no account. 
Effective temperature is determined by having 
two rooms, one in which the conditions are kept 
at a comfortable level, say, 64 deg. Fah. saturated, 
while in the other they are varied. Unclothed 
subjects walk from one room to the other and 
find what conditions in the second room may make 
it as comfortable as the first room. A chart 
is thus prepared, showing all the three variable :, 
temperature, movement, humidity, which make 
for comfort, but leaving out an important one, radia- 
tion, The zone bounded by the lines marked 60 deg. 
and 74 deg. on the scale was found to be comfortable. 


Air Movement 15 - 25 ft. per min. 
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TEMPERATURE -COMFORT CHART 


as in the environment, the surface temperature | 


of the body being one-third of the way between 
the temperature of the enclosure and 100 deg. 
Fah.” Here, again, it must be noted that the 
quality of the radiation as a factor in producing 
comfort is not taken into account. A Eupatheostat 
can be used as an automatic control of radiant 
heaters. 

A useful instrument for measuring the effect 
of radiant sources is the globe thermometer of 
Vernon, 6in. in diameter, and with a thermometer 
inside it. Made of cardboard covered with dark | 
cloth, its surface shows a difference when tested | 


| During the summer the zone shifts to higher 
temperatures. In an inquiry made almost wholly 
on female workers in twelve factories variously 
heated and ventilated, a wide diversity of opinion 
was found by. Bedford to exist as to what consti- 
tuted comfortable warmth, but at least 70 per 
cent. of the subjects were comfortable at air 
temperatures between 60 deg. and 68 deg. Fah.. 
a change of humidity over that range having little 
jetfect. The maximum comfort was at 62 deg. 
Fah. equivalent temperature, but there were 
|limits of 9} deg. Fah. on either side of the most 





by a thermopyle between the side next a cold | comfortable value, or 19 deg. Fah. in all, while 


window and the side next 
difference which may be as much as 9 deg. or 
10 deg. Fah. The writer of this article uses a 
piece of black fur, and, stroking this with the bulb 
of a sensitive thermometer, measures the effect 
of a source of radiant heat. Put at right angles 
to the sun the fur may be 30 deg. Fah. or more 
above the air temperature. 

With ceiling panels and comfortable conditions 
the globe thermometer registeted 62 deg. Fah. 
When 6ft. from a gas fire the globe thermometer 
was 62 deg. Fah., while the air was 51 deg. Fah. 
and the conditions were comfortable. The globe 
thermometer takes little or no account of air 
movement, but as there is little movement in 
ordinary rooms it has its use. Here, again, the 
instrument takes no account of the quality of 
radiation, while the writer and others sensitive 
like him put in front of a dull red or black source 
of heat, in place of a bright one, would be uncom- 
fortable. 

The effective temperature scale is one used 
widely in U.S.A. It takes into account humidity 
of the air as well as temperature and movement, 
but makes no allowance for radiant heat. When 
dry air takes up moisture it uses up heat in a 
latent form for evaporation, and therefore exerts 
greater cooling on the body. If the dry and wet 
bulb are both at 64 deg. Fah., and the air approxi- 
mately still. the effective temperature is 64 deg. 
Fah., but if the wet bulb is, say, 56 deg., the 
effective temperature is 2-2 deg. lower. Higher 
temperatures, e.g., 70-75 deg. Fah., are needed 
when the air is very cold and dry and the walls 
cold as in U.S.A. in winter. If there is too much 
moisture in the air it condenses on cold windows 
and walls. In certain industries definite conditions 
of temperature and humidity, or of one of these, 
may be required. Supposing 85 deg. Fah. and 
80 relative humidity is required==74 deg. Fah. 
wet bulb, the discomfort of these conditions may 
be set aside by movement of the air at 200ft. 
per minute. If high temperature alone is required, 


a radiant source, a | 


in terms of effective temperature the range was 
14 deg. Fah. The temperature and movement of 
air at floor level have much influence on the tem- 
perature of the feet. At the House of Commons 
conditioned air is impelled through gratings in 


the floor, and passes out through the ceiling. This 
tends to produce cold feet and hot heads, an 
unsuitable arrangement for legislators, many of 
whom complain of the system. As the writer 
showed in 1914, the right conditions could be 
obtained by closing the floor inlets and introducing 
the air at the level of the Gallery. Persons with 
a lower skin temperature tend to feel cold when 
those with a higher skin temperature feel warm. 
The average rate for comfortable conditions was 
found when the skin temperature of the forehead 
was 93} deg. Fah. and the feet temperature 
764 deg. Fah. Those who complain of draughts 
tend to have a lower skin temperature and require 
a warmer environment. There are people who are 
very sensitive to the quality of the rays coming 
from sources of heat, and others who are quite 
indifferent. Those who are sensitive to dull red 
and dark sources and feel stuffy need a window 
open and fresh air; others may call them open-air 
fiends. Conditioned air may be arranged so as to 
satisfy almost all. 

In the case of conditioned air the walls of a 
building can be kept sufficiently warm and the 
air kept cool enough and in sufficient movement 
to give comfort, while stuffiness does not arise. 
The outside air is delivered by fans and ducts 
to a chamber full of a dense water mist. The tem- 
perature of the water is controlled so as to give the 
right degree of moisture to the air. The water 
spray also removes dust and the air then passes 
over baffle plates to be warmed as required, and 
is thence delivered to the rooms. To break down 
draughts a patent device, consisting of a number 
of flat coaxial rings of diminishing diameter, 


in. to jin. apart, may be used in the inlets. A 
higher velocity can thus be used with comfort— 
a@ most important point. In hot weather the air 


is cooled by contact with a cold water spray, a 
refrigerator being employed or water from a deep 
well. By such means with gentle warmth and 
sufficient velocity of movement and with sources 
of radiant heat placed to give greater comfort 
locally wherever required, very good conditions 
can be obtained, conditions which keep down 
spread of infections and maintain vigour. 

There is great scope for the installation of con- 
ditioned air in work rooms, as by such means not 
only greater efficiency of workers will be obtained, 
but far less lost time through sickness ; but the 
sine qua non is the maximum movement of the 
air which does not cause the discomfort of draught. 
By using sources of radiant heat such as low 
temperature panel heating in the ceiling, together 
with conditioned air, a cooler air and higher velocity 
can both be obtained. In the tropics there is 
the greatest need for cooled ceiling panels and 
conditioned air to enable Europeans to have cool 
rooms to live and work in. 











Harbours 


EUROPEAN PORTS AND WATERWAYS 


France. 

MARKED increase in the activity of the French 

shipping industry which began to be apparent early 
in the year 1936 was one factor, though probably not 
the most impelling, which induced the French 
Government to resume expenditure on the programme 
of public works authorised in 1934, but which, in 
view of the general industrial depression, had been 
slowed down. A large part of the newly authorised 
expenditure will be on the completion of works at 
ports, notably at Dunkirk, Boulogne, Havre, Rouen, 
Bordeaux, Saint-Nazaire, and Marseilles. 

At Saint-Nazaire the building of the new con- 
struction dock by the Chantiers de la Loire is prac- 
tically finished. The dock will be used for the con- 
struction of the new 35,000-ton battleship ‘* Jean- 
Bart.” The French Minister of Marine drove the 
first keel rivet of the ship in this dock on December 
13th. The Port Authorities at Havre are making an 
airport at Biéville, which is nearing completion, and 
have put before the Minister of Public Works pro- 
posals for the construction, at a cost of approximately 
50 million francs, of additional breakwaters to enclose 
a seaplane base. 

The main outfall works for the discharge of land 
water which have been in course of construction at 
Dunkirk since 1929 are now practically completed. 
The canals, locks, sluices, and pumping station 
which constitute the main part of the scheme are 
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and vice versd. 
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and Waterways in 1936. 
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tion system of Northern France, and are necessarily 
intimately connected with them. The total cost of 
this land drainage scheme is estimated at 85 million 
francs. The port extension works at Dunkirk, 
to which reference has frequently been made in this 
journal, made some progress during the year, and 
those parts of the scheme still remaining to be carried 
out will, it may be assumed, be proceeded with 
vigorously in the near future in view of the resumption 
of State grants. The eastern jetty, forming one of 
the protecting arms of the new outer harbour, was 
completed over two years ago, and the building of 
the western jetty is now finished. The extension 
works which still remain to be carried out include 
the Bassin, d’Evolution, a closed petroleum basin, 
and No. 6 branch dock. Until a portion at least 
of the Bassin d’Evolution is built and linked up 
with the existing Darse No. 5 no use can be made 
of the large entrance lock, 280 m. long between gates 
and 40m. effective width, which has now been 
completed. 

At Boulogne the programme of works now in 
course of execution includes a further extension sea- 
ward of the Carnot breakwater, the construction 
of the new Northern breakwater, and the deepening 
of the outer harbour. In recent years progress with 
these works has been slowed down. 


Italy. 
The new maritime passenger station at Naples 
was opened on October Ist by the Italian Minister 





linked up with the port works and the inland naviga- 
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Mole, which has been built partly on the site of the 
old San Gennaro Mole on the western side of the old 
Commercial Harbour. The new mole has a width 
varying from 130m. to 120m. and projects on its 
southern face over 600 m. from the shore. The depth 
of water in the ship berths alongside the mole is 
12-5m. The station building comprises two parallel 
structures 35 m. apart connected by bridges. Each 
section is 174 m. long and 27-5 m. wide. The buildings 
have four floors and the landing gangways connect 
with the first floor level. Modern warehouses are 
now in course of construction on the Vittorio 
Emmanuele II Mole and on the Porta di Massa quay 
in the old harbour. Large sums are also being spent 
on the modernisation of the mechanical and electrical 
equipment of the port. 


The programme of port development included 
in the second five-year plan of the U.S.S.R. Govern- 
ment (1933-1937) is an ambitious one. According 
to an official document issued from Leningrad in 
1936 it ‘‘ predetermines an increase of turnover in 
all sea ports of the U.S.S.R. up to 100,000,000 tons 
in 1937." The plan comprises fourteen new ports, 
six in the Arctic, a port at Soroka at the White Sea 
entrance to the Baltic-White Sea canal, one new 
port on the Black Sea, two Caspian ports, two on 
the Sea of Azoff, and two Pacific ports. One of the 
principal improvements brought to completion 
recently by the Soviet Government is the timber 
export section of the port of Leningrad, where 
provision has been made for handling 135,000 
standards of timber annually. The total handling 
capacity of the timber section, including unloading 
from river vessels and loading into sea-going vessels 
is stated in an official report to be about 6300 tons 
per day. It is said that the whole process of timber 
handling has been mechanised. 


Finland. 

It is reported that the Helsingfors Port Authorities 
have decided to undertake harbour improvements 
and extensions to cost about 50 million marks. 


European Inland Waterways. 

In mid-Nevember, Herr Hitler took the course 
of unilateral denunciation of all the clauses dealing 
with international waterways in the Versailles 
Treaty. In regard to some of these international 
regulations it seems unlikely that the Fuhrer’s action 
will have any serious practical effect on navigational 
interests; but as to the Rhine navigation some 
apprehension is shown in Switzerland, that country 
having expended large sums of money in recent years 
in making provision for river traffic in the interests 
of Swiss shipping. Early in December a note setting 
forth the reply of the British Government to the 
German memorandum of November 14th denouncing 
the international regulations was handed to the 
German Ambassador in London. 

Among the works which the French Government 
has authorised as part of its programme to absorb 
unemployed workers is the construction of the 
Genissiat dam and the carrying out of some portion 
of the projected Rhone navigation and irrigation 
works. These works will be undertaken by the 
Compagnie Nationale du Rhéne. The project has 
the primary object of rendering the Rhéne navigable 
between Marseilles and the Swiss frontier ; but this 
ultimate object is linked up with works for hydro- 
electric development from which revenue may be 
expected to be obtained in the near future. The 
building of the Genissiat dam, which will be the most 
important in France and will impound’ water in a 
valley 12} miles long, will have only a secondary 
bearing on the improvement of the Rhéne navigation ; 
its main purpose will be to provide water for hydro- 
electric power stations. 

It is expected that the Moscow-Volga canal will 
be opened for traffic this year. The canal, which will 
be about 80 miles long, begins at Ivankovo, on the 
Volga, and runs thence in a southerly direction to join 
the river Moskva near Moscow. Ten locks and several 
dams have been built and the canal will be able to 
take vessels drawing up to 15ft. of water. It is said 
that about 200,000 men and women, including both 
free and forced labour, are directly engaged in making 
the canal. The next item in the Soviet Government’s 
programme of canal construction is the making of the 
Volga-Don canal, by means of which Moscow is to 
be linked up with the Black Sea. 


AFRICA. 


Cape Town. 

The harbour returns for the Union of South 
Africa for 1935 showed a general increase in the 
tonnage of cargo, landed and shipped, of about 
20 per cent. Cargo handled at Cape Town increased 
from 1,675,538 in 1934 to 1,938,411 tons in 1935. 
The growing prosperity of South Africa has induced 
the Government to increase the scale of expenditure 
on improvements in the ports of the Union, and a 
large part of this expenditure will naturally be 
devoted to extensions in Table Bay, where the accom- 
modation is at present quite inadequate to the needs 
of the shipping using the port. It is reported that the 
‘“Empress of Britain,” of 42,000 tons, when she 
visited Cape Town early in 1936, experienced diffi- 





culty in leaving the harbour in heavy weather and 
was in consequence delayed. In our review a year 
ago we referred to a new and comprehensive scheme of 
port extensions, prepared by Mr. J. F. Craig, of which 
we had published a plan and description in our issue 
of November 15th, 1935. Even before the visit of the 
‘“Empress of Britain” to Table Bay the Harbours 
Administration had authorised the construction of 
one large deep-water berth, the continuance of work 
on the block making yard, and the purchase of a 
powerful rock breaker. This additional deep-water 
berth is apparently a part of the comprehensive 
scheme to which we referred. It will form the first 
section of an open basin over 4200ft. long. The cost 
of the Craig project for the future development of 
Table Bay harbour has been variously estimated, 
but in any case it is likely to involve an expenditure 
of not less than five million pounds. The deep-water 
berth, in the so-called New Basin, which had been for 
more than ten years under construction at a leisurely 
pace, was not completed in time to receive the Union- 
Castle mail boat “* Stirling Castle,” of 25,000 tons, on 
her first voyage to South Africa and is not expected 
to be brought into use until the spring of 1937. The 
quay, the foundations of which were begun in May, 
1935, has been built much more expeditiously than 
most of the works of improvement carried out at 
Cape Town in recent years, and is over 900ft. long. 
Among the other improvements which the Harbours 
Administration is carrying out at Cape Town is the 
provision of fruit precooling plant, having a capacity 
of 3750 tons, near the new mail boat berth, and addi- 
tional cold storage accommodation. The facilities for 
oil bunkering ships at Cape Town are being re- 
modelled ; provision is being made at all the deep- 
water berths used by large vessels for the supply of 
fuel oil through 10in. and 12in. diameter pipes. At 
some of the recently constructed berths it will be 
possible to supply oil at the rate of 800 tons an hour. 


Other South African Ports. 


At Port Elizabeth all available quay berths in 
the new harbour have during the past year fre- 
quently been simultaneously in use by ships. A 
year ago we mentioned that the new deep-water 
quay for mail boats on the north arm of the 
harbour (No. 1 Quay) had been completed for a 
distance of 2700ft. and was in use. This quay has 
now been extended to 3500ft. and the first four berths 
are now in regular occupation. An additional pre- 
cooling plant has also been ordered for Port Eliza- 
beth ; the building will have a capacity of 4000 tons. 
The completion of important precooling plants at 
Cape Town, East London, and Port Elizabeth is 
expected to make ample provision for the export of 
South African fruit for some years to come. 

At East London the completion of the first 1000ft. 
of the quay wall in the new turning basin has enabled 
ships to make use of it, and the precooling facilities 
for fruit, referred to in our review of a year ago, will 
be brought into use in the New Year. Work on the 
extension of the south breakwater at East London is 
being continued. During the year the Harbours 
Administration placed an order with Lobnitz and 
Co., Ltd., Renfrew, for a bow-well suction hopper type 
dredger to be stationed at East London. This 
dredger, which will have a hopper capacity of 3500 
tons and will cost £100,000, is expected to be delivered 
at Port Elizabeth in the spring of 1937. 

For service at Durban the Government has pur- 
chased the bucket dredger “ Silurus”’ from the 
Bombay Port Trust for £20,000. This dredger was 
built in 1915 by W. Simons and Co., Ltd., and has a 
length of 267ft. Work on the new deep-water quays 
at Durban is in progress. The outer part of the new 
quay walls is being constructed of 15-ton concrete 
blocks. The decision of the Government in regard to 
future major improvements at Durban Harbour has 
not yet been made. 


West and North Africa. 


The French Colonial Administration has begun at 
Pointe-Noire the construction of a quay wall, 
750 m. long, on the Ravier hollow concrete block 
system. 

Proposals for the extension of the port of Mosta- 
ganem in Algeria at a cost of 88 million francs have 
been approved by the French Senate. 


THE EAST. 
The Suez Canal. 


The Suez Canal dues on shipping were reduced as 
from July Ist, 1936, the rate for loaded vessels then 
being lowered from 7s. 6d. to 7s. per ton. A further 
reduction was announced in December to take effect 
on April Ist, 1937, when the loaded vessel rate will 
be 6s. per ton, other rates being reduced in propor- 
tion. The successive reductions in the canal charges 
which have been made since 1934 represent consider- 
able savings on the running costs of both passenger 
liners and cargo ships which make use of the Suez 
Canal. 

India and Ceylon. 

Frequent reference has been made in this journal 
to the interesting dredging operations on the bar at 
Cochin on the Malabar coast, by which an almost 
land-locked backwater has been converted into a 
useful harbour for deep-draught vessels. Further 





development of the port has been under considera- 
tion for several years, and a scheme for the construc- 
tion of deep-water quays within the lagoon has 
recently been sanctioned. It is expected that the 
works will be completed in less than four years, but, 
no doubt, a part of the berthage included in the 
complete scheme will be available for shipping at an 
earlier date than four years hence. Ships which at 
present lie in the lagoon channel will then be able to 
discharge their cargoes direct into railway wagons or 
transit sheds instead of into lighters. The port of 
Cochin is served by the South Indian Railway. 

It is reported from Colombo that the State Council 
in December passed a Bill authorising a loan of 100 
million rupees for a four-year plan of public works, 
which includes a deep-water quay and an oil dock at 
Colombo estimated to cost 12 million rupees. 


Singapore. 

According to a statement made by the First Lord 
of the Admiralty in 1935 the dry dock at the Singapore 
naval base was expected to be ready for use in 
September next. Work on it has, we understand, 
been completed, except for placing in position the 
caisson gates and the removal of the earth cofferdam 
and embankment which now separates it from the 
waters of the Johore Strait. All the works included 
in the original contract, placed with Sir John Jackson, 
Ltd., in 1929, are finished, but, in addition to these, 
a vast amount of construction has been carried out 
in connection with subsidiary works, including stores, 
workshops, roads, railways, and residences. The 
date announced by the First Lord for the final com- 
pletion of the naval base is towards the end of 
1939, and the latest revised estimate of the cost 
is £7,700,000. 

Work was continued on the harbour extensions 
at Singapore for the Singapore Harbour Board 
begun in 1934. The present contract, for which 
Topham, Jones and Railton, Ltd., is responsible, is 
due for completion in 1938. 


Japan and Manchuria. 

An ambitious land reclamation scheme in Tokyo 
Bay has been prepared by the Engineering Depart- 
ment of the Japanese Home Office. The primary 
object of the project is the reclamation of land 
having a high potential value for building develop- 
ment, but it includes the dredging of a new deep- 
water channel between Yokohama and Tokyo, 
which involves the construction of a sea wall, 8} miles 
long and roughly about a mile from the shore, which 
will follow the contour of the shallow muddy coast 
from Shinagawa, on the outskirts of Tokyo, to 
Kawasaki, half-way to Yokohama. Within this wall 
a channel, 770 yards wide and 23ft. deep at low water, 
will be dredged, and in the process a vast expanse of 
foreshore will be drained; other channels will be 
formed through this reclaimed area, making ten 
“islands,” comprising some 20,000,000 square yards, 
which will be developed as factory sites. The channel 
or canal will enable cargo ships to dock beside the 
reclaimed land areas. This ambitious scheme, which 
will apparently convert a portion of the sea frontage 
in Tokyo Bay into an industrial Venice, is estimated 
to cost about £4,000,000. According to the Tokyo 
correspondent of The Times, work will begin in 1937. 

A new harbour constructed by the South Man- 
churian Railway at Hululao on the Gulf of Pechili 
is expected to be opened for traffic next month. The 
port of Dairen is becoming so congested that the 
South Manchurian Railway is preparing plans for 
extensions. The total seaborne exports and imports 
through Dairen increased in 1935 to nearly 9,000,000 
tons. 


AMERICA. 


New York. 


The new pier, built by the Public Works Adminis- 
tration in the Hudson River at West Fiftieth-street, 
for the accommodation of Cunard White Star liners, 
was ready to receive the “Queen Mary” on her 
arrival at New York in June. The new pier, which is 
1100ft. long, is some distance further up the river 
than the berths formerly used by the Cunard White 
Star liners. Half a dozen lifts and escalators have 
been provided for the conveyance of passengers to a 
convenient level, from which they are able to board 
the ship over short gangways. 

The City of New York early in 1936 was granted 
permission by the Federal Government to establish 
a free port for the transhipment of goods to and 
from foreign countries at Stapleton, Staten Island. 
The free port area extends to about 78 acres and 
includes 18 acres of land and five existing piers. 
Seven-storey warehouses will be built by the city at 
a cost of about 3,500,000 dollars, and the channel 
depth giving access to the piers will be increased 
from 20ft. to 35ft. The total cost of developing the 
area is estimated at 4,700,000 dollars. 

The Chief-of-Engincers, U.S. Army, Major-General 
Markham, has recommended that approximately 
£500,000 should be spent on widening and deepening 
the ship channel from the sea to the new piers on the 
Manhattan side of the river Hudson, where the 
“* Queen Mary ” and other large liners will be berthed 
in future. It is proposed that the ruling channel 
width should be 2000ft., suitably increased at bends, 
and depths varying from 45ft. to 48ft. are suggested. 
It is estimated that the annual cost of maintenance 
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of the ship channel will be increased by £10,000 if 


the scheme of enlargement is carried out. 
The Mississippi and Missouri Rivers. 


The improvement of the channel of the Mississippi 
River, with the double object of reducing the liability 
of the Mississippi Valley to flooding and the improve- 
ment of river navigation, is being vigorously pushed 
forward, and vast sums have been and are being spent 
on the many varied works of improvement which have 
been authorised. in the course of Mr. Roosevelt’s 
administration. Many bends in the river channel 
have been eliminated by dredging new channels 
across necks of land and the curvature of others has 
been reduced. From 1928 to the end of 1935, 272 
million dollars have been expended on flood-control 


works in the lower Mississippi Valley in the hope of 


preventing a recurrence of the disaster of 1927, when 
floods of unprecedented extent devastated vast areas. 

The great earth dam which is being built at Fort 
Peck, Montana, mainly intended for flood control 
on the river Missouri, is still under construction. 
When completed the dam will form a storage reservoir 
having a capacity of 20,000,000 acre-feet. The 
regulation of the Missouri, which has already been 
completed for the first 500 miles up to Kansas City, 
is being continued for another 400 miles to Sioux City. 
We shall deal fully with this dam in an approaching 
issue. 

Large sums are still being spent on the canalisation 
of the Upper Mississippi (above the mouth of the 
Missouri) begun in 1930. The object of canalising 
this part of the navigation, extending a distance of 
650 miles from Minneapolis down to Alton, Illinois, 
is to secure @ minimum navigable depth of 9ft. 
Eelow Alton the same depth will be secured by 
regulat:on. 

The United States Navy Depertment announced in 
May that it is proposed to construct a floating dock, 
1016ft. long, for Pearl Harbour, Hawaii, at a cost of 
£2,000,000. 

The building of the Madden dam at Alhajuela 
on the Chargres River to provide a reserve of water 
for the service of the Panama Canal locks was brought 
to completion during the year by the final grouting of 
the contraction joints of the main dam. Construc- 
tional work on the dam began in 1931, and was 
sufficiently advanced by 1935 to hold up water for 
the canal service. The cost of the work has been 
about 13,000,000 dollars, including the hydro-electric 
power plant which formed a part of the project. 


Canada. 


By an Act of the Dominion Parliament, which 
received the Royal Assent in the course of the summer 
of 1936, a National Harbour Board has been con- 
stituted in Canada to replace the temporary Harbour 
Board of Government officials which had for a short 
period controlled the principal ports of the Dominion. 
The new Board, consisting of three non-political 
members, which was appointed in September under 
the chairmanship of Mr. Ralph Campney, a Vancouver 
lawyer, will undertake the work previously done 
by the seven separate Harbour Commissions of 
Halifax, Saint John, Quebec, Montreal, Sorel, Three 
Rivers, and Vancouver. At each of these ports a 
manager has been or will be appointed, who will be 
directly responsible to the National Harbour Board. 
A provision of approximately 6,000,000 dollars was 
included in the Budget of the Dominion Government 
for the year 1936-37, to be expended on the comple- 
tion of port projects already started and new projects 
planned by the National Board. 

The St. Lawrence waterway project showed signs 
of renewed life and vigour in the course of the year. 
President Roosevelt’s message to the Seaway Con- 





ference at Detroit in May was interpreted in some 
Canadian circles as a probable preliminary to further 
overtures from the United States to revive the dis- 
cussion with Canada of the St. Lawrence develop- 


ment project. It will be remembered that a St. 
Lawrence Waterways Treaty between the United 


Canadian and United States administrations, it is 
understood, would welcome the revival of the scheme 
for the employment it would bring. The announce- 
ment made early in December from Ottawa that 
delegates representing the United States Government 
had visited the Dominion capital and had discussed 














LAYING THE TOP OF THE FORT PECK DAM, MONTANA 


States and Canada was signed in Washington in 
July, 1932. President Roosevelt in January, 1934, 
sent a message to the Senate recommending the 
ratification of the Treaty, but in March of that year 
this was refused by the Senate, the voting showing a 
small majority against ratification. Both the 


the deep waterway project with Mr. Mackenzie King, 
the Prime Minister, and other members of the Cabinet, 
raised the hopes of those who favour the further 
development on a large scale of navigation and power 
production on the 120-mile stretch of river between 
Lake Ontario and Montreal. 








The Physical Society’s Exhibition. 


No. 


II. 


(Continued from page 46, January 8th.) 


HE Post Office Research Station, Dollis Hill, was 

showing, among other things, a photo-electric equip- 
ment (Fig. 10) for examining letters. It indicates the 
presence of stamps on letters in correct position for 
cancellation, and it may be used for discriminating 
between stamps of different colours. Reflecting light 
from the two parts of the surface is caused to 
fall alternately on the photo-electric cell, vid 
a revolving shutter (Fig. 12). If, owing to the position 
of the stamp, the illumination differs, an A.C. 
is generated in the cell circuit. The current is amplified 
in an amplifier tuned to the shutter frequency, and 
can be used to operate mechanical devices for separat- 
ing or arranging the letters, according to whether the 





FIG. 10—PHOTO-ELECTRIC APPARATUS FOR EXAMINING LETTERS-—G.P.O. 


stamps are in the correct or incorrect position for 








FIG. 11—APPARATUS 


cancellation. The amplifier can be biassed to ignore 
input below a specified value, and this feature may 
be used to discriminate between certain stamps and 
to neglect the effect of irregularities of the letter 
surface. The apparatus shown in Fig. 10 will deal 
with 1000 letters per minute. 

The apparatus shown in Fig. 11 gives accurate 
restoration of compressed signal volumes. Noise 
arising in a transmission medium can be eliminated 
by compression and expansion of speech volume, a 
negative feed back amplifier being used to invert a 
compressor to form an ideal expander. The input 
signal (the amplitude of which may be varied) is 
fed into the compressor, and then into the expander, 
when it again acquires its original amplitude. Varia- 





FOR CHANGING SIGNAL VOLUMES-—G.P.O. 





70 


THE. ENGINEER 


JAN. 15, 1937 








tions of the input are faithfully reproduced, although 
previously greatly compressed by the compressor. 
Tone introduced into the line is eliminated when the 
compressor and expander are connected in circuit. 
An oscillator for the production of signalling current 
(Fig. 13) was another G.P.O. exhibit. When signalling 
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FIG. 12—ARRANGEMENT OF PHOTO-ELECTRIC LETTER 


over repeater lines, it is necessary to use the voice as 
frequency tone. By throwing a key the tone is put 
on the line and operates apparatus at the distant end. 
The signalling tone used is 500 C.P.S.+10, modu- 
lated twenty times per second, and is produced 


at present in this country by rotating generators. 
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FIG. 13—OSCILLATOR FOR SIGNALLING CURRENT 


The oscillator under consideration is for use at small 
terminal stations, requiring an output up to, say, 
50 milliwatts. The first valve comprises an oscillator 
and modulator for the frequencies 500 and 520, and 
the second valve an amplifier. The output has been 

















FiG. 14—-APPARATUS FOR DETERMINING PLATING 
THICKNESS—G.P.O. 


found to be extremely stable, and to vary only slightly 
up to the power required for six circuits. 

‘The apparatus shown in Fig. 14 has been designed 
by the G.P.O. for determining the thickness of plating 
or galvanising on iron or steel articles without damage 
to the article being tested. It consists of a small 











! 

The magnet is supported by a spring balance and the | research laboratories. It demonstrates how the 
test consists in comparing the pull of the magnet | electrons from a suitable source can be focused so 
when applied to a piece of polished iron and when | that an electron image of an object can be thrown on 
applied to the article under investigation. By an | a fluorescent screen. The lens system consists of two 
arrangement of a fixed and a flexible scale, the instru- | circular cupro-nickel diaphragms set 1 mm. apart and 
ment gives the thickness of plating direct in mils to | having 1 mm. apertures. The focal length is controlled 
| by the ratio of the potentials on the diaphragms. The 
| magnification is altered by varying the distance of 
| the object from the first diaphragm by means of the 
| bellows attached to the object. A large glass ground 
| joint permits specimens in the continuously evacuated 
|tube to be rapidly interchanged and enables the 

object to be moved across the aperture of the lens. 
| The microscope has been used for obtaining electron 
|images of different oxide coated nickel surfaces and 
| for studying the crystal structure of metals. 
| The electric micrometer for continuous foil measure- 
jments (Fig. 17) was shown by Salford Electrical 
| 
| 
| 
| 
| 
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an accuracy of + 15 per cent. Among other G.P.O. 
exhibits was an experimental model for demonstrat- | 
ing the slow movement of cables laid under roads in | 
the direction of traffic immediately above these cables. | 
The fluoroscope, shown in Fig. 15, exhibited by the | 
Thermal Syndicate, Ltd., of Wallsend-on-Tyne, has 
been designed by that company in collaboration with 


17—ELECTRIC MICROMETER--SALFORD 
ELECTRICAL 


Fic. 


Instruments, Ltd., one of the G.E.C. associated com- 
The apparatus consists of a high-frequency 
The frequency depends on the 
Current 


| panies. 
valve generator. 





electro-magnet with a specially shaped pole piece. 





| 
| 
the Home Office to meet the need for a portable ultra- | 
violet fluorescence outfit which can be used, for | 
example, on criminal investigation work, such as the | 

| 


| 


| 





FiG. 15—FLUOROSCOPE—THERMAL SYNDICATE 
} 


identification of forged documents, the examination 
of stains and body scars, or for industrial testing 
outside the laboratory. The lamp, which is suitable 
for A.C. or D.C., incorporates the maker’s incan- 
descent cathode mercury discharge burner and con- 
sumes 500 watts. It is housed in a hemispherical 
reflector and hood, which can be quickly set in any 
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(A and B set 1 mm. apart. 


C. —Cathode. 
D.—Glass pinch. 


J.—Pumping tube. 
K.—Fluorescent screen. 


E.—Ground glass joint. L,—Circular seal. | 
F.—Metal bellows. P.—Carbon film on inside of 
G.—Differential screw for bulb 


A and B.—Main lens, circular diaphragm with 1 mm. aperture | 
| 


S;.—Potential Lead to B. 


bellows adjustment. 
8,.—-Potential Lead to A. 


H.—Ebonite Cap. 
1. —Heater and cathode leads. 


FiG. 16—ELECTRON MICROSCOPE-G.E.C. 


desired direction. The table stand normally supplied 
with the outfit carries a universal clamp and holder, 
which allow movement in three directions. If neces- 
sary, the hood can be detached from the stand and the 
lamp used as a hand lamp for testing or investigations 
on materials which cannot be brought to the usual type 
of fluorescence cabinet. It is fitted with three rings 
so that it can be suspended over any area requiring 
special examination. The glass fitted to the hood to 
filter out the visible light is unusually large and 
and provides a wide “‘ beam ”’ of invisible radiation. 

The electron microscope shown in Fig. 16 was one 
of the exhibits of the General Electric Company’s 





thickness and type of metal to be measured. 
at high frequency is supplied to one of a pair of coils 
fixed on each side of the metal foil and the transfer 


| of energy from one coil to the other depends on the 


thickness and electrical conductivity of the foil. 
The thickness can thus be indicated on a D.C. instru 
ment after rectification of the H.F. current. 

The Salford hand tachometer consists of a small 
alternator (Fig. 18), 4}in, by 1%in. in diameter, fitted 





Fic. 18—-TACHOMETER-—SALFORD ELECTRICAL 


with a small self-contained rectifier to give D.C. and 
an indicator connected by a length of flexible lead. 
The indicator is a small moving coil voltmeter cali- 
brated in revolutions per minute and feet per minute. 
Attachments consisting of a rubber tip and @ disc 
are used for taking the speed either in revolutions 
per minute of a shaft or the feet per minute of a belt. 

The apparatus shown in Fig. 19 is for comparing 
the light transmission properties of liquids, and can 
be used in chemical laboratories for the determination 
of absorption and extinction values. Two glass cells 
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9.—Contro] knob. 
10.—Indicating instrument. 
11 and 12.—Fine and coarse 
rheostats. 


1.—Lamp. 

2 and 3.—Glass cells. 

4 and 5.—Photo cells. 

6 and 7.—Coloured filters. 

8.—Light stop. 

FIG. 19—-APPARATUS FOR LIGHT TRANSMISSION 
EXPERIMENTS 


containing the liquids are arranged, one on either side 
of a lamp, so that the light passes through the 
solutions to two matched selenium rectifier type 
photocells on the sides of the glass containers remote 
from the lamp. The photocells are connected 
differentially to a_ self-contained microammeter, 
scaled in absorption and extinction values. Sensitivity 
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adjustment is provided so that the instrument can 
be calibrated to read directly. 

The Salford Electrical Instrument Company was 
also showing the comparative glossmeter shown in 
Fig. 20, which has been designed to meet the require- 
ments of manufacturers and others requiring to com- 
pare the gloss of different samples of the same 
material, such as glazed paper, porcelain, cloth, 
ceramics, paint, &c. It can also be used to compare 
the diffusing powers of matt surfaces. Other applica- 
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FiG. 20—GLOSSMETER-SALFORD ELECTRICAL 


| 
tions are the quantitative measurement of the tarnish- | 


ing of metals after corrosion by exposure and in 
connection with the specification of surface polish 
for such processes as cellulose, enamelling, &c. 
apparatus incorporates a small lamp housed in a 
casing, which when stood on a substantially flat | 
surface gives a beam of light incident at an angle of | 
45 deg. Light reflected at the same angle is collected | 
and operates a photo-cell connected to a micro- | 
ammeter, the readings obtained being indicative of 
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FIG. 21—TRANSPARENCY COMPARATOR— 
SALFORD ELECTRICAL 
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the relative gloss of similar surfaces. For measure- 
ment of the diffuse light reflected from the surface, 
the photo-cell is removed from the position A to B, 
and the light trap is placed over the aperture A. 
Rheostats enable the sensitivity of the instrument to | 
be adjusted, so that it can be read directly, the scale 
of the micro-ammeter being marked 0-100 per cent. 
Another of this firm’s exhibits was the transparency | 
comparator shown in Fig. 21, designed to meet the | 
requirements of manufacturers, &c., requiring to} 

















FiG. 22—MOTOR STARTER—IGRANIC 


make rapid comparative measurements of the trans- 
parency of glass, paper, celluloid, cellophane, &c. 
A predetermined sample considered to represent 
100 per cent. transparency is employed.” A small 
housing carries a small electric lamp, the beam ot 
light from which is projected vertically upwards and 
falls on a photo-cell carried on a ring adjustable in 
the vertical position. The transparent material to be 
compared is placed over an aperture in the cover 
screen B and the transmitted light reaches the photo- 
cell. The adjustment for height of the ring A is to 
accommodate various thicknesses of transparent 








The | 


| of small squirrel-cage or single-phase motors, which 
| may be switched directly on to the supply mains, was 
| shown by the Igranic Electric Company, of 147-149, 


firm included a photo-electric potentiometer, illumina- 
tion meters, and a wide variety of aircraft instruments. 


 aaininiad, the cell holder being placed flat on the 


transparent surface. The instrument unit comprises 
a voltmeter for measuring the lamp voltage, a moving 
coil galvanometer reading 0 to 100 per cent., and 
rheostats for adjusting the lamp voltage, the unit 
being identical to that used for the comparative 
»}glossmeter. The two rheostats provide coarse and 
fine lamp voltage adjustment. Before testing the 


indicates 100 per cent. 














FIG. 23—-STARTER WITH INTERLOCKED ISOLATING 


SWITCH—IGRANIC 


Queen Victoria-street, E.C.4. Its maximum capacity 
is 3 H.P. at 400-550 volts, three-phase. It has a 
triple-pole magnetically operated contactor with 
silver contacts, inverse time element thermal overload 
protection in each phase, no-voltage release with two- 
wire control, full no-voltage protection with three- 
wire control, start and stop push buttons mounted in 
recesses in front of the case, and an external] overload 
resetting push button at the side of the case. Remote 











FIG. 24—MULTI-RANGE VOLTMETER—WESTON 


control may be obtained from any number of push 
button stations, a float or pressure switch or any other 
two or three-wire control device. The starter can 
also be supplied with an interlocked isolating switch 
with three high-capacity rupturing fuses, as shown 
in Fig. 23. Other exhibits consisted of brake sole- 
noids and an electric counter and totaliser for news- 
paper and other high-speed multiple-production 
service. 

The multi-range voltmeter shown in Fig. 24 was one 
of the exhibits of the Weston Electrical Instrument 
Co., Ltd., of Kingston By-pass, Surbiton, Surrey. 
It has six ranges, 0—1-2/3/6/8/12/16 volts, and its 
accuracy is claimed to be well within 3 per cent. from 
40 c.p.s. to 50 me.p.s. Its input capacity is approxi- 
mately 44F. Other instruments exhibited by this 


specimen, the standard material is placed in position 
and the sensitivity is increased until the galvanometer 


A contactor type “ across the line ” starter (Fig. 22) 
for push button or automatic starting and stopping 





The Dekkor universal projector (Fig. 25) was shown 
by Adam Hilger, Ltd., of 98, King’s-road, N.W.1. It 
is for the projection to an enlarged scale of screw and 
worm profiles, form gauges, cutters, &c., and is com- 
bined with a daylight cabinet with an internal mirror 
system and light hood, suitable for use in the open 
workshop. Interchangeable projection lenses give 
alternative magnifications of 50 x and 25 , the screen 
size being 12in. by 15in. The useful field is 0-24 by 

















FIG. 25—DEKKOR UNIVERSAL PROJECTOR—HILGER 


0-30in. for 50 x magnification and 0-48 by 0-6in. for 
the 25x magnification. The maximum capacity of 
the instrument demonstrated at the Exhibition is 
8in. between centres, and 6in. diameter for the 25 x 
magnification or 3in. diameter for the 50 x magnifica- 
tion. The apparatus is also supplied without a day- 
light cabinet, for use in the darkroom. 

Enlarged photographic templates of standard 
thread forms are made for use with the projector, 
errors of size being shown in the same way as with a 
darkroom projector, viz., by bright spaces for under- 
size work and dark patches for oversize work. 

The patented illuminator is believed to be the only 
optical system which enables the enlarged profiles of 
the threads of screws, hobs, and worms with long lead 














FIG. 26—X -RAY APPARATUS FOR CRYSTAL 
ANALYSIS—PHILIPS 


and deep thread to be projected. The new system is 
based on the fact thatethe rake or helix angle at any 
point on a screw thread depends on the diameter. 
The difference of helix angle at the crest and root of a 
thread may be quite large, and a parallel beam either 
fails to show tie correct profile or gives an out-of- 
focus image. By the setting of a single controlling 
handle the rake of the light is progressively altered 
from root to crest of the thread, so as to correspond 
with the helix angle at each point, although in end 
elevation of the screw the light is still parallel. At 
the zero setting the light is parallel and therefore 
suitable for the profile projection of flat gauges, &c. 

It has been shown in a paper by Mr. C. F. Smith on 
‘** Optical Inspection of Screw and Worm Profiles ”’ 
that threads with vertical flanks cannot be projected 
even with the new system of illumination, and 
formula is given from which the presence or other- 
wise of interference can be calculated with any 
worm or screw. By interference is meant that 
the flank of the screw on a selected section 
parallel to the axis cannot be illuminated by 


light parallel to the helix angle, owing to the intrusion 








The 


of the remainder of the section into the beam. 
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J . . . . . } 
effect is a maximum with screws with vertical flanks, | 


The Army Vocational Training Centre. 


or 


but fortunately is generally non-existent with V 
threads. The exhibit included thread form templates, 
50 X magnification, and an enlarged model of a worm 
thread illustrating the variation of helix angle by 
removable sections. An interchangeable lantern 
giving the usual parallel beam was also shown, this 
being useful when the greatest possible brightness of 
image is required, for use with screws of normal 
proportions. 

Apparatus for crystal analysis (Fig. 26) constituted 
one of the new exhibits of Philips Lamps, Ltd., of 
145, Charing Cross-road, W.C.2.. One of the main 
advantages claimed for it is that it can be used in con- 
junction with long cables for the examination of work 
on site. Another is that it is not water cooled, a 
fact which considerably enlarges its sphere of applica- 
tion, as the unit is virtually mobile. Air cooling is 
provided by a fan, and if for any reason the air supply 
should be insufficient, the X-ray tube is automatically 
switched out of circuit. The shockproof protected 
tube incorporates the well-known “line” focus, 
and when the cameras are adjusted at about 10 deg. 
becomes 1mm. by 1mm. Although the tube is avail- 
able with different anodes, the copper or cobalt type 














FiG. 27—RECTIFIER FOR CINEMA PROJECTOR ARC 


proves most useful for metallurgical work. A casting 
on top of the transformer carries the camera table. 

A feature of the new model is the electric motor 
drive, which, together with Bowden connection cables, 
serves to rotate the specimen for Debye-Scherrer 
exposures. While any type of camera may be used, 
the apparatus can be provided with certain special 
Philips cameras. In addition to Debye-Scherrer 
exposures, it is possible to make exposures by the 
rotating single crystal method. 

The Westinghouse Brake and Signal Company, 
Ltd., of 82, York-road, was showing new applica. 
tions of metal rectifiers, by means of photographs 
and actual equipments. The smallest size of the 
complete apparatus for cinema projector arcs was 
on view. ,It includes a constant current ballasting 
circuit, which dispenses with resistances and pro- 
vides a constant arc current over the whole of the 
working range of arc voltage, with the result that the 
power consumption of the equipment as a whole is 
reduced to about half that of the old method of 
operating such arcs. A typical equipment of this 
kind is shown in Fig. 27. To increase the range of 
types of metal rectifiers available for different appli- 
cations, a new size of plate type rectifier has been 
developed, having an element of about one-quarter 
the dimensions of the large plate type used for electro- 
plating, cinema arc rectifiers, and other purposes. 

(T'o be continued.) 








Koap IMPROVEMENT FuND.—A new fund is to be set 
up by the British Road Federation for use during the next 
three years to make effective the demand for,a better road 
system. It is stated that the Committee of Management 
of the Federation has been watching with anxiety recent 
events which, in its view, tend to confirm the opinion that 
the Government is contemplating further restrictions on 
road transport. The Federation believes that the relief 
of traffic congestion would increase public safety, while 
at the same time the argument underlying further restric- 
tion of road traffic would be destroyed. Furthermore, the 


motor vehicle user would find his transport costs lessened. 
The Federation is therefore of the opinion that the first 
step towards the solution of the present difficulties lies 
in a greatly improved and modern road system through- 
out the country. 


ACH year about 17,000 men leave the British 
Army and return to civil life after a period of 
service ranging from five years upwards. Of these 
men about 4000, on the average, have either before or 
during their Army service, been trained to some trade 
or calling. The remaining 13,000 are for the most 
part young men in the middle twenties, who are 
untrained to follow a civil occupation, who have, in 
fact, given to the Army those years of their lives 
which normally would be devoted to their trade 
apprenticeship or other training. Among these men 
the percentage of unemployment is known to be higher 
than the average rate for the country as a whole. It 
cannot, indeed, be disputed that the difficulty of 
finding civilian employment after discharge is one of 
the major reasons which deter young men from joining 
the Army and is an important element in the present 
serious shortage of recruits. 

Soon after the end of the Great War a system of 
vocational training was established for the benefit of 
deserving and well-conducted soldiers with the object 
of fitting them to follow skilled occupations on their 
return to civil life. Difficulties of various kinds were 
encountered at first but to-day the system is working 
smoothly and efficiently, the only main difficulty 
now being to provide the necessary training facilities 
for all the soldiers who desire to take advantage of 
them. Three training centres have now been estab- 
lished—at Aldershot, Hounslow and Chiseldon—and 
between them they are turning out about 3000 trained 
men each year. On Thursday of last week we took 
advantage of an opportunity to inspect the Aldershot 
centre kindly afforded us by the War Office and were 
very favourably impressed with the efficiency and 
success of the scheme. It is obvious that we have 
here not only a system which should have the effect 
of encouraging the flow of recruits to the Army but 
an organisation which will react to the benefit of 
industry by providing it with trained workmen of 
high character. 

The training period extends over the last six months 
of the soldier’s service with the colours. During these 
months he is excused all parades and other military 
duties but he continues to reside in barracks and 
to draw his pay and rations in the ordinary way. He 
attends the training centre from 8 a.m. to 4.45 p.m. 
on week-days and from 8 a.m. to 12.30 p.m. on Satur- 
days, and on two evenings each week may attend 
voluntary evening classes from 6 to 8 p.m. It will 
no doubt be asked whether it is possible to train a 
man to any useful extent in any trade during a course 
of instruction lasting only six months. The evidence 
laid before us at Aldershot leaves us with no doubt 
upon that point. It should be remembered in this 
connection that the men under training have been 
subjected to a double process of selection. The 
Army of to-day does not draw its recruits on a 
haphazard system. They are picked men not only 
with respect to physique but also as regards character. 
Secondly, those recommended by theit commanding 
officers for entry into the Training Centre must have 
shown themselves during their service with the colours 
to be well-conducted and efficient soldiers and must 
possess a certificate of education. There is no oppor- 
tunity or temptation for a lazy soldier to shirk the 
last six months of his service by entering the Training 
Centre. If one such did obtain entry and showed lack 
of interest and keenness he would be speedily dis- 
covered and returned to his unit. Further the training 
is not free. Each student pays a weekly fee of 5s. 
or more according to his Army rank, a sum which 
makes a considerable hole in his pay. It may be 
taken, therefore, that all the students are keen, 
intelligent men, who, if more mature than the ordinary 
trade apprentice, have been subjected to Army dis- 
cipline and are as a consequence very amenable to 
instruction. 

A further important fact to bear in mind is that 
those responsible for the organisation of the scheme 
have not attempted to train the men. in certain 
branches demanding exceptionally high handicraft 
skill or technical’ knowledge. For example it is 
recognised that the highly skilled engineering fitter 
or the engineering draughtsman cannot be trained 
however intensive the course of instruction in six 
months’ time. It is however possible to give men a 
sound and useful grounding as garage hands and as 
| builders’ clerks and draughtsmen. Again, it would 
linvite failure to attempt to produce within six 
| months fully trained electricians capable of under- 
|taking the management and repair of electrical 
|machinery. It is however quite practicable to train 
| men in electric wiring for domestic work and even to 
give them a useful acquaintanceship with telephone 
and telegraph wiring. Other trades, such as brick- 
|laying, painting, acetylene and electric welding, 
|french polishing and sign writing, are not: of such 
|intricacy that an intelligent and keen man cannot 
| reach a high standard of skill in the operations which 
they call for within a training period of six months. 

At the time of our visit the number of soldiers in 
| training at the Aldershot centre amounted to 566, 
| They were distributed among the following trades 














and in the following proportions : 





—Builders’ Clerk 


and Draughtsmanship, 16; Bricklaying, 80; Car- 
pentry and Joinery, 65; Cabinet Making, 12; 


Wood-cutting Machinists, 8; ‘Plastering and Tiling, 
37; Concrete Work, 4; Decorating and Glazing, 
31; Ticket and Signwriting, 6; Plumbing and Gas- 
fitting, 33; Heating and Domestic Engineering, 23 ; 


Acetylene Welding, 44; Electric Welding, 50; 
Fitting and Machining, 16; Sheet Metal Work and 
Smithing, 49; Motor Mechanism, 16; Electric 


Wiring, 40; French Polishing, 6; Upholstery, 19 ; 
Boot Repairing, 11. 

It is not claimed that the men turned out are 
finished craftsmen. For the most part they lack to 
some extent the speed and familiarity with industrial 
conditions which only comes with experience and 
practice. Nevertheless their training is organised 
to fit them to become capable tradesmen in a short 
time. The success achieved in this respect may be 
judged from the fact that about 40 per cent. of the 
students obtain employment at normal rates of pay 
in their trades, 50 per cent. secure jobs at improvers’ 
rates and the remaining 10 per cent. become mates to 
skilled workmen. In the early days of the Centre 
employers required much persuasion before they 
would engage a vocationally trained soldier. The 
Employment Bureau which forms a part of the 
organisation experienced more refusals than accept- 
ances in its efforts to find openings for the students. 
To-day, we understand, the position has been reversed. 
In some trades the demand for students trained at the 
Centre is greater than the supply. The situation in 
this respect may be gauged from the fact that during 
the year 1936, a total of 1184 students left the 
Aldershot Centre and of that number 956 went 
straight to jobs waiting for them or found employ- 
ment within the same month as that in which they 
left. Sixty-two other students found work subse- 
quently with the result that, all in, 85-9 per cent. of 
the students speedily secured work. During November 
a record was established, 100 per cent. of the students 
who left in that month having found employment 
before the end of the year. 

An important feature of the scheme lies in the fact 
that all the instructors and supervisors are civilians. 
The atmosphere of the Centre is in fact civilian rather 
than military. For example the men are summoned 
to work by the sound of a hooter instead of a bugle. 
In the shops they are permitted to wear their uniforms 
and regimental badges but a student sergeant is 
treated on exactly the same footing as a student 
private—an eminently desirable preparation for 
harmonious collaboration later in civil life. Neither 
the atmosphere nor the organisation however is 
quite like that of the ordinary technical school. 
Only in the earliest stages of his training is a student 
engaged on exercises and purely training jobs. For 
the most part as soon as he has learnt how to handle 
his tools efficiently he is placed on productive work. 
For example during the first month or so a student 
who has selected bricklaying as his trade is instructed 
in its mysteries indoors and builds walls and arches 
which are pulled down almost as soon as they have 
been built. Again there is a bungalow forming part 
of the establishment whose fate it is to be continually 
decorated and then stripped by embryo paper- 
hangers and painters. This stage having been passed 
the students are set to work building and decorating 
real houses which are being erected for the accom- 
modation of the staff or constructing additional shops 
for the Centre or other buildings for military use 
within the Aldershot Command. The plumbing, 
carpentry and joinery work required for these build- 
ings provides opportunity for productive jobs for 
other students. The boot-repairing department is 
partially self-supporting and in most of the shops 
students are to be found engaged on jobs required 
for the large and varied amount of new and repair 
work undertaken by the Royal Engineers, Royal 
Army Ordnance Corps, Royal Army Service Corps, 
and other branches of the Army. It is however not 
permissible to take on work which would compete 
with civilian sources of supply. The fact that the 
students are for the greater part of their time engaged 
upon productive work which will be a permanent 
record of their handicraftmanship undoubtedly does 
much to promote their keenness and interest and to 
accelerate their training. Further when they are 
engaged on outside work they are left as much as 
possible to their own initiative with the object of 
developing their self-confidence and sense of respon- 
sibility. It is worthy of being recorded that with the 
exception of the office block and a part of the car- 
penters’ shop all the workshops, stores, lecture rooms 
and other buildings constituting the Centre have been 
erected by students during their period of training. 
In addition to manual instruction in their selected 
trades the students visit factories, works, jobs in 
progress and trade exhibitions and attend demon- 
strations and film and lantern lectures given by 
civilian experts. An Old Students’ Association in 
connection with which a subscription of 2d. per week 
is payable is in existence by which the men keep in 














JAN. 15, 1937 








CANADIAN NATIONAL | 





THE ENGINEER 





ms) 
io 








ATL WAYS - 


—4-8-4 STREAMLINED 


LOCOMOTIVE 


























touch with the Centre after they have left it. This 
Association, among other objects, aims to help old 
students to solve difficult technical problems en- 
countered in the course of their work and to assist 
them if they fall on bad times. Another useful 
activity encouraged by the Centre is a fund to which 
the students subscribe for the purpose of providing 
themselves with a kit of tools when they leave. 

That the Centre is functioning smoothly and 
efficiently and that it is serving a valuable purpose 
not only from the military but also from the civil 
point of view the evidence which came before our 


eyes last week fully substantiates. That the soldiers 
who are fortunate enough to obtain a vacancy at the 
Centre highly appreciate the opportunity it offers 
them of making good in civil life is testified to by the 
number of applications for admission and by the 
reports—copies of which we have seen—received from 
them after they have left. ‘* Tools Replace Arms ” 
is the fitting motto of the Centre and we may well 
wish it every success in all the implications which 
may be attached to these words. On page 78 we 
reproduce six views illustrating some of the depart- 
ments at the Centre. 











Canadian National Railways—Giant 
Locomotive. 


Y the courtesy of Mr. J. Roberts, Chief of Motive 
B -ower, we give to-day as a Supplement a two-page 
drawing of the huge locomotive, ‘‘ No, 6400,” built by 
the Montreal Locomotive Works, Ltd., for the Canadian 
National Railways. From the diagram and tables printed 
helow, it will be seen that the wheelbase of the engine 


for the convenience of our readers, no attempt has been 
made to reduce the air resistance of the wheels, and there 
is not much actual streamlining elsewhere. The front 
end is rounded and provided with a petticoat extending 
nearly to the rail, but we doubt if this extension can have 
much, if any, useful effect, and it might—owing to eddies 





The following description of the smoke lifter appeared 
in the Canadian National Railways Magazine some 
months ago: 

‘* The outer section of the smoke lifter of an inverted 
U shape has its upper surface cut away behind the smoke- 
stack, the bottom inside plate extends horizontally across 
the U from a point in rear of smoke-stack to just in front 
of it, the forward edge being sloped down and shaped to 
meet the contour of the smoke-box, the rear edge is flanged 
upward to meet the upper sheet, like the edge of a large 
bowl, a cylindrical sleeve unites the top and bottom plates 
and fits down over the smoke-stack. Behind this sleeve 
a small tear-drop section is welded to break up the eddies 
behind the cylindrical surface, the whole being made of 
tin. plate. A duct is thus formed of such shape as to gather 
up the air currents as they flow through the louvres at the 
front and direct them in an upward direction when they 
emerge behind the stack in such a manner as to lift the 
smoke above the engine cab and train when running at 
speed with short cut off, or drifting with throttle closed.” 

Two interesting minor details are the use of a Kent cen- 
trifugal clear vision window on the cab-front on the right, 
tne driver’s side, and the use of roller bearings in all the 
bogie axle-boxes, including those of the tender, whilst 
floating bush bearings are used in the driving and coupled 
axle-boxes, on the connecting-rod big ends, and on all 
coupling-rod pins. There is difference of opinion about 


ng 


the value of floating bush bearings on locomotives, and it 
will be interesting to know Mr. Roberts’ experience some 
months henve. 

Five of these engines have been built for use in fast 
Toronto, 


passenger services between Montreal, and 
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) tie pee en Number, 146 ; diameter 3hin. Evaporating surfaces 
Diameter 24in Length 21ft. 10in. Tubes 563 sq. feet 
Stroke 30in. Wheelbase- Flues 2908 
Driving wheel diamete: 77in Driving 20ft. Fire-box 292 
Engine 44ft. 1l4in. Arch tubes 15 
Boiler Engine and tender 82ft. 8tin. Syvphons (two) 83 
Inside di : om Weight in working order 
~ le diameter ‘ons Leading 61,000 Ib ne age 
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Wie Boks Trailing : Front 37,600 Ib. Superheating surface 1530 sq. feet 
Rear 45,200 Ib. rrate area é eer . 73-7 sq. feet 
Length 126fin Engine 379,800 Ib. Maximum tractive power (at 85 per cent.) 52,500 Ib. 
Width 84 fin Tender 284,200 Ib. Factor of adhesion er «=. 4:49 
C.N.R. LOCOMOTIVE No. 6400 
and tender is getting on for 83ft., and that the weight of | formed at its back—actually increase air resistance. , Sarnia, on the route of ‘“‘ The International Limited.” 
the complete machine in running order approaches 300 |The fairing which runs the whole length of the boiler, | Their top speed is put at 100 m.p.h. 
tons. It has been claimed to be the biggest passenger | covering up everything, is of greater importance. The 
locomotive in the world, but without justification, for | louvres for deflecting the steam and hot gases upwards will 
on the Northern Pacifie Railroad there are express engines | be noticed. It would be of great interest to know if they 
with the same wheel arrangement, but weighing over | are effective with such a long boiler. No attempt to 
333 tons, and having a greater wheelbase and rather larger | streamline the tender has been made, and quite obviously Beteran Coat Quota Restricrions.—The Belgian 


cylinders. There is an even larger, 4-12-2, freight engine 
on the Union Pacific. It turns the seale at 350 tons and 
the engine alone has a wheelbase of 52ft. 4in. 

All the essential particulars of the Canadian engine 
are given in the table, and many of the mechanical 
details can be derived readily enough from our drawing. 
The streamlining is of interest. As may be seen, particu- 


it has many projections which must cause resistance. 
We gather that Mr. Roberts, like many other locomotive 
men, is still in doubt about the advantage other than 
psychological to be gained by streamlining, when the 
inconvenience and cost are set in the scale against its 
benefits. We must remind our readers, nevertheless, that 
the design is the result of wind-tunnel and other tests 





larly from the photograph which we reproduce once more 





made by the Ottawa Research Council. 








Department of Mines has announced that coking coal is to 
be admitted into Belgium free of duty for the next three 
months. The quota of industrial coal which may be 
imported into Belgium has been inereased by 30 per cent. 
and the duty, which was previously ten Belgian francs 
(Is. 43d.), halved. For domestic coal the quota is 
increased by 10 per cent. and the duty halved. It will now 
be Is. 04d. 


THE ENGINEER 





JAN. 15, 1937 








The Main and Auxiliary Machinery of 


the 


By JOHN AUSTIN, Superintendent 


| URING the last century each successive ship 

built to maintain the regular passenger and mail 
services between Europe and North America has 
invariably had incorporated in her design some new 
features conducive to safer, more comfortable, and 
speedier transport, made possible through the 
utilisation of discoveries and developments in engi- 
neering science and arts. The latest addition to the 
fleet of the Cunard White Star Line, the ‘* Queen 
Mary,” built by John Brown and Co., Ltd., and 
named and launched on September 25th, 1934, by 
H.M. Queen Mary, in the presence of the late King 
George V, and which commenced her career on the 
North Atlantic service on May 27th, 1936, embodies 
many such features, and in service is proving to be a 
worthy successor to the many notable ships of the 
past. 

The trend of development in the design of Atlantic 
liners since the advent of the steam engine as a means 
of propulsion, has always been towards larger and 
‘faster ships, the larger ship being more comfortable, 
due to being less affected by the elements, whilst any 
increase in speed shortens the principal link of com- 
munication between the two continents. 

The growth in tonnage, speed, and horse-power of 
these liners has been continuous, as will be noted 





but to the engineer the increase in 


Queen Mary.” 


Engineer, Cunard White Star, Ltd. 


gencies would be necessary, and that these boilers, 
using oil as fuel, would require to have the feed 
systems and feed water supplies arranged so that the 
water in the boilers could be maintained in practically 
pure condition to enable them to be operated for the 
whole season without cleaning. 

In the event of circumstances arising which would 
not allow of the boilers running for such a long time 
without cleaning, it would also be desirable that 
sufficient boiler power should be available to permit of 
a number of boilers being shut down and cleaned at 
sea. The service contemplated, with periods in port 
insufficient for major machinery repairs or boiler 
cleaning, made it apparent that reliability was funda- 
mental, even coming before efficiency, if it were not 
possible to obtain both. 

Further, it was recognised that whatever type of 
propulsion was chosen, an ample margin of power 
should be allowed to permit of driving the vessel at a 
slightly higher speed than appeared necessary at the 
commencement of the voyage with the object of 
gaining time in order to counteract delays which 
might occur later through slowing down for heavy 
weather or fog, or for increasing the speed of the ship 
after the heavy weather or fog had moderated or 
cleared. 

It was finally decided that a speed which would 


trom Table I, 
TaBLe 1.— Dimensions, Power, and Speed of Atlantic Liners, 1840-1936. 
: | | 
Year Gross | Length Breadth, Depth Draught, Horse- | Average 
Ship. built. tonnage. | overall, ft. in. of hold, ft. in. power. rea speed, 
ft. in. ft. in. knots. 
‘ Britannia ” 1840 1,139 223 0 34 2 22 4 16 10 740 | 8-5 
* Persia ” 1855 3.300 390 0 45 3 31 6 20 0 3,600 12-9 
* Servia ” 1881 7,391 528 0 52 0 40 9 29 6 93,500 16-5 
* Lucania ”’ 1893 12,952 622 6 65 0 41 6 29 «8 27,650 21-9 
* Mauretania 1907 30,696 790 0 88 0 57 1 36 2} 72,000 26-25 
* Olympic ” 1911 46,439 883 0 92 0 59 6 34 7 55,000 22-0 
* Aquitania ” 1914 45,647 901 6 97 0 49 9 35 3t 60,000 | 23-5 
** Queen Mary ~ 1936 80,773 1,019 6 118 0 55 3 36 «6 158,000 28-5 


speed and the power required to obtain the speed is 
perhaps of the greatest technical interest. 

High speed, particularly when associated with a 
vessel of large displacement such as the ‘‘ Queen 
Mary,’ demands a high power for its attainment, in 
spite of all possible assistance to this end which may 
be given by hull form and reduction of wind resistance. 
In the generation of power for this purpose maximum 
efficiency does not end, as it does in a power station 
ashore, with the production of the power, as all power 
generated on the ship is also expended there. 

The method adopted in the ‘“* Queen Mary ”’ for 
producing and applying this power, together with 
some particulars of the numerous and varied types of 
auxiliary machines working. in connection with the 
propelling units and the steering of the vessel, form 
the subject of this lecture. Such a subject would be 
incomplete and incomprehensible unless prefaced by a 
brief description of the main features of the vessel and 
the service she has been designed to perform. 

When the construction of a vessel for the South- 
ampton and New York service of the Cunard Steam 
Ship Company, Ltd.,f was first contemplated about 
eight years ago, it was the intention that she should 
replace one of the three existing express steamers 
which had been carrying on the service on a three- 
weekly turn-round—that is, one sailing per week from 
each terminal port, taking six days for the passage. 
These three vessels, the ** Mauretania,” ‘‘ Aquitania,”’ 
and ‘* Berengaria,” after being converted from coal 
to oil burning, had on occasions shown that it was 
possible to make the turn-round in port in the short 
period of eighteen hours. During this period the 
bunkering, watering, storing, and preparation of the 
accommodation ,for passengers for the oncoming 
voyage had to be carried out, involving the shipping 
of 6000 tons of oil fuel, 3000 tons of fresh water, and 
large quantities of stores and linen. 

From these practical demonstrations it seemed 
feasible that if the Atlantic passage could be reduced 





to five days it might be possible that two ships on a 
fortnightly turn-round could accomplish the work 
hitherto carried out by the three ships. As the dis- 
tance to be covered per annum would be about 
145,000 nautical miles, it was apparent, though the 
problem appeared formidable, that such an under- 
taking could only be accomplished by a speedy vessel, 
having a strongly constructed hull capable of with- 
standing the stresses imposed by heavy North Atlantic 
weather, that powerful and reliable machinery which 
would run practically without major repairs for a 
season of eleven months would be essential, that 
reliable boilers having a reserve of power for emer- 





* Extracts from the ninth Thomas Lowe Gray lecture, Inst. of 
Mech, E., January 8th, 1937. 


+ In 1934 the Cunard Steam Ship Company, Ltd., and the 
White Star Line merged their North Atlantic interests, which 
became known as Cunard White Star, Ltd., 

‘Queen Mary.’ 


the owners of the 





reduce the time taken by the existing express steamers 
on the passage by approximately twenty-four hours 
would generally meet the requirements of a two-ship 
service, the speed being arranged to allow of con- 
venient times of departure and arrival of passengers 
irom and at London, Paris, and New York. The 
basic schedule shown in Table LI was therefore worked 


TaBLe LI. 
Westward Passage. 


Time. 
Ww edneaday, noon 
6 p-m. 
Monday , 3d &m. 


Arrive. 


Leave. 
Southampton 
Cherbourg 
Ambrose Channel 
light vessel 

New York 


9 a.m. 


Number of fines in New York.. 
Steaming time on passage from. Cherbourg to 


50 








Ambrose Channel light vessel, hours ... 112 
Eastward Passage. 
Leave. Arrive. Time. 
New Y ok Wednesday, 11 a.m. 
Ambrose Channel 12.30 p.m. 
light vessel 
Cherbourg Monday, 9.30. a.m. 
Southampton 3.30 p.m. 


Number of hours in Southampton Get hoot! RES 
Steaming time on passage from Ambrose 
Channel light vessel to Cherbourg, hours - 112 


out on a track of 3198 knots to meet these require- 
ments, being modified as occasion demands to suit 
tides. 

Actually the eastward Atlantic track differs in 
length from the westward, and these again vary at 
certain times of the year. The speeds required to 
suit these different tracks on a standard 112-hour 
passage are shown in Table III. These tracks are 


TABLE ane i. —-Sipeod meget aad 112-hour Fass e on ides arious peveced (Knots). 














providing sufficient saleable passenger accommodation 
to ensure an adequate financial return and to pay for 
the speed provided, having also in mind the space 
required to accommodate the necessary propelling 


machinery, boilers, fuel, stores, baggage, &c., and 
the operating personnel. 
After careful investigation of this matter the 


Cunard Company decided that a vessel of 1018ft. 
overall length, 965ft. between perpendiculars, 118ft. 
moulded breadth, and a gross tonnage of approxi- 
mately 80,000, designed for an average sea speed of 
28-5 knots, would fulfil the requirements of the 
proposed service. 

Type of Machinery.--The speed and size of ship 
having been decided, it was then possible to determine 
by experiment the approximate power required for 
propulsive purposes. This was done by testing 
models of the proposed ship in an experimental 
tank, after which consideration was given to the 
method by which this power could be generated and 
applied to the actual ship. 

Since the previous high-powered liners built for 
the company, which were fitted with Parsons direct- 
drive turbines and Scotch boilers, had been con- 
structed, considerable advances had been made in 
the thermal] efficiency of modern power plant by the 
use of high-pressure high-temperature steam. The 
use of mechanical or electrical reduction gears in 
conjunction with high-speed turbines and Diesel 
engines had also developed rapidly for marine 
propulsion. 

As the type of machinery to be adopted was of 
supreme importance, the board of directors of the 
Cunard Steam Ship Company, Ltd., under the 
chairmanship of Sir Thomas Royden, Bart., in 
January, 1928, invited a number of leading engineers 
to act in an honorary capacity on a committee for 
the purpose of recommending the type of propelling 
machinery which should be adopted in the new 
vessel. Consideration was given by the committee 
to the following types :. 


(1) The single-reduction geared turbine with 
Scotch boilers. 
(2) The single-reduction geared turbine with 


high-pressure water-tube boilers. 
(3) The turbo-electrie drive with Scotch boilers. 
(4) The turbo-electric drive with high-pressure 
water-tube boilers. 
(5) The Diesel-electric drive. 


investigating the merits of each 
of these types the committee unanimously recom- 
mended the adoption of single-reduction geared 
turbines as the most suitable for the vessel on the 
grounds of reliability, simplicity in operation. light- 
ness in weight, efficiency, freedom from noise and 
vibration, cheapness in first cost, and low cost ot 
upkeep. The committee also recommended the use 
ot high-pressure water-tube boilers with superheaters 
and air preheaters. 

The Cunard board of directors, under the chairman. 
ship of Sir Percy Elly Bates, Bart., in 1930 adopted 
the recommendations of the Engineering Advisory 
Committee, and in due course tenders were invited 
for the construction of the first of the two ships. 

The specifications called for the single-reduction 
geared turbines to be of the Parsons type and the 
water-tube boilers to be of the five-drum Yarrow 
type, also for the auxiliary machinery-—with a few 
exceptions—to be driven by electrical power. 

Form of Hull and Propellers.—The order for the 
ship was placed with the successful tenderers, John 
Brown and Co., Ltd., Clydebank, who commenced 
the construction of this great vessel in December. 
1930, under the direction of Sir Thomas Bell, K.B.E. 


After thoroughly 


Many notable vessels, such as the “ Caronia,” “* Car- 
mania,” ‘‘ Lusitania,” ‘‘ Aquitania,” and “ Fran- 


conia,”’ had been built for the Cunard Company by 
this firm, who had in their establishment all the 
facilities necessary for designing and carrying out the 
construction of the complete hull, propelling 
machinery, and boilers. 

In order to ascertain the most efficient hull form 
for propulsion and to obtain an accurate estimate of 
the power required to drive it, the builders tested 
numerous models of varying forms in their experi- 
mental tank at Clydebank. It was a condition of these 
experiments that the hull form should be one which 
would enable the vessel to maintain the required 
average speed in rough weather, with comfortable 
conditions for passengers on board, even if it were not 
the most efficient form in smooth water. To achieve 











Eastward. Westward. 
Track. —————_— i i ne bikes aren 
Per iod. Length Speed Period. Length Speed 
of track. required. of track. required. 
A 3242 28-94 — 3190 28-48 
B April to June “ 3198 28-55 May to June 3157 28-18 
C July to March 3130 27-94 July to April 3093 27-61 


adhered to by the ships of the signatories to the North 
Atlantic Track Agreement operating on this service. 
Track A is used only on exceptional occasions. 

Size of Ship.—To be a sound commercial venture 
the actual size of ship required for a two-ship service 
is to a great extent determined by the necessity of 


this object it was necessary to test the models under 
sea conditions representative of those likely to be 
experienced on service, and a wave-making apparatus 
was therefore used to create the proportionate size 


of waves. ; 
In due course the most suitable hull form was 
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chosen and it was ascertained that a $.H.P. of 158,000 
would be ample for propulsive purposes at ordinary 
service speeds. It was also decided, after further 
tests of self-driven models, that the power for pro- 
pulsion should be transmitted through four outward- 
turning propellers. 

These tests embodied a series of experiments to 


























manceuvring a vessel of this size, and this has been 
demonstrated in practice. 

The boiler working pressure finally decided upon 
was 400 lb. per square inch, with a blow-off pressure 
ot 425 lb. per square inch and a total steam tempera- 
ture of 700 deg. Fah. The turbines are designed for 
the employment of steam between the pressure 

limits of 350 lb. per square inch 
gauge and 0-5 lb. per square inch 
absolute, with an initial tempera- 
ture of 675 deg. Fah. The four 
geared turbine units are similar in 
design, except for rotation and 
position in the ship. Two of these 
units are situated in the forward 
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att. = separate pinion which engages with 
er the main gear wheel. 
FiGS. 1 AND 2—HALF SECTIONS OF H.P. AND FIRST I.P. For astern working a_ single 
TURBINES high-pressure impulse stage is incor- 
porated in the second inter- | 


determine the optimum relationship between the 


angles of the shaft bossing to the hull, the location of |}one end of the low-pressure ahead turbine. | 
the propellers in relation to the hull, and the direction |The high-pressure and first intermediate-pressure | 
of their rotation, together with experiments to arrive | turbines are arranged at one end of the gear| 
at the most efficient type of propellers. case, while the second intermediate-pressure and 


Main the tank 


Propelling 


Machinery.—Whilst 
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FiG. 3—HALF SECTION OF SECOND I.P. 


experiments showed that 158,000 5.H.P. would be 
required for service speed, it was decided, as pre- 
viously stated, to allow an ample margin on this 
figure as a reserve to be called upon when required to 


make up time lost on the passage through fog or|a reaction portion fitted with end-tightened blading. 
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were carried out in 


the direction of Mr. 8. J. Pigott. 
The Main Turbines.—Each unit 


first intermediate - pressure, one 
second intermediate-pressure, and 
one low-pressure turbine for ahead 
working, and each turbine drives a 


mediate ahead turbine casing, and | 
a single low-pressure impulse stage is housed at | 


low-pressure turbines are placed at the opposite | 
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AHEAD AND H.P. ASTERN TURBINES 


end. Figs. 1, 2, 3, and 4 show half-sections of the 
turbines in each main unit. Each high-pressure 
ahead turbine is of the impulse-reaction type, com- 
prising an impulse wheel with two rows of blades and 

















Tre Encinger 


FiG. 4—HALF SECTION OF L.P. 


rough weather. 


It was arranged, as already men-| The impulse wheel was fitted in order to shorten the 
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AHEAD AND ASTERN TURBINES 


machinery and boiler installation | 
the builders’ | 
engine works at Clydebank, under | 


comprises one high-pressure, one 


| the rate of approximately 


tioned, that this power should be expended through | end-tightened reaction portion and thereby prevent 


pressure, ahead turbine is of the reaction type with 
ordinary blading, but divided into two flows with the 
steam inlet at the centre of the turbine. The four 
ahead turbines of each unit work in series, the low- 
pressure turbine exhausting into a regenerative con- 
denser. The high and low-pressure astern turbines 
each consist of a single impulse wheel with three 
rows of blades. The impulse blading is of stainless 
steel machined from solid bars of “* rhubarb ”’ section 
and the reaction blades of low-carbon stainless iron 
rolled to the required sections. Particular attention 
was paid to the design of the reaction turbine blading ; 
centre binding wires were adopted throughout, with 
strong root fastenings, and sound brazing of binding 
wires to blades and blades to roots was attained. 
Tensile, bending, and vibration tests were carried 
out on segments of blading to ascertain whether the 
strength of the completed blading was satisfactory. 
All rotors were dynamically balanced to eliminate 

















TURBINE 


FIG. 5-SEGMENT OF LOW - PRESSURE 
BLADING 


vibration. Fig. 5 shows a segment of low-pressure 
turbine blading. 

[The main body of the lecture deals with the main 
and auxiliary machinery, which was fully described 
and illustrated in the issues of THE ENGINEER between 
May 15th and June 26th, 1936.—Ep. Tue E.] 

Performance on Trial and in Service-—During the 
twenty-four hours’ consumption trial, with the pro- 
pelling machinery developing 158,000 8.H.P., the fuel 
consumption was 0-586 lb. per S.H.P. hour for pro- 
pellmg machinery, propelling machinery auxiliaries. 
and steering gear only ; while on actual service fuel 
consumptions ranging between 0-586 lb. and 0-614 Ib. 
per S.H.P. hour have been obtained. These con- 
sumptions, which are based on oil fuel with a calorific 
value of 18,250 B.Th.U. per pound, are of peculiar 
interest, as this is probably the only high-powered 
passenger ship in which the hotel services are entirely 
dissociated from the steam generators and feed 
systems for the propelling machinery, a circumstance 
which thus permits of a reliable fuel consumption 
figure for propelling machinery only being obtained. 
The consumption of fuel for the hotel services is at 
2 tons per hour. The 
speeds obtained on trial amply met the requirements 
of the contract. 

Table IV shows the performance of the vessel 
during her first ten voyages, the distance covered 
being about 66,000 miles. A study of the table shows 
the consistency with which the service is being main- 
tained, a tribute not only to the builders of the vessel, 
but also to the captain, chief engineer, and ship’s 
personnel, whose unremitting care and intelligent use 
of the matériel provided have made such a perform- 
ance possible. 





four outward-turning propellers driven by four | troubles which otherwise might arise from expansion 
separate sets of Parsons single-reduction geared | and contraction due to variation in temperature when | 

. . . . . . . | 
impulse-reaction type turbines with each set capable! manceuvring. Each first intermediate-pressure ahead | 


TaBLE IV.—Performance in Service. 


Eastward. 


Westward. 


| 
| 


Time for passage from Time for passage from 


Voyage No. Distance, Cherbourg to Ambrose Speed, Distance, Ambrose Channel light Speed, 
miles. Channel light vessel, knots. miles. vessel to Cherbourg, knots. 

hr. min. hr. min. 
l 3158 108 24 29-13 3198 111 15 28-74 
2 3158 112 13 28-14 3198 111 18 28-73 
3 3096 109 05 28-3 3129 110 15 28-38 
4 3098 104 37 3128 105 00 29-79 
5 3087 110 25 3129 108 58 28-71 
*6 3097 103 12 3129 102 20 30-57 
7 3095 107 38 3128 106 55 29-26 
s 3097 110 53 3130 106 10 29-48 
9 3093 110 51 3130 106 24 29-41 
10 3096 108 42 3129 112 24 27-84 





* Record voyage. 


ot being operated independently ahead or astern. 
It was anticipated that this independent operation, 
which had not been practicable with the direct 
turbine-driven ship, would prove of great service in 


turbine is of the reaction type throughout with end- 
tightened blading. Each second intermediate-pres- 
sure ahead turbine is of the reaction type throughout 
with ordinary tip clearance blading. Each low- 














SHIPPING RECORD AT MONTREAL. 


A RECORD for the combined total of ocean and 
coastal vessels entered has been established at the port 
of Montreal this year. Up to November 12th. ocean and 
coastal ships entered totalled 1928, and the season had 
yet to run three or four weeks. During 1935 the total 
was 1804 and in the previous peak year 1855 vessels were 
entered. Montreal, the meeting point for ocean-going 
and Great Lake steamers, is a very well-equipped port. 
Its wharves, of a total length of nearly 10 miles, provide 
several berths for the accommodation of 1000ft. ships. 
The harbour is provided with a floating dry dock and is 
equipped with both electric and steam locomotives for the 
rapid handling of freight. The capacity of Montreal’s 
grain elevators is over 15 million bushels, and the sheds, 
about 13,000ft. in length, can accommodate 300,000 tons 
of merchandise a week. Oil has become a prominent 
article of commerce at the Port of Montreal during the 
past ten years, increasing from 625,382 tons in 1925 to 
2,081,264 tons in 1935. In one section of the port is what 
might be termed a separate oil harbour, where several 
oil-importing and refining companies are located, each 
served by a small industrial wharf piped for the rapid 
unloading of crude petroleum and gasoline in bulk from 
large ocean tankers. 
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New Fractional Horse-Power Motors. 
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’ NEW range of fractional horse-power motors designed 

\ in accordance with practice dictated by long experience 
in the electric motor business has been introduced by 
Higgs Motors, Ltd., of Witton, Birmingham. Two 
methods of constructing the yoke or stator of such machines 
are possible. In one case there is no exterior shell. The 
laminations are simply clamped or riveted together, while 
the end covers carry the bearing housings, brush gear, &c. 
The feet or mounting are attached direct to the lamina- 
tions or their clamping ring. Small overall dimensions, 





100,000 times without adjustment or appreciable wear, 
the test representing fifteen to twenty years’ wear for the 
average motor of this type. Other points to which the 
makers call attention are exceptionally strong shafts of 
35-40 tons tensile strength steel, screwed conduit entry to 
all sizes of terminal box, journal diameter larger than shaft 
extensions, allowing for easy bearing replacements, and 
accurate dynamic balancing of rotors and armatures. 
With regard to electrical performance, single-phase 
split-phase motors are said to develop | to 1} times full- 





Of the tonnage being built abroad, 413,132 tons, or 
32-1 per cent., are intended for registration elsewhere 
than in the country of build. 

The total tonnage under construction in the world 
amounts to 2,251,221 tons, of which 42-8 per cent. is 
being built in Great Britain and Ireland, and 57-2 per 
cent. abroad. The quarterly total for the world shows an 
increase of 139,784 tons over the figures at the end of 
September last, and is the highest recorded since December, 
1930. 

In Great Britain and Ireland, construction was com 
menced upon 272,546 tons during the last three months, 
a decrease of 20,630 tons as compared with the corre- 
sponding total for the September quarter. During the 
quarter ended December last, 280,397 tons were launched 
in Great Britain and Ireland, an increase of 68,310 tons 
as compared with the previous quarter. Similar figures 
for abroad are 468,558 tons commenced and 404,089 tons 











Fic. 1—-D.C. MOTOR 


light weight, and economy in manufacturing costs are the 
advantages of this form of construction. On the other 
hand, if a fan be fitted to such a machine it can only cool 
the portion of the motor and windings enclosed by the end 
covers. The heat generated in the core has to be radiated 
without the fan’s assistance. For this reason the machines 
are liable to prove unpopular because they appear to run 
hot even under light load. The other form of construction 
is that which employs an external shell with an air space 
between it and the stampings. While motors built. on 
these lines are larger and heavier than machines without a 
shell, the air circulation made possible, somewhat offsets 
this disadvantage by permitting a larger output. In the 
motors under consideration the shell form of construction 
has been adopted and the machines are supplied with feet 
for horizontal mounting or with round yokes for cradle 
mounting. A typical D.C. machine is shown in Fig. 1. 
When feet are required they form part of the yoke casting 
and not part of the end cover, as it has been found in the 
latter case that when the machine is bolted to an uneven 
surface there is a possibility of distortion of one end in 
relation to the other, with obvious unsatisfactory results. 

lain or ball bearings are fitted, both permitting exact 








FiG. 4—GEARED MOTOR 


interchangeability. The shell or yoke is composed of fine- 
grain cast iron with the feet cast on, and the general design 
follows that of the firm’s larger industrial motors. Former- 
wound coils are used and all windings in slots and coil ends 
are well insulated from the core. The louvred drip-proof 
end covers are spigoted to the shell and the special type 
of bearing housing allows plain bearing machines to be 
mounted in any position provided the shaft is in the hori- 
zontal plane. Standard ball bearing machines are suitable 
for mounting in all positions, including the vertical shaft 
position. In Fig. 2 is shown-a D.C. motor end cover, 
and it will be seen that the brush inspe¢tion cover, 
normally closed by a solid cover plate, is of generous 
dimensions. It will also be noted that the terminal block 
is above the bearing housing and out of the way of surplus 
oil. 

On D.C. machines there are two sliding box pattern 
brush holders per spindle or four in all. As the brushes 
have leads the brush springs are not used as conductors, 
and as there are two brushes per spindle the commutator 
is wide. It also has a relatively large diameter. Although 
one brush per spindle is ample to carry the current of these 
small motors, it has been found that two brushes offer 
definite advantages, especially when machines are sub- 
jected to excessive vibration. 

The centrifugal short-circuiting gear fitted to single- 
phase repulsion start fractional horse-power motors is an 
exact copy in miniature of the gear used on the firm’s 
larger motors up to 5 H.P. On an experimental test a 
standard repulsion motor was started and stopped over 








Fic. 2—D.C. END COVER 


load torque, repulsion start single-phase motors 3 to 54 
times full-load torque, and D.C. 5 times full-load torque. 
These are the approximate torques developed when the 
motors are switched direct on to the line at the rated 
voltage and frequency for which the machine is designed, 
the lower figures being for the smaller sizes and the higher 
for the larger machines. The characteristic curves for a 
t H.P., 1425 r.p.m., 115-230-volt, 50-cyele repulsion start 
induction motor are given in Fig. 5. 

A simple single reduction gear can be fitted as an 
integral part of these small motors, as shown in Figs. 3 
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FiG. 5—CHARACTERISTIC CURVES 


and 4. The two gear wheels are enclosed in a dust- 
tight cast iron housing, and the units which are grease 
lubricated, are designed to run for long periods with a 
minimum amount of attention. They can be used in 
place of short V belt drives, chain and similar drives, 
with the advantages of easy installation. lower main- 
tenance, and considerable saving in space. 








The Quarter’s Shipbuilding 
Returns. 


THE statistics issued by Lloyd’s Register of Shipping 
regarding merchant vessels under construction at the 
end of December last show that in Great Britain and 
Ireland there is an increase of 35,071 tons in the work 
in hand as compared with the figures for the previous 
quarter. The present total of tonnage under construction 
—963,642 tons—exceeds by 220,556 tons (or 30 per cent.) 
the tonnage which was being built at the end of December, 
1935, and is the highest quarterly total recorded since 
September, 1930. It exceeds considerably the aggregate 
tonnage now under construction in the four leading 
countries abroad. About 70,000 tons—7-3 per cent, 
of the tonnage now being built in this country—are 
intended for registration abroad or for sale. 

The tonnage now under construction abroad, excluding 
Russia, for which no figures are available—1,287,579 
tons—is about 104,700 tons more than the work which 
was in hand at the end of September last. The leading 
countries abroad are: Germany, 408,465 tons; Japan, 
203,146 tons; Holland, 150,850 tons; Sweden, 123,796 
tons; United States of America, 110,356 tons; and 
Denmark, 75,950 tons. 











FiG. 3—-GEARED MOTOR 


launched, showing, as compared with the previous quarter 
an increase of 74,682 tons in the tonnage commenced. 
and of 100,243 tons in the tonnage launcibed. 

Steam and motor oil tankers under construction 
the world amount to 80 vessels of 652,202 tons, of which 
23 vessels of 179,790 tons are being built in Great Britain 
and Ireland, 11 of 124,980 tons in Germany. 
10 vessels of 79,840 tons in the United States of America, 
7 of 61,766 tons in Sweden, 9 of 54,620 tons in Holland, 
5 of 46,800 tons in Denmark, 6 of 29,180 tons in Japan, 
2 of 22,000 tons in Italy, 3 of 20,220 tons in Spain, and 
1 of 15,456 tons in France. 

The vessels being built in the world at tne end of Decem 
ber include 6 steamers and 42 motorships of between 
8000 and 10,000 tons each; 4 steamers and 22 motor 
ships of between 10,000 and 20,000 tons; .5 steamers 
and 3 motorships of between 20,000 and 30,000 tons, 
and 2 steamers, each exceeding 30,000 tons. 

Of the 963,642 tons under construction in Great Britain 
and Ireland at the end of December, 443,736 tons con 
sisted of motorships, while at the same date the motor- 
ship tonnage being constructed abroad (842,771 tons) 
was 405,963 tons in excess of that of the steamers. 

The returns respecting marine engines show that the 
horse-power of steam engines now being built or being 
fitted on board amounts to about 908,000 H.P.; this 
figure includes 74 sets of turbine engines of about 519,000 
S.H.P. The horse-power of the steam reciprocating 
engines, about 388,000 H.P., represents 16-9 per cent. 
of the total horse-power of marine engines now being 
built in the world. The figures for oil engines aggregate 
approximately 1,394,000 H.P., and comprise 60-6 per 
cent. of the world’s total horse-power of marine engines 
under construction. 

Of the merchant shipbuilding in hand throughout the 
world at the end of December, 1,398,204 tons, or more 
than 62 per cent., are being built under the inspection 
of Lloyd’s Register. Of this total, 830,237 tons, repre 
senting 86-2 per cent. of the tonnage jbeing built here. 
are under construction in Great Britain and Ireland : 
while, of the tonnage being built abroad, 567,967 tons, 
or 44-1 per cent., are being constructed under the inspec 
tion of Lloyd’s Register. 


vessels 








CanapDIAN MinerAL PrRopvuction.—lIncreases in the 
output of many mineral products and improved prices for 
several metals resulted in the establishment of 1936 as the 
record year in the mineral production of Canada, according 
to a report issued by the Dominion Bureau of Statistics 
at Ottawa. The output of all products of Canadian mines 
and quarries, including metals, fuels, non-metals other 
than fuels and structural materials, was valued at 
360,540,000 dollars, or an average of nearly one million 
dollars a day for every day in the year, and represented 
an increase of over 15 per cent. over 1935, the previous 
peak year. 

WuitE Meratuine Bearines.—In a letter to the editor 
of the Machinist, Mr. A. Eyles says that prior to the pouring 
of white metal into bearing shells vigorous stirring is 
desirable of the molten material, not merely swirling it 
round the sides of the melting pot, but mixing from the 
bottom up, and in all parts of the pot, to secure essential 
homogeneity and a uniform fine-grained structure. This, 
he says, is the secret in the production of satisfactory 
automobile and railway car bearings and of high-speed 
machinery bearings. Pouring temperature is very 
important. Tin-base alloys should be poured at about 
700 deg. Fah. and lead-base alloys at between 800 deg. 
and 900 deg. Fah. Pouring at too low a temperature gives 
rise to the formation of coarsely granular structures, while 
pouring at too high a temperature increases the softness 
of the alloys without correspondingly improving the 
tenacity, and also tends to shrinkage, oxidation, and 
porous areas in the lining. 
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Rail and Road. 


WATER-TUBE LOCOMOTIVE._-We hear that Sir Nigel 
Gresley has decided to take the water-tube boiler off the 
frames of “* No. 10,000 ” and replace it with a normal long 
boiler. 
special boiler. 

New L.M.S. Station.—The London, Midland and 
Scottish Railway Company intends to build a new station 
on the Coventry-Birmingham line, between Stechford and 


Marston Green stations, to serve the Birmingham Cor- | 


poration housing estate at Lea Hall. 


TurKisH Ratways.When, on January Ist last, the 
Turkish Government took over the Oriental Railways 
Company the nationalisation of all the main line railways 
in the country was completed. It is reported that the 
Government is considering the establishment of a train 
ferry across the Bosphorus. 


LARGE AMERICAN Locomortives.—During the latter 
part of last year the Union Pacific Railroad put into service 
fifteen 4-6-6-4 high-speed freight locomotives. These 
engines each have a weight of 566,000 lb. and a starting 
tractive effort of 97,400lb. The working pressure is 
255 lb. per square inch and the four cylinders are 22in. by 
32in. 

G.W.R. Locomotive “ Kine Gror@g VI1.’’—The Great 
Western Railway Company announces that by permission 
of His Majesty the King engine No. 6028, one of the latest 
of the “* King” class of locomotives named after Kings 
of England, is to be named ‘** King George VI.” It is of 
the four-cylinder type, has a tractive effort of 40,300 lb., 
and weighs 136 tons in working order. 


New CANADIAN FREIGHT Locomortives.—Five new 
2-8-2 freight locomotives have been placed in service in 
Western Canada by the Canadian National Railways. 
The cylinders are outside the frames and have a diameter 
of 24in. by 30in. stroke. The coupled wheels are 5ft. 3in. 
diameter and the rigid wheel base 16ft. 9in. In working 
order the engine weighs 151 tons and develops a maximum 
tractive effort of 56,200 Ib. 


Street Licutrnc Dancers.—The South-West Lanca- 
shire coroner has made representations to the Lighting 
Committee of Southport as to the effect of shadows cast 
by the central lighting adopted in certain parts of the 
town. These shadows are considered to have contributed 
to the death of a woman knocked down by a motor car. 
As a result, a new type of reflector is to be adopted, which 
is claimed to give shadowless lighting. 


CHERTSEY ARTERIAL Roap.—With the aid of a further 
grant from the Ministry of Transport, the Middlesex 
County Council is now commencing operations on a new 
section of the Chertsey arterial road, } mile long, between 
Hospital Bridge-road and the junction of Uxbridge-road 
and Staines-road. The new section, 120ft. wide, will 
have two 27ft. carriageways, a 14ft. central reserve, two 
footpaths, and two cycle tracks, each 9ft. wide. 


AMERICAN Moror AcctpENts.—The highest figures on 
record for fatalities in motor accidents in the United 
States was reached in 1936 with a total of 37,450, a figure 
which exceeded that of 1935 by 450. The monthly figures 
have also exceeded those for the corresponding months 
of 1935. At the same time it must be realised that the 
record number of 28,500,000 motor cars are now on 
the American roads, an increase of 2,276,000 over 1935. 


AccIDENT INsPEcTORS.—Eight accident inspectors, one 
in each of the Ministry of Transport road engineering 
divisions, have been appointed. It will be their duty to 
study local accident statistics and the causes of accidents, 
and to make reports upon the best methods of preventing 
the recurrence of accidents. These inspectors will also 
sit on local safety committees to help and advise. They 
will concentrate first of all on the ** black spots’ in the 
country. 

New Trunk Roaps.—The Ministry of Transport has 
approved the sum of £400,000 to be spent on a trunk road 
to by-pass Newcastle-under-Lyme. The new road will 


The expected efficiency was not reached with the | 


Miscellanea. 





| IRonBRIDGE Power Sration.—It has been decided to 
| Sonal at [ronbridge power station a fourth 50,000-kW. 
| turbo-alternator and three additional boilers at an esti- 
mated cost of £662,000. 
| Gas Sates rx 1936.—During 1936 there were 342,228 
million cubic feet of gas consumed in the British Isles, an 
| increase of 3 per cent. over the 1935 figure. The number 
| of consumers was 11,318,174. 
Wortp Coat Propuctrion.—According to a recently 
issued publication of the United States Bureau of Mines, 
in 1913 the world production of coal, not including lignite, 
was 1,216,300,000 metric tons, and in 1934 it was 
1,087,700,000 metric tons. 
AFGHANISTAN O1L Concession.—It is announced that 
the Afghanistan Government has granted a concession for 
seventy-five years to the Inland Exploration Company, of 
New York, to prospect for oil. The concession covers 
270,000 square miles of virgin soil. 
PETROLEUM PRropuctTiIon.—According to the American 
Petroleum Institute, the daily average production of 
crude oil in the week ending December 26th was 3,133,300 
barrels, against 3,145,700 barrels in the previous week. 
During the corresponding week last year the production 
was 2,810,800 barrels. 
AusTRaLiAN Or Dritiinc.—Nine applications have 
been received to date by the Australian Minister of the 
Interior for assistance from the £250,000 fund provided by 
the Federal Government to subsidise oil drilling operations 
by approved concerns. Of this number, two have not 
been approved and seven are under consideration. 


Wetsu Coat Exports.—In a report of the South Wales 
Trade Recovery and Expansion Committee a drop of 
2,500,000 tons in the coal exports during the first eleven 
months of the year is shown. It is pointed out that the 
greater part of the loss has been taken by the German 
industry, which is able to sell at 2s. per ton less than the 
South Wales price. 


RoLLED WELDED ALLoys.—Strips of two alloys, 
known as “‘ Copnie ’’ and ** Chromel,’’ were welded together 
and rolled to a thickness of six millionths of an inch 
recently in the laboratories of the General Electric Com- 
pany. Even when magnified 250 times the weld in the 
ultra-thin bimetallic foil can be distinguished only by the 
difference in colour between the two alloys. 


American Dam Farture.—A note in Engineering News 
Record says that the failure of the Spencer Dam in 
Nebraska was caused by the dam being built on a shale so 
weak that it was hardly more than mud rock. The dam, 
which failed on September 24th, 1936, was built in 1926 
and was a 1800ft. long earth dyke, about 18ft. high, with 
a 400ft. concrete spillway section. It was the spillway 
section which failed. 


WeLtsH ANTHRACITE.—According to the latest trade 
returns, shipments of anthracite from South Wales to 
Canada—the Principality’s best customer, after France, 
for this class of coal—declined by 113,217 tons during the 
eleven months January-November, 1936. This repre- 
sents a loss of 11 per cent. compared with the corresponding 
period in 1935 and of 15-7 per cent. compared with 1934. 
During the same period exports of anthracite to Italy 
decreased by 236,267 tons; a reduction of no less than 
94 per cent. on the figure for the corresponding eleven 
months of 1935. Further evidence of German inroads into 
the South Wales coal export trade emerges from the fact 
that anthracite shipments from Germany to Canada 
increased by 98,904 tons during the months January to 
October alone. The total imports from Germany -into 
Canada were only some 31,000 tons in 1934. From January 
to October, 1936, they reached the figure of 266,913 tons. 
For the same period of 1935 imports were 168,009 tons. 


PaTEeNts.—During the year 1936, 35,900 patents were 
applied for. For the previous five years, commencing 1935 
and going backwards, the numbers of patents applied for 
were 36,116, 37,409, 36,734, 37,052, and 36,117 respec- 
tively. The peak year was 1929, when the number applied 
for was 39,898. The Comptroller’s report for 1935 refers 





run parallel to the present London-Manchester main 
road, and will consist of two carriageways, each 45ft. 
wide, separated by an island strip. It will be 5 miles | 
long, and it is estimated that it will take.two years to 
build it ; 200 aeres of land will be opened up for factory 
se. 

DutcH STREAMLINED Locomotives.—In Holland five 
4-6-0 heavy express and one 4-6-0 “‘ 3900” class loco- 
motives are being streamlined in the workshops of the 
Netherlands Railways. If these six engines work success- 
fully after their conversion all the expresses on the Nether- 
lands Railways will be similarly treated. It has been 
announced that the railways will not procure any. more 


steam locomotives, but steam-hauled trains will be 
gradually replaced by electric and oil-engined units. 
Nortx Crrcutar Roap ImpPprRovEMENT.—-When the 


North Circular Road was originally built it had a single 
carriageway 24ft. wide, but subsequently a second 
carriageway, 27ft. wide, wasadded. Several lengths of the 
old earriageway have already been widened to 27ft., 
and for the continuation of this improvement the Minister 
of Transport has made a grant from the Road Fund 
towards the cost, estimated at £17,500, of widening a 
further length of about 2000 yards between Edgware- 
road and Neasden-lane, Willesden. 


L.M.S. Wirrrat Lrne.—Rapid progress is being made 
with the electrification of the L.M.S. Wirral section route 
from Birkenhead Park to West Kirby and New Brighton. 
The permanent way is being extensively renewed, and the 
stations extended. A new station is to be built at Manor- 
road, Hoylake, and increased track capacity will be pro- 
vided between Bidston Station and Seacombe Junction. 
A repair shop for electric stock is to be provided at Birken- 
head North, and the site is now being excavated. The 
third rail system in use will include welded “ bonds ” 
and welded cable connections. Power for the trains will 
be supplied from six sub-stations at Birkenhead North, | 
Bidston, Moreton, Meols, Hoylake, and Wallasey, all being 
controlled by an operator at Birkenhead North. 
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| on to a small target spot about 35ft. away from the point 


to activity in connection with devices for the detection of, 
and protection against, noxious and explosive gases. 
Development also took place in technical applications of 
modern discoveries in physics, including transmutation 
of elements by bombardment with high-speed electric 
particles and short-wave radiation, the mercury discharge 
lamp, and powders and other sybstances, stimulated to 
luminosity by radiation from an electric discharge. 
Television accounted for a large increase in applications, 
particularly as regards the development of cathode ray 
receivers, the reduction of flicker by interlaced scanning, 
and the transmission of cinema films. In road vehicles 
the imposition of the speed limit resulted in a large 
number of applications relating to devices for limiting 
speed or for providing indications and warnings for 
drivers and pedestrians. 


Hich Voutaces.—According to the Electrician, an 
electrostatic generator, designed to attain potentials of 
five million volts or more, is being constructed by the 
Westinghouse Electric and Manufacturing Company at 
its research laboratories, East Pittsburgh. A large high- 
pressure vessel will be mounted on the roof of a two- 
storey building. The vessel is 47ft. high and the upper 
hemispherical part has a diameter of 30ft. A 15ft. spherical 
electrode will be mounted in the upper end of the tank, and 
with this it will be possible to maintain steady potentials 
of 5,000,000 volts or more, using air under pressures up 
to 1201b. per square inch. The high voltages will be 
attained by utilising charged rubber belts of the kind used 
in the latest type of van de Graaf electrostatic machine. 
The electrode is supported by four large micarta insulating 
columns, and connected to the lower ground end of the 
vessel by means of a segmented porcelain vacuum tube, 
which contains the lens electrodes to focus the nuclear 
projectiles on to the desired targets. These nuclear pro- 
jectiles—protons, deuterons, and alpha particles—are 
formed at the high potential electrode, and finally focused 





Air and Water. 





GLIDER ReEcorp.—Lieut. Goncalves, of Rio de Janeiro, 
reached a height of 6600ft. in a glider, a record for South 
America. 

NEw Arr Service.—On May 31st next a new air service 
between the Brighton, Hove, and Worthing Airport at 
Shoreham and the new Jersey Airport is to be started. 


SoutuamptTon Docxs.—Last year the shipping tonnage 
dealt with at Southampton Docks aggregated 18,539,590 
tons. The number of passengers during the year was 
560,000. 

A Russtan Fioatine Docxk.—The Russian Government 
has placed an order for a floating dock of 2500 tons lifting 
capacity with Swan, Hunter and Wigham Richardson, 
Wallsend. 


Dutcx Arr Liye To AvustTRALia.—The Dutch Govern- 
ment is seeking permission to extend the Royal Nether- 
lands Indies Airways services to Australia. A similar 
request made in 1936 was refused. 


PaRACHUTE Recorp.—Captain Geille, commanding the 
army and navy parachute centre at Avignon, established 
a new world record for parachute jumping, making twelve 
jumps from an aeroplane in | h. 35 min., an average of one 
every eight minutes. 


Nice Arrport.—The French Air Ministry has approved 
a plan for the construction of an airport at Nice. It is 
stated that the State will grant 50 per cent. of the cost of 
the aerodrome, which will probably be built on the left 
bank of the river Var near the racecourse. 


THe Caste Sure “ Domrta.’’—The world’s largest 
cable ship, the ‘“‘ Dominia,” has been sold to the Soviet 
Government by the Telegraph Construction and Main- 
tenance Company. On her maiden voyage in 1926 the 
ship laid the second Pacific cable from Bamfield to Fanning 
Island, a distance of 3625 nautical miles. 


TrmpeR UNtoapIne aT Horzi.—It is announced that 
the London and North-Eastern Railway Company has 
purchased the site of Earle’s shipbuilding yard at Hull to 
improve the port’s timber unloading facilities. The ship- 
yard was taken over by National Shipbuilders’ Securities 
in 1932 and the yard closed and dismantled. 


Lioyp’s RecisTeR oF Surpprnc.—Mr. E. H. Oliver, 
editor of “‘ Lloyd’s Register of Yachts,”’ retired from the 
Society’s service on pension at the end of last month. 
Mr. Oliver took up duty in the London office of Lloyd's 
Register in September, 1887. Mr. E. W. L. Tiddy has 
now been appointed editor of the “‘ Yacht Register.” 





South Atriantic Crosstnc Recorp.—The French 
airwoman, Mile. M. Bastié, has succeeded in flying across 
the South Atlantic from Dakar, in North Africa, to Port 
Natal, Brazil, in 12 h. 5 min. The machine was a Caudron 
Simoun four-seater monoplane with a 220 H.P. Renault 
‘“* Bengali Six’ engine. The average speed for the whole 
distance was 128 m.p.h. 


Arrgcrart COMPONENT Factory.—About 5000 people 
will be employed, it is understood, at a factory for the 
manufacture of aircraft parts to be built at White Waltham. 
near Maidenhead. The site adjoins the De Havilland 
School of Flying, and it is considered likely that the Great 
Western Railway, whose main line runs near by, will con- 
struct sidings and possibly a station. Rootes Securities, 
Ltd., acting on behalf of the Air Ministry, has acquired the 
site, and plans have been deposited with the Cookham 
Rural Council. 


Royat Arr Force SquapRons.—It is announced that 
the Air Ministry has decided to increase the number of 
aircraft in most of its squadrons. Fighter squadrons will 
be increased from twelve to fourteen machines, heavy 
bomber squadrons from ten to twelve machines, and flying 
boat squadrons from four to six machines. In the new 
category of general reconnaissance units every squadron 
will have eighteen aircraft. The expansion also provides 
for additional squadrons oversea, and the total of aircraft 
in units abroad at the end of the expansion will be about 
415, making a total at home and abroad of 2165. 


GERMAN YARD ConvVERSION.—The proposed conversion 
into a private company of the Hamburg firm of ship- 
builders, Blohm and Voss Kommanditgesellschaft auf 
Aktien, is announced. The accounts just issued are the 
last of the firm in its old form. The gross profit is 
M.31,460,000, compared with M.24,410,000; wages and 
salaries absorbed M.25,130,000, against M.19,580,000. 
Including M.23,374 brought in, there is a surplus of 
M.571,545 (M.578,801), but it is not proposed to declare 
a dividend in view of the proposed changes, which will 
take effect as at the end of the last financial year, June 
30th last. 


CityprE Navigation Trust.—At a recent meeting of the 
Clyde Navigation Trust the chairman reviewed their 
activities for the first six months of the current financial 
year. He said that the revenue of £467,000 was the most 
for any corresponding period since 1929. New work and 
reconstruction had been embarked upon to the extent of 
£290,500, among the schemes being the reconstruction of 
Lancefield Quay at an estimated cost of £162,000. Work _ 
at the Kelvinhaugh Wharf was estimated to cost £28,000. . 
the extension of Meadowside granary was estimated at 
£74,500, while the cost of the new fruit shed at Merklands 
would be about £26,000. 


New Licutsxrps.—At an anny 2] conference recently 
held at the Board of Trade between Lighthouse Authorities 
and the Advisory Committee on New Lighthouse Works, 
on which shipowners’ associations, underwriters, and 
Chambers of Commerce are represented, it was decided to 
increase by 25 per cent. the dues levied on shipping for the 
upkeep of lights, buoys, and beacons in the United 
Kingdom and the Irish Free State. Following this 
decision, some twenty old lightships of obsolete design are 
to be replaced by new vessels. After the granting of an 
Order in Council, to make effective the increase in dues 
recently decided upon, steps will immediately be taken to 








of formation of the bombarding ions. 


replace the old ships with those of more modern design. 
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M.1. Mech. E., late Chief Mechanical Engineer, London and 
South-Western Railway. 





CANADA AND BRITISH ENGINEERING 
INDUSTRIES. 


EVERYONE who studies the reports of Trade 
Commissioners, Consuls, and’ equivalent officers 
from overseas is well aware that from time to time 
they enumerate complaints of customers. Criticism 
of this kind is not peculiar to British trade. It 
may be found in the reports of the representatives 
of all industrial nations, and with a similarity 
which is as noticeable as it is close. From that 
fact it may be at once deduced that the complaints 
should not be directed so much against individual 
countries as against certain principles of industry 
which are common to all nations. We may cite 
as a simple instance the charge that makers refuse 
to supply the design of goods which the purchaser 
desires. It is a very common one and when levelled 
against the United Kingdom is seized upon by lay 
writers as an example of the obstinacy and short- 
sightedness of the British manufacturer. But, as 
all engineers know full well, there is an excellent 
economic reason for it, a reason which multiplies 
daily as standardisation increases. We need not 
detail it, but we would ask the newspapers which 
support the charges if they would be prepared to 
satisfy the requirements of, say, 1 per cent. of their 
readers by issuing the required number of their 
publications in different format from that of the 
rest. Their reply is in no doubt. We can assure 
them that in the case of a vast proportion of goods 
exported from these shores the same argument 
against change of design holds good. Other charges 
are concerned with stocks, local representation, 
terms of payment, and so forth. It would take 


more space than we can spare even to indicate the 
replies, but some of them will be gathered from 
the sequel in which we discuss the allegations of 
a particular country. 








Last year one of our own representatives made a 
tour of Canada, and in the course of his numerous 
visits encountered several criticisms of the methods 
of British engineering firms. We decided to look 
further into these direct charges, and with the 
help of an influential organisation, whose ready 
help we take this opportunity to acknowledge, we 
have managed to sift many of them and to find 
that the foundation for them rests rather on a few 
individual lapses, let us say, than on general 
indifference. Perhaps “indifference ’’ requires a 
little qualification. There are two kinds of in- 
difference, the one justifiable, the other not. Of 


}| the former, there is a good deal in British engineer- 


ing circles with regard to Canadian trade, but of the 
latter little. Many firms do not regard any serious 
effort to secure Canadian custom for engineering 
goods as worth the expense. They ‘point to the 
geographical proximity of the United States to 
the Dominion and to the understandable pre- 
dilection of Canadian purchasers for American 
products and practices. The fact that the United 
States have within their own boundaries a huge 
market for classes of goods which are exactly 
suitable for Canada gives them opportunities for 
mass production and quick delivery from stock 
which this country, endeavouring to meet the 
varying needs of a diverse Empire, cannot hope to 
enjoy. Hence it is that many British firms find it 
economically fruitless to take much interest in 
Canadian trade. Their indifference is, we say, 
justified. Of the other kind of indifference, which 
embraces slackness about the fulfilment of orders, 
failure to quote on inquiries which could be econo- 
mically accepted, and failure to exhibit a proper 
and profitable interest in the customer, we have the 
evidence of a few examples. On the other hand, it 
has been made quite clear to us that when British 
firms do really desire to have Canadian trade they 
attack it with vigour and often continue the attack 
in the face of disappointment and disillusionment. 
We have known personally cases in which British 
firms have gone to considerable expense in the 
opening of offices in Canada staffed by capable and 
enterprising men. They have kept them open for 
months and even years, and have then been com- 
pelled to decide that they were unprofitable. 
Reviewing all the evidence that is available, and 
we believe it to be sufficiently extensive to be 
representative, we conclude that whilst there are 
unquestionably black cases—what country could 
claim to be exempt from them ?—on the whole 
those British engineering firms which have decided 
that the Canadian trade suits their conditions are 
as zealous in the pursuit of it as of their home trade. 

This exoneration of the British manufacturer’s in- 
difference vis-a-vis Canadian trade may read almost 
like a counsel of despair. It may seem that we see 
no means of altering the present fact that only 9 or 
10 per cent. of Canada’s machinery imports are of 
British origin, and that in recent years the United 
States have satisfied 80 to 90 per cent. of her require- 
ments. Let us say at once that we do not consider 
that satisfactory ; but in the same breath we must 
ask how is it to be altered. What steps, other than 
those already taken, can be made bya country, more 
than 3000 miles away, to combat the competition of 
a near neighbour with like conditions to those of 
the desired purchaser, and with an existing market 
within its own doors for the very products required ? 
Many British engineering firms have examined that 
question with profound interest. The only effective 
plan appears to them to be to establish branch 
factories in Canada. But that would only meet the 
desired end to a partial extent. The prosperity of 
the British company might increase, but the 
augmentation of home industry would be limited 
to the production of certain elements of the com- 
plete product. It is conceivable, even, that in 
certain instances the trade between the two coun- 
tries would be diminished because such products 
as are now exported from this kingdom would then 
be manufactured in the Dominion. We should 
tire our readers if we pursued this question further 
at the moment, and we can only trust we have said 
enough to convince those who believe that Britain’s 
small share in the Canadian machinery market is 
due to the lack of enterprise of British firms that 
the problem is far more difficult than they suppose 
and cannot be solved merely by more exertion on 
the part of home manufacturers. 


Presidential Burdens. 


WE learn from Nature that on December 26th, 
1836, Lyell wrote to Darwin: ‘“‘ Don’t accept any 
official scientific place if you can avoid it, and tell 
no one that I gave you this advice, as they would 
all cry out against me as the preacher of un- 





patriotic principles. . Do not prematurely 
incur the honour or penalty of official dignities. 
There are people who may be profitably employed 
in such duties, because they would not work if 
not so engaged.” One of the things that cannot 
fail to strike everyone who reads the history of 
ordinary events is that in the progress of the 
centuries they change so little. The troubles of 
which we complain to-day are the same troubles 
that vexed our ancestors. The marvel is that 
having been experienced they still endure, not 
only as they were, but ten times worse. A hundred 
years ago institutions were few in number and 
small in membership. The tax that they imposed 
upon their officers was not severe ; an occasional 
dinner, an occasional meeting, a few committees, 
and now and then some external function, com- 

prised the duties. Yet here we find Lyell, who 
was then President of the Geological Society, 

warning Darwin against the interference with his 
work that a similar appointment might involve. 
If that could be done in the green leaf, what would 
be done in the dry ? What would Lyell, if he lived 
now, have to say about the obligations which fall 
upon the Presidents of any one of our three 
greatest engineering institutions? What would 
he think of official duties which take at least three 
or four hours a day of the President’s time, of the 
long journeys to branches, of the dinners of kindred 
societies that he is expected to attend, of almost 
weekly meetings, and of the hundred and one 
smaller matters which rest upon his shoulders ? 

The fact is that the presidency of a great insti- 
tution has become so serious an undertaking that 
many fitting men feel themselves compelled to 
decline it. They have to choose between living up to 
examples set by some of their predecessors and 
neglecting their proper work. In the case of 
younger men, the choice hardly exists. They are 
generally the servants of companies or the junior 
partners in firms, and cannot give time which is 
not their own. Hence it comes about that even 
if the great institutions invited young men to 
become their Presidents, the honour would be 
rarely accepted. For that reason, and because 
the Presidency is the culmination of many years 
of often exacting service, it almost invariably falls 
to men who have passed the prime of life, and who. 
in consequence, suffer some strain under the 
burden. It may be said that a President is always 
supported by several Vice-Presidents, upon whom 
part of his work should devolve. In theory that 
is sound, but it does not work out well in practice. 
Kindred societies and branches which invite: the 
President to their functions are disappointed if 
they do not have the honour of entertaining him 
himself. If, as many Presidents are, he is very 
conscientious, he observes their wishes and finds 
that half of nearly every day in the week is given 
up to committee meetings and institutional affairs 
and many of the evenings to dinners and meetings 
in various parts of the country, and not infrequently 
abroad. All this constitutes a severe tax on his 
time and energies, particularly if his ordinary 
vocation is.of a kind which cannot be delegated 
to others. Lyell took rather a low view of the 
business of a President when he suggested in the 
letter from which we have quoted that ‘“ there are 
people who may be profitably employed in such 
duties, because they would not work if not so 
engaged.” In a long experience we cannot recall 
in any of the great institutions a President of that 
kind. All of them within our knowledge have been 
hard-working men who endeavoured to super- 
impose the work of the Chair upon their normal 
affairs. We call to mind several whose health 
has suffered in consequence. In some cases they 
have been London men, but in others men from 
the great provincial centres who in the ardent 
pursuit of their duties were compelled to add 
frequent and hurried journeys to their other 
obligations. 

We take the opportunity presented by the quota- 
tion in Nature to allude to this subject—a common 
one amongst Presidents and Past-Presidents— 
because we believe that sooner or later it must 
call for the very earnest considerations of Councils. 
There is no institution which does not desire to 
have at its head the very best men, and if the 
multiplication of duties causes such men to decline 
the honour, the institutions must suffer. It may 
be said that the President need never do more than 
he pleases. That is true, but there are very few 
of them who are not inspired by a desire to meet 
all the obligations that are presented to them. 
They take up the burdens voluntarily, and in 
their eagerness to maintain great traditions and 
serve their members as well or better than their 
| predecessors, go even further, perhaps, than they 
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need. The standard, if we dare to say so, is a 
little too high. It might be better for the institu- 
tions in the long run if rather less was expected 
from their Presidents. The duties grow as the 
institution grows in size and numbers, and the 
endeavour to keep pace with them is, we venture 
to say, becoming dangerously exacting. Biglow 
Says : 

“Some flossifers think that a fakkilty’s granted, 

‘The minnit it’s proved to be thoroughly wanted.” 


Unfortunately the “ fakkilty ”’ for doing two jobs 


at once does not come to Presidents on the 
““minnit.’" Some years ago a ~Past-President, 
speaking from experience, suggested playfully 


that there should always be two Presidents, one 
to do the work and the other to attend 
dinners and make the speeches. That was 
not itself a serious proposition, but it does 
indicate, at least, that there should be some 
recognised demarcation of the duties connected 
with the presidency. We have in mind one Pre- 
sident who in his year of office attended well over 
one hundred dinners. Such enterprise may be easy 
to Lord Mayors—often retired men who have 
served an apprenticeship to dining out—but is very 
difficult to hard-working engineers. One hundred 
per cent. efficiency should be attainable by a Pre- 
sident without having to copy this brilliant 
example, and even endeavouring to surpass it 
by meeting all the annually increasing oppor- 
tunities for service. 








Obituary. 





WILLIAM HENRY OWEN. 


WIDESPREAD regret will be felt at the death of 
Mr. William Henry Owen, M. Inst. C.E., well known 
in the engineering profession as chairman and man- 
aging director of Owen Power Plant, Ltd., London, 
who died at Wimbledon on Sunday, January 3rd, 
after a very brief illness, in his sixty-seventh year. 

He was the eldest son of the late William Owen, of 
Stoke-on-Trent, who in the ‘eighties owned and edited 
newspapers in Staffordshire and Cheshire, and he 
was educated in the “ Five Towns.” At the age of 
sixteen he was apprenticed to William Boulton and 
Co., Ltd., of Burslem, where he remained for six 
years. In 1892 he joined the drawing-office staff of 
Benjamin Goodfellow, of Hyde, near Manchester, 
and after three years went to Belliss and Morcom, 
Ltd., of Birmingham, where he was assistant to the 
works manager on the design of special tools, laying 
out of plant, &c. In 1896 he joined the drawing-office 
staff of Robey and Co., Ltd., of Lincoln. From 1898 
he was for three years leading draughtsman to Willans 
and Robinson, of Rugby, and in 1901 went as chief 
draughtsman to James Howden and Co., Ltd., of 
Glasgow, with which firm he remained for about 
twenty-five years. In 1907 he came to London as the 
firm’s technical and commercial representative, a 
position he held for many years, having complete 
charge of arrangements of plant, erecting, and testing 
of engines, turbines, and boilers on site, as well as of 
all technical questions arising during the carrying 
out and completion of contracts. 

An active and inventive mind supported by sound 
practical experience led Mr. Owen to take out a 
number of patents covering a wide field of engineering 
subjects, and it was in order to develop certain of 
these relating to high-pressure steam boilers, air pre- 
heaters, and fuel economy that he left James Howden 
and Co., Ltd., in 1924. After that date the com- 
mercial development of the Owen air preheater and 
heat interchanger was begun in association with the 
Carrier Engineering Company, of Buckingham-gate, 
London. Subsequently it became necessary to 
establish the present organisation, Owen Power 
Plant, Ltd., Townsend House, Westrhinster, of which 
Mr. Owen was managing director, as well as chairman, 
at the time of his death. 

During the war Mr. Owen was called on to assist 
the French Government to speed up the production 
of shells, and in that connection made many trips 
to France. He also assisted in the early days of the 
war, when tonnage was so badly needed, in bringing 
about the purchase by the British Government of a 
number of steamships then nearing completion in 
Japanese shipyards. : 


ARTHUR WORMALD. 


REFERENCE was made in our last issue to the recent 
death of Mr. Arthur Wormald, director of Rolls 
Royce, Ltd., of Derby and London, and general works 
manager. Mr. Wormald was born in Yorkshire in 
1873, and started life in a humble way as a lorry 
boy on the Lancashire and Yorkshire Railway at 
Leeds. At the age of thirteen he began to serve his 
time with J. and H. McLaren, of Leeds. As his 


father had already worked with the firm, young 
Wormald came under the personal notice of Mr. 
John McLaren, and at the age of nineteen he was put 
in charge of the cylinder,bench in the traction_engine 



































department. Some three years later he took a position 
with Greenwood and Batley, of Leeds, where he was 
employed on tool-room and die-sinking work in con- 
nection with the Martini-Henry rifles which the firm 
was then making for the Japanese Government. 
In 1899 he passed to the repair of the Merryweather 
steam engines which were used on the Dewsbury 
tramcars, and two years later he moved to Manchester 
to take up work in the tool-room of the Linotype 
company, while the following year found him with the 
Westinghouse company in Manchester, also engaged 
on tool-room work. His wide experience of engineer- 
ing work eminently fitted him for his life’s work with 
the Rolls-Royce company, which he joined in 1904 
as a tool maker. He soon came under the personal 
notice of the late Mr. Royce, who eventually pre- 
vailed upon him to accept the foremanship of certain 
departments. Three years later Mr. Wormald was 
made chief shop foreman at the new Rolls-Royce works 
at Derby, and with his unrivalled knowledge of the 
works he was appointed works manager and later 
became a director of the firm. When the works 
manager appointment was first made only 400 to 500 
men were employed at the works, which number has 
now increased to over 8000 men and women workers. 
Mr. Wormald was one of the three controlling per- 
sonalities in the Rolls-Royce company from the date 
of the early retirement of Mr. Rolls. 
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Asphalt Roads.- By P. E. Spretmann, Ph.D., F.I.C., 
and ‘A. C. Huaues, Assoc. M. Inst. C.E. London : 
Edward Arnold and Co. 1936. Price 25s. 


WHILE it was to be expected that the subject of 
asphalt roads would be fully covered in the series 
“The Roadmakers’ Library,” in which this volume is 
the fifth, the appearance of a book wholly devoted to 
the subject and containing three-quarters the number 
of pages in Vol. I, on ‘‘ Road Making and Administra- 
tion,’ must indicate, either that the ‘“‘ Library ” will 
attain to very great dimensions or that, in the mind of 
its able editor, Dr. Spielmann, the study of materials 
and constructions centred on “ asphalt ”’ ranks higher 
in importance and occupies a larger part of the field 
of highway engineering than a survey of that field 
and a study of road materials and constructions 
generally would seem to justify. Asphalt has a place 
in Vol. I of the series and a larger place in Vol. II, 
Mr. D. C. Broome’s “laboratory handbook ”’ describing 
“The Testing of Bituminous Mixtures,” while 
Vol. III, Dr. B. H. Knight’s “‘ Road Aggregates,”’ has 
its application to the employment of the material. 
The volume under review is therefore to be considered 
in two aspects, as one of a series, and on its merits as 
a single book, which appeals not only, nor chiefly, to 
the engineer, but also, and mainly, to the technologist 
and chemist. 

Having at their disposal, professionally and in 
respect of data, the literary and technical resources 
enabling them to present a work useful to the engi- 
neer, and, for the technologist, providing a thesis, a 
work of reference and an index to the literature of the 
subject, the authors have fairly well succeeded in 
giving, as they express it in their preface, “a com- 
plete account of the subject ” in a book which “ is an 
extension in amount and also in time of those sections 
dealing with Asphalt in the first two volumes of ‘ The 
Roadmakers’ Library.’’’ Since they add that ‘‘ Care 
has been taken to avoid the repetition of information 
already given, except when necessary for clarity of 
exposition,” it is doubtful whether the expression 
‘*“complete account” is to be taken literally or as 
meaning ‘‘ completed account.” They cannot really 
have it both ways. 

To investigate the point would be a thankless task, 
for readers of the book will, some of them, find all 
that they look for in its pages, while for others the 
two earlier volumes will be among the most readily 
accessible of the sources of information to which 
references are given and including some 450 papers, 
articles, and other publications, linked to the text 
by reference numbers. 

With this copious documentation, and somewhat 
elaborately, the book brings up to date a subject to 
which much literature has in recent years been 
devoted. Some of that literature, however, while 
usefully explanatory of the qualities of certain pro- 
ducts and of the methods of preparation and con- 
struction best to be employed in their application to 
road works, has the character of propaganda, either 
in favour of a proprietory product or on the “ beer 
is best’’ principle. More authoritatively and 
methodically parts of the subject, ‘‘ asphalt,” have 
been covered in other books, but the link between 
knowing what asphalt is and knowing how best to 
use it has been weak. Mr. Hughes and Dr. Spielmann 
have sought, with considerable success, to strengthen 
that link, while the authoritative character of the 
book, the impartiality of the discussions, and the 
extent to which, with due acknowledgment, the 
primary literature of the subject has been drawn 
upon and the results of recent practice taken into 
consideration, commend it to the engineer and place 
it on a high level as a technological work. 

It is, perhaps, expedient that the authors’ attitude 
in regard to proprietary articles shall be defined in 





their own words, in the preface :—‘‘ Proprietary 
articles are always difficult to deal with, as secret 
compounds cannot be discussed ; so they have in the 
main been excluded.... A few of these materials, 
of which information is available and which are of 
special interest, have been described.” 

Somewhat too frequently, in various parts of the 
book, an interested reader will be pulled up'by a 
number in small type which directs him to a source 
of information, the gist of which might have been 
incorporated in the text. More serious than this small 
defect is it that, though the discussions of asphalt 
road surfacings and their qualities are illuminated, 
as by light within the subject proper, there is no 
external illumination as from points in the wider 
field of road surfacing generally. On page 161, the 
authors state seven basic requirements of a road 
surfacing material, pointing out that the “‘ incom- 
patible nature of certain of the requirements ”’ is self- 
evident. Though describing the requirements as 
“basic” and as being those of “a road-surfacing 
material,” that is, of such materials in general, 
they have not deemed it necessary or expedient to 
mention that with some materials, other than 
asphalt, certain incompatibilities would not be in 
evidence and some requirements would more effec- 
tively be met. The exposition in respect of asphalt is, 
however, very thorough in the portions of the book 
relating to engineering practice, as well as in those 
appealing more especially to the technologist. 

Of the five parts into which the book is divided, 
two are very short. With a hint that a volume on 
tar roads may be included in the series, the six pages 
of Part III are devoted to consideration of bitumen 
mixtures; while in Part V, commencing with a 
reference to Vol. II in the series, descriptions of 
analyses and tests occupy eleven pages. 

The historical introduction, Part 1, which presents 
in outline the human history of the seven principal 
asphalt deposits, is a pleasing feature of the book. 
In Part II, the nature and properties of asphaltic 
bitumen and natural asphalt are very fully presented. 
Part IV., ‘‘ Asphalt,” includes a review of the com- 
ponents of asphaltic mixtures, with discussion of their 
qualities and inter-relations. The various kinds of 
surfacings are described and discussed, also methods, 
such as grouting, as distinct from specific processes of 
construction. In respect of piant and tools, con- 
sideration is given to location, costs, and organisation. 
A useful discussion of faults and repairs is very well 
illustrated. The book contains lists of sources of 
information in general ; of the numbers and titles of 
twelve British Standard Specifications, and the titles 
of two in preparation ; of 449 specific references in 
the bibliography, concluding with a subject and 
author index. The illustration of the volume, forty- 
seven well-chosen figures and photographs, compares 
favourably with the copious and largely uninforma- 
tive embellishment of some recent books on road engi- 
neering. Dr. Spielmann and Mr. Hughes have 
effectively collaborated in writing a book which will 
be esteemed for its thoroughness and as one of which 
judicial discussion, close scrutiny, and illuminating 
exemplification are conspicuous and valuable features. 


SHORT NOTICES. 


Everyday Science. By A. W. Haslett. London: G. 
Bell and Sons, Ltd. 1936. Price 7s. 6d.—People who 
write “* Everyday ”’ books for the ordinary reader are apt 
to take a rosy view of their subject. They are generally 
professed optimists and rarely bring their critical faculties, 
when they possess them, to bear. “* Everyday ™ means to 
them dinner table talk upon science, into which the 
incursions of the sceptic—save for the general deprecia- 
tion of science—are not welcomed. Mr. Haslett is not 
one of these. He records the advances of science without 
ever getting excited about them, and balances the pros 
and cons carefully. For example, in a chapter headed 
‘* Brave New World,” he discusses science in the home, 
showing its advantages and disadvantages, and asks : 
‘**Should we accept so readily the Utopias painted by 
intellectuals who, for their part, would be ready enough 
to spend their spare time in merely being intellectual ? ” 
We might quote also from his chapter on the “ Builder's 
Problem ”’ to show that many of the questions that one 
might be led by the advertiser and propagandists to believe 
had been perfectly answered by science are still far from 
solution. But whilst the volume abounds with common- 
sense criticisms, it does at the same time present a just 
picture of the progress of everyday science in a form suit- 
able and convenient for the consumption of the ordinary 
reader. Amongst several books of the kind that we have 
read it is one that we commend with far less reserve than 


usual, 


The Performance and Design of Alternating-current 
Machines. By M. G. Say and E. N. Pink. London: Sir 
Isaac Pitman and Sons, Ltd. Price 20s.—The general plan 
of this book, which constitutes a companion volume to 
Dr. Clayton’s work on ‘‘ The Performance and Design of 
D.C. Machines,”’ is to give an outline of the simple theory 
of each type of machine it covers and details of perform- 
ance, control, testing, construction, and design. It is 
intended mainly to meet the needs of heavy electrical 
engineering students not necessarily intending to specialise 
in machine design, although those who aim at ultimately 
becoming designers will also find it useful. As a sub-title 
indicates, transformers are covered as well as machines, 
including alternators and various kinds of A.C. motors. 
The authors have found it impossible to follow the-pro- 
cedure adopted by Dr. A. E. Clayton in his book on “ The 
Performance and Design of D.C. Machines ” because the 
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substitution of A.C. for D.C. introduces the possibilities | 
of different methods of attack, such as the use of vector | 
diagrams or calculations, whilst the greater range of A.C. | 


Letters to 








machinery tends to enforce economy of space devoted to 
those machines. While the book is not intended to teach 


commercial design or to familiarise students with methods | 
of manufacture, it contains much that should prove 


helpful to those seeking general information on A.C. 
machinery. 
Tin-plate. By W. Robson Brown. Lianelly: Pld 


Castle Iron and Tinplate Company, Ltd. Price 2s. 6d. 
net.—From time.tv time experts produce small books 
with the object of giving non-technical readers an insight 
into their various industries. It is not unusual to find that 
such books are of as much interest to technical readers as 
to those for whom they were written, and this little book 
is a case in point. In his preface the author states that it 
was prepared to give the non-technical reader a broad, 
general idea of the stages and processes in the manufacture 
of a sheet of tin-plate. Upon reading it, however, we find 
the book is of as much interest to the technical as to the 
non-technical reader. It opens with a general description 
of tin-plate and the subsequent chapters describe in a 
simple concise manner the various stages in its manu- 
facture. A few particulars of tin are given and a chapter 
on the development of the tin-plate industry in Great 
Britain is of much interest. The book concludes with a 
chronology and a number of useful tables. 


Television Reception. By Manfred Von Ardenne, trans- 
lated by O. 8S. Puckle. London: Chapman and Hall, Ltd. 
1936. Price 10s. 6d.—Just as when the broadcasting of 
sound by means of electromagnetic waves began to attract 
public attention many books were produced on the subject, 
so are books now beginning to appear on television. The 
present volume deals with the reception side of the subject, 
which is the side with which most people are concerned. 
It describes the hitherto carefully guarded secrets of a few 
engineers and provides an impulse towards intensive 
activity on the part of amateurs in this new and fascinating 
branch of electrical science. A description of a complete 
receiving equipment is one of the main features of the book. 


Electrons and Electron Tubes. By E. D. McArthur, 
London: Chapman and Hall. 1936. Price 12s. 6d.—The 
growing interest in all kinds of electron tubes and their 
applications has led Mr. McArthur, who is associated with 
the vacuum tube engineering department of the General 
Electric Company, of America, to produce this book. A 
large amount of the material it contains has been published 
previously in serial form under the same title in the 
General Electric Review, published by the General Electric 
Company. Gas discharge tubes are allotted more space 
than usual, because of their growing importance. The 
treatment of the subject is on simple lines and mathe- 
matics is used sparingly. 








SIXTY YEARS AGO. 


ALTHOUGH it was possible to claim in 1877 that British 
railways were the safest in the world, still the annual roll 
of casualties was regrettably high. It amounted, so we 
said in our issue of January 19th, 1877, to nearly 300 
deaths each year of which number about one-third were | 
passengers. Quite apart from the damage to railway | 
property which an accident caused, the money which had 
to be paid by way of compensation to those injured or to 


| 
| 


| RAILWAY ELECTRIFICATION. 
| S1r,—The discussion on this subject that has occupied 
your correspondence columns for some time past has been 
concentrated on the economic aspect, and while this is, 
of course, important, it is not the only question involved, 
nor is it necessarily even the most important one. 

War is not desired or possibly even expected by this 
country, but with the present mad state of Europe, no 
nation can possibly feel safe. Just imagine the position of 
electrified railways dependent on a few large power stations 
which would be very obvious and quite legitimate objects 
of aircraft attack. Their exact position must be known to 
all interested parties, and by their very nature they 
would offer an easy mark. I am quite aware that the grid 
system should ensure a continuance of supply in the event 
of mishaps, but past experience does not exactly inspire 
confidence in this respect, and war breakdowns would be 
quite a different matter to those in times of peace. 

In addition to the above danger, the system of trans- 
mission by third rail that has, been adopted so far would 
lead to the very maximum of dislocation in the event of 
derailment. As the Southern Railway has already elec- 
trified a large portion of the most vulnerable corner of the 
country, the position is even now quite serious enough 
without any further extension ; of course, steam traction 
could still be used, but there would be a shortage of loco- 
motives, which must become more acute as electrification 
extends. 

One can hardly blame the railways for not taking war 
conditions into account when deciding on their policy, 
but, nevertheless, railway transport is a vital item in 
national defence, and its breakdown under stress of war 
would be an absolute calamity. 

C. M. KerLier. 

Bexhill-on-Sea, January 6th. 


WOODEN CHAIN AND SPROCKET WHEEL. 


Srr,—The photograph enclosed was taken at a mill at 
Obermauern, in East Tyrol, Austria. These water mills 
are usually situated right beside the stream which supplies 
the power, but this particular mill had a water-wheel 
driving a reduction gearing, the gear wheels of which, 
including the teeth, were constructed of wood. The power 
was transmitted along 60ft. of wooden shafting, consisting 
of trunks of trees spliced together and running in wooden 


journals. Then came the wheel and chain at the mill 





the relatives of the dead represented a considerable annual 
drain on the railway companies’ income. In 1875 the 
sums paid as compensation amounted to £381,038 to 
which a sum of about £279,000 had to be added to cover 
the cost of repairs, &c. We detected a spirit of com- 
placency among railway directors and officials on the 
subject of accidents. We contended that they were in 
large measure blind to the fact that railway conditions 
were not what they had been even a few years previously 
and that there was lack of harmony between the heads of 
departments which led to grave defects being permitted 
to exist. In illustration of our argument we said that the 
type of rail, chair, ballast and sleeper which the civil engi- 
neer’s department had found satisfactory when engines 
weighed 28 to 30 tons with a maximum axle load of 12 tons 
was no longer good enough now that the locomotive 
superintendent had introduced 38-ton engines with 16-ton 
axle loads. Again the bridges and culverts which were 
satisfactory when weights were low and speeds were much 
less than what we were now accustomed to could not be | 
considered safe under the rush of a modern express loco- 
motive. Yet again on many lines the density of traffic 
had reached such a figure that the shunting and signalling 
arrangements which had served well for a quarter of a 
century were now quite inadequate to the demands made 
upon them. On one point we gave the railway companies 
credit for moving in the direction of increased safety 
before they were compelled to do so by public opinion or 
Government action. The Railway Commission had still 
not published its report on continuous brakes. Tired of 
waiting for it the Scottish companies, as we recorded in 
this note a few weeks ago, had organised their own trials. 
We now reported that one of them, the North British 
Company, was so satisfied with the results that it had 
decided to fit the whole of its passenger stock with the 
Westinghouse automatic brake. It had, we stated, placed 
an order with the Westinghouse Air Brake Company, of 
Pittsburgh, to supply mechanism for 1000 coaches and 
300 engines. The cost of the equipment and its fitting to 
the stock would, we estimated, involve the expenditure of 
about £45,000. Against that sum we put the fact that 
in, the previous year the compensation paid in connection 
with railway accidents in Scotland was nearly £40,000. 
Assigning one-fourth of it to the North British Company | 
and assuming that one-half of that one-fourth would be | 
saved by the adoption of continuous brakes we calculated | 
that the company could expect to earn nearly 10 per cent. | 
on its outlay on brakes. | 











WATER MILL WHEEL 


AN AUSTRIAN 


itself, which was for grinding corn. The wheel was about 
5ft. in diameter and both wheel and chain were con- 
structed entirely of wood without even the use of steel nails. 
The whole assembly was new and typical of the Austrian 
Tyrol, where iron and steel are too valuable to use except 
where absolutely indispensable, and where every man is 
his own engineer in wood, which results in some highly 
individualistic lay-outs. It is scarcely an exaggeration to 
say that if you gave a Tyrolese peasant a safety razor 
blade he would make a sawmill out of it. R.C. Winton. 
Healing, Lincs., January 2nd. 


VULNERABILITY OF POWER STATIONS. 


Srr,—It has recently been announced that another large 
generating station is to be erected on the banks of the 
Thames at Dartford, thus increasing by about 200,000 kW 
the total capacity of the four major stations already on 
Thames-side (or six, if those belonging to the London 
Passenger Transport Board are included). 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 
> — 


is one of the engineer’s obligations to the community to 
make every effort to conserve the world’s fuel supplies 
by utilising them in the most efficient manner possible, 
one cannot but wonder if it is in the best interests of the 
country, and Southern England in particular, at the 
present time that so much power should be generated in 
stations situated so close to each other. 

If we could say that the world as a whole was firmly 
anchored to a policy of peace and universal brotherhood, 
no objection could be raised against the decision to erect 
this station, as undoubtedly the Thames-side offers ideal 
sites for power stations from an engineering point of view. 

But as it does not seem that the aforementioned happy 
position will materialise in the near future, at any rate, 
surely it behoves us as engineers to bear this fact in mind 
when dealing with the essential public services of this 
country, even if it involves some slight reduction in 
technical efficiency. 

The Government of this country have deemed it prudent, 
in view of the strained international situation, to spend 
money to the tune of several million pounds on our defences, 
naval, military, and aerial, but are the public services, 
and electricity supply in particular, owing to its centrali- 
sation, backing up this great effort by doing all they can 
to render themselves liable to as little disarrangement as 
possible under the hail of bombs that we are promised, 
should we partake in another war? Various suggestions 
will at once come to mind, and they need not be further 
commented upon here, except that in an emergency it 
does not matter a great deal whether plant is obsolete or 
inefficient, judged by present-day standards, so long as it 
is available. 

No doubt the electrical supply industry would reply 
that owing to the present system of interconnected generat- 
ing stations, should one station become damaged or 
destroyed, no serious disorganisation would result, owing 
to this interconnection. But do they realise that the 
transmission lines and switching stations would also be 
objects of attack, and in the case of the stations mentioned 
in the beginning of this letter, they are such outstanding 
targets from the air that all of them could be severely 
damaged, if not totally destroyed, in one air raid, and 
London and South-East England deprived of its main 
source of electric power? In fact, I would suggest that 
the combined capacity of these stations is so great that the 
loss of them would be severely felt all over the country, or 
would leave no standby plant available to take care of 
the further power station destruction that would surely 
take place. 

Thus I voice my opinion in the hope that I may discover 
what other engineers are thinking in this matter, which 
no one will deny has some importance at the present 
time, however unpleasant it may sound. 


Salisbury, January 10th. R. May. 


WHAT’S WRONG ? 

Sir,—May I, a middling young man, still enthusiastic 
towards his chosen profession and jealous of its standing, 
congratulate you on your timely leading article of 
December 18th ? Would that the profession in general 
and the civil branch in particular were as frank in recog- 
nising the malady and as willing to seek a cure ! 

Enlightened parents endeavour to make it possible for 
their children to follow their natural inclinations, but the 
final decision as to a boy’s life work still rests with the wise 
father. With the cost of training for all professions 
approximately equal, would any intelligent man, knowing 
the existing conditions, choose engineering as a career 
for his son ? Would any engineer, assuming that he can 
afford to give such a hostage to fortune and that he has 
the means to educate him for any profession, encourage his 
son to follow in his foctsteps ? What lies behind the 
inevitable answer to that question is the virus you are 
seeking. 

Even to-day, with construction booming, are the salaries 
offered commensurate with the unpleasant certainty that 
all contracts come to an end and new oénes do not appear 
as quickly as might be desired ? Nobody who carries the 
scars of the last five years is likely to forget the dreary 
months when he wondered if he could live long enough to 
work again. The law of supply and demand operates too 
slowly in civil engineering for the present very real shortage 
of useful men to have any great effect—an individual 
bluff is so easily called in a profession where men, with so 
few exceptions, must work for wages or not at all. 

Of course, there are permanent appointments available 
to those who look and leap for safety before passing the 
absurd age limits beloved of all pension-paying concerns, 
but what do they offer? How many engineers employed 
by the various railway companies earn over £250 per 
annum? How many engineers batten on the rates or 
taxes to the tune of £350 or more ? Yet these are the men 
who are responsible for everything but the signature on 
designs for works running into millions of pounds. Is it 
any wonder that their technical reading is confined to the 
current seniority list and their constructive ideas restricted 
to “‘ what we did in 1894” ? 

These are some of the effects, not of lack of character in 
the youth of to-day, but of the apathy of our professional 
institutions, which appear to have lost sight of the 
elementary fact that no corporate body can be stronger 





While no thinking person will disputé the fact that it 


than its constituent members, that mutual admiration 
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butters no parsnips and produces no Parsons. When the 
President of the most august of them all, in reply to a 
question (put with the usual apologies to the Council), 


states, amid cries of ‘*‘ Hear, hear”’ from the less hard of 


hearing of the old gentlemen who attend such meetings, 
that “ this Institution cannot avoid paying income tax 
if it concerns itself with the welfare of its members,’’ and 
this in the very year that subscriptions were reduced by 
an amount that would more than cover the assessment, it 
would seem that that Institution is not concerned with the 
prestige of the profession either. The governing body of 
the most respected of all the learned professions is not 
afraid of the fatuous gibe of “‘ trade unionism,” for its 
strength lies less in its stern dealings with delinquents than 
in the universal knowledge that it will not allow its 
members to be sweated. Let us cease to pretend that 
scientific detachment can be preserved by the down-at-heel 
and that underpaid human beings will always remain 
upright from force of habit. 

No, sir, the youth of to-day is not decadent ; it is the 
profession that is decaying, because it no longer attracts 
the best type of recruit. 

This is a personal opinion ; it is not a personal grouse, 
for the gods have been kind to PormHaR GUBBINS. 

Westminster, $.W.1, January 11th. 


HEAVY-OLL AERO-ENGINES. 

Sir,—Your leading article, “‘ Heavy-oil Aero-engines,” 
is opportune and provides food for thought. Your 
statement that “ Safety might demand restriction of wing 
loading within limits that are now obsolete, with inevitable 
loss in operational speed and useful load,’’ can be put more 
bluntly. and more forcibly. In other words, this restricted 
wing loading would lead to inevitable monetary loss, 
which weighs more heavily with operators than do con- 
siderations of any reduction in the inevitable risks run 
by those bold—or foolish—enough to fly. 

Towards the end of your article you raise the question 
of artificial stimulation of the demand for C.I. engines by 
means of higher State subsidies to civil air lines operating 
planes powered with such engines. You ask: “ Is com- 
mercial aviation to be encouraged to become uncom- 
mercial in the interests of safety ?”’ and state that “ few 
would favour unnatural support of commercial 
enterprise.” Adding, “* Heavy-oil engines must stand or 
fall on their efficiency in all respects relatively to that 
of their rivals.” 
the subject of subsidies 
commercial enterprise.” 

If subsidies are regarded as an unnatural means of 


such 


and * unnatural 


support for commercial enterprise, then all subsidies to 
civil air lines should be discontinued and the aeroplane 
should stand or fall on its efficiency in all respects relative 
to that of rival means of transport. 

If, on the other hand, a case can be made out for the 
existence and continuance of subsidies to commercial enter- 
prise, there can be no logical objection to a somewhat 
increased subsidy to those air lines using an engine and 
fuel which minimise the fire hazard of what is tacitly 
acknowledged to be the most dangerous transport 
system. If it is not so acknowledged, why do most business 
firms always send in duplicate copies of correspondence 
forwarded by air mail and, in the case of valuable docu- 
ments, send the duplicate by air mail and the original by 
the presumably safer, though slower, rival systems of 
transport ? 

The fire risk is an undoubted deterrent in the use of the 
aeroplane by the general public, and the statement made 
at a recent inquest on the victims of a crash—i.e., “* the 
passengers were asphyxiated by the large volume of carbon 
monoxide generated and therefore were not burnt to 
death ’’—-whilst comforting to the bereaved relatives and 
to the officials of the air line, can hardly be considered 
an inducement to travel by air. Public opinion forced the 
railway companies to adopt various measures conducive 
to greater safety in travel. For example, following a few 
disasters in which fire resulted from the ignition of the 
illuminating gas carried in cylinders on the trains, the 
substitution of electric lighting for gas was undertaken by 
the companies, and to-day electric lighting in trains is 
almost universal. 

As it is assumed that the public is willing to subsidise 
‘commercial ” air lines (the public is never consulted), it 
can be safely assumed that it would also consent to some 
slight inerease in its burden of taxation to reduce the 
fire hazard of ** commercial ” aviation. 

Lastly, you state that an elaborate organisation would 
be required to provide refuelling facilities at airports and 
bases, and that this organisation would greatly add to the 
cost of the oil fuel required by C.f. engines. This is not so. 
The “elaborate organisation’ is in existence and to 
provide fuel oil at existing airports and bases merely 
requires the installation of additional storage tanks, 
piping, and pumps. This equipment oil companies would 
readily provide if there was sufficient demand to justify 
the expenditure. If the 87 or 100 octane spirit is required 
for the extremely high-powered petrol engine, then 
handling facilities for this fuel will be required at all air- 
ports and bases, and this will entail additional storage 
tanks, piping, and possibly pumps, for great care is taken 
to prevent contamination of one grade of spirit by an 
inferior grade. If the cost of this equipment can be borne 
by the costly 87 or 100 octane fuel it can equally well be 
borne by the fuel oil required by the C.1. engine. 

As a young engineer I take great interest in the internal 


combustion engine and consider that the development of 
the C.I. oil engine should be encouraged in the interests of 


increased safety in aviation. E. B. PARKER. 


Hutton, January 11th. 


You appear to be somewhat confused on | 


| 


No. 


On the Continent. 


N most countries abroad the development of oil 
engine traction on the railways in 1936 was con- 
siderably more general than in the British Isles. 
Two reasons for this are that the coal supply for rail- 
way use is not nearly so available as in this country, 
and that the general density of traffic on the railway 
systems is not so great. Given an exceedingly dense 
traffic on a stretch of line, it is essential that all units 
conform in respect of performance one to another, 
both for signalling purposes and for organisation 
reasons in the matter of maintenance time and duties 
and interchangeability of units and of personnel. 
An example of the importance of standard perform- 
ance is to be seen every day on the London District 
Railway, where only by very careful arrangement 
can the Southend locomotive-hauled trains be worked 
in with the multiple unit trains operating over the 











support of | 
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| same route. In the same way the differences in per- 
|formance of an oil-engined railear compared to a 
| steam-hauled train become apparent and complicate 
| traffic working, in proportion to the density of traffic. 
| Abroad where the average line is used comparatively 
| infrequently, serves comparatively few routes, and 
| frequently has a much lower potential number of 
| passengers on it, the ideal case for the railcar is pro- 
| vided. For this reason the railcar is an independent 
factor on most Continental railways, and is used in 
large numbers, not as part of an existing steam system, 
but as an additional auxiliary. Continental railcar 
services may be divided into three heads in each of 
which certain types of vehicles have been standardised 
and large numbers compared with this country have 
been built. There is the country service, in which a 
railcar of small horse-power per ton serves isolated 
small towns or groups of villages bringing passengers 
to the maim district terminal. There is the suburban 
service which connects the residential areas to the 
railhead and links two large towns together, thereby 
giving more frequent service than is economically 
possible where an adequate pay-load for a locomotive 
has to be provided. And, finally, there is the ampli- 
fication of this, the ultra-high speed railcar, providing 
de luxe non-stop service between important points, in a 
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Oil Engine Rail Traction in 1936. 
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(Continued from page 43, January 8th.) 


railway companies sixty-eight railcars of various 
types, a typical example of which is _ illustrated. 
This is the A B J type, which has the following charac- 
teristics :—Length, 25-93 m.; overall width, 2-87 m.; 
height from. rails, 3-25 m., length between bogie 
centres, 16-93 m.; length between wheel centres of 
each bogie, 2-5m.; wheel diameter, 0-85 m.; approxi- 
mate weight, empty, 27 metric tons; approximate 
weight, loaded, 35 metric tons. The car is driven on 
both axles of one bogie through a four-speed gear-box 
and reverse gear by a twelve-cylinder engine in which 
the cylinder block as well as the crank case is of 
aluminium. Cast iron cylinder liners are fitted. The 
cylinders are at 60 deg. V and have a bore of 140 mm. 
and a stroke of 170 mm. The normal running speed 
is 1500 r.p.m., and the horse-power developed is 
265, with a maximum of 292 available. Push-rod 
operated overhead valves are fitted, a single cam- 
shaft being provided. No chamber is used, injection 
being direct. Full-speed and slow-speed governors 
are fitted, the control when running being by hand. 
A dry dise clutch is used operated by a compressed 
air servo mechanism consisting of two electrically 
operated valves to one cylinder. One valve gives 
rapid clutch operation for gear changing, &c., and 
the other slow-speed engagement for starting the 














PANHARD PRODUCER GAS RAILCAR 


train from rest. The gear-changing forks are also 
operated in a similar manner by two air cylinders, 
one for each gear controlled by the fork. Auxiliary 
cylinders return the forks to neutral when no air pres- 
sure is applied to either main cylinder. The gear- 
changing forks are mechanically interlocked and the 
electro-pneumatic valves are electrically interlocked 
to prevent the engagement of more than one gear at 
a time. Actually, eighty-four A BJ type Renault 
cars are at present in service, ten of which were 
delivered to the Nord Railway and twelve to the 
P.L.M. in 1936. In addition, Renault has delivered 
ten different railears of various standard patterns to 
the French railways during 1936 in addition to a big 
articulated three-car unit delivered to the Etat. 
This vehicle is fitted with two 500 B.H.P. sixteen- 
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manner which would not be justified on the available 
passenger traffic except by railcars. 

Some idea of the progress of oil engine traction in 
France may be gathered from the figures of Renault 
railcars at present running in that country. Cars 
are performing daily journeys on the Alsace-Lorraine 
Railway amounting to 2700 kiloms.; on the Est 
Railway to 5400 kiloms.; on the Etat to 21,600 
kiloms.; on the Nord to 4300 kiloms.; on the P.L.M. 
to 10,000 kiloms.; and on the P.O. Midi to 8600 
kiloms., making a grand total of 52,600 kiloms. per 
day. Renault, Ltd., are constructing for various 
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ARRANGEMENT OF PANHARD 215 H.P. PRODUCER GAS RAILCAR 


cylinder engines, each similar as to specification to 
the twelve-cylinder unit, and each driving one bogie 
of the two central power bogies of the train. It is 
interesting to note that this train has already operated 
for 20,000 kiloms. in service. 

Unlike most French manufacturers, Berliet makes 
use of electric transmission for the railcar illustrated 
opposite. It was delivered to the P.L.M. Railway for 
high-speed service on the mountain routes in the 
Lyons-Grenoble area, and is one of several now in 
service. Amongst these cars is one designed as a 
parcels car, with a pay-load of 10 metric tons on the 
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same Chassis as the passenger cars. The prime mover 
in each case is a Berliet oil engine of 150 H.P., and 
six cylinders, 185 mm. by 180 mm., coupled to an 
Als-Thom generator. Two such units ace provided, 
giving a total horse-power of 300 for a weight of car 
fully loaded of 42 metric tons. Two driving motors 
are used, one for each axle of the driving bogie. An 


interesting point about these cars is the provision of 


electro-magnetic track brakes, as well as air hydraulic 
service brakes and a hand brake. 

In THe ENGINEER of May 22nd, 1936, a full descrip- 
tion was given of the Panhard-engined railcar illus- 
trated on page 83, which operates qn _ producer 


built to M.A.N. designs by Astra-Arad. The chassis 
and power units were built by M.A.N. The latter 
consists of a 210-225 B.H.P. six-cylinder engine, 
with a maximum r.p.m. of 1100/1200. Electric drive 
has been adopted, and the engine and generator are 
mounted on one bogie, while the other carries the 
motors. The cars have a length of 18-8 m. and a 
width of 2-9 m.; seventy-two passengers are accom- 
modated and the maximum speed without a trailer 
is 75 kiloms. per hour. 

Another car illustrated on page 82 was built by 
M.A.N. for the ‘‘ Societa Veneta di Padova ”’ in Italy. 
It is a similar design to the Roumanian cars, but 














The Oerlikon generator has a continuous output 
of 212 kW. It is direct coupled to the oil engine by 
means of a rigid coupling. The generator has only 
one bearing at the commutator end, as the last bear- 
ing of the Diesel engine serves at the same time for 
the generator. All bearings of the set are of 
the roller type. A new Saurer engine for railear use 
has also been developed, the 8 A D type, six-cylinder, 
having a bore of 150 mm., stroke of 200 mm., a swept 
volume of 21,200 cubic centimetres (1280 cubic 
inches). The maximum continuous output is 230 H.P. 
at 1300 r.p.m.; the fuel consumption 160 grammes per 
horse-power hour (0:353 lb. per horse-power hour) at 














600 H.P. MAYBACH 12-CYLINDER ENGINE AND POWER SOGIE 


gas made from charcoal. The car is of interest not 
only for its unusual fuel, but also because it is driven 
by one of the few sleeve-valve engines used for trac- 
tion purposes, a twelve-cylinder Knight type sleeve- 
valve Panhard engine of 120 mm. bore by 160 mm. 
stroke developing 215 B.H.P. at 1730 r._p.m. The 
car has a tare weight of 29 tons and seats seventy-five 
passengers. It is running regularly on the Etat 
Railway and is one of the means by which the French 
Government is popularising the use of wood. Several 
sunilar installations are now on order, owing to the 
success of this vehicle. 

A power unit of more orthodox design which, 
nevertheless, represents a notable advance by reason 
of its horse-power/weight ratio and its adoption of 
supercharging, is the 600 H.P. Maybach engine 
illustrated above as mounted on a power bogie. 
The engine is a twelve-cylinder unit, the cylinder 
angle being 60 deg., the bore 160 mm. and the 
stroke 200 mm., giving a capacity of 48-24 litres. 











300 H.P. SAURER 12-CYLINDER ENGINE 


The compression ratio without supereharging is 
13-5 to 1. Buchi supercharging has been adopted, 
giving a supercharging pressure of 1-4 atmospheres, 
and in addition a scavenging blower driven at crank- 
shaft speed ventilates the crank case. The engine 
has a direct injection nozzle centrally placed in the 
cylinder heads and supplied by the fuel jpumps visible 
in the engravings. Between the two pumps is 
the governor, which controls them both by means of 
adjustable rods. The governor is operated by lubri- 
cating oil pressure, so that in the event of a failure 
of the oiling system the engine will automatically 
slow down. The Buchi supercharger being an inde- 
pendent unit operated by its own exhaust turbine, 
requires no control gear, and can be housed without 
regard to the necessity of a drive. Its position on this 
engine is very compact, and the entire installation of 
engine and generator on the bogie is remarkable for 
so large a horse-power. 

Three railcars, one of which is illustrated on page 82, 
were delivered last year to Roumania for use on the 








Ploesti Valeni route, by M.A.N. The bodies were 


titted with mechanical drive. The engine develops 
200/220 B.H.P. at 1000/1200 r.p.m., and the car 
has a maximum speed of 85 kiloms. per hour. 

The Nord Railway Company put into service in 
1936 two coaches with Oerlikon transmission. The 
motor coaches in question are each fitted with two 
140 H.P. sets, comprising an oil engine direct coupled 
to an electric generator and mounted one on either 
bogie. Each bogie carries in addition a 115 H.P. 
traction motor. The coaches are intended for work- 
ing singly. They were therefore only provided with 
light buffer gear for occasional hauling purposes. 
As the coaches are only intended for speeds up to 
100 kiloms. per hour (62 m.p.h.), the coach body is 
not streamlined. 

A special feature of these motor coaches is that, 





full load, and the maximum torque 130 mkg. (940 Lb. 
feet), at 1000 revolutions. 

The engine has wet cylinder liners of special cast 
iron and the crankshaft is supported by eight roller 
bearings. 

One of the Ganz-Jendrassik high-speed articulated 
trains for the Dutch State Railways is shown on page 82. 
The engine was built by Stork Brothers, of Hengelo, 
and the car by N. V. Allan and Co., of Rotterdam. 
The maximum speed is 140 kiloms. per hour, with two 
eight-cylinder, 170 mm. by 220 mm. engines, bogie 
mounted and fitted with electric transmission; to- 
gether they develop 365 H.P. at 1450 r.p.m. Five such 
trains are now running. Ten vehicles have also 
been supplied to the Egyptian State Railways by 
Ganz and Co., fitted with engines developing 220 H.P. 








290 B.H.P. Swiss RAILWAYS RAILCAR 


owing to the-simple Oerlikon connections, there is 
no need for any auxiliary machines, such as exciter 
or charging dynamo. The compressors for the braking 
system are built on to the oil engine, and are driven 
mechanically by the latter. The engines are started 
up by the generators, which work then as series 
motors. The current for lighting and control pur- 
poses, as well as for the rail brakes and for starting is 
supplied by a cadmium-nickel battery of fifty-four 
cells, with a capacity of 143 ampere-hours. 

Nineteen 300 H.P. Oerlikon transmission sets for 
use with various railcars in France were also supplied, 
each being sold with a standard engine, namely, the 
twelve-cylinder Saurer, which is illustrated herewith 
The engine has a continuous output of 300 H.P. at 
1500 r.p.m. and a peak load output of 360 H.P. at 





the same speed. 


at 1250 r.p.m. A dry disc clutch and a five-speed 
gear-box take the drive to both axles of the power 
bogie. The cars are fitted with air-conditioning equip- 
ment driven from the cardan shaft. No less than 
forty railears were also supplied to the Argentine 
State Railways by Ganz and Co. Various designs of 
all components were specified and the cars are running 
in various parts of the Argentine. 

There is illustrated above one of two oil-engined rail- 
cars delivered early in 1936 to the Swiss Railways by 
the Swiss Locomotive and Machine Works. The cars 
are of interest, not only because the Swiss railways 
being extensively electrified would seem to be unlikely 
to go in for oil-engined vehicles, but also because 
they have been designed to have the same chassis 
and bodywork as the electric single-unit railears put 
into service just previously. The equipment consists 
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of a six-cylinder Sulzer engine, having a continuous 
output of 290 B.H.P. at 1200 r.p.m., which drives 
through a five-speed SLM Winterthur gear-box to 
the two axles of the driven bogie. The gear-box, 
which is of the oil-hydraulie controlled type, is handled 
in this country by Modern Wheel Drive, Ltd., of 
Westminster, who are the owners of the British 
patents. One of these cars has already covered over 
100,000 kiloms. in service. During the year 8 LM 
gear-boxes were supplied as follows :—To the Swiss 
Federal Railways, five; to the Chemins de fer de 
(Etat, France, four ; to the Chemin de fer de Paris 
& Lyon et a la Mediterranee, France, one; to the 
Chemins de fer du Nord et de Est, Chemin de fer 
de Paris & Orleans, and Chemin de. fer du Midi, 
France, sixty-five ; making a total of seventy-five. 
In the course of this article no attempt has been 
made to catalogue the full number of oil-engined 
vehicles put into service during 1936 or to give figures 


as to cars in service, mileages, &c. It is felt that such | 
figures have become too large and change too rapidly | 


to serve any useful purpose. Some of the more inter- 
esting vehicles have been described, and comments 
have been made, but to give full details of the work 
done in the year in a field which has achieved the 
size of oil engine traction on the railways would 
necessitate a volume of figures which could not be 
satisfactorily compressed into the scope of an article. 








A New Capacitor Motor. 


‘THE latest fractional horse-power single-phase capacitor 


start induction motor made by Laurence Scott and Electro- | 


motors, Ltd., of Norwich, has certain features which 
differentiate it from many other motors of this class. The 
use of a current-operated relay in place of the centrifugally- 


operated device to switch the condenser out of circuit | 


when the motor has attained speed is the most noteworthy. 
The decision to use the current relay in preference to the 


alternative device was made after much experimental | 


work and tests had been undertaken. A machine with the 


new device at present working in the firm’s experimental | 
department has operated well over a million times against | 


full-load torque, whilst other machines applied to a variety 
of drives have proved to be thoroughly reliable over long 
periods. 
moving part and it can be mounted where space permits of 
sound mechanical design. The centrifugally-operated 


switch, the makers of this machine explain, has a large | 

















FRACTIONAL HORSE-POWER CAPACITOR MOTORS 


number of parts and is necessarily cramped into a 
small space. The relay always operates at the same 
and correct load and torque independently of the rotor 
heating. On the Laurence Scott machine the relay con- 
tactor with large tungsten contacts is housed within an 
enclosure which is an integral part of the end shield and 
can easily be inspected. 

Equal care has been taken to ensure satisfactory 
enclosure for the patented self-sealing condenser, which is 
mounted inside the motor frame, where it is well cooled and 
protected from accidental damage. Increase in the height 
of the machine by fitting the condenser on top has been 
avoided, a matter of importance where space is limited. 

The sleeve bearings are twice the length of the shaft 
diameter and are diamond bored to an accuracy of one- 
ten-thousandth of an inch. The finish secured by this 
process, the makers state, is equivalent to that resulting 
from long and careful running in, and without reducing the 
time the machine will operate without attention, it has 
been possible to keep the size of the oil well and the volume 
of oil to a minimum, thereby practically eliminating any 
risk of the oil reaching the windings. The terminal 
boxes have reversing links and detachable covers bearing 
wiring diagrams and are fitted with bushes and screwed for 
conduit. The motor frames are of the maker’s usual 
patented construction, giving exceptional rigidity. A 


high standard of silence is secured by large air gaps, close 
tolerances, accurate dynamic balancing, and the absence 


Advantages of the relay are that it has only one | 


Plate Bending and Flanging 
Machine. 


LN an accompanying engraving we illustrate a patented 
hydraulic universal bending and flanging machine, built 
by Hugh Smith and Co. (Possil), Ltd., Glasgow, to the 
order of a French shipbuilding concern. This machine 
is primarily designed for bending ships’ plates, and, 
being “‘ open ended,” plates of unlimited length can be 
bent in it. The machine is claimed to be the largest 
of its kind in the world, and has a total weight of 360 tons. 
It is capable of bending high-tensile steel plates up to 
40ft. long by 24in. thick to a slight set, and similar plates 
40ft. long by l}in. thick to 90 deg. The gap of the machine 
measures 7ft. 4in., and the distance between the two 
centre cheeks is 13ft. l4in. The forged roller is made 
of 19in. diameter high-tensile steel, and is fitted with an 








A new design has, however, recently been introduced 
and has met with considerable success in various general 


engineering applications. It allows the device to be used 
where endwise forces may be quite large, and has been 
applied to such uses as the locating of pinions on shafts, 
the restraining of ball and roller bearing cages and in most 
applications where the alternative was a collar and set- 
screw. 

In form the new Circlip consists of a piece of steel strip 
accurately dimensioned as to cross section so that it will 
take up a truly circular position in place. The cross 
section is biggest at the point on the circumference opposite 
the opening, and least at the two “ horns ”’ of the horse- 
shoe. When fitted into the collar of a ball bearing or over 
the shaft on which a pinion is carried the ring thus made 
becomes truly circular and ‘‘ beds down” uniformly 
Two patterns are available, one for internal use and 
the other for external use for purposes similar to either 
of the two just mentioned. Both have similar general 
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UNIVERSAL BENDING AND FLANGING MACHINE 


automatic feed gear to feed the plates through the 
machine. Two self-contained hydraulic cranes working 
over the machine are each capable of lifting loads up to 
10 tons through a height of 10ft., and have a working 
radius of 20ft. The machine has four oscillating cylinders 
and rams fitted with a patented power-saving device. 
The bending of the plates is effected in an entirely auto- 
matic manner, the plate being gripped between the jaws 


| by means of hydraulically operated wedges and the roller 


being then pushed against the plate by means of the four 
vertical hydraulic rams. When the desired set has been 
given an adjustable kicker.is actuated which releases 
the grip of the plate between the jaws. lowers the roller, 
and also rotates it through a predetermined distance, 
thus feeding the plate into the machine; when this has 
been accomplished another kicker is actuated and the 
cycle of operations is repeated. The roller is adjusted 
in a horizontal direction by means of links operated by 
motor-driven nuts and screws. Indicator plates are 
fitted to show the correct position of the roller when 
bending -various thicknesses of plates. By means of 
special slip plates the joggling of plates can be done at 
the same time as the bending. 








A New Retaining Device. 


FoR some time now small fully floating shafts, pins, &c., 
have been retained in position by means of a horseshoe- 
shaped wire clip, the ends of which are drawn together 
by means of a pair of pliers and the ring inserted in the 
tunnel of the shaft. On the release of the ends the clip 
form a spring ring, restraining the pin from longitudinal 
movement. For the purpose for which it was originally 
designed, namely, the restraining of gudgeon pins in 
motor car and similar engines, the Seegar Circlip, as it is 
called, manufactured by the Automotive Engineering 
Company, Ltd., of The Green, Twickenham, Middlesex, 
was perfectly satisfactory. Naturally, no forces tending 
to move a gudgeon pin endwise are applied. As a really 
substantial locking device, however, the original wire 
bent into horse-shoe shape had many disadvantages. 
Practically it was, after all, only a piece of steel wire liable 
to be deformed in time and generally mishandled during 
fitting or dismantling. Theoretically, it was also incorrect, 
though adequate, as a simple locking device. A wire of 
uniform cross section can never, as proved by the theory of 
bending, take up a truly circular form, but will always 
assume an elliptical one. Therefore the wire Circlip in its 
groove invariably rested on three points, thus causing the 
end play which it had to restrain to apply a shearing force 
to the cross section of the wire. While this fact was of no 
importance where the longitudinal forces applied were 
negligible, for work where these forces might be consider- 





of large fans. 





able the Circlip became useless in its original form. 


forms, but are made so that either the internal circum- 
ference in one case or the external circumference in the 
other becomes a true circle in use. The ends are, naturally, 
of different design. As a substitute for collar and set-screw 
the device has much to commend it, as it takes up very 
little space and is quickly fitted or removed. Standard 
sizes in English or metric measurements are available 
from }in. diameter to lfin. diameter. 








A LOG-CARRYING MOTOR SHIP. 


On Friday, January 8th, by the invitation, of Henry 
Robb, Ltd., of Leith, we visited the log-carrying motor ship 
* Port Tauranga,” loading a general cargo in the South- 
West India Dock. The ship, which left London the follow- 
ing day, on her six weeks’ voyage to New Zealand, calling 
-at Colombo, was specially designed by Mr. Henry Robb 
for Captain A. F. Watchlin, of Auckland, New Zealand, 
for the log wood trade between that country and Australia. 
Her deadweight carrying capacity is 1500 tons, with a 
length of 235ft., a beam of 45ft., and a depth of 15ft. Gin. 
Her principal feature is a single cargo hold 150ft. in length, 
with a single hatch opening 96ft. in length and 24ft. in 
breadth. This has been specially designed for the loading 
of long logs of timber, lengths of up to 94ft. being 
easily fitted into the hold, while logs up to 120ft. length 
can be carried on deck. The hatch beams are of the 
“'T. & B.” roller type, and are stowed at the forward end 
when loading or discharging, while the covers are of wood. 
For the handling of the timber cargoes the vessel is pro- 
vided with two steel derrick booms, served by steam- 
driven winches. The uncovering of the hatch can be 
carried out in three minutes. The engine-room is placed 
aft and the propelling machinery comprises a twin-screw 
arrangement of 600 B.H.P. Atlas Polar engines, built in 
Stockholm. They are four-cylinder trunk piston units with 
a bore of 340 mm. and a stroke of 570 mm., running at 
200 r.p.m. and operating on the two-stroke airless injection 
principle. Burgess silencers are fitted. The accommoda- 
tion for the master, deck officers, engineers, and petty 
officers is placed at the after end of the ship, while the 
crew are berthed in the forecastle. The performance of 
this unusual type of ship will be awaited with interest. 








Arrports Exxipition.—Lord Swinton, the Secretary 








of State for Air, is to open an exhibition entitled “‘ Airports 
and Airways ” at the R.I.B.A., on February 19th. This is 
the principal exhibition to be organised by the R.I.B.A., 
during this year, and will deal with civil aviation, its 
growing influence on the life of the Empire, and the 
necessity for proper planning to meet its requirements. 
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The Steamotive.* 


By E. G. BALLEY, A. R. SMITH, and P. 8. DICKEY. 


STUDIES made some few years ago indicated that there 
should be a good field of application for small steam 
generating units of good efficiency, relatively light weight, 
and small space requirements, in the field of power 
generating equipment for installations of small and 
moderate capacity, say, from 1000 H.P. to 10,000 H.P. 
In order to compete with other prime movers in this field 
the steam should be generated at as high pressure and 
temperature as appears feasible, and in order to reduce 
the operating expense it was agreed that fully automatic 
control of the steam generation in response to changes in 
demand would be a very desirable feature. 

A number of years ago the General Electric Company, 
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Fic. 1—-Flow Diagram, Developmental Steamotive Boiler. 


realising the necessity for improved power for locomotives 
and other similar applications, and having in mind the 
early work done by the Babcock and Wilcox Company 
and Bailey Meter Company, on high-pressure small- 
capacity boilers, as exemplified by the Bayonne and Purdue 
experimental installations, brought to the Babcock and 
Wilcox Company the problem of the application of portable 
steam units to railway work. This problem was presented 
on the basis of the Babeock and Wilcox Company’s supply- 
ing a complete steam generating unit. so designed and 
constructed as to be suitable for installation in a loco- 





The developmental Steamotive unit was assembled in 
the General Electric works at Schenectady, N.Y., during 
the latter part of 1934. The Steamotive boiler was 
designed and built by the Babcock and Wilcox Company 
at Barberton, Ohio. It was oil fired and designed for an 
output of 21,000 lb. of steam per hour at a pressure of 
1500 lb. and a temperature of 1050 deg. Fah., leaving the 
superheater, later changed to 900 deg. Fah. These specifi- 
cations conformed to the requirements of a steam turbine- 
electric locomotive. 

The Steamotive auxiliary set was designed and built by 
General Electric Company. These auxiliaries, geared 
together as one turbine-driven unit, consisted of a feed 
pump which delivered 25,000 lb. of water per hour at a 
pressure of 2000 lb., a blower for 30,000 lb. air per hour 
at 60in. water pressure, a fuel oil pump, and a lubricating 
oil pump. 

The meters and complete automatic control, designed 
and built by Bailey Meter Company, co-ordinate the 
auxiliaries and the supply of fuel, air, and feed water to 
control steam output, pressure, and temperature, together 
with complete automatic ignition and safety equipment. 

No serious defects were encountered in any of this 
equipment. During tests the complete unit operated 
950 hours, much of which time was at continued maximum 
rating with long periods under extremely variable load 
conditions, such as would be encountered in regular loco- 
motive road service. The combustion of oil exceeded 
400,000 B.Th.U. per cubie foot per hour on peaks and 
375,000 under continuous load. The unit operated over a 
range of output of 10 to 1 under complete automatic 
control. 

This Steamotive unit is now in commercial service in the 
Lynn Works of the General Electric Company. 

A complete turbine generator plant using one oil-fired 
Steamotive unit has been built for a large industrial 
concern and is now being installed in one of its small 
isolated manufacturing plants for supplying electric power 
and low-pressure steam for building heating. This 
Steamotive unit has a capacity of 10,000 lb. per hour and 
furnishes steam to the turbine at 1200 lb. per square inch 
and 950 deg. Fah. 

Two oil-fired Steamotive units, each having a capacity 
of 40,000 lb. per hour, are now being constructed for the 
Union Pacific Railroad for driving two 2500 H.P. electric 
locomotives. These units will furnish steam to the 
turbines at 1500 lb. per square inch and 950 deg. Fah. 
Unit. 


INSTALLATION OF DEVELOPMENTAL STEAMOTIVE 


The first developmental Steamotive unit was assembled 
at the Schenectady Works of the General Electric Company 
for test. The intention was that two similar units would 
be installed in the cab of a 5000 H.P. steam-electric loco- 
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motive in conjunction with turbine-electric drive installed 
by General Electric Company. 

The objects to be attained in the construction of this 
complete portable steam power plant were as follows :— 

(a) High steam pressure and temperature. 

(6) Minimum weight and size per unit of steam pro- 
duced. 

(c) Wide range of capacity with ability of the unit to 
respond quickly to wide variations in load conditions. 

(d) Adaptability to wide range of fuels. 

(e) Completely co-ordinated auxiliaries. 

(f) Completely co-ordinated automatic control. 

(7) Units to be of simple design and to be constructed in 
sizes small enough to be portable. 

Following preliminary work done jointly by the Babcock 
and Wileox Company, General Electric Company, and 
Bailey Meter Company to confirm the possibilities, a 
developmental steam generating unit was built and put 
in operation to perfect the design of the various com- 
ponent parts under actual operating conditions. This 
complete steam generating unit was called “‘ Steamotive.” 





* The American Society of Mechanical Engineers, New York 
meeting, November 30th to December 4th, 1936. 
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Developmental Steamotive Boiler. 


motive. The shape and dimensions of the boiler were 
determined by the proposed locomotive design, which at 
that time required the boiler to be wholly above the frame, 
hence necessitating a horizontal boiler. The flow diagram i is 
shown in Fig. 1 and the details of construction in Fig. 2. 

From the hurner the flame and gases pass horizontally 
through the completely water-cooled furnace, thence up 
and back with a 180-deg. turn into the superheater, 
flowing around the separator, through the economiser and 
air heater and up the stack. The air for combustion leaves 
the blower at relatively high pressure, passing through 
lanes intersecting the stack and down around the air 
heater tubes to the oil burner. There is no induced draught 
fan, the blower forcing the air through the burner and 
furnace under pressure. 

The feed water enters the economiser inlet header, and, 
after leaving the outlet header, is divided into five circuits, 
all five of which form the floor, sides, and roof of the furnace 
as well as the two sets of loops forming the boiler screen. 
All the steam is generated in these five furnace and boiler 
circuits and enters the separator with a surplus of about 
400 lb. of water per hour in each circuit. From the 
separator the dry steam goes through the superheater and 
directly to the main turbine. The water from the separator 
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is called the “‘ spill-over,”’ and it passes through a heat 
exchanger to the hotwell, where it mixes with the con- 
densate and is re-fed to the boiler by the feed pump. 


DESCRIPTION OF BOILER. 


Burner.—The burner is of a special, short barrel, steam 
atomising, wide range design. Guide vanes are provided to 
secure even distribution of the air to the burner. A pilot 
gas burner is provided for ignition, and is fed with propane 
gas stored in portable cylinders. A photo-electric flame 
failure indicator is located in the burner box. This cell 
‘* sees ’’ the flame through the opening between the burner 
throat and the impeller plate. 

Furnace.—The furnace is approximately 3ft. 6in. wide 
and 3ft. 6in. high inside the tubes and 7ft. 6in. long fron 
the burner wall to the boiler screen tubes. The furnace 
volume is 90-4 cubic feet. The only refractory in the 
furnace is in the burner wall. The floor, sides, and roof 
of the furnace are formed by closely spaced tubes, There 
are five cireuits in parallel in the furnace and boiler screen. 
The five circuits in the floor, side walls, and roof are con- 
nected in such a way as to balance as nearly as possible 
the heat input to each of the five combined circuits. The 
length of each floor circuit is 92ft. 9in. The average length 
of each wall circuit is about 183ft. 6in., and the average 
length of each roof circuit is about 49ft., giving a total 
average length of each furnace circuit of approximately 
325ft. 

Superheater.—Due to the removal of excess surface the 
superheater occupies only about one-third of the available 
space. The roof, rear wall, and side walls of the cavity in 
the rear of the superheater are lined with closely spaced 
superheater tubes forming a radiant section, the purpose 
being primarily to protect the inner casing plates from 
excessive gas temperature. 

The superheater tubes are KA2S (18 per cent. chromium, 
8 per cent. nickel), supported by alloy steel rods hung from 
the roof with springs to take up differential expansion. 
The superheater inlet headers are of seamless carbon steel 
and the outlet header is of forged KA2S. Except for the 
inlet and outlet ends the headers are within the casing and 
uninsulated. 

Economiser.—The economiser consists of twenty-nine 
vertical rows formed by flat coils which give the equivalent 
of eighteen horizontal rows. The coils are hung from the 
roof by alloy rods in the same way as the superheater. 
The inlet and outlet headers are inside the casing, and are 
made from seamless carbon steel tubes. A tube connects 
the economiser outlet header to the five furnace floor 
circuits below the burner. Coiled resistor tubes are con- 
nected between the economiser outlet and the floor circuit 
inlets to introduce a definite pressure drop to ensure equal 
water distribution to each furnace circuit. 

All tube connections are made by the fusion-welded 
process and each circuit is continuous without flanged or 
expanded connections. All tubes are strength welded to 
headers and drums. The tubes and separator drum are 
designed for a factor of safety of five. 

Air Heater.—The air heater is made up of 1515 tubes, 
2ft. 4in. long, and the rows are spaced on lin. horizontal 
and }#in. vertical centres staggered. The tube ends are 
welded into the steel tube sheets. The gas flows inside the 
tubes and the air cross flows outside. The air connection 
at the front of the boiler crosses the gas outlet to the air 
heater inlet by means of three streamlined ducts. The 
contour of the gas outlet corresponds to that of the loco 
motive roof. 


Heating Surface——-The boiler heating surface is as 
follows : 
Furnace projected surface, square feet 112-3 
Boiler screen convection surface, square teet. 115-9 
Superheater  atetietta radiant surface, square 
feet ... 30-5 
Superhe ater convection ‘surface, square feet 127-8 
Economiser, square feet .. 275 
578 


Air heater, square feet 


Separating Drum.—The separating drum is located in 
the top of the boiler extending through the top casing 
13gin. with the bottom near the furnace roof plate. The 
drum is supported from structural work in the top casing. 
The furnace roof plate is attached to the bottom of the 
drum as well as the superheater and economiser headers 
for additional support. 

The inlet connections from the five furnace circuits enter 
the drum tangentially, with the ends of the tubes flattened. 

The two steam outlet connections are located 180 deg. 
apart with the centre line 18}in. above the centre line of 
the inlet connections. 

Boiler Casing.—The casing and structural work was 
designed for a static pressure of 60in. of water. It is 
necessary that the casing remain gas-tight against this 
pressure and it was decided to make the outer casing tight 
by all-welded construction. The outer casing plates are 
of carbon steel and the inner plates of heat-resisting alloy. 
The outer plates also form an integral part of the strength 
members welded to the six vertical I-beam and four angle 
buckstay columns. The casing and supports were designed 
for a shock load endways and a side sway or turn-over 
loading two and a-half times the static load. 

Auziliary Set.—In order to save space and complexity 
of control and improve the efficiency of the boiler auxiliary 
drive to the highest degree, it was agreed that a combined 
drive for all the boiler auxiliaries would be an essential 
feature. These auxiliaries consist of a feed water pump of 
the positive displacement type, a blower for furnace com- 
bustion air, and a fuel pump of the positive displacement 
type. Roughly speaking, the demands for combustion 
air and fuel oil are proportional to the steam output of 
the boiler, and in this particular type of boiler the feed 
water demand is always in excess of the steam output of 
the boiler. The characteristics of the various auxiliary 
requirements are such that the relative speeds of all three 
auxiliaries should be high for high boiler steam outputs and 
low for low steam outputs. This makes possible the 
gearing of the three component parts in a fixed ratio and 
driving them by a single variable-speed steam turbine. 
Thus the entire set runs at a speed determined by the 
steam output of the boiler with modification to the blower 
output by means of a damper, and to the fuel oil output 
by means of a by-pass on the fuel oil pump, with the feed 
water pump output as the independent variable from which 
the speed of the entire set is determined. The boiler feed 
pump is designed to deliver the necessary full load 
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feed water flow to the boiler at 100 per cent. speed. At 
this same speed the combustion air blower is designed 
to deliver, say, 10 per cent extra air so that it can 
be controlled by dampering. The fuel oil pump 
is given a wide margin of extra capacity in order to 
take care of possible wear in its parts and also because 
its power requirements are relatively insignificant, 
and itis made a final variable dependent upon the air 
supply. The characteristic requirements of feed water 
flow to the boiler due to the constant quantity of spill- 
over water forces tie auxiliary to run at somewnat higher 
speeds at less than full load tian would be required by the 
combustion air blowet,-as a consequence of which the 
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combustion air excess available is always greater at lower 
loads than at full load. 

The particular auxiliary unit which was built for the 
developmental set is shown in various cross sections in 
Fig. 3. 

The turbine runs at relatively high speed driving a 
pinion meshing with a high-speed gear on the blower shaft. 
This same shaft carries the low-speed pinion which meshes 
with a low-speed gear on the boiler feed pump shaft. 
From the boiler feed pump shaft on its outboard end the 
fuel oil pump and the lubricating oil pump for the set are 
driven through a pair of spiral gears. The turbine for the 
developmental set is a relatively simple machine of only 
one stage. 

The combustion air blower is a centrifugal compressor 


In view of the limited amount of water and heat storage 
in Steamotive units and since all natural circulation is 
eliminated, it is of utmost importance in operating this 
unit that water be fed as nearly as possible equal to the 
rate of steam output plus spill-over. To accomplish this 
purpose the speed of the auxiliary set is governed to 
maintain any desired water flow from the feed pump. 

The desired rate of water flow is established by measured 
indications of total boiler steam flow and separator drum 
level, and the variable water flow governor regulates the 
speed of the turbine driving the auxiliary set to maintain 
this water flow regardless of variations in steam or 








water pressure, feed pump efficiency, or other variables. 


























line to the torch, and the spark igniters for the torch are 
interlocked to perform the following functions :—- 

(1) Upon closure of the lighting switch, the igniters are 
energised and the propane valve opens, lighting the torch. 
After a short delay the fuel oil control valve is opened to 
the burner, and as soon as ignition of the oil fire is esta- 
blished, as indicated by the photo-electric flame detector, 
the propane torch and igniters are cut off after a short 
time delay. 

(2) The fuel oil is shut off in case of (a) high boiler 
pressure, (b) high superheat temperature, (c) high tempera- 
ture at outlet of any furnace circuit. (d) flame failure. 

(3) The oil burner is automatically relighted as in 









































Steamotive unit is designed is that of maintaining an 
excess of water leaving the evaporating furnace circuits. 
The quantity of this spill-ower water delivered into the 
separating drum is maintained constant at all outputs. 
The excess water flow is secured by means of a fixed 
resistance tube connected to the bottom of the separating 
drum which will discharge the desired quantity of water 
with a given difference between drum and back pressures, 
A constant water level in the separating drum is main- 
tained by the automatic control which adjusts feed pump 
delivery, which is greater than steam output by the 
amount of spill-over. 

The fixed resistance tube for normal spill-over is in 
parallel with the automatic spill-over valve which opens 
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(1) Closes solenoid-operated fuel 
superheat temperature. 
set lubricating oil pressure. 
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OPERATION OF RELAY PANEL. 


shut-off valve and opens propane solenoid valve and energises torch igniters upon :—({a) High boiler pressure. 
(c) High temperature at outlet of any furnace circuit. 
(f) Flame failure. 





lool To" a's: | 
Controller Air Suppl 
ad as 
“6 “+n 7 
G Fuel Control Valve To 8. : 
| J 


Diff. Relays ' 
To ‘As 


Steam Flow Oil Flow = Air Flow 
Controller Controller 
* GB 3°, 
To C 
eo 
Air Supply \ 0 
Standatro! | A | | i 
V Auto Burner | 
Pump lighting Panel 


(d) Loss of feed pump suction pressure. 
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Fic. 3——DVevelop tal St t Auxiliary Set. 
One of the important principles upon which the| paragraph (1) when (2a), (25), and (2c) are restored to 


normal. 

(4) Upon loss of flame only the relighting cycle is 
repeated several times, and if flame cannot be established, 
the unit is shut down, requiring manual reset. 

(5) Upon loss of feed pump suction pressure or loss of 
auxiliary set lubricating oil pressure the oil fire and torch are 
cut off and the air supply to the governor of the auxiliary 
set turbine is likewise cut off, shutting down the auxiliary 
set. 


Test RESULTS. 
Before the tests were begun there was some appre- 
hension about being able to reach the desired capacity of 
21,000 Ib. of steam per hour with any reasonable com- 
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(6) High 


(e) Loss of auxiliary 


(2) Opens solenoid-operated fuel shut-off valve after short time delay when (la), (1b), (Ic), (1d), and (le) are restored to normal. 
(3) Closes propane solenoid valve and de-energises igniters after time delay after oil flame is established. 
(4) Upon loss of flame only, cycles through (2) and (3) several times and finally shuts down, requiring manual reset if flame cannot be established. 


having a maximum discharge head of about 60in. of water. 
The boiler feed pump is a single-acting five-cylinder piston 
pump running at a normal full speed of about 800 r.p.m. 
with pressure lubrication of the crankshaft pins and con- 
necting-rods and crosshead wrist pins. Relatively speak- 
ing, for its capacity and high-pressure service it is of small 
size and light weight. The pump inlet is supercharged to 
a pressure of about 75]b. to avoid any possibility of 
cavitation due to the rapid motion of the pistons and the 
valves. The valves themselves are of hardened steel on 
hardened steel seats of approximately lin. diameter and 
from 0-03in. to 0-05in. lift. With such small valves it is 
essential that no dirt particles of any size be allowed to 
enter the pump and a good fine-mesh strainer is provided 
at the pump inlet. 

Automatic Control.—The automatic control equipment 





is shown diagrammatically in Fig. 4. 





Fic, 4—Diagrammatic Lay-out, Developmental Steamotive Unit. 


when the water level exceeds the normal limit, quickly 
bringing the level back to normal by means of the large 
increase in spill-over. 

The auxiliary set is designed to provide an excess of air 
and oil at any given feed pump speed and the automatic 
control equipment is arranged so that necessary throttling 
of both is provided to maintain a constant steam pressure 
at the boiler outlet. In addition, the ratio of fuel and air 
is closely controlled in accordance with metered indications 
of each so as to maintain the minimum allowable excess 
air for good combustion. 

The burner is provided with a propane torch with dual 
spark ignition and with a photo-electric flame indicator. 
A three-way valve is provided in the oil line to the burner 
to shut off automatically the fuel oil supply to the burner 
and re-circulate the oil to the suction side of the oil pump. 





This three-way valve, the solenoid valve in the propane 








bustion efficiency. Although the design capacity for con- 
tinuous running was for 16,000 lb. steam per hour, the 
unit ran forty continuous hours at 21,0001b. per hour 
and was tested up to 22,000 lb. per hour, which was the 
limit of the blower for continuous operation. 

At the normal load rate of 16,000 lb. of steam per hour 
the feed water pressure entering the economiser is 1610 lb. 
and the steam pressure at the superheater outlet is 1390 lb., 
there being a 220 lb. pressure drop through the economiser, 
boiler, and superheater. The steam temperature leaving 
the superheater at an output of 16,000 lb. per hour is 
870 deg. Fah., rising to 910 deg. Fah. at 22,000 lb. per 
hour and dropping to 770 deg. Fah. at 5000 Ib. per hour. 

The air pressure entering the air heater is 18in. of water 
at a steaming rate of 16,000 lb. per hour, which increases 
to 43in. at a rate of 22,000 Ib. per hour. The air entering 
the burner is at 450 deg. Fah. at a rate of 16,000 Ib. per hour 
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and 500 deg. Fah. at a rate of 22,000 lb. per hour. Com- 
bustion is complete within this range of output with less 
than 15 per cent. excess air, and combustion rates from 
25,000 to 375,000 B.Th.U. per cubic foot of furnace 
volume per hour. 

The boiler efficiency varies from 75 per cent. based on 
the high heat value at a rate of 22,000 lb. per hour up to 
85:5 per cent. at a rate of 5000lb. per hour. These 
efficiencies are 4 to 5 per cent. higher than those originally 
anticipated from the limited heating surface permitted 
under the conditions to be met in locomotive design. _ 

The load cycle tests on the unit were in two periods of 
80 and 267 hours’ duration. Approximately 450 cycles 
from minimum to maximum load were made. The total 
operating time of the unit at Schenectady was 950 hours. 

Fig. 5 shows results of a typical test made to determine 
the flexibility of this unit. This simulates a station stop 
of a locomotive, when the steam flow, except for driving 
the auxiliary set, is quickly shut off. The unit continues 
at a low load for three minutes when the throttle is 
opened, increasing the steam flow to approximately 
16,000 Ib. per hour in one minute and to 20,000 Ib. per 
hour in 2} minutes. The effect of these load changes upon 
steam pressure, steam temperature, water level in the 
separating drum, water flow, air flow, and oil flow are 
clearly shown. 
During these load cycle tests, such as shown in Fig. 5, oil 
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Fic. 5—Load Swing Test, Developmental Steamotive Unit. 


was burned at rates well above the maximum output rate 
for short periods during the load pick-up, and during some 
of these periods the liberation was as high as 500,000 
B.Th.U. per cubie foot of furnace volume per hour with 
low excess air, complete combustion, and freedom from 
smoke. 

Fig. 6 shows how quickly the boiler may be placed in 
service from a completely cold condition, except that the 
auxiliary set was driven from an external source. Note 
that the boiler is steaming at reduced pressure within 
four minutes and has picked up to full load with normal 
pressure and temperature after six minutes more. 


Fce. O1. 
The fuel oil used during the tests at Schenectady was 
bunker C, having a typical analysis as follows :— 


Carbon, per cent. 87-8 
Hydrogen, per cent. 10-2 
Sulphur, per cent. ..._ . ae 0-7 
Oxygen and nitrogen, per cent. 1-3 
Re ae 18,470 
Specific gravity, A.P.I. at 60 deg. Fah. 11-9 
Bottom sediment and water, per cent. 4-0 
Saybolt 

Furol. Engler. 
Viscosity at 152 deg. Fah. ... 28 sec. 7-2 deg. 
Viscosity at 180 deg. Fah. ... 17 sec. 3-6 deg. 


FEED WATER. 

Boiler feed water for the Schenectady tests was obtained 
from the condenser hotwell treated with caustic soda to 
obtain a pH value in excess of 11. 

in operating the unit the spill-over water was returned 
to the hotwell after passing through a feed heater. Con- 
centration in the feed water was thus only increased in 
the furnace circuits, depending upon output, re-establish- 
ing the average concentration by mixing spill-over and 
condensed steam in the hotwell. 


PropPosep BorLER ARRANGEMENT. 


Fig. 7 indicates an improved design of Steamotive unit 
after experience with the developmental unit at Schenec- 
tady and Lynn. This boiler is vertically fired. The furnace 
is circular in cross section. There are two intermediate 
open passes between the furnace and superheater which 
require the gases to make three 180-deg. turns. The 
furnace and two open passes are completely water cooled 
with studded or bare tube construction. The furnace 
tubes are fully studded and the open pass tubes are bare 
or partially studded. The maximum capacity of this 
boiler is about the same as the original developmental unit. 


CONCLUSION. 
(1) Tests made on the developmental Steamotive unit 













generating unit of this type is entirely practical for 
generation of high-pressure and high-temperature steam. 
(2) The principal advantages of this type of unit over 
natural circulation boiler installations are the small space 
required and the reduction in weight of the unit. 
(3) It is possible to fit this type of boiler into a restricted 
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space and the design is flexible in its adaptability to limits 
in height, width, or length. 

(4) Minimum weights and volume in a high-pressure 
steam generator require: (a) high furnace release rates, 
(6) high convection transfexyates, (c) small tube diameter, 
(dq) minimum tube thickness, (e) forced circulation in 
steam generating tubes, (f) practical elimination of 
refractory walls, (7) simple and compact auxiliary equip- 


than safety valves and other protective devices common 
on natural circulation boilers. 

(10) It is essential that the application of a unit of this 
character be carefully considered, since reduction in weight 
and space requirements can only be obtained through 
increase in auxiliary power and reduction of plant efti- 
ciency, especially at high loads. In certain applications 
the problem is simple, since the space requirements are 
definitely fixed. However, where space is available it is 
generally more economical to use a larger unit, improve 
boiler efficiency, and reduce auxiliary power. 








HYDRO-ELECTRIC PROGRESS IN CANADA 
IN 1936. 


THE annual review of hydro-electric progress in Canada 
released by the Hon. T. A. Crerar, Minister of Mines and 
Resources, discloses that, although a comparatively small 
addition was made to the total developed water power 
capacity in the Dominion during 1936, there are a number 
of developments actively under construction which will 
add materially to the total in the present and future years. 
New installations during 1936 aggregated 36,475 H.P., 
bringing the total for the Dominion at the end of the 
year to a figure of 7,945,590 H.P. 

The programme of hydro-electric development through- 
out Canada during the past few years has been largely 
influenced by conditions brought about by the recession 
period 1930 to 1933. Prior to 1930 a number of major 
developments had been placed under construction with 
a view to keeping pace with the demand for power which 
had been growing steadily for some years. This growth 
in demand, however, ceased in 1930 and was replaced by 
a recession which continued until April, 1933. In the 
month of May of that year the demand again turned 
upward and has continued to do so month by month 
to the present time. Notwithstanding conditions in the 
years of recession much of the construction, being well 
started, had to be proceeded with and gradually brought 
to completion, thus providing a generating capacity 
in excess of existing power demand and _ rendering 
unnecessary for the time being the initiation of new 
projects. The spread between installed capacity and 
power output has been rapidly narrowing in the past 
three years. 

In this connection, the monthly figures of output of 
central electric stations compiled and published by the 
Dominion Bureau of Statistics are of special significance. 
Month by month in 1936 these figures have shown a 








ment, and (4) shape of boiler approaching a cube. 
(5) High convection transfer rates require high draught 


Gas Outlet 





E aasecam. 


Air Heater 


= Be 4 1 
rer | 

Pw First Pass 

| 

| 

' 





eteeeecnsevene 


Air Heater 
Second Passe 








preteeeeeeee 





| 


Economizer 
Inlet 


Economizer 


Superheater  ~ 











Bu erheater > 
3 First Pass, 
le RE 
Superheated 
Steam Outlet 











xc 


substantial increase over the figures for the corresponding 
month in 1935, and for the ten-month period for which 
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loss. Transfer rates, exclusive of the radiation com- 
ponent, vary as approximately the two-thirds power of 
gas mass flow. Draught loss varies as approximately the 
square of gas mass flow, and will increase as approxi- 
mately the cube of the convection transfer rate. 

(6) The elimination of refractory in the furnace and 
boiler setting, replaced by water walls and insulating 
block, not only results in a large saving in weight and 
volume, but also in reduced heat capacity that materially 
affects the ability to change output quickly. The small 
water content of the forced circulation boiler results in 
quick response to load changes and ensures safety in 
spite of the high-temperature and high-pressure steam 
conditions. These factors permit quick starting from a 
cold condition, requiring less than ten minutes from 
lighting the burner to full output. 

(7) It has been found that combustion liberation rates 
up to 400,000 B.Th.U. per cubic foot per hour can be 
obtained with low excess air and smokeless combustion 
with oil fuel. 

(8) The pressure furnace which utilises forced draught 
only is entirely practicable and materially simplifies the 
draught equipment and control therefor. 

(9) The wide-range burners used on this unit and the 
co-ordinated auxiliary set make complete automatic 
control a thoroughly practicable device. Completely 
automatic lighting of the burners has been entirely satis- 
factory and the use of safety devices which automatically 





and subsequent design studies indicate that a steam 





cut off the oil fire have proved a more effective protection 








SECTION A.A. 


Vertically Fired, Open-pass Steamotive Boiler. 


statistics are -available in 1936 an aggregate increase 
over the corresponding period for 1935 of 94 per cent. 
has been shown. 

The new installations in 1936 comprised, chiefly, 
additions to existing developments, such as the High 
Falls plant of the Maclaren-Quebec Power Company 
on the Lievre River, the Rat Rapids plant of the Ontario 
Government on the Albany River at the outlet of Lake 
St. Joseph, and the Ruth Falls plant of the Nova Scotia 
Power Commission on East River Sheet Harbour. Several 
small installations were also completed in British Columbia. 








CALENDARS, DIARIES, &c. 


H. J. SKELTON AND Co., Ltd.—‘ Perpetual "’ wall calendar. 
PxECKETT AND Sons, Ltd., Bristol.Monthly wall calendar. 

FLOWERDEW AND Co., Ltd., 227, Strand, W.C.2.—Monthly 
wall calendar. . 

Crayton, Son anp Co., Ltd., Hunslet, Leeds.—Monthly 
wall calendar. 

BRAITHWAITE AND Co. (ENGINEERS), Ltd., Horseferry-road, 
8.W.1.--Pocket diary. 

D. Giitson AND Co., Ltd., Billet Works, Billet-road, London, 
E.17.—Monthly wall calendar. 


Werttn-Mactacuian Davrts, Ltd., 525, Grand-building, 








Trafalgar-square, W.C.2.—Refil cards for weekly calendar. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The International Steel Position. 


The scarcity of iron and steel which is affecting 
practically all the world’s markets, although it was not 
unexpected, developed with surprising speed. The chief 
sufferers are the export markets, which for a long period 
have been content to work upon comparatively small 
stocks. Overseas buyers are anxiously pressing orders 
upon both the British and Continental merchants and 
manufacturers, but only a small proportion of the business 
can be placed for delivery in less than three to four months. 
This means that in the case of several descriptions of 
steel foreign buyers will have to go short for an indefinite 
period. The British and Continental makers are threatened 
with a shortage of raw materials, and this has been one of 
the reasons that has led to recent increases in export 
quotations. The Belgian works seem to be in a particu- 
larly difficult position, since it is feared that the new 
social legislation may be interpreted in a way that will 
prevent the steel works from taking on temporary labour, 
and as a result they are chary of accepting the obligations 
which would be necessary to increase their outputs. 
Another problem which the Belgian industry has to face 
is the threatened restriction of coke supplies, as the 
Belgian National Coke Office desires to limit the quantities 
supplied to the industry to 80 per cent. of the December 
total. The cost of ore has increased considerably, as the 
French mine owners have had to meet the higher labour 
charges due to social legislation. It is not surprising, 
therefore, that the Belgian steel works are estimated to 
be operating for the most part at not more than between 
60 and 70 per cent. of capacity. In Germany the steel 
works have more orders offered them than they are able 
to deal with. An effort, however, is being made to prevent 
the practice of charging premiums and a system of penalties 
has been introduced for those transgressing in this respect. 
Arrangements have also been made to ensure that small 
firms obtain their supplies with the same regularity as the 
larger concerns. The labour difficulties which have 
followed the introduction of the forty-hour week in the 
Lorraine iron industry have affected supplies of minette 
ores to Germany ; but in part this has been met by the use 
of domestic low-grade ore. Although the French iron and 
steel works do not seem to be so actively employed as 
producers in other countries, this may be partly the result 
of labour troubles which have handicapped the industry 
during the opening of the new year. The domestic 
demand has declined somewhat during the past few weeks 
and it is stated that large quantities of steel products are 
awaiting delivery instructions at the works’ stockyards. 


The Pig Iron Market. 


No doubt seems to be entertained in the industry 
that the production figures of last year, although they con- 
stituted a record, will be improved upon during 1937. 
Difficulties, however, are being experienced in obtaining 
sufficient supplies of foreign ore, and it is understood that 
for this reason there will be delays in bringing new furnaces 
into operation. The outlook as regards ore is causing 
considerable anxiety to the pig iron makers, and although 
the supplies from home sources seem likely to be increased, 
it is doubtful if they will be sufficient to make up the 
deficiency in foreign arrivals. In spite of the advance of 
7s. 6d. in the price of basic iron on January Ist, supplies 
are short and the makers would be glad to obtain larger 
quantities from abroad; but at the moment Russia, the 
chief independent supplier, is reluctant to sell for export. 
There seems to be a scarcity of basic iron in most of the 
producing countries, and whilst the Japanese require- 
ments for next year, additional to their own output, are 
said to amount to over one and a-quarter million tons, the 
quantities likely to be available for this market are 
estimated at about halfa million tons. Business in foundry 
iron has diminished of late, largely because the works 
have none to sell for near dates. During the holiday there 
were few of the usual suspensions of delivery, and as a result 
there was practically no addition to stocks in makers’ 
yards. On the North-East Coast new business is difficult 
to arrange and consumers with running contracts are 
strictly rationed. Sellers of Midland irons also are 
reluctant to add to their existing commitments and in a 
number of cases refuse to entertain fresh business. For 
the most part consumers seem to be fairly well covered 
forward, in some instances up till the end of next Sep- 
tember. They are trying hard to obtain additional ton- 
nages of Northamptonshire iron, but with little success, 
and as a result there has been a run on the remaining 
stocks of Derbyshire iron. Quotations remain unchanged 
for Northamptonshire No. 3 foundry at 83s. 6d. and 
Derbyshire No. 3 at 86s. d/d Black Country stations. 
Business in Scottish foundry iron would be active if 
sufficient supplies were available, but as it is consumers 
have to be content with comparatively light deliveries. 
The consumption of hematite continues on a heavy scale 
and there are a number of consumers who complain that 
they are unable to place orders for all the material they 
require. 


The North-East Coast and Yorkshire. 


The situation on the North-East Coast is one 
of stringency in all departments, and so far as can be 
judged it is not likely to be relieved for some months to 
come. The works are not in a position to book new business 
except for very extended delivery, and no sooner is a 
contract completed than pressure is exerted by the con- 
sumer for its renewal. In many cases users find that they 
cannot replace their expiring contracts on the same 
tonnage basis. Business seems to be offering in ever- 
increasing quantities, and although it is said that the 
full force of the demand for rearmament purposes has 
yet to be felt there is no doubt that heavy pressure is 
being experienced, directly or indirectly, by firms engaged 
in this work. The production of semi-finished steel, 


great as it is, is quite inadequate to meet consumers’ 
full requirements, and it is practically impossible to buy 





parcels of untested soft billets on the open market. 
Lately there has n an increased demand for sheet 
bars, and the position has become nearly as difficult as 
in the case of billets. The output of bars, joists, and 
sections continues at full capacity, but the demand for 
this class of material seems to be insatiable, and there 
are complaints from the constructional engineering firms 
of the difficulty of obtaining their full needs. Export 
business in this section is not easy to arrange and pre- 
miums are demanded on material for foreign markets 
of varying amounts, whilst delivery dates are most 
indefinite. The plate mills have orders in hand for months 
and the periods required for execution seem to be gradually 
extending. The shipbuilders on the North-East Coast 
are partly responsible for this situation, as their require- 
ments are considerably more than was the case a few 
months ago. The Yorkshire market is in much the same 
position as other districts in this country, and the works 
are concentrating more upon maintaining deliveries than 
upon seeking new business. Production in the Sheffield 
area has exceeded all previous records, and it is anticipated 
that the figures for 1936 will be surpassed this year. 


British Iron and Steel Production. 


The monthly statement of the British Iron and 
Steel Federation gives the production of pig iron in 
December at 671,400 tons, against 643,100 tons in Novem- 
ber and 559,300 tons in December, 1935. The output 
included 165,800 tons of hematite, 357,200 tons of basic, 
121,000 tons of foundry, and 13,100 tons of forge pig iron. 
The production for the whole of last year amounted to 
7,685,700 tons, against 6,424,100 tons in the previous year, 
an increase of 19-6 per cent. Steel ingots and eastings 
were produced to the extent of 1,019,200 tons in December. 
compared with 1,001,300 tons in the previous month, and 
811,500 tons in December, 1935. The total production for 
1936 amounted to 11,698,200 tons, an increase of 18-7 per 
cent. on the 1935 figure of 9,858,700 tons. At the end of 
December 110 furnaces were in blast, four having ceased 
production, two having been temporarily damped down. 
and two blown in during the month. Particulars of these 
are not included in the statement, but one furnace was 
blown in at the Earl of Dudley’s Round Oak Works and 
one at the Frodingham works of the Appleby-Frodingham 
Steel Company. Ltd. A furnace was blown out at the 
works of Shotts [ron Company, Ltd.; the Appleby- 
Frodingham Steel Company, Ltd.; Guest, Keen and 
Baldwins, Ltd., Briton Ferry ; and the Low Moor Iron 
Company, Ltd.; whilst the two damped down were at the 
works of Colvilles, Ltd., Glasgow. The following table 
gives the monthly average production over a period of 
years and the output for the past four months :— 


Pig iron, Steel, 

tons. tons. 
1913—Monthly Average 855,000 638,600 
1920 *” ” 669,500 755,600 
1929 : “a 632,400 803,000 
1934 i 497,400 737,500 
1935 i 535,300 821,600 
1936 aa ae 640,500 974,900 
September... 650,800 1,027,000 
October 670,300 1,060,500 
November ... 643,100 1,001,300 
December ... 671,400 1,019,200 


Scotland and the North. 


Operations at the Scottish steelworks are on 
as heavy a scale as before the short New Year’s holiday. 
Recent shipbuilding orders have strengthened the 
demand, if that were possible, for ship plates and sections, 
and the mills are inundated with specifications against 
contracts. The pressure to secure supplies of sections 
has never been more severe than at present, as the con- 
structional firms have important undertakings on hand 
and are genuinely nervous with regard to their supplies. 
Complaints are not infrequently heard that work is 
delayed by the late delivery of urgently needed material, 
but the steelworks declare that they are trying in difficult 
circumstances to meet all their customers’ requirements. 
The locomotive builders have a heavy tonnage of work 
on their books and are taking good deliveries of boiler 
plates. In fact, the position is becoming more and more 
stringent in this department, and the length of time 
required for the execution of an order is steadily expand- 
ing. Production at the sheet works is well maintained, 
but it is generally understood that bigger outputs could 
be made if sufficient supplies of raw material were avail- 
able. The bulk of the production of sheets is for home 
use and makers are rather resentful that they have not 
been allowed to raise their quotations to domestic con- 
sumers. Business on export account, however, is extend- 
ing, and all the inquiry cannot be satisfied. The recent 
price advances in this department appear to have made 
no adverse impression upon the demand. The position 
at the malleable iron mills in Scotland has also improved 
during the past month, and an indication of this is afforded 
by the recent increase in the price of Crown bars. In 
Lancashire the amount of new work has been limited by 
the difficulty of fixing up satisfactory delivery dates, 
but there is a large volume of business offering. Many 
consumers have covered themselves well forward, but 
a certain amount of irritation has been caused by the 
delays in deliveries against contracts. One of the most 
noticeable features of the situation in this district.is the 
strong demand for boiler plates. é 


Current Business. 


British Timken, Ltd., Birmingham, have been 
placed on the Admiralty List for ball and parallel roller 
bearings as well as for their tapered roller bearings. 
The Jarrow galvanising works, employing fifty men, is 
being closed, and the men are to be transferred to the 
gelvanising plant of Vickers-Armstrongs, Ltd., Hebburn- 
on-Tyne, who have acquired the goodwill of the Jarrow 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


concern. Swan, Hunter and Wigham Richardson, Ltd., 
Wallsend-on-Tyne, have secured a contract from the 
Soviet Government to construct a floating dock with a 
lifting capacity of 2500 tons. Alfred H. Schutte, Cologne, 
Germany, have appointed E. H. Jones (Machine Tools), 
Ltd., Hendon, N.W., as their sole agents in Great Britain. 
The Schutte products include boring and _ turning 
machines, cutter grinding machines, electric furnaces, 
and broaching machines. Stewarts and Lloyds, Ltd., 
are preparing to restart another steel furnace at their 
Clydesdale Works, Mossend. Alexander Stephen and 
Sons, Ltd., Linthouse, have secured an order for two 
cargo vessels for the Union Steam Ship Company of 
New Zealand. The Appleby-Frodingham Steel Com- 
pany, Ltd., has ordered a stripping shovel weighing 630 
tons for use on its iron ore fields from Ransomes and 
Rapier, Ltd., Ipswich. The entire Stirlingshire assets 
of the Alloa Coal Company, Ltd., including Bannockburn 
Colliery, Stirling coal depot, and the Carnock coke ovens 
and auxiliary plant, have been purchased by Carron 
Company. The Department of Overseas Trade announces 
that the following contracts are open for tender :—Indian 
Stores Department: Two 10-ton broad-gauge,. hand- 
operated travelling jib cranes, complete with wheels and 
spare parts (New Delhi, February 13th). South African 
Railways and Harbours: Nine pressed steel water tanks, 
approximately 290 tons of steelwork, and 8 tons of rivets, 
bolts, nuts, &c., for bridgework (Johannesburg, February 
15th. : 


Copper and Tin. 


The firm conditions which developed in the 
copper market in the latter part of last week have been 
fully maintained. The international outlook at the begin- 
ning of this week was generally considered to have 
improved, and this was one of the reasons which caused 
an advance in prices in Europe. There is little doubt 
that the demand at the present level is sufficient to take 
care of the production, and for the time being there is a 
scarcity of metal for early delivery. In the United States 
the market has developed fresh strength and it is probable 
that the large quantities taken by consumers during the 
autumn have been reduced sufficiently to warrant a 
further price movement, with the result that there is 
talk now of the domestic quotation advancing to 12-50c. 
A point which is being carefully considered, however, is 
whether at the higher range of values mines which have 
been closed down for some time will come into operation 
and whether the American producers’ control over produc- 
tion therefore may be relaxed. Some European countries 
would be glad to replenish their stocks, but the difficulties 
of arranging payments stand in the way. Germany 
must be included in this category, and although it is 
stated that she has received supplies of copper from 
Spain in payment for services rendered to the Franco 
party the market is inclined to think that the quantities 
have not been large. It was announced on January 13th 
that the Copper Restriction Scheme had been temporarily 
suspended. The market, however, was unaffected as 
prices continued to advance. ... The announcement that 
the Tin Restriction Scheme had been renewed for a further 
five years from January Ist has not made much impression 
upon the market, which had been expecting something 
of the sort. Conditions, however, have been steady, 
and probably the most interesting feature of the situation 
is that stocks in London have improved sufficiently to 
dispose for the time being of the backwardation, and a 
contango of about 15s. rules. From now on it is expected 
that the increase in the production quota will take effect, 
and it is hoped that the market will be restored to more 
healthy conditions than for a long time. The general 
impression seems to be that as a result of the prolonged 
negotiations between the International Tin Committee 
and Siam the latter has made a very good bargain. Buying 
for industrial purposes has been on steady lines during 
the opening weeks of the year. 


Lead and Spelter. 


Following a period of slightly easier prices in 
the first few days of the New Year rather firmer conditions 
have developed in the lead market. The industrial 
demand has not been so pronounced as in the latter part 
of December, and the increase in values had been so 
rapid that a setback was not unexpected. There is no 
doubt that a heavy speculative account exists in this 
market, but at the same time the requirements of con- 
sumers are also on an important scale, and it is probable 
that on balance the demand is in excess of the production. 
Although reports are current that metal from the Spanish 
mines has been sold to European countries these quantities 
do not seem to have been important, and the loss of a 
large part of the Spanish output has naturally created 
some disorganisation in the world’s supplies. Countries 
which normally take their lead from Spain have had to 
obtain it from fresh sources, and this has resulted in 
rather tight conditions developing in other markets. 
In this country prompt lead is still scarce, and in some 
cases substantial premiums have been asked for near 
delivery.... Consumers have shown a fair interest in 
spelter during the past few days and as a result values 
have been well maintained. This shows that the under- 
lying tone of the market is stronger than might have been 
anticipated, since there has been a considerable amount 
of profit taking by speculators. Statistically the position 
of the metal appears to have improved as a result of the 
better consumptive demand on the Continent, and 
probably to a lesser degree, in this country. It is doubtful, 
however, if the demand from the consuming industries 
has expanded sufficiently to absorb the whole of the 
production. American statistics show that the world’s 
output in November was 138,342 tons, and for the eleven 
months 1,477,919 tons. No official returns have been 
received from Spain or Italy since last July, and the 
foregoing figures include estimates for these two countries. 
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Current Prices for Metals and Fuels. 


Makers ' official home trade prices per ton, delivered buyers’ stations. 


ek 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


only from associated British Steelmakers * For Markets other than India, Australia and New Zealand, 5s. per ton must be added. + South Africa 5s. and Foreign Markets 2s. 6d. higher. 


PIG IRON. 


Home. Export. 
(Did Teesside Area) 

N.E. Coast— . so £sd 
Hematite Mixed Nos.*... 4 17 6.. 314 6 
No. 1 oe a eee 315 O 

Cleveland— (D/d Teesside Area) 
No. 1 nea ASE Eee, Sey Ges: 
No. 3G.M.B.... . 3 ey! @ 
No. 4 Forge ... ... 7 22 @ : 
Basic (Less 5/- rebate)... 4 2 6. 

MIDLANDS— 

Staffs — (Delivered to Black Country Station) 
North Staffs. Foundry... 4 6 0... 

Pome fH 9260 « 
Basie (Less 5/— rebate)... 4 2 6 

Northampton— 

Foundry No. 3 au 4a:31.8 
i secrRide .< 

Derbyshire— 

No. 3 Foundry so ead Set 
Forge en ae SEO ae ae Se es 

ScoTLanD 
Hematite, f.o.t. furnmaces* 4 17 6 
No. i Foundry, ditto 410 6 
No. 3 Foundry, ditto £10810. 

Basic, d/d (Less 5/-rebate) 4 2 6... ... - 

N.W. Coast— | 4 18 0d/d Glasgow 
Hematite Mixed Nos.*..., 5 3 6 ,, Sheffield 

5 9 6 Birminghain 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 

Lancs. AND YoRKsS.— £'s. d: From 
Crown Bars 1010 0. lt lo 0 
Best Bars 11 0 0 11 2 6 

MipLANDS— 

Crown Bars oe epee hh, dO. Bra 10 10 O 
Marked Bars (Staffs.) ... 13 0 0 12 10 O 
No. 3 Quality ois Tg Fag =F 
No. 4 Quality : 917 6 

ScoTrLanD— 

Crown Bars ... ... ... 11 10 0 lo 100 
Best... 12 0 0 ll 2 6 

N.E Coast— 

Common Bars 10 10 0 10 100 
Best Bars ai 1l O 0. ie ie 
Double Best Bars 1110 O.. 1112 6 

NORTHERN IRELAND AND FREE STaTE— 

Crown Bars, f.o.q.... Y BOe87 Os a 
STEEL. 
Home. Export. 

LONDON AND THE SouTH— Sahil. £s.d 

Aas! UY autre S By 65 *8 10 0 
Tees.. . eee Ot a *9 10 O 
Joists sg : a 9 5 6 *8 10 0 
Channels. : 910 6 *8 15 0 
Rounds, 3in. and up 10 5 6. *9 10 O 
under 3in. = Pe 8 12 6 
Flats under 5in., 0.33 6. . 812 6 
Plates, jin. (basis) ... 915 6.. 19 0 0 
~» im. 10 0 6.. 19 5 0 
“_ BIR on, | cee 10 5 6... 79:10 O 
bs Beitc k- = 5:69; 10 10 6... 79 15 O 
Un. ¥% to tin. incl. 10..;3 .@.. 10 5 0 
Boiler Plates, jin.... 10 5 6 912 6 
NortH-East Coast— 4.3%; .d. S's di 
Angles 9 3 0 *8 10 0 
ee 9 3. 90. *9 10 O 
Bettie =. sa. bitaas eis 49 Ae BD *8 10 0 
Chanmele sci t iu. sor scer @ B® *8 15 0 
Rounds, 3in. and up 10 3 0 *9 10 0 
Be under 3in. .2) 9 0 $812 6 
Plates, jin. (basis) ... 910 6 79 0 0 
- Cs em. a 79 5 O 
rea msc? tact Ae: 0.8 4910 0 
* eins ..2:1 5.21) eee BO SB 79 15 0 
Un. ¥% to fin. incl. 4035 OBB Mas 10 5 0 
Boiler Plates, }in.... PAO ow. 'Ox. 912 6 

MIDLANDS, AND LEEDS AND DistTRIcT— 

£m: dG. me 

Angles i650 | dn Hae) DY Badinn *8 10 0 
Tees: . * See SoWies *9 10 O 
+ ht ate i Sapeyeah @H *8 10 0 
CRONE sce cee se PO OT *8 15 0 
Rounds, 3in. and up 10 3 0 *9 10 0 
= under 3in. es we: ot § 12° 6 
Flats, 5in. and under ... 910 0 81zZ 6 
Plates, jin. (basis) .. 913 0 79 0 0 
OMS Co Oars Le 19 5 0 
‘> Wt. ccs one. cee ee 79:10 0 
on BB. oo) ace ese AD Ose 410 5 0 
Un. %& tofin.incl ... 918 0.. 10 5 0 
Boiler Plates, in.... i 2 ¢.- 912 6 








STEEL (continued). 


Home. 

GLasGow AND District— £ os. d. 
Angles CFO FR: 
Tees... A icey ghey nae 
Joists ee ted ee 
Channels... 228 @ ... 
Rounds, 3in. and up 10 8, 0... 

% under 3in. 910 0... 
Flats, din. and under 910 0... 
Plates, jin. (basis) 910 6... 

” fein. ... eo a es 

2 ae (a ee 

oh wep Bn as cass iseee EY yr Wee 
Un. ¥ to fin. incl... 9 88.0.4. 
Boiler Plates, jin. 20°: 0: 0@ ‘ie 

South Wares AREA— fs. & 
Angles ee at eee 
Tees... or 1% i. eee 
Joists Ond Oc 
Channels... 82 O58 0... 
Rounds, 3in. and up BRE BIO *28 

= under 3in. 2. oe et 
Flats, 5in. and under fe ee ae 
Plates, jin. (basis) S:18.,0 ... 

fyin. ... ia) BSS Oi 
fin... «o SMF H a: 

: ees . » BOMIGTZO "10 
Un. jin. to fin. incl. ee fl deeb 

IRELAND—¥F.0.Q. BELFAST. RE 

£ se. <4. 
Angles 9 8 O.. 
Tees. 10 8 0... 
Joists eer e Ne, 
Channels... : ie. De Fee 
Rounds, 3in. and up 1 =O 4. 

be under 3in. ona oe Wires 
Plates, #in. (basis) 9 15 : 

wii’: .. FOnceTS ..| 
fin. . seb ee IT 

pa fin. ¢ i. OO Ee, Te. 
Un. fein. to fin. incl. RO eins duce 

OTHER STEEL MATERIALS. 
Home. 
Sheets. ee 
14-G. to 20-G., d/d SY 16 eens 
21-G. to 24-G., d/d is ef. 
25-G. to 27-G., d/d a eS ee 


Export. 
2 s. d, 
*8 10 0 
*9 10 O 
*8 10 0 
*8 15 0 
*9 10 O 
812 6 
8 12 6 
9 0 0 
19 5 +O 
19:10 0 
19 15 =O 
10 5 O 
912 6 
gad 
*8 10 O 
*9 10 0 
*8 10 0 
*8 15 0 
*9 10 O 
8 12 6 
8 12 6 
79 0 0 
79 «5 «=O 
19:10 «+O 
19:15 0 
10 5 0 
st oF IRELAND. 
£ s. d. 
910 6 
10 10 6 
918 0 
915 6 
10 10 6 
8 8 0 
19 18 0 
10 3 «0 
710 8 O 
710 13'°—CO*O 
10 8 O 
Export. 
Sa. ds 
f.io.b. 11 15 0 
f.o.b. 120,60 6 
fio.b. 12 15 0 


South Africa, 24-G. Basis £12 0s., plus 3% on invoice value ; 
Australia £10 5s. Irish Free State, £13 15s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 

2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £. 8 
4-ton lots and up ... 14 0 0 
2-ton to 4-ton lots 14 7 6 
Under 2 tons 16 0 0 


Export : India £16 10s. c.i.f.; South Africa, £14 10s. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £14 17s. 6d. f.0.b. ; 
Sweden, £13 15s.; Irish Free State, £14 15s. f.0.q.; 
General, £14 15s. f.o.b. 


Tin-plates 


20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. 


Basic (0-33% to 0-41% C.) bos 
Medium (0:-42% to 0-60% C.) 
» Hard 0-61% to 0-85%C.) 


” ” 


” ” 


(0-86% to 0-99% C.) 
(1% C. and up) 


Soft (up to 0: 25% C.), 500 tons and 


up ..- 


Rails, Heavy, 500-ton lots, f.o.t. 
» Light, f.o.t. ae 


FERRO ALLOYS. 


i a ey & 
dre dst @ 
oi AT.'16 
. S! 72s 
9 2°46 
912 6 
Oo a oe 
.8 10 0 
: 740 0 
Per Unit. 
7/- 
7/- 
7/- 
11/- 
I1/- 
12/ 
home 


Otofl2 5 86 


Tungsten Metal Powder... ... ... 3/14 per lb. 
Ferro Tungsten ——. 3/— per Ib. 
Per Ton. 
Ferro Chrome, 4 p.c. to 6 p.c.carbon £2110 0 
+» _6p.c. to 8p.c. £21 0 0 
8 p.c. to 10 p.c. £21 0 0 
Specially Refined ... 
Max. 2 p.c. carbon £33 10 0 
9 1 p.c, carbon £36 5 0 
” » 0-50p.c.carbon £37 5 0 
on Pa » carbon-free ... 94d. per lb. 
Metallic chromium ... ai hats 2/5 per lb. 
Ferro Manganese (loose), 76p.c. ... £11 15 Ob 
Silicon, 45 p.c. to 50 p.c. £11 15 


scale 5/- p.u. 


ae ee £1617 6to£l7 7 6 
scale 6/— p.u. 
Vanadium a 12/8 per lb. 
» Molybdenum... ... ... 4/6 per lb. 
», Titanium (carbon free) 9d. per lb. 
é £180 to £185 © 


Nickel (per ton) 
Cobalt eee 


7/- to 7/1 per lb. 


NON-FERROUS METALS. 


(Official Prices, January 13th). 


CorprerR 
Cash ... £54 5 Oto £54 6 3 
Three months .. £54 5 Oto £54 6 3 
Mencaronyhas es S| ee £59 0 Oto £59 10 0 
Best Selected Ingots, d/d Bir- 
mingham £58 100 
Sheets, Hot Rolled £85 0 O 
Home. Export. 
Tubes, Solid Drawn (basis) 123d. 12}d. 
»  Brazed (basis) 123d. 123d. 
Brass— 
Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy L1}d. 11 }d. 
»  Brazed 13$d. 134d. 
Tin— ; 
Cash ... . £231 0 0 to £231 10 0 
Three months £231 15 Oto £232 0 0 
Lwap: . £28 ll 3to €28 8 9 
SPELTER : . £22 15 0 to £22 16 3 


Aluminium Ingots (British) ... £100 to £105 


FUELS. 


SCOTLAND. 
LANARKSHIRE— Export. 


(f.0.b. Grangemouth)—Navigation Unscreened) 16/—- to 16/6 


Hamilton Ell 17/6 
Splints 20/ 
AYRSHIRE— 
(f.0.b. Ports)—Steam 16/- 
FIFESHIRE— 
(f.0.b. Methil or Burntisland) 
Prime Steam ... 16/6 
Unscreened Navigation 16/ 
LorHians— 
(f.0.b. Leith)—Hartley Prime 16/6 
Secondary Steam ... 16/- 


ENGLAND. 


YORKSHIRE, MANCHESTER— 


B.S.Y. Hard Steams 19/6 to 23/~ 


Furnace Coke 19/- to 24/- 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 17/6 to 18/ 
i er ass 16/6 to 17; 
» Best Small... 14/- 





Unscreened 16/— to 17/6 
DuRHAM— 
Best Gas 16/6 
Foundry Coke 26/6 to 27/6 
SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/6 - 
South Yorkshire Best ... . 24/- to 30/- —_ 
Seconds ... . 21/- to 22/- —_— 
CaRDIFF-— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large ... 19/6 
Best Seconds 19/— to 19/4} 
Best Dry Large 18/6 
Ordinaries 18/3 to 18/6 
Bunker Smalls 15/- to 15/6 
Cargo Smalls ... 13/6 to 14/6 
Dry Nuts 25/- to 27/- 
Foundry Coke 30/— to 47/6 
Furnace Coke 24/6 to 25/ 
Patent Fuel 22/- 
SwansEa— 
Anthracite Coals : 
Best Large «-- «+5 «+ 36/- to 40/- 
Machine-made Cobbles... 41/- to 48/6 
Nuts hy Sey 40/— to 48/6 
Beans 25/- to 35/- 
Peas dats hos 19/— to 23/6 
Rubbly Culm... 12/— to 12/6 
Steam Coals : . 
18/- to 20/6 


Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 


Furnace Oil (0-950 


gravity) 
Diesel Oil alder pa BS 


Per Gallon. 
3}d. 
4d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 


The Engineering Strike. 

THE engineering strike in the Lille area was called 
off somewhat unexpectedly after the employers and men 
had each appointed an arbitrator who agreed that the 
men should return to work preliminary to a discussion on 
the matters in dispute, and that about two-thirds of the 
strikers who had been discharged would be allowed to 
return provisionally and the remainder would stay out 
until all the cases had been examined by a third arbitrator. 
The men lost heart after a six weeks’ strike, which they 
had entered on in the belief that it would rapidly terminate 
in their favour. The strike dragged along over the ques- 
tion of employers being obliged to take back all the 
strikers without discrimination of any kind. The men 
regarded this as an accepted principle which did not admit 
of arbitration, but the employers declined to submit to 
arbitration their right to discharge men for professional 
faults, breaches of discipline, or fostering trouble, as was 
the case with the dismissals of men on the present occasion. 
The employers rejected the Government’s offer of arbi- 
tration because Monsieur Leon Blum wanted to hold in 
abeyance this apparently insoluble problem until all other 
questions had been settled, but now the two arbitrators, 
one the President of the Lille Chamber of Commerce and 
the other an official of the men’s union, believe that the 
differences can be adjusted by conciliation, except the 
important question of principle, which will have to go to a 
third arbitrator. This arbitrator will be the President of 
the Cours de Cassation. He had been named by the 
Senate to adjudicate finally on all disputes, but the 
Chamber rejected his sole nomination and empowered the 
Government to select a final arbitrator from amongst all 
the State Councils. The new arbitration law is not yet 
ready for compulsory application. So far as employers 
are concerned the decision of a high legal authority on 
their right to remove elements of perpetual unrest pro- 
vided by what employers call ‘‘ Soviet organisations ”’ in 
works is awaited by them with confidence. The com- 
pulsory arbitration law specifically declares that awards 
must be made with due regard to liberty and the rights of 
property, and it is because of a possible lack of proper 
interpretation of a point of law that employers refuse, on 
this one point, the arbitration of a man who is unable 
to judge from a purely legal standpoint. This is a test 
ease of the highest importance for the future relations 
between employers and men, and these latter endeavour 
to make a case of their own by bringing a charge of “‘ pro- 
voking behaviour ”’ against a number of employers, engi- 
neers, and foremen about equal to the number of strikers 
whose dismissals are to be adjudicated upon by the final 
arbitrator. At the last moment the situation has been 
complicated by a decision of the Syndicate of Engineers 
and Technicians in Lille to strike immediately if the 
men’s union is permitted to bring charges against ten of 
its members before the arbitrator. 


The Engineer’s Opportunity. 


The profound change that has taken place in the 
relations between employers and their men suggested the 
subject of the address delivered by Monsieur André 
Garnier when he assumed the presidency of the Société 
des Ingénieurs Civils de France in succession to Monsieur 
Alfred Jacobson, who had terminated his year’s term of 
office. Monsieur Garner compared the present state of 
affairs with what it was fifty years ago, when, in his own 
business of steam engine building, the maker was in direct 
contact with those he employed and knew the workmen 
and their mentality and was able to lead them because of 
the feeling of mutual confidence that then existed. He 
believed that the change which has gradually taken place 
since then was the consequence, partly, of the disappear- 
ance of individual makers and the absorption of business 
into companies, when the personal factor itself disappeared 
and the men worked for people they did not know and lost 
interest in work and the sense of authority of those over 
them that had been fostered by actual contact with 
employers. It appears to Monsieur Garnier that the old 
spirit of collaboration can be revived by the engineer 
taking more interest in manual work and regarding it as 
an accomplishment, so that he can gain the confidence 
and respect of the men and understand them. It is upon 
this confidence and understanding that authority 
based. 


Nationalising War Factories. 


Since the passing of the law authorising the 
Government to licence the manufacture of war material, 
control works engaged partly on its production and 
acquire works which are wholly or mainly devoted to the 
manufacture of material for war purposes. little progress 
has been made with the expropriation of factories. Only 
two works have been taken over by the State, one of them 
being the tank building department of the Renault works, 
and negotiations have been entered into for the acquisition 
of the Schneider works at Havre and the Hotchkiss factory 
near Paris. This nationalisation of war material pro- 
duction is criticised on the ground that the requirements 
in such material are essentially variable, and that works 
employed exclusively on it are likely to remain idle for 
long periods when the international outlook is free of dis- 
turbing influences. A private manufacturer does not 
depend entirely on orders for war material, and can always 
turn to other productions when work on armaments fails 
him. He is, moreover, obliged to adhere’strictly to specifi- 
cations and to dates of delivery when, as is nearly always 
the case, penalties are imposed for delays. It is therefore 
argued that, in the absence of competition and without the 
pressure of sanctions, State works cannot be expected to 
turn out material as quickly as private firms. Objection 
to the private manufacture of arms has always been the 
supposed exaggerated profits realised by makers, but the 
profit is now limited by Government control and super- 
vision, and it is argued that there is really no reason why 
the State should. monopolise the manufacture of arms 
when it is done efficiently by private firms under con- 
ditions that are likely to be less costly to the country than 
would be the case if the manufacture were concentrated in 
State factories. 


Is 





British Patent Specifications. 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


INTERNAL COMBUSTION ENGINES. 


456,989. March 20th, 1923.-—-InTeRNAL ComBuUsTION ENGINE 
AND TURBINE Pant, J. FE. Ellor, Royal Aircraft Establish- 
ment, South Farnborough, Hants. 

This is a combined engine and supercharger which is specially 
applicable to aero service, in which the engine exhaust is used 
to drive a turbo-compressor. The essential feature is that all 
the engine cylinders do not exhaust into a common manifold 
which supplies the turbine with gas, but that individual cylinders 
are each connected with their own turbine nozzjes. All the 
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nozzles, however, work in conjunction with one turbine wheel, In 
this way, it is claimed, each cylinder is more thoroughly exhausted, 
as towards the end of the exhaust stroke the wheel actually 
sucks out the gases. An alternative is possible in which pairs 
of eylinders may be connected to nozzle boxes, but the cylinders 
must be so chosen that their exhaust valves are not open simul- 
taneously. The drawings show the two alternative arrange- 


ments.— May 28th, 1924 (date of publication September 16th, 
1936). 

BATTERIES AND ACCUMULATORS. 
455,989. May 2nd, 1935.-_-PorTaBLE AccumULaTors, R. J. 


Plummer and Crag, Ltd., Queen’s-road, Barnsley. 

This is a cap or cover for accumulators, such as those used for 
miners’ lamps, and is shown 
as adapted for a 4-volt battery 
comprising two semi - circular 
cells placed face to face. It is 
made of ebonite, or similar 
material, and is held down on 
to the cell casing by the lamp 
cover. A groove A is made 
in the cover for the central 
partition of the cells and a 
recess B provided for the inter- 
connection. Holes C allow the 
terminals to project for con- 
nection with the lamp, and 
the filler holes D D are plugged 
by bosses E E of resilient 
rubber, These bosses are per- 
forated at F, and this is the 
essential feature of the inven- 
tion, by vent passages which 
open out at the side of the 
cover, so that any electrolyte 
escaping through the vents does 
not find its way on to the con- 
tacts and corrode them.—- 
Newember 2nd, 1936. 
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ELECTRICAL APPLIANCES. 


456,347. May 7th, 1935.—Execrric Inpucrances, The General 
Electric Company, Ltd., Magnet House, Kingsway, 
London, W.C.2, and J. Cates, Research Laboratories of the 
G.E.C., Wembley, Middlesex. 

This invention relates to inductances of the type whose value 
is adjustable by the variation of an air gap. More particularly 
it relates to inductances of this type adapted for use as the 
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Fig 3 


stabilising chokes of electric discharge lamps. The iron core 
of the inductance is built up of alternate laminations of the 
two forms shown in Figs. 1 and 2, so that open spaces are left 
in every other layer at A. These spaces are filled with loose 
pieces B—see Fig. 3—and the distance of these pieces from the 


TELEGRAPHS AND TELEPHONES. 


456,993. May sist, 1931.-SupmMartnge Exvecrric Cases, 
Electrical Research Products, Inc., 195, Broadway, New 
York, U.S.A. 

In this system of telegraphing a multi-core cable is used with 
repeating stations at fixed intervals. The cable A is associated 
with a messenger cable B and is made buoyant by floats C. It 
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is maintained at such a depth in the ocean by anchors D and 
the catenary wire E that it is not influenced by storms and 
currents. A repeater station is shown at F and is marked by a 
buoy. The station is connected with the cable by bights so 
that it may be hauled up to the surface for overhaul. The 
specification includes a wiring diagram for the repeater station. 
November 19th, 1936. 





AERONAUTICS. 
456,980. May 18th, 1935.—THe PropuLsion or AIRCRAFT, 
F. Whittle, Blackamoors, Harstone-road, ‘Trumpington, 
| Cambs. 


This is an exhaust reaction system of propelling aircraft. 
The centrifugal air compressor A is of the double-inlet type 
with a very large volumetric capacity, and runs at such a speed 
that the air leaves the blade tips with the velocity of sound. 
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The air passes by way of the diffuser B to the combustion 
chamber C, where the fuel is supplied by the jet D. The hot 
gases go to the chamber E, which has a continuous annular 
orifice in front of the blades of the turbine dise F. This turbine 
drives the compressor, and its exhaust gases, escaping by the 
orifice G in the stern of the aeroplane, propel it forward. 
November 16th, 1936. 


TRANSMISSION OF POWER. 


457,132. May 23rd, 1935.—Hyprauutic Transmissions, C. H. 
Webb, 22, St. Mary’s-crescent, Hendon, Middlesex ; and 
G. F. Hight, 26, Blockley-road, North Wembley. 

This is an automatic fluid slipping clutch for such purposes 
as motor car transmissions. It comprises a driving shaft A, on 
to which there are keyed two rings B B and a driven shaft C 
carrying the drum D. Between the rings B B there are pivoted 
a series of vanes EE. The interior of the drum is grooved, as 
shown at F, and it is filled with oil. The operation of the 
apparatus is as follows :—The casing is filled with a suitable 
liquid medium such as oil, water or mercury, and when the 
driving shaft is put into rotation the whole series of vanes 
with their supporting end rings will participate in this rotational 
movement. At first the speed of the driving shaft in moving 
the blades through the liquid will cause such vanes or blades 
to fold back around the central driving shaft, so that they lie 
more or less tangential thereto, the vanes or blades being thus 
merely drawn through the liquid. As soon, however, as the 
speed gradually increases the effect of centrifugal force tends 
gradually to cause the vanes or blades to assume a radial position. 
When this position is reached it will be understood that the effect 
of centrifugal action will cause the fluid to be drawn or thrown 
outwards against the sides of the container with a force directly 








proportional to the speed of the driving shaft and as the vanes 
assume their full radial position so the liquid will be prevented 
from moving round relatively to the casing. Instead of the 
medium used in the invention being a liquid. it may take the 
form of a semi-liquid. For example, oil may be mixed with 
mercury or with any suitable finely divided substance, such as 
lead. By the pressure of the liquid against the casing. assisted 
by the grooves on the interior thereof, so the casing will be set 
into rotation until its speed is coincident with that of the driving 
shaft, whereby the driven shaft will be receiving a solid drive. 
It will be understood that the speed which it is desired to impart 
to the driven shaft may be varied with great accuracy, merely 
by controlling the speed of the particular motor which is being 
used, for instance, fit is an internal combustion engine and the 
transmission is being used to drive a self-propelled vehicle, the 
operation of the usual accelerator pedal may be freely utilised 
to control the speed with great accuracy since, as the driving 
speed is decreased, so a slip will be effected in the drive of such 
a value as will give to the driven shaft the speed desired. On 
the other hand, should any sudden shock be brought to bear on 
the driven shaft, this will not be transferred to the driving motor 
b it will be absorbed by the hinged vanes.—-November 








eore C is adjusted to give the desired result. The 1 tions 
are then clamped together by the bolt D.--November 9th, 1936. 





23rd, 1936. 





92 


THE.ENGINEER 





Jan. 15, 1937 








GAS PRODUCERS. 


457,181. September 4th, 1935.—-THrz PropucTIoNn oF WaTER 
Gas, Non-Poisonous Gas Holding Company, Ltd., Vaduz, 
Liechtenstein. 

This invention relates to a process for the ‘‘ continuous ” 
production of water gas for use in the manufacture of town gas 
for the public gas supply or for the manufacture of motor fuels. 
The process of this invention is characterised in that an electric 
current is employed at intervals only, preferably at the times 
of low current requirement, for providing the heat necessary 
for carrying out the water gas reaction, and that the reaction 
temperature is so regulated with the aid of the electric current 
that clinker formation from the ash of the solid fuels does not 
take place. The utilisation of the electric current for the afore- 
said purpose enables the reaction temperature to be maintained 
constant within a few degrees and so low (below 1000 deg. Cent.) 
that the ash resulting from the gas production from solid fuels 
does not reach the point of fusion and consequently no clinker 
formation takes place as aforesaid. In this way the considerable 
difficulties and disturbances in operation caused by the forma- 
tion of clinker in the gas producers are avoided and the simplest 
forms of grate construction may be employed. Operating at 
relatively low temperatures further enables immediate pro- 
duction to be effected of a water gas having a low carbon 
monoxide content, which may be subjected directly, or after 
removal of the carbon dioxide, to catalysis for the purpose of 
forming hydrocarbons. The reaction temperature may, for 
example, be so adjusted, e.g., between 600 deg. and 800 deg. 
Cent., that a water gas is formed in which two to five volumes of 
hydrogen are formed per one volume of carbon monoxide. If 
a water gas as aforesaid is subjected, after purification, for 
example, with active charcoal, and after removal of the carbon 
dioxide, to catalysis, there may be obtained, depending upon 
the nature of the catalysts employed and the temperature, 
methane or high hydrocarbons, which may be employed as 
motor fuels either in the form of compressed gas or as liquid 
fuel. If the operation is effected so as to produce methane, for 
example, by catalysis over nickel at 200 deg. to 350 deg. Cent., 
and an initial gas is employed which contains five volumes of 
hydrogen per one volume of carbon monoxide, and end gas is 
obtained which contains about two volumes of hydrogen per 
one volume of methane and the combustible part of which has a 
heating value of about 5500 calories per cubic metre. A gas 
as aforesaid may be employed both as a superior motor fuel and, 
after suitable dilution with nitrogen and carbon dioxide, as a 
non-poisonous town gas.— November 23rd, 1936. 


ORDNANCE AND ARMOUR. 


456,300. December 12th, 1935.—PrRcussion FusEs FOR 
Prosectizes, L. E. Remondy, 42 rue d’Anjou, Paris, France. 
This invention concerns the strikers of percussion fuses which 
are required to act on impact with light obstacles, such as the 
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fabric of aircraft, but will not be affected by inertia. The fuse 
cap is made of two pieces A and B, screwed together, and houses 
the striking pin C. The pin has a large mushroom head D to 
take the impact, and is held in place by a thin collar E. This 
collar is clamped between the cap piece B and the washer F and 
shears off on impact.— November 6th, 1936. 


LIGHTING AND HEATING. 


465,765. May 15th, 1935.—Execrric DiscHarGe DEeEvIcEs, 
The General Electric Company, Ltd., Magnet House, 
Kingsway, London, W.C.2, and J. T. Randall, Research 
Laboratories, of The General Electric Company, Ltd., 
Wembley, Middlesex. 

This invention is concerned with the production of white 
light by electric discharge tubes. For this purpose the discharge 
device comprises a luminescent material consisting of crystalline 
zine borate with impurity of such an amount and nature that 
the luminescent spectrum excited by X-rays or fast electrons 
extends from the red to the green, while the luminescent 
spectrum excited by slow electrons or ultra-violet light is 
predominantly red. One method of preparing such a lumi- 
nescent material is, e.g., powdered zinc oxide and orthoboric 
acid are mixed together in equimolecular proportions; it is 
essential that both materials should be extremely pure. To 
the mixture is added sufficient manganese nitrate solution to 
give a concentration of 0-1 per cent. of manganese in the 
resulting product. The paste formed is dried in an oven at 
180 deg. Cent., reground, and placed in a silica boat, which is 
then heated to 750 deg. Cent. and maintained at that tempera- 
ture for one hour. An oxidising atmosphere during the heating 
is permissible. Increase of the temperature at which the 
mixture is heated tends to move the centre of gravity of the 
luminescent spectrum to shorter wavelengths. Accordingly, 
if red luminescence is required, the temperature should be 
kept as low as is consistent with the formation of the compound. 
But if yellow and green luminescence is required, higher tem- 
peratures, not attaining the melting point, may be used.— 
November 16th, 1936. 


456,760. May 14th, 1935.—INcANDESCENT FILAMENT ELEC- 
tric Lamps, Siemens Electric Lamps and Supplies, Ltd., 
Caxton House, Tothill-street, Westminster, London, 
S.W.1, and J. N. Aldington, of Siemens Electric Lamps and 
Supplies, Ltd., Dock-road, Preston, Lancashire. 

This invention relates to electric lamps having incandescent 
filaments. More particularly in gas-filled lamps the filaments 
have been wound in the form of a close helix to reduce the 
transference of heat to the gas and more recently gas-filled lamps 
have been marketed in which the filament in the form of a 
helix is ceiled again to produce a helix of the second order, 
whereby heat losses are further reduced. These filaments are 
known as coiled coil filaments. The object of the invention 
is a lamp in which the filament is provided in the form of a helix 
of the third order. In order to reduce to a minimum the sagging 
of the filament when in use, the three successively used mandrels 
are made of a diameter much smaller compared with the man- 
drels used in the cases of helices of the first and second order 
only. The inventors have found that the mandrel in question 
must be of the same order of diameter as the filament or fila- 
ment helix to be wound on it. Thus the filament when first 
formed into a helix is wound on a mandrel having about the 
same diameter as that of the filament, and in the second coiling 
operation a mandrel of diameter about the same as the outside 
diameter of the primary helix is used, and likewise for the third 
coiling operation. The resultant helix of the third order is 


preferably heat-treated, as is the practice in the case of a helix 
of the second order. 


November 16th, 1936. 





Forthcoming Engagements. 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME a 
PLACE at which the meeting is to be held should be clearly stated. 











To-pay. 
Inst. oF Crviz ENGINEERS: YORKSHIRE Assoc,—Grand 
Hotel, Sheffield. Annual dinner. 6.30 p.m. 
Inst. oF Merats: SHEFFIBLD Locat Sxctrron.—Applied 
Science Dept. of the University, Sheffield. ‘‘ Technical and 


Industrial Development in the Electrochemical Surface Treat- 
ment of Metals,” Dr. S. Wernick. 7.30 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
‘** Bakelite.” Informal meeting. 7.30 p.m. 

KEIGHLEY Assoc. OF ENGINEERS.—Queen’s Hotel, Keighley. 
“ Development of Mass Production in the Glass Bottle Industry,” 
J.F Shaw. 7.30 p.m. 

N.E. Coast Inst. or ENGINEERS AND SHIPBUILDERS.—Mining 
Inst., Newcastle-on-Tyne. ‘Some Recorded Water Con- 
sumptions and Powers of Merchant Vessels,” T. G. Potts. 6 p.m. 


Monpbay, JAN, 18TH. 

ENGINEERS’ GERMAN CrrcLE.— Inst. of Mechanical Engineers, 
Storey’s-gate, S.W.1 “Der Elektrizititszahler als Grundele- 
ment fiir Fernsteuer- und Fernmess-Technik (The Electric 
Meter as a Fundamental Part of Remote Control and Tele- 
metering),” Dr.-Ing. Walter Sterne. 6 p.m. 

Inst. OF AUTOMOBILE ENGINEERS: GLasGow CENTRE.— 
39, Elmbank-crescent, Glasgow. ‘“‘ Trolley Buses,” E. T. 
Hippesley and J.C. Dabbs. 7.45 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2. “ Cosmic 
Rays,”’ Prof. P. M. 8. Blackett. 8 p.m. 


Turspay, JAN. 197TH. 

BritisH Assoc. or REFRIGERATION.—85, The Minories, E.C.3. 
“ The Testing and Servicing of Refrigerators.”” A Symposium. 
6.30 p.m. 

Inst. oF AUTOMOBILE ENGINEERS : LUTON CENTRE.—George 
Hotel, Luton. ‘“ Trolley Buses,” E. T. Hippesley and J. C. 
Dabbs. 7.30 p.m. 

Iron anp Steer Instirute.—Imperial Hotel, Birmingham. 
‘“* Controlled Grain Size in Steel,’’ Messrs. T. Swinden and G. R. 
Bolsover. 7 p.m. 

Royat Inst.—21, Albemarle-street, W.1. 
ductivity in Solids,” N. F. Mott. 5.15 p.m. 


* Electrical Con- 


WEDNESDAY, JAN. 20TH. 
Leeps CENTRE.— 


Inst. OF AUTOMOBILE ENGINEERS: 
Metropole Hotel, Leeds. ‘‘ Trolley Buses,” E. T. Hippesley and 
J.C. Dabbs. 7.15 p.m. 


Inst. or CHEMICAL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘‘ Superphosphate—its History and 
Manufacture,” W. G. T. Packard. 6 p.m. 

Inst. oF ENGINEERS-IN-CHARGE.—St, Bride Inst., Bride-lane, 
E.C.4. ‘ The Gas Industry,” R. N. Le Fevre. 7,30 p.m. 

Inst. of StRucTURAL ENGINEERS: LANCASHIRE AND 
CHESHIRE Brancu.—Y.M.C.A., Peter-street, Manchester. ‘* Re- 
inforeed Concrete Construction,’ J. F. 8. Mitchell. 7.30 p.m. 

Inst. or StrucTURAL ENGINEERS : SouTH WALEs AND Mon- 
MOUTHSHIRE BraNncH.—South Wales Inst. of Engineers, Park- 
place, Cardiff. ‘‘ Modern Garage Design,” H. A. Ellis. 7 p.m. 

Iron anpD STEEL Inst.—Constitutional Club, St. Ann-street, 
Manchester. ‘‘ Controlled Grain Size in Steel,” Messrs. T. 
Swinden and G. R. Bolsover. 7 p.m. 

Newcomen Soc.—Inst. of Civil Engineers, Great George- 
street, Westminster, S.W.1. ‘‘ History of the Smeatonian 
Society,’’ S. B. Donkin; ‘‘ The Early Years of the Hydraulic 

3 icki “Note sur J. de Montgolfier et le 
Bélier Hydraulique,” C. Cabanes. 5.30 p.m. (tea, 5 p.m.). 

Soc. pes INGENIEURS CrvILs DE France: BririsH SECTION. 
—Inst. of Mechanical Engineers, Storey’s-gate, 8.W.1. ‘‘ The 
Building and Public Works Laboratories of Paris: Their 
Methods and Works,” M. L’Hermite. 6 p.m. 

THURSDAY, JAN. 21st. 

Inst. oF ELectricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. ‘‘ Lay-out and Rupturing Capacity of 
Protective Devices-in Motor Circuits,” J. O. Knowles. 6 p.m. 
LANCASHTRE AND 


Inst. oF StTRvucTURAL ENGINEERS : 
CHESHIRE Brancu.—College of Technology, Manchester. 
** Piling—Modern Applications,’ 8. Packshaw. 7 p.m. 


Fripay, JAN. 22ND. 

Inst. or Marine Encrinerers: Junior Section.—Royal 
Naval College, Greenwich. ‘‘The Trend of Development 
in the Design and Construction of Ships and their Propelling 
Machinery, and the Influence of this Trend on the Design of 
Future Construction, with special reference to Warships,” 
Sir Westcott S. Abell. 5.30 p.m. 

Inst. or Srructurat ENGingerRs: MIDLAND COUNTIES 
Brancu.—James Watt Memorial Inst., Great Charles-street, 
Birmingham. ‘“ Practical Steel Work Design in the Light of 
Modern Research,” V. H. Lawton. 6.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
“The Modern Steam Car,” M. Harman Lewis. 7.30 p.m. 


Sarurpay, Jan. 23RD. 


Assoc. or SprcraL LIBRARIES AND INFORMATION BUREAUX.— 
Visit to the Imperial War Museum. 2.15 p.m. 





Monpay, JAN. 257TH. 

Inst. or Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 
6.30 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2. ‘‘ Cosmic 
Rays,” Prof. P..M. 8. Blackett. 8 p.m. 


TUESDAY, JAN. 26TH. 

Inst. OF AUTOMOBILE ENGINEERS: BIRMINGHAM CENTRE 
—James Watt Memorial Hall, York House, Great Charles- 
street, Birmingham. ‘‘ Fuel Pumps,” D. Bonnion Browne 
and J. N. Morris. 7.30 p.m. 

Inst. or Crvit ENGINEERS.—Great George-street, S.W.1. 
“Salonika Plain Recl tion Sch ” B. W. Huntsman ; 
“The Lake Copais, Boeotia, Greece: Its Drainage and 
Development,”’ A. J. Dean. 6 p.m. 

Inst. or Execrrican ENGINEERS: ScorrisH CENTRE.— 
North British Station Hotel, Edinburgh. ‘ Rural Communica- 
tions: Small Automatic Exchanges and Line Construction,” 
H. T. Millar. 7 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN ScoTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Application of Cast Iron to 
Engineering,” A. Campion. 7.30 p.m. 

Inst. or LocomMoTivE ENGINEERS : MANCHESTER CENTRE.— 
36, George-street, Manchester. ‘‘ Locomotive Feed Water 
Treatment,” J. S. Hancock. 7 p.m. 








[RON AND STEEL Inst.—Cole-street Schoolrooms, Scunthorpe. 
‘The Constitution of Blast-furnace Slags in Relation to the 
Manufacture of Pig Iron,” T. P. Colelough. 7.30 p.m. 

WEDNESDAY, JAN, 277TH. 

Inst. or Fuet.—British Industries House, Marble Arch, W.1. 
“The Combustion of Carbon,” Prof. H. L. Riley. 7 p.m. 

Inst. or SrrucTURAL ENGINEERS : SoutH WaLEs AND Mon- 
MOUTHSHIRE Brancu.—~Baltic Lounge, Swansea. ‘‘ Modern 
Garage Design,”’ H. A. Ellis. 7 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2. “* Lumi- 
nescence and its Applications,” J. T. Randall. 8.15 p.m. 

TuHuRSDAY, JAN. 287TH. 

Instr. or SrrvorvraL ENGINEERS.—Inst. of Civil Engineers, 
Great George-street, Westminster, 8.W.1. ‘‘ Soil Mechanics and 
Concrete Pile Driving,”” M. J.C. McCarthy. 6.30 p.m. 

Inst. or SrrucrorRAL ENGINEERS: YORKSHIRE BRANCH.— 
Hotel Metropole, Leeds. ‘‘ Welding in Structural Engineering,” 
A. Ramsay Moon. 7 p.m. 

Roya ArEronavuticaL Soo.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘“* Plastic Materials for Aircraft Construction,” 
Dr. N. A, de Bruyne. 6.30 p.m. 

Fripay, Jan. 297H. 

Inst. oF Merrats: BrruincHam Locat Srectrion.—James 
Watt Memorial Inst., Birmingham. ‘‘ Special Cast Irons,” J. G. 
Pearce. 7 p.m. 

Inst. oF EvecrricalL ENGINEERS : NortH-EAsTERN CENTRE. 
—Old Assembly Rooms, Westgate-road, Newcastle-on-Tyne. 
Annual dinner and dance. 7 p.m. 

Juntor Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
‘“‘The Sunbury Cathode Ray Engine Indicator,’’ Captain 
McGilliwie and R. Stansfield 7.30 p.m. 

Monpay, Fes. Ist. 

Royat Soc, or Arts.—John-street, Adelphi, W.C.2. ‘ Coamic 

Rays,” Prof. P. M.S. Blackett. 8 p.m. 
WEDNESDAY, Fes. 3rpd. 
or Civic ENGINEERS: MANCHESTER AND DISTRICT 


Inst. 
Midland Hotel, Manchester. Annual dinner. 7 p.m. 


Assoc.- 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


M. anv ©, Swircueear, Ltd., has appointed Mr. H. Tinsley, 
lla, Thorn-lane, Leeds, as their North Midlands representative, 
and Mr. G. R. Orchard, Brynheulog, Lon Cedwin, Sketty, 
Swansea, as their South Wales representative. 


Burton, GrirFirHs AND Co., Ltd., announce that they have 
been appointed sole agents in the United Kingdom for the sale 
of ** Namco” die heads and collapsible taps manufactured by 
the National Acme Company, Cleveland, U.S.A. 


Butt Morors, Ltd., has appointed Mr. H. Richardson, 
A.M.I.E.E., as an additional sales engineer in the London office. 
Mr. Richardson was for eight years with Electromotors Company 
in Manchester and London, after which he was for eight years 
sales engineer with the G.E.C. in London. 


Atrrep Hersert, Ltd., informs us that the arrangement of 
many years standing by which it has acted as sole agent 
for the sale in this country of the bolt and pipe threading 
machines made by the Landis Machine Company, Wanesboro, 
Pa., has now been enlarged so as to include the complete range 
of Landis die heads, chasers, and collapsing taps. 


Mr. A. C. Dean, M. Inst. C.E., of C. 8. Allott and Son, con- 
sulting engineers, North-parade, St. Mary’s Parsonage, Man- 
chester, 3, has pleasure in announcing that he has taken into 

artnership in his practice Mr. W. H. Cadwell and Mr. R. 8. A. 
 petaner Assoc. MM. Inst. C.E., who have been associated with 
the firm for some years. The practice will continue under the 
same style as hitherto. 








CONTRACTS AND ORDERS. 





The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers 





Tue GenNeRAL Exvectric Company, Ltd., has received a con- 
tract from the Great Northern Railway Company (Ireland) for 
twelve months’ supply of * Osram ”’ lamps. 

Joun I, THornycrort anp Co., Ltd., have received an order 
for an oil-engined yacht of some 830 tons. The new vessel will 
be somewhat similar to the 821 tons ‘‘ Trenora,” built by tke 
firm in 1933, 

RaNsoMEs, SIMs AND JEFFERIES, Ltd., Ipswich, have received 
an order from the Rangoon Electric Tramways and Supply Co., 
Ltd., for eighteen trollybus chassis. The chassis will be of 
the four-wheel t; with series motor suitable for series field 
regulated control and with rheostatic braking, and will take 
thirty-seater bodies, which will be built locally. 


Joun M. HENDERSON AND Co., Ltd., King’s Works, Aberdeen, 
have received a contract from John Mowlem and Co., Ltd., 
London, for two 3} cubic yard travelling cableway dragline 
excavators for their contract at Chingford. These machines 
are similar to a 2 cubic yard cableway dragline excavator supplied 
for the same contract a year ago. 








LAUNCHES AND TRIAL TRIPS. 


HorgecastLe, motor ship; built by Swan, Hunter and 
Wigham Richardson, Ltd., to the order of Novocastria Shipping 
Company, Ltd.; dimensions, length, 412ft. 3in.; breadth, 
57ft. 3in.; depth, 38ft. Engines, opposed-piston two-stroke 
airless injection ; launch, December 29th. 


SrraLa, motor tanker; built by Harland and Wolff, Ltd., to 
the order of Anglo-Saxon Petroleum Company, Ltd.; dimen- 
sions, length, 425ft.; breadth, 54ft. 3in.; depth, 31ft. Engines, 
six-cylinder four-stroke airless injection; launch, December 
29th. 

San Casimtro, tank ship ; built by Blythswood Shipbuilding 
Company, Ltd., to the order of Eagle Oil and Shipping Company, 
Ltd.; dimensions, length, 460ft.; breadth, 59ft.; depth, 34ft.; 
to carry 12,000 tons deadweight. Engines, eight-cylinder four- 
stroke single-acting ; constructed by J..G. Kincaid and Co., 
Ltd.; trial trip, December 29th. 

PoMELLA, motor tank ship ; built. by Cammell Laird and Co., 
Ltd., to the order of Anglo-Saxon Petroleum Company, Ltd.; 
dimensions, length, 435ft.; breadth, 57ft.; depth, 32ft.; to carry 
9500 tons deadweight. Engines, eight-cylinder four-stroke single- 
acting ; constructed by Hawthorn, Leslie and Co., Ltd.; launch, 
December 30th. 

ATHENIC, steamship ; built by William Gray and Co., Ltd., 
to the order of Sir Walter E. Cockerline ; dimensions, length, 
425ft. 4in.; breadth, 57ft.; depth, 29ft. 3in. Engines, triple- 
expansion, 23}in., 364in., and 65in. diameter by 45in. stroke ; 
pressure, 200lb. per sq. in.; trial trip, January 7th. 
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A Seven-Day Journal. 


Henley’s Centenary. 

Amonost the events with which W. T. Henley’s 
Telegraph Works Company, Ltd., is celebrating its 
centenary was a staff dinner, held at Grosvenor 
House on Friday, January 15th. Covers, we under- 
stand, were laid for 1300 people, amongst whom was a 
top-tableful of notable guests. There were guests 
also here and there, but most of the other tables were 
filled wholly by members of the firm. We ourselves 
were fortunate enough to be placed amongst several 
heads of departments and were in consequence able 
to appreciate the keenness and devotion of the staff 
to the company, but the whole room seemed to be 
effervescing with happiness. Indeed, we have never 
been at a dinner which exhibited so clearly the 
thorough enjoyment of so many persons of diverse 
positions in their association with their employers. 
At our table, too, there happened to be a measure of 
excitement and not a little going to and fro, for the 
securing of a large contract by Henley’s appeared to 
be imminent. The dinner itself went on till eleven 
o'clock ; it was followed by a cabaret, and the 
milkman and the morn were beginning to stir before 
the last of the throng dispersed. There were, of 
course, a good many speeches, of which that by the 
chairman, Sir Montague Hughman, made in response 
to Sir John Simon, was the longest and most impor- 
tant, as the occasion required. We need not say that 
the toast was ‘‘ Henley’s”’ and that Sir Montague 
dealt with the history of the company, which, we 
may remind our readers, is well presented in ‘‘ One 
Hundred Years,” a centenary volume prepared by 
Mr. Ernest Slater for the company. The health of 
‘““The Guests ” was proposed by Mr. W. F. Bishop, 
general manager, and was acknowledged by Sir 
Kingsley Wood and Mr. H. T. Young, now President 
of the “ Electricals.” Sir Maurice Simpson, a director, 
gave the “ Press,”’ to which Lord Iliffe and Mr. R. W. 
Hughman, managing director of the Electrical Times, 
and elder brother of the chairman, made suitable 
reply. Then the requirements of digestion being 
satisfied by a measure of compulsory repose, restraint 
was loosened and the cabaret began. 


Machinery Marketing. 


At the monthly luncheon party of the British 
Engineers’ Association, on Thursday, January 14th, 
the Director, Mr. David Bremner, following the 
customary practice, delivered his annual discourse. 
He called it ‘“*‘ Machinery Marketing and Money 
Making,” and it was constructively critical. It 
opened with a sharp attack on the increasing breach 
of the secrecy of quotations. Mr. Bremner asserted 
that within a few hours of the receipt of an estimate 
and quotation from one firm the particulars were 
revealed to others, and that tenderers were played off 
against each other in order to drive down prices. He 
held that the only defence against that evil practice, 
which was doing great harm to the engineering 
industries, was greater organisation amongst manu- 
facturers. He had no desire to see healthy com- 
petition removed, but it could ng longer be healthy 
when orders were accepted at cut-throat prices. He 
then discussed international trade and laid great 
stress upon the fact that Great Britain was a very 
desirable market to foreigners. He did not think the 
Government made enough of that fact. If it were 
properly exploited he was sure that we could induce 
foreign countries with which we had quota agree- 
ments to purchase from us highly manufactured 
products, which he regarded as the backbone and 
stay of our engineering industries. Finally he 
referred to a visit which is now being paid by two 
representatives of the F.B.I. to Germany. A few 
years ago German manufacturers would not listen to 
any arguments directed against international price 
cutting, but he believed that they were now in a 
different mood. 


Thames-side Industries. 


In a Journal note of December 25th we recorded the 
formation of a Thames-side Industrial Development 
Board, to encourage new industries in the Thames 
area, to entrench and extend the operation of existing 
industry, and to safeguard its interests. Early last 
week a general meeting of the Board took place, 
when Mr. J. Gibson Jarvie was elected President. 
It was decided by the meeting to approach local 
authorities in order to find Thames-side areas suitable 
for development. The appointment of a development 
officer was discussed, and a committee was set up to 
frame a programme of work to be undertaken by the 
Board. In his opening address, Mr. Jarvie said that 
he was opposed to industrial planning if it meant 
planning by the Government and control by the 
Government. Money alone would not, he said, cure 
the problem of the depressed areas. It was the 
easiest thing for a Government to hand out money, 
but the most difficult thing in the world to find people 
who were worthy to be entrusted with it. While he 
was fully alive to the problem of the depressed. areas 
and their needs, and was deeply sympathetic with the 





people in the areas, he felt that unless under com- 
plete Government control industrialists could not be 
forced to establish their industries at any particular 
point. Under Government control there would be, he 
pointed out, persistent interference with the natural 
flow of business, and business would be saddled with a 
bureaucracy with power to interfere. One of the 
objects of the Board would be to safeguard London 
industries against Government action or control. 


The L.M.S. Railway Staff College. 


In a Journal note of November 13th we described 
the proposed new railway staff college, which is to 
be built at Osmaston Park, near Derby. The L.M.S. 
Railway announces that Colonel Lionel Manton, 
D.S.O., M. Inst. T., has been appointed principal of 
the new college. Colonel Manton, who relinquished 
the post of Chief Engineer, Malta, to take up his new 
position with the L.M.S., has had a distinguished 
career in the Army. His work has largely been con- 
nected with transportation, and latterly with the 
training of Army personnel, so that he comes to the 
L.M.S. with a wide knowledge, both of railway trans- 
port and of the principles of staff training. Before 
the war Colonel Manton served on the Indian State 
Railways, both on construction and in the traffic 
department. After a short time with the sappers and 
miners in France in 1914, he was employed for the 
rest of the war in transportation work, and was 
awarded the D.S.O. in 1917. Immediately after the 
war he became Instructor in Transportation at the 
School of Military Administration. In 1922-26 
Colonel Manton was on the Rhine, first as President 
of the Inter-Allied Railway Sub-Commission at 
Cologne, and later as British member of the Inter- 
Allied Railway Commission at Wiesbaden and 
Assistant Quartermaster-General (Movements), Rhine 
Army. After an interval, he was again employed in 
railway work, when in 1930 he was given command of 
the Railway Training Centre, Royal Engineers, at 
Longmoor Camp, where he remained for 4} years. 
In the autumn of 1935 Colonel Manton was sent to 
Egypt as Assistant Director of Transportation, which 
appointment he vacated early in 1936 to become Chief 
Engineer, Malta. The new L.M.S. Staff College should 
be ready for occupation towards the end of this year. 


St. Albans —- Luton Road. 


THE Minister of Transport has approved a scheme 
for the widening and reconstruction of about 43 miles 
of the St. Albans—Luton road, at an estimated cost 
of £76,500. A grant for the greater part of the pro- 
posed expenditure has been made by the Minister to 
the Hertfordshire County Council, which is putting the 
work in hand immediately. On certain lengths of the 
existing road the carriageway is only 17ft. wide, and 
in places it passes between high banks. The improve- 
ments will be carried out over the greater part of the 
lengths between the St. Albans boundary and “ The 
Silver Cup ”’ public-house on the south side of Har- 
penden, and between “The Old Bell” public- 
house and the Hertfordshire county boundary on the 
north side of Harpenden. A 30ft. carriageway, 
bordered on one side by a 6ft. footpath, is to be pro- 
vided, and in some places the footpath will be dupli- 
cated. The overall width of the road, with the 
exception of the Harpenden Common section, will 
be 60ft. It is hoped to complete the reconstruction 
by August of next year. Arrangements have also 
been made with a view to relieving traffic on this road, 
and for this reason the dual carriageway system will 
not be necessary. The intention is to build a road, 
120ft. wide, to connect the London-Carlisle road with 
the London—Holyhead road, north of Harpenden, 
and such a connection should divert the bulk of the 
traffic to the Holyhead road. 


The Gatwick Airport Accident. 


AN accident occurred near Gatwick Airport on 
September 15th, 1936, to an aeroplane operated by 
British Airways, Ltd., as already recorded in THE 
ENGINEER, at about 22.09 hours (British standard 
time), on a fine, but slightly misty, night, shortly 
after the aeroplane had started on a schedule mail 
and freight-carrying flight from Gatwick to Hanover 
vid Cologne. The aeroplane, with a crew of four, took 
off towards the west, turned to its left, and followed 
a left-hand circuit of the aerodrome until it was 
heading in an easterly direction. Then, instead of 
proceeding on a straight course, as it should have 
done, it continued turning to the left, losing height 
as it did so, and finally crashed in a field about half 
a mile to the south-west of the airport. An outbreak 
of fire occurred on impact with the ground and three 
out of the four occupants of the aircraft lost their 
lives; the fourth escaped with somewhat severe 
burns. Most of.the freight and mail was destroyed. 
The Inspector of Accidents, Air Ministry, as a result 
of his investigations, has come to the conclusion that 
the available evidence is insufficient to determine the 
cause of the accident, but that the possibility cannot, 





he says, be dismissed that the occupant of the second 
pilot’s seat—the wireless operator—accidentally inter- 
posed his left foot, which became caught between 
the second pilot’s rudder bar and a fire extinguisher, 
a fixture on the floor of the cockpit. The result was 
that the movement of the rudder controls was 
obstructed to an extent that caused the pilot to lose 
control of the aircraft. The position of the fire 
extinguisher has now, we learn, been altered in ail 
the machines of this type. 


Watt Anniversary Lecture. 

On January 15th, Sir Nigel Gresley delivered the 
Watt Anniversary Lecture to the Greenock Philo- 
sophical Society. In certain respects it followed, 
as was inevitable, his presidential address to the 
“* Mechanicals,” but he outlined the high-speed pro- 
gramme which the L. and N.E.R. is putting into 
operation, and for which a number of new locomotives 
closely resembling the “ Silver Link,” but finished in 
the standard green of the company, are being built. 
The first, “‘ Golden Eagle,” has just been completed. 
A special feature of the new services is the reduction 
of the King’s Cross-Edinburgh timing from eight and 
a quarter hours to six hours, which, Sir Nigel said, he 
regarded as one of the most remarkable achievements 
the railways had made in the whole course of their 
history. After referring to the profitable nature of 
the London-Newcastle streamline trains—which was 


detailed in his presidentiai address—Sir Nigel 
remarked that “ British, French, German, and 


American experience all goes to prove that these 
various high-speed trains have met a clearly defined 
want. There is little truth in the argument that their 
patronage has been mainly drawn from other trains. 
In practice many of the new trains were fortunate 
in being inaugurated when passenger traffic was 
reviving, but nearly all of them provide additional 
facilities, and they have created a traffic of their 
own.” Touching upon the question of boilers, the 
lecturer said that, whilst many departures from the 
Stephenson principle had been attempted, none had 
survived. The Stephenson boiler was the most 
efficient locomotive boiler in the world. 


Airport Design Exhibition. 


THE Royal Institute of British Architects has now 
completed the collection of exhibits of aircraft, 
airports, and scenes from the air which are to be sent 
round the country as an exhibition of airport design 
and aerial transport generally during the next eighteen 
months. The exhibits are intended for the guidance 
of municipal authorities responsible for the policy 
of the towns and cities of this country in the matter 
of provision for air transport, and for the information 
of architects and others called upon to design and 
erect the buildings constituting an airport. . While 
the nature of the landing ground is generally decided 
automatically wherever grass will grow, the possi- 
bilities of dealing with heavier machines in the future 
make the examples of concrete and macadam run- 
ways, exhibited from America and from Sweden, of 
interest. The design of the buildings necessary 
both for control and for the handling of air traffic 
are fully illustrated by such schemes as the circular 
building at Gatwick, the neat arrangement of Shore- 
ham, the compact system in use at Jersey, and the 
ambitious plan to be undertaken shortly by Birming- 
ham. The arrangement at Hamburg of all the build- 
ings in the form of an arc is in contrast with the 
square designs more general in other parts of Germany 
and with the decorative styles in the United States. 

Marine Engineers’ Examinations. 

Ir was announced on Friday last, January 15th, 
that the Board of Trade had instituted a Depart- 
mental Committee to inquire into the present system 
under which candidates are examined for certificates 
of competency as engineers in the mercantile marine. 
It will advise on the subject of alterations, if any, 
required in the present system, whether in the conduct 
of examinations in the subjects set or in the qualifica- 
tions of candidates. The Committee consists of 
eleven members appointed by shipping and engineer- 
ing organisations, technical societies, and Govern- 
ment Departments. Mr. Maurice 8. Gibb, managing 
director of the Special Areas Reconstruction Associa- 
tion, Ltd., has been appointed independent chairman. 
Members of the Committee are :—Mr. W. Dowling, 
superintendent engineer of the Hain Steamship Com- 
pany, Ltd., representing the Shipping Federation ; 
Mr. Joseph Robinson, Member of Council, represent - 
ing the Institute of Marine Engineers ; Professor 
C. J. Hawkes, President of the North-East Coast 
Institution, representing that society jointly with the 
Institution of Engineers and Shipbuilders in Scotland ; 
Mr. J. E. Montgomry, assistant secretary, represent- 
ing the Institution of Mechanical Engineers ; Mr. J. 
Paley Yorke, representing the Asso¢iation of Prin- 
cipals of Technical Institutes; Mr. D. Braman, 
representing the Marine Engineers’ Association. 
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The Principles 


and Practice of 


Automatic Control. 


No. 


‘Nits widest sense automatic control may be 
defined as the correction of any physical quantity 
or characteristic—such as motion, attitude, speed, 
pressure or mass flow—when it departs accidentally 
from some pre-selected state of constancy or from 
some desired rule of variation. As thus defined, auto- 
matic control is to-day a subject of very wide interest. 
In some cases—as, for example, in its application 
to aircraft on long-distance flights—-it is adopted 
as a means of economising human effort. In others 
-as in the governing of boiler-house operating con- 
ditions—its aid is sought as a means of achieving 
a standard of performance beyond the reach of 
manual control. In yet others—as in the control of 
torpedoes—it is resorted to because the circumstances 
preclude the use of any non-automatic form of control. 
The field covered by the subject is a very wide 
one but both in theory and in practice it is divided 
sharply and naturally into two sections. The dis- 
criminant between the two sections is the presence 
or absence of momentum—or its equivalent— 
among the factors affecting the quantity or charac- 
teristic to be controlled. The automatic control 
of the rudder of a ship with the object of making 
the ship follow a prescribed course presents an example 
falling within the first section, for in this case the 
momentum with which the ship swings away from, 
or back on to, its course plays a prominent part in 
the action of the control system. The automatic 
control of temperature exemplifies the second section 
for, in general, no momentum effect accompanies 
a rise or fall in the temperature of a body. 

The two sections demand separate treatment. 
The equipments comprising the first section are 
sufficiently related or analogous in their objects to 
render it profitable to study them in the light of 
certain common principles constituting a general 
theory of automatic control. These principles are 
also applicable to the equipments of the second section 
but in a form greatly simplified by the omission of 
the momentum factor. Little or nothing however 
is to be gained by forcing the equipments of the 
second section into the sphere of the general theory. 
Each is markedly individual in its action and the 
details of its design. For the most part, it is pre- 
ferable to regard them as devices each of which acts 
in a manner special to itself and the particular 
purpose which it is designed to achieve. Certain 
mechanical details—such, for example, as “ follow- 
up” movements—are, it is true, common to both 
sections. Nevertheless the presence of the momentum 
factor in equipments of the first section introduces 
complexities which those concerned with equip- 
ments of the second section may consider to be 
outside their range of study. 

In this series of articles attention will be confined 
to an exposition of the general theory of automatic 
control and to the description of typical existing 
equipments falling within the first section. These 
equipments are to-day exemplified in practice by 
the various systems which have been devised for 
controlling the direction of motion or the attitude 
of massive bodies such as ships, torpedoes and aircraft. 
The several methods designed for automatically 
controlling the rudders of ships—such as the Sperry, 
Brown, Minorsky and Henderson—represent auto- 
matic control applied to motion of a body about 
one axis. The control of the course and depth of run 
of torpedoes illustrates, in effect at least, simultaneous 
bi-axial control. Existing systems for the automatic 
piloting of aircraft—such as the Siemens, Sperry, 
British (R.A.E.) and Pollock Brown—represent 
automatic control about one, two or all three axes 
simultaneously and may, as in the Siemens system, 
he supplemented by the automatic control of speed. 


THE GENERAL THEORY OF AUTOMATIC CONTROL. 


The mathematical basis on which the general theory 
of automatic control is founded presents no great 
difficulties—-provided certain customary simplifying 
assumptions are made—and is to be found in outline 
or detail in numerous text-books. The method of 
exposition which we propose to follow is of necessity 
derived from mathematical analysis but the results 
will be presented in a geometrical rather than in 
an algebraical form. This procedure will yield a 
purely qualitative insight into the problem of auto- 
matic control but in view of the numerous uncer- 
tainties and qualifications attached to the theoretical 
treatment of the subject a non-qualitative discussion 
may be found sufficient and even advantageous for 
many purposes. 

We will begin our discussion of the general theory 
of automatic control, as applied to systems capable 
of possessing momentum, with the simplest possible 
example. Let us suppose that a body represented 
by a mass m concentrated at a point is, in its primitive 
condition, perfectly free to take up any position on a 
line X X’ Fig. 1 and that it is open to the action of 
transient, purely accidental forces which may move 





1. 


it up or down the line. Let it be desired to subject 
the body to automatic control with the object of 
causing it to return, after any accidental departure, 
to some definite pre-selected position O. 

The first clear requirement is that the body should 
have applied to it a restoring force which will be zero 
so long as it remains at O but which will act from 
X towards O if it moves upwards and from X’ 
towards O if it moves downwards. This force might 
be of constant magnitude whether the departure to 

be corrected were great or small and 

be arranged merely to reverse its direc- 
x tion of action according as the departure 
were upwards or downwards. Instinct, 
if nothing else, however tells us that 
smoothness of action will be promoted 
if the force is graduated to increase with 
the amount of departure to be corrected. 
If the force is graduated then the body, 
should it at any time pass from one side 
of O to the other, will experience, instead 
of a suddenly reversed restoring force, a 
force which decreases down to zero and 
then builds itself up again in the opposite 
direction. 

We might arrange this graduated restor- 
ing force to vary with the first, second 
or other power of the displacement O m 
or according to any other law which would 
make it zero when the body was at O. 
Two considerations assist us in making our choice. 
In the first place practical means of applying the 
restoring force to the body, such for example as 
springs, are commonly of a kind which make the 
restoring force proportional, or nearly so, to the first 
power of the displacement. Secondly, if the behaviour 
of the body under automatic control is to be made the 
subject of mathematical analysis it is essential, in 
order to avoid almost prohibitive complexity, that 
the restoring force should be assumed to be propor- 
tional to the first power of the displacement. In 
actual practice mathematically exact first-power 
proportionality between the restoring force and the 
displacement rarely prevails over the full possible 
range of displacement. This is only one of several 
points at which a cause of discrepancy between the 
results of practical trial and those predicted by 
analysis is likely to be introduced. 

It is almost self-evident. that the position of the 
body will not be controlled in an acceptable manner 
by the provision simply of a graduated restoring force 
proportional to the displacement. Assume that some 
transient accidental force deflects the body to A. 
Initially the restoring force would be proportional 
to O A and would diminish towards zero as the body 
returned to O. Although the force vanished at O its 
effect between A and O would be cumulative with the 
result that the body would arrive at O with a certain 
velocity. The momentum corresponding to this 
velocity would carry the body through O and would 
enable it to move downwards against the now 
reversed and increasing restoring force until it reached 
a point A’ as far below O as A was above it. At A’ 
the momentum would have been completely destroyed 
and the body, momentarily at rest, would begin to 
move up again towards O under the action of the now 
unimpeded restoring force. Reacquiring momentum 
it would pass through O and ascend once again to A. 
Thereafter the cycle would be repeatedly indefinitely. 
It follows then that a simple restoring force propor- 
tional to the displacement is a means not of restoring 
the body to O but of converting an accidental depar- 
ture into an indefinitely prolonged oscillation of the 
body about O. This oscillation, it will be noted, 
occurs because the body is capable of exhibiting 
momentum. Means must be provided for dealing 
with it. If the body were without mass the oscilla- 
tion would not occur and means for dealing with it 
would not be necessary. It is for this reason that 
momentum in the body controlled is the discriminant 
between the two sections into which automatic con- 
trol, as a subject, can be divided. 

To remedy the defect represented by the oscilla- 
tions we must obviously adopt some means of pro- 
gressively reducing the momentum with which the 
body passes through O at each swing. Subject to 
a qualification which will be named hereafter, we 
may say that it is not possible -wholly to prevent 
the oscillations. All we can aim at is to make them 
die out within a reasonably short time instead of per- 
sisting indefinitely. If the means for reducing the 
momentum be assumed to be in existence, and if it 
is brought into action immediately the body leaves 
A on its first swing then the momentum possessed 
by the body as it passes through O will be insufficient 
to carry it to A’. If the original displacement O A 
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be of magnitude I the second displacement towards A’ 
would then reach some value less than I say pI 
where p is a fraction less than unity. Continuing our 
attack on the momentum we could make the body on 





its succeeding upward motion stop momentarily at 
a displacement towards A not only less than I but 
less than pI, say at a displacement gpI where q is 
another fraction less than unity. On the next swing 
towards A’ the maximum displacement would be 
rqplandsoon. Thus with each swing the amplitude 
of the oscillation about O would diminish until in 
time the body would come to rest at O. 

In passing it should be noted that the product 
pqr...of a series of fractions can never be zero. 
Hence, theoretically at least, the oscillation would 
never quite die out. In practice however it is possible 
to arrange the conditions in such a way that after 
quite a small number of swings the amplitude of the 
residual oscillation will be smaller than any magni- 
tude which we can distinguish from zero. 

It is quite clear that during the initial swing from 
A to O the required agency for diminishing the 
momentum with which the body passes through O 
will be provided by some force acting to oppose the 
velocity, that is to say by a force acting upwards. 
The restoring force over A O acts downwards. Hence 
the additional force is one acting in opposition to 
the restoring force. This force might be supplied by 
some force-producing agency entirely distinct from 
that which supplies the restoring force. So far how- 
ever as the effect on the motion of the body is con- 
cerned it might equally well be supplied by reducing 
the restoring force to the requisite amount below the 
value prescribed by the first-power variation law. 
Mathematically there is no difference between the 
action of two separate forces and the action of a 
single force equal to their resultant. There may 
however be a very important difference, as we shall 
see later, when the practical means of applying the 
forces or their resultant are considered apart from the 
effect produced. 

Next consider the succeeding part of the motion, 
from O downwards to some point short of A’. The 
momentum at O has been reduced. What remains of 
it is expended against the reversed and increasing 
restoring force which the body encounters as it 
descends below O. The reduction of the momentum 
at O would by itself result in the body stopping at 
some point short of A’. It is clear however that the 
process of causing the amplitude to decay can be 
assisted if we continue to apply an additional upward 
force to the body as it passes downwards towards A’. 
This additional force will now assist the restoring 
force and the two forces acting together will check 
the momentum of the body sooner than the restoring 
force would do if it acted alone. As before, the 
restoring force and the additional force may be applied 
by two distinct force-producing agencies. Equally 
well however so far as the motion of the body is con- 
cerned, they might in effect be supplied by increasing 
the restoring force above the value prescribed by the 
first-power variation law. 

On the next portion of the motion, namely from 
some point short of A’ back to O, we resume the 
attack on the momentum by applying a downward 
force to the body in opposition to the velocity in the 
upwards direction which it is now acquiring. The 
additional force over this third portion of the motion 
is directed against the restoring force just as it was 
over the first portion from A to O. Over the last 
portion of the motion from O to some point short of A 
we may continue to apply an additional downward 
force to the body. This force will, as described in 
connection with the second part of the motion, assist 
the restoring foree and the two acting together will 
bring the body to rest sooner than the unassisted 
restoring force would do. ' 

Taken over a complete cycle the additional force 
required to cause the amplitude of the oscillations to 
decay is seen to be one which will alternately oppose 
and assist the restoring force. The restoring force is 
linked to the displacement of the body and in 
practice, by the use of springs or otherwise, the actual 
displacement of the body at any instant can be 
employed as a direct means of regulating the amount 
of restoring force applied at that instant. The addi- 
tional force is required alternately to assist and oppose 
the restoring force. How is this reversal to be brought 
about in practice? We notice that if the scheme 
indicated above for causing the amplitude to decay 
is followed, the additional force is in the upward 
direction all the time the body is moving downwards 
from A towards A’. Similarly it is downwardly 
directed all the time the body is moving upwards 
from the neighbourhood of A’ towards A. The 
additional force will therefore reverse at the correct 
instants if its direction is governed by the direction in 
which the body is moving. 

We have still to settle the amount of the additional 
force. We might, as with the restoring force, make it 
constant in amount and merely reverse its direction 
at the ends of the swings. As before however smooth- 
ness of action demands a graduated force. Just 
before the end of a swing is reached it should have 
fallen to a low value and be approaching zero in 
order that it may, when the return begins, start to 
build itself up from zero in the reverse direction. This 
is precisely what the velocity of the body is doing at 
the same instant. Hence quite naturally we link the 
amount of the additional force applied to the body at 
any instant with the velocity of the body at that 
instant, arranging the linkage in such a way that the 
direction of the additional force is opposed at all 
times to the direction of the velocity. 
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Once again, as with the restoring force, we are free 
to choose the law of variation. We may make the 
additional force proportional to the first, second or 
other power of the velocity or make it dependent 
upon the velocity in accordance with any other law 
which will make it zero when the velocity is zero. 
The two considerations, previously named as guiding 
our choice when considering the same point in con- 
nection with the restoring force, are now wunfor- 
tunately contradictory. A very convenient practical 
means of applying the additional force consists of a 
dash pot or other similar device making use of fluid 
friction against the action of which the body is com- 
pelled to move. The resistance of a dash pot always 
opposes the motion of the piston and can therefore 
be arranged always to oppose the motion of any body 
to which the piston is coupled. Further the resistance 
is zero if the velocity of the piston is zero. When the 
velocity is not zero the resistance is proportional to 
the square of the velocity—-or at least approximately 
so except when the velocity is very small. A dash 
pot or equivalent device is therefore a very con- 
venient means, when circumstances are suitable, of 
applying the additional force required to make the 
oscillations of a body decay. Unfortunately if the 
motion of the body is to be made amenable to 
mathematical analysis of a fairly simple order it 
is imperative that the additional force should be 
proportional to the first power of the velocity. We 
are therefore forced to seek some source which will 
give a force strictly proportional to the first power 
of the velocity or to be content with an incomplete 
or approximate analysis of the motion. The second 
alternative is usually adopted in practice because 
of the difficulty encountered in finding and applying 
a source of force proportional to the first power of 
the velocity. In this cireumstance we have a second 
cause which is apt to introduce discrepancy between 
actual and predicted results. 

Since the non-quantitative argument which we 
are pursuing is based on a mathematical analysis 
of the problem we are compelled to assume (a) that 
the restoring force is strictly proportional to the first 





power of the displacement and (b) that the additional 
force is strictly proportional to the first power of the 
velocity. The displacement and velocity are those 
actually existing at any one instant. If the restoring 
force were alone in action the displacement and 
velocity at any instant would have certain values. 
When the additional force is brought into action 
these values are modified. It is to those modified 
values that the restoring and additional forces are 
to be proportional. In particular the additional force 
is to be proportional not to the velocity which the 
body would have if the restoring force alone were in 
action but to the directly determinable, actually 
existing velocity, that is to say to the velocity which 
it itself jointly with the restoring force imparts to 
the body. Similarly the displacement at any instant 
is determined jointly by the restoring and the 
additional forces and it is to the actual existing dis- 
placement thus jointly determined that the restormg 
force is to be proportional. 

Mathematical Note.—The failure of mathematics to deal, 
in a simple, complete manner with the motion of an oscillating 
body exposed to a “damping” force which is other than 
a ge om to the first power of the velocity is of a fundamental 

ind. Whereas the differential equation 
#+AZ+Br=0 
can be solved, satisfactorily and completely, by elementary 
methods, the equation 
#+A (é)?+B2=0 
is intractable except by a tedious incomplete step-by-step 
process. Why the second equation should be intractable is 
not known with certainty. The explanation may perhaps lie 
deep down in the fact that the equation as it stands represents 
an oscillation taking place under conditions which are unnatural. 
In the first equation, the second, or damping, term changes 
sign with change in the sign of ¢—as it should do in order to 
express the fact that the damping resistance is always opposed 
in direction to the velocity. The corresponding term in the 
second equation is however always positive whether z be 
positive or negative and therefore alleges that the damping 
resistance — the velocity when the body is moving in one 
direction and assists it when the motion is in the opposite 
direction. To express the fact that the resistance always 
opposes the velocity we are compelled to treat the motion 
swing by swing, reversing the sign of the second term at each 
reversal in the direction of motion. This procedure is adopted 
in the step-by-step process of dealing with the equation. 
(T'o be continued.) 
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(Continued from page 72, January 15th.) 


HIGHLY sensitive D.C. recording instrument 

similar to that described in our issue of November 
6th, 1936, was one of the exhibits of Elliott Brothers 
(London), Ltd., of Century Works, Lewisham. It is 
of the permanent magnet moving coil type, and when 
fitted with a rectifier may be used on A.C. circuits. 
The width of the record is 3fin. Full scale deflection 
is obtained for 1 milliampere with a resistance in the 
moving coil of 1100 ohms. The VA consumption is 
|-1 milliwatts. Instruments are also available with 

















FIG. 28—CURRENT TRANSFORMER AND AMMETER— 
ELLIOTT 


a sensitivity of 0-5 milliamperes for full scale deflec- 
tion, the resistance of the moving coil being 4000— 
4500 ohms. The torque is identical with that of the 
standard model. The instrument is available as a 
voltmeter with a minimum range of 0-5 volts, and 
a sensitivity 1000 ohms per volt or 0-10 volts with a 
sensitivity 2000 ohms per volt. The movement is 
self-damped and quick acting, and can be employed 
to obtain response curves in audio-frequency work. 
In this case the 0-5 milliampere instrument is used. 
A feature of the instrument is its high electrical 
efficiency ; the torque for a consumption of 1-1 milli- 





watts being 17 gramme centimetres. It will thus be 

apparent that the high sensitivity has not been 

obtained at the expense of the working torque. 
Subject to the usual limitations of rectifier instru- 


ments with regard to wave form, the instrument is |. 


supplied for current measurements on A.C. circuits 
with ranges of 1 or 0-5 milliamperes. The instrument 
shown in Fig, 28 is a new split core current transformer 
with an ammeter having a range of 0/10 amperes and 
0/50 amperes. The combination is light and portable, 
and is particularly adapted for testing domestic 
apparatus and factory installations. 

Many other instruments were shown by this firm, 

















Fic. 29—HEAT LosS RECORDER-—ELLIOTT 


but it must suffice to call attention to the combustion 
heat loss recorder, Figs. 29 and 30, which is of par- 
ticular interest to combustion engineers. The instru- 
ment is intended to indicate and record the per- 
centage of the heat of the fuel carried away from a 
furnace by the waste flue gases. It assumes, as 
described in patent specification No. 457,111, that this 





is proportional to the volume of the flue gases and to 
their temperature above that of the air used for com- 
bustion. In the present form of the instrument it is 
also assumed that the volume of waste gases is in 
inverse proportion to their percentage content of 
carbon dioxide. The apparatus thus indicates and 
records a quantity which varies as the temperature 
of the flue gases divided by their carbon dioxide 
content. The CO, content is measured by a Siemens 
electrical gas analysis apparatus A, from which an 
electromotive force depending on the CO, content is 


Cross-Coil 
Instrument 












Flue Gas 
Pyrometer 








Air inlet 
Pyrometer 








~ 











“Tre Encineer R 
Fic. 30—HEAT Loss RECORDER CONNECTIONS— 
ELLIOTT 


obtained. The temperature rise of the flue gases _ is 
measured by the difference of the electromotive forces 
of the two thermo-electric pyrometers BC. These 
two electrical quantities are applied to the moving 
coils E F of a cross coil instrument, which by suitable 
disposition of the coils and magnetic field indicates 
and records their ratio. 

It may happen that the two electrical quantities, 
although they are each proportional respectively to 
the CO, and to the temperature, are such that their 
ratio as indicated by the cross-coil instrument, is 
not proportional to the ratio required. It can be 
shown, however, that by adding a constant to one of 




















Fic. 31—PAINT TESTING APPARATUS—KELVIN 


the quantities, the necessary adjustment to the ratio 
can be accomplished. This is carried out in the present 
instance by adding a constant electromotive force 
to that obtained from the thermo-electric pyrometers. 
The CO, measuring apparatus requires a constant 
current, which is maintained by barretter lamps or 
other means. The small resistance R therefore has 
a constant difference of potential between its ends, 
which is used in the manner indicated, the addition 
so made being either positive or negative, according 
to the requirements. 

If the conditions of combustion are such that the 
temperature of the inlet air is sufficiently close to that 
of the instrument the pyrometer C for the inlet air 
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may be omitted, the cold junction of the thermo- 
electric circuit being arranged by means of com- 
pensating conductors to be situated at the instru- 
ment terminals. If desired, indicating or recording 
instruments showing the temperature and the CO, 
content separately may be connected at the same 
time as the cross-coil instrument. 

One of the principal exhibits of Ferranti, Ltd., of 
Hollinwood, Lancs., was the Ferranti repeater, 
described in our issue of November 13th, 1936. It 
wili be remembered that it gives remote indication 
of the position of some piece of apparatus, such as 
dampers, voltage regulators, floats, &c., for giving 
the level of water in tanks. Another piece of apparatus 
well known to our readers was a Ferranti voltage 
regulator, now made in much larger sizes than in the 
past, as exemplified by the regulator illustrated and 
described in THE ENGINEER of January Ist. Amongst 
the range of 2}in. dial Ferranti instruments was a low- 
reading resistance tester with a scale of 0-5 ohms 
and with a value of 0-25 ohm at half scale. The 
instrument is supplied complete with a battery, 
which is only called upon to supply a maximum 
current of 20 MA. An improved and patented form 
of movement for the 2in. dial instruments was shown, 











PAINT TESTING APPARATUS— 
KELVIN 


FiG. 32—‘* ULVANIC ”’ 


together with a selection of instruments of this size 
with two ranges. Another new instrument was a 
circuit tester having @ resistance of 2000 ohms per 
volt on all voltage ranges, two resistance ranges, and 
a range of capacitance. 

An improved form of small self-starting synchronous 
totally enclosed motor with bearings at both ends 
was also exhibited. During voltage surges or fluc- 
tuations the performance has been greatly improved 
without disturbing the starting conditions by the 
provision of a spring-loaded fly-wheel on the rotor 
system. Induction type “ O.N.” overcurrent relays 
were on view with a mechanically operated instead 
of electrically operated tripping device. Both the 
contacts and flag indicator are operated in this way 
and both are re-set by hand. 

The Digby paint testing apparatus, which works on 
the principle described by Messrs. W. P. Digby and 
J. W. Patterson in our issue of June 15th, 1934, con- 
stituted one of the exhibits of Kelvin, Bottomley and 
Baird, Ltd., of Glasgow. The apparatus is designed 
to afford paint manufacturers and all users of paint 
a certain and rapid means of comparing the pro- 


tective values in regard to the resistance to corrosion 


of the metal work on which it is used. 
One galvanic couple testing cell (Fig. 31) was 
shown with a painted plate under test. The cell is a 





rubber-lined vessel divided into two parts by the 
painted steel plate so that both surfaces can be 
tested. The plate is immersed in the appropriate 
electrolyte, such as sea water, river water, acid solu- 
tions, &c., and forms one plate of a galvanic couple, 
the other being a graphite plate, also immersed in the 
liquid. When the film is perfect the steel plate is 
completely insulated so a galvanometer connected 
across the cell reads zero. But as deterioration of the 
paint film sets in the galvanometer reading shows the 
extent of the deterioration. A graph connecting 
time and the galvanometer readings will indicate the 
progressive breakdown. During the test the cell is 
short-circuited, but the circuit is opened at intervals 
to enable the readings to be obtained, thus maintain- 
ing the paint film under stress during practically the 
whole of the time. The corrosion-resisting power of 
paint films is given in quantitative form and tests 
showing whether a paint is up to specification are 
made possible. 

In another form known as the “‘ Ulvanic ”’ galvanic 
cell tester (Fig. 32), the action of light from a special 
form of carbon arc lamp is combined with the 
galvanic stress. The cells are fitted with a “‘ Vita” 
glass window, and the graphite plate electrode is 
replaced by carbon rods which allow the light to 
reach the paint film under test. The galvanic cell 
tests may be combined with the usual rack tests 
and help to provide information on the process of 
breakdown and to show early tendencies in such 
tests before visible deterioration of the paint film 
occurs. 

The instrument shown in Fig. 33 was one of the 
exhibits of the Automatic Coil Winder and Electrical 














FiG. 33—AVOMETER—A.C W. & E.E. 


Equipment Company, Ltd., of Windsor House, 
Douglas-street, 5.W.1. It is known as the Avometer, 
and has forty-six ranges, forty-three of them 
being for the measurement of A.C. and D.C. 
volts, amperes, and ohms. The instrument is 
also provided with a  direct-reading: capacity 
range and [power and decibel ranges for output 
measurements. The internal load resistance in 
the case of the latter two ranges is 4000 ohms, 
and the zero reference level for decibel measurements 
50 milliwatts. The resistance measurements up 
to 1 megohm can be made using internal batteries, 
whilst by utilising an external A.C. or D.C. supply 
measurements can be made to 40 megohms. Adjust- 
ment for incorrect voltage, either internal or external, 
can be made on all resistance and capacity ranges. 
Owing to the low current consumption of the meter, 
the D.C. voltage ranges and all A.C. voltage ranges 
except the 10 and 5-volt ranges, have resistances 
1000 or 500 ohms per volt. A feature of the instru- 
ment is the protective cut-out, which automatically 
disconnects the meter circuit from the source of 
supply in the event of severe overload. A 100-volt 
H.T. battery can be applied directly to the instrument 
on its 2 milliampere range without damage. An 
automatic temperature corrector eliminates, for 
all practical purposes, errors due to changes in 
temperature. 

Besides other useful electrical meters, such as a 
capacity meter and an exposure meter, the firm was 
exhibiting the multi-coil winder shown in Fig. 34. 
It is designed for the simultaneous winding of coils 
with paper insulation between layers and the final 
parting off on completion. Variable speed from 
500 to 3000 r.p.m. may be obtained according to 
conditions, and the wire may be from 0-002in. to 
0-013in. in diameter. Individual coils from }in. 
to 6in. long, and from gin. to 44in. in diameter, may 
be wound, the maximum width of paper being 12in. 
Advantages claimed for the machine are simplicity 











of setting, constant overlap of paper throughout 
the coil, and automatic stopping at a predetermined 
number of turns. An improved type of reel carrier 
and tension device are employed, and provision is 
made for winding up to twelve coils at a time. 

The transient recorder shown in Fig. 35 was one 
of the exhibits of Standard Telephones and Cables, 
Ltd., of Connaught House, Aldwych, W.C.2. It 
is designed for the observation and recording of 
high-speed transients, such as those connected with 
cable testing and surges on power lines, &c. It con- 
sists of two portable units, a tube unit and a mains 
unit, which are plugged into each other back to back, 




















Fic. 34—MULTI-CoOIL WINDER-A.C.W. & E.E. 


so that there is no necessity for wiring between them 
and complete safety of operation is assured. The 
incoming transient breaks down a pre-set spark gap 
which causes the cathode ray spot to appear on the 
screen and to sweep across in a time controllable 
at will between 1 microsecond and 1 millisecond 
with a time lag of a fraction of a microsecond. Suit- 
able timing waves can afterwards be applied for com- 
parison. A high vacuum tube is used with anode 
voltages of up to 5000. Permanent records may be 
taken by means of a camera which is arranged to 
clip on to the front of the tube unit. 

One of the most ingenious pieces of apparatus 
exhibited by the Cambridge Instrument Company 
was the gauging and sorting machine shown in 
Fig. 36, designed to gauge and sort cylindrical 
specimens varying in diameter between jin. and 
Zin. A movable anvil is set to any desired length 
between l}in. and 5in., and a small dial to any toler- 











FIG. 35—TRANSIENT RECORDER-—STANDARD 
TELEPHONES 


ance from +0-000lin. to +0-002in. Specimens 
are brought in turn between this anvil and another, 
and according to the length various traps are 
magnetically set in a chute into which the specimens 
fall on release from the anvils. Those within the 
set limits fall into one compartment, those too short 
into another, and those too long into a third. The 
specimens are primarily stacked in a container from 
which they are fed by gravity on to a rotating carriage 
which brings them into position between the anvils. 
The total consumption of the machine is about 40 
watts, the speed of running being twenty samples per 
minute. 

Many other things were exhibited by the Cambridge 
Instrument Company, but it will suffice to call atten- 
tion to the electrolytic resistance meter shown in 
Fig. 37. The instrument is direct reading and it is 
only necessary to plunge the electrodes into a liquid 
to measure its electrolytic resistance. No correction 
is necessary for variations of temperature, as the 
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supply for the bridge is obtained from A.C. mains 
through a transformer, the secondary winding of 
which is carried on a core moved by a bimetallic 
‘* gridiron,” the variation in air gap being arranged 
to correct to a high degree of accuracy for the variation 
with temperature of the resistance as indicated by 
the out-of-balance current in the Wheatstone bridge 
circuit. The transformer has also been designed so 
that fluctuations in mains voltage have no sensible 
effect on the readings. The conducting path between 
the electrodes can he adjusted to suit various elec- 
trolytes. The instrument has many industrial appli- 
cations and it is particularly useful where a measure 
of the variation of water hardness is required. 

A new instrument (Fig. 38) for highly magnifying 
and recording oscillographically high-frequency 
minute transient changes of capacitance was shown 
by Mr. Oliphant, of the British Electrical and Allied 
Industries Research Association. Use is made of the 
capacitance change to tune a simple oscillatory circuit 
through its resonant point. . The circuit is loosely 
coupled to another oscillatory circuit tuned to some 
point on the side of the resonance curve and the effect 











FiG. 36—GAUGING AND SORTING MACHINE— 
CAMBRIDGE INSTRUMENT 


of the former circuit is to alter the effective impedance 
of the latter circuit according to a definite law. The 
second circuit is energised by an oscillator and the 
change in effective impedance is indicated by a volt- 
meter, while the indication may be recorded by an 
electromagnetic or cathode ray oscillograph. The 
method facilitates the recording of any physical or 
mechanical phenomenon which can be conveniently 
adopted to produce a small change of capacitance of a 
few microfarads. With a certain arrangement of 
recording with an electromagnetic oscillograph it is 
possible to obtain a deflection of 1 mm. for a capaci- 
tance change of 0:01 uu F. The apparatus was 
specially designed to record transient pressure 
phenomena occurring during arc rupture in high- 
power circuit breakers. 

Much of interest to wireless engineers was to be 
seen on the stand of H. W. Sullivan, Ltd., of Leo- 
street, Peckham, 8.E.15. One of the most notable 
exhibits was the Sullivan-Griffiths logarithmic capaci- 
tance bridge (Fig. 39) with a direct reading range of 
luyuF, to 2004 F. It has a uniform accuracy of 
0-2 per cent. throughout and a scale accuracy of 0-1. 
The scale divisions are magnified. Visual or aural 
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FIG. 37—ELECTROLYTIC RESISTANCE 
CAMBRIDGE INSTRUMENT 


detection of balance can be obtained, and it will be 
noted that the range of capacitance measurements is 
exceptionally wide. The instrument can be operated 
from the mains or from a battery supply. Another 
new exhibit was the Sullivan-Griffiths direct reading 
dynatron oscillating wavemeter for 100-30,000 kilo- 
cycles per second, the accuracy being 1 part in 10,000 
and the stability 2 parts in 10°. The instrument is 
an improved model of the Sullivan-Griffiths screened 
sub-standard wave model and the accuracy is due to 
the use of improved stable inductance standards and a 
special dual range variable condenser which combines 
the features of linearity of frequency law and 
range extension. Oscillation is on the dynatron 
principle, and the calibration is independent of 
valve replacement. Direct reading scales with an 
accuracy of 0-015 per cent. are fitted. 

The hot-wire vacuyim switch shown by Sun-Vick 
Controls, Ltd., of 1, Kingsway, W.C.2, was described 
in our issue of September 20th, 1935, but a new 
exhibit was a resistance thermometer controller 
designed to meet the need for an extremely sensitive 
“all mains ” unit, without resort to unduly delicate 
moving parts, liable to impair reliability or robustness. 
It is capable of regulating within +1 deg. Cent. at 
temperatures up to 1000 deg. Cent. As it operates 


on A.C, mains it requires no batteries. It operates 
on the resistance bridge principle and employs a 
platinum resistance thermometer, which enables it 
to be used up to the temperature mentioned, the 
temperature setting being adjusted by a variable 
resistance in series with one arm of the bridge. The 
relay detecting the out-of-balance in the bridge is 
of the double pivoted moving coil type, and the 
complete instrument is unaffected by vibration or 
reasonable shock, and it will work in any position. 
The relay coil is the only moving part of the apparatus 
and its contacts control a hot wire vacuum switch of 
suitable capacity. 

A hot cathode high-vacuum sealed-off cathode ray 
tube, designed to operate at 15,000 volts, was 
exhibited by the Edison-Swan Electric Company, 
Ltd., of 155, Charing Cross-road, W.C.2. The use of 
this high voltage, coupled with the special screen 
material used, permits visual observation and/or 
photographic recording of rapid transients. Low- 
capacity deflector plates are employed with a simple 
scheme to trap the beam at the end of each sweep. 

An experimental high-vacuum cathode ray tube 
was arranged to show the divergence of the beam 
froma“ jet ” type anode through a magnetic focusing 
coil, and its subsequent convergence to a focus at 
the screen. The effect of variation in focusing, field 
anode, volts, &c., could easily be observed. 

The magnitude of charge that exists on the fluores- 
cent screen surface and the fall of potential along the 














FiG. 38—-APPARATUS FOR MEASURING CHANGES IN 
CAPACITANCE—RESEARCH ASSOCIATION 


beam caused thereby was shown by means of a cathode 
ray tube with connections taken from suitably placed 
internal conducting films. 

Apparatus designed to facilitate the operation of 
a blast-furnace by maintaining automatically the 
hot air to the tuyers at a constant temperature was 
shown by the Foster Instrument Company, of 
Letchworth. The temperature of the hot air entering 
the ring main is measured by a “ Flexipush ”’ auto- 
matic indicating and temperature-controlling pyro- 
meter, utilising a special design of thermo-couple 
having extremely good sensitivity to small tempera- 
ture changes and capable of being inserted into or 
removed from the main while under pressure. The 
controller is adjustable and is set to the desired work- 
ing temperature, and by means of selector gear serves 
to alter the position of the “ mixer ”’ valve to increase 
or reduce the inflow of cold air as may be necessary 
to maintain a constant temperature. 

Auxiliary hand-operated contacts on the controller 
throw the automatic control out of action when special 
furnace operation is necessary, and enable the valve 
motor to be regulated manually. 

Introscopes for viewing the internal surfaces of 
boiler tubes, gas bottles, and other internal surfaces 

















Fic. 39—CAPACITY BRIDGE—SULLIVAN 


which cannot be viewed by ordinary methods were 
shown by C. Baker, of 244, High Holborn, W.C.1. 
They are manufactured in any length from 12in. 
to 33ft. The lamps used for illuminating the surfaces 
are exceptionally small and are specially manufactured 
for these instruments. The tube sections of which the 
introscopes are composed are interchangeable, and 
are interlocked so that it is not possible for them to 
come apart while the apparatus is in use. Usually 
there are two or four parts. The 16ft. instruments, 
for instance, are composed of four sections and can 
be used as an 8ft., 12ft., or 16ft. instrument. Suffi- 
cient magnification is given to enable defects or flaws 
in the surface to be examined. A stainless steel 





mirror is used to avoid tarnishing and focusing is 





possible from a distance of 5 mm. to 80 mm. A 
transformer enables the lamp to be supplied from 
220 and 250-volt mains, but if an electric supply is 
not available a 12-volt car battery may be used. 
Where D.C. is available a suitable resistance can be 
provided. 

A new overload relay designed to protect direct- 
started motors against faults during the starting and 
running periods was shown by Nalder Brothers and 
Thompson, Ltd., of Dalston-lane Works, E.8. During 
the starting period it prevents the circuit breaker 
operating due to the initial rush of current and pro- 
vides instant protection against faults, whilst during 
the running period it provides protection within one 
second against stalling. and normal overload, with 
inverse time limit protection. The relay consists of 
a starting timing device, normal overload elements 
having an inverse time lag with adjustable minimum 
time characteristic, excess current devices with instan- 
taneous action and auxiliary contactors for changing 
over the connections. The timing device is started 
by an auxiliary switch in the oil switch handle gear, 
arranged to close when the main circuit breaker closes. 
The instantaneous excess current attachments are 
in service irrespective of the operation of the timing 
device and give speedy release of the motor in the 
event of the current exceeding the normal short 
circuit current by more than, say, 15 to 30 per cent. 

One of the new exhibits of Griffin and Tatlock, Ltd., 
of Kemble-street, Kingsway, was a microid micro- 
meter microscope, designed to meet the need for an 
inexpensive instrument, capable of measuring small 
distances in the neighbourhood of a few millimetres 
with an accuracy of at least 0-01 mm. A three-point 
suspension located by a ball at each point is used. It 
has been greatly simplified by allowing the micro- 
scope to move in an arc of a circle instead of in a 
straight line, and since the radius of this circle is 
10 cm., the error introduced is negligible. The 
instrument can be used for the measurement of small 
angles with an accuracy better than 0-01 deg., and 
is particularly useful for measuring the internal 
diameters of capillary tubes or for making observa- 
tions on interference fringes, such as Newton’s rings. 

George Kent, Ltd., of Luton, Bedfordshire, was 
showing the Multelec instrument for the measure- 
ment or automatic control of pH, electrolytic con- 
ductivity, temperature, and other conditions. The 
instrument was described in our issue of November 
20th, 1936. It will be remembered that it is of the 
potentiometric type, and is therefore applicable for 
the measurement of any value which through the 
aid of a suitable primary element can be made to set 
up an electromotive force. For certain applications, 
such as the measurement of electrolytic conductivity, 
the instrument is wired as a Wheatstone bridge, and 
is then capable of measuring any value which can 
be expressed in terms of electrical resistance, such as, 
for example, CO,, salt content, and certain tempera- 
ture ranges for which resistance thermometers are 
suitable. 

Isenthal Automatic Controls, Ltd., of 88, Chase- 
road, North Acton, N.10, were showing a good collec- 
tion of mercury switches of the tilting and staticnary 
types. One of the main advantages of the latter is 
the reduction of friction of the moving parts to a 
minimum, so that it is possible to operate the switch 
with a minimum amount of electrical energy. This 
is achieved in various ways, one of them being the 
employment of ball bearings between the tube and 
plunger. Two types of deceleration switches are now 
being used on the Underground Railways for auto- 
matically operating air brakes from the driver's cabin, 
and similar forms on a smaller scale are in use on 
many motor vehicles. 

Tufnol sheets, tubes, and rods were shown by 
Ellison Insulations, Ltd., Perry Barr, Birmingham. 
Tufnol, as many engineers are probably aware, is a 
non-metallic homogeneous material, half the weight 
of aluminium, but equal in tensile strength, and is 
used both as an electrical insulator and as a con- 
structional material in instruments and machinery 
of all kinds. It is non-hygroscopic and is unaffected 
by most acids and chemical fumes, steam, water, oil, 
heat, or cold. It can be used for indoor or outdoor 
purposes irrespective of atmospheric or climatic con- 
ditions. Tufnol can be machined with ordinary engi- 
neering tools, and among the exhibits were electrical 
insulators and bobbins, an instrument case, bolts 
and nuts, a length of chain, a steam ejector nozzle 
for an acid elevator, pulleys, and many other examples 
of machined Tufnol. Tufnol water-lubricated bear- 
ings were also on view. 

The exhibits of the Drayton Regulator and Instru- 
ment Company, Ltd., of West Drayton, Middlesex, 
consisted of metal bellows manufactured by the well- 
known hydraulic pressure method. Various applica- 
tions of the bellows were also displayed. 








ELECTRODEPOSITION CONFERENCE.— The  Eiectro- 
depositors’ Technical Society has decided to sponsor an 
International Conference on Electrodeposition, to be held 
in London on March 8rd-4th. The provisional programme 
includes discussions on electrodeposition practice abroad, 
electrodeposition of base metals, properties of electro- 
deposits, and electrodeposition of precious metals. Further 
information can be obtained from the Hon. Conference 
Secretary, Mr. H. Wynne-Williams, 12a, Raleigh House, 
Larkhall Estate, London, 8.W.8. 
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The Shing Mun Dam, Hong Kong. 


+>- 


ee our Annual Review of the year 1936 in the first 
issues of the present year we made some short 
references to the Shing Mun Dam, near Hong Kong, 
China, for which Messrs. Binnie, Deacon and Gourley, 
of Westminster, are the consulting engineers. By 
the kindness of these gentlemen we are now enabled 
to reproduce a number of photographs of the dam 
under construction and to give some additional par- 
ticulars of its design and the reasons for which it was 
constructed. 

Hong Kong, as everyone knows, is an island 
separated from the Chinese mainland by its harbour, 





there is a range of hills, the resources of which have 
been tapped by a catchwater canal. Beyond, an arm 
of the sea presses from the north-east far into the 
land and yet further north the ground rises to a 
mountainous region, the peaks of which have in 
general a level some 2500{ft. above sea level. In these 
mountains the Shing Mun River finds its sources and 
flows southward at first and then eastward to join the 
arm of the sea already mentioned. For the purpose 
of providing an immediate increase of the water 
supply a conduit was constructed to carry water from 
the upper reaches of the river to one of a group of four 





Fic. 5—-THRUST 


about | mile broad. Opposite the city of Hong Kong 
there is situated on the mainland the Chinese town of 
Kowloon. For water supply purposes the two towns 
are linked by a 24in. steel pipe line laid across the sea 
bottom from one side of the harbour to the other, and 
the total population to be supplied amounts to some 
700,000 persons. For many years there has been a 
steady increase in the demand for water and long ago 
the resources of the island itself were fully developed 
by the formation of reservoirs and the construction of 
catchwater canals to feed them. In consequence, 
more recently, activity has been transferred to the 
mainland. Generally speaking, the authorities have 
met the gradually increasing demand for water by a 
piecemeal development of the catchment areas avail- 
able, constructing small reservdirs as required and 
directing water from hillsides into these reservoirs 
by means of catchwater canals which were progres- 
sively extended. Latterly, however, an increasing 
difficulty has made itself apparent in discovering 
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Fic. 6—CROSS-SECTION OF DAM 


suitable sites for such minor works sufficiently close 
to Hong Kong to justify their construction economic- 
ally, and, in addition, reservoirs and other works 
were becoming so numerous that their control and 
efficient use led to complication. Thus some years 
ago it was decided to embark upon a major work, 
which by creating a large reservoir would guarantee 
an ample supply for years to come, and which by 
the construction of suitable subsidiary works might 
be caused to yield an even larger supply at compara- 
tively small cost at some later date. Under the advice 
of the consulting engineers, a survey was therefore 
made of the catchment areas available, and the 
advantages of several possible sites critically examined. 


Srrte or Dam. 


The mainland opposite Hong Kong takes the form 
of a peninsula. Immediately to the north of Kowloon 





BLOCK BUTTRESSES AND PANELS OF DIAPHRAGM 


service reservoirs, each of about 100 million gallons 
capacity, in the hills north of Kowloon. The possi- 
bilities of large reservoirs at several sites on the 
Shing Mun River were carefully examined, and finally 
the site of the present dam was chosen as being the 
most favourable. By the construction of a dam, 
275ft. high at this point, a reservoir with a top water 
level 625ft. above O.D. and a capacity of 3100 million 
gallons, could be created. This reservoir would have 
a natural catchment area of nearly 3000 acres, and 
by the construction of catchwater canals the run-oft 
from additional areas of 500 acres and 2000 acres on 
the north and west respectively could be brought 





into it when the necessity for an increased supply 
arose. These and other advantages, such as the 
impervious nature of the grey granite at the site, out- 
weighed the disadvantage that a secondary dam 
would be necessary to block the Pineapple Pass on 
the western side of the reservoir. The site being thus 
chosen, consideration was given to the form of dam 
to be adopted. At the point chosen the river runs 
in a narrow gorge and the underlying rock is granite. 
Thus though the dam was to have a height of 275ft., 
its width at the crest would be no more than 695ft. 
Such conditions are suitable for a straightforward 
concrete gravity dam. But there was reason to 
fear that the particular region in which the dam is 











FiG. 7—FORM FOR POURING DIAPHRAGM PANEL 


situated is subject to occasional seismic disturbance, 
and, in addition, concrete is a more costly building 
material in Hong Kong than in other parts of the 
world. For these reasons the possibilities of a rock 
fill dam were considered and found to offer a preferable 
solution when the low labour costs in China and the 
fact that there was ample rock fill material at the 
site were taken into account. 


DESIGN OF THE Dam. 


The design of the dam as built was described by 
Mr. Binnie in a paper before the Congress on Large 
Dams held at Washington last year, of which we 
reproduced an abstract in our issue of November 
13th, to which reference should be made for a more 
detailed description of the dam itself and its imper- 
meable concrete face. As shown by the section, 
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SAND WEDGE AND ROCKFILL 





L00 


THE ENGINEER 





JAN. 22, 1937 








Fig. 6, reproduced from Mr. Binnie’s paper, the 
dam consists of five parts. The thrust block (5) may 
be mentioned first. It is constructed of concrete 
with a cement content of only 300lb. per cubic 
yard, and is therefore not impervious to water. 
Its foundations were only taken down to a “* brown ”’ 
granite rock of a pervious character, which is, how- 
ever, capable of supporting a load of 500 tons per 
square foot. The downstream side of the block has 
a batter of 1 in 9, continuing right down to the 
foundations. The width of the block at the top is 
8ft. 6in., as measured over the buttresses on the 
upstream face which support the impervious concrete 
diaphragm (4). From foundation level up to 453ft. 
above O.D., the upstream side of the block is vertical 
and flat. Above that level the buttresses begin. 
They are spaced 12-5ft. apart, and have a batter of 
| horizontal to 3-72 vertical. The faces of the 
buttresses are formed with moulded concrete blocks, 
as shown in Figs. 1 and 7, with the object of obtain- 






FIG. 9—DIVERSION AND OVERFLOW TUNNEL 


ing flat surfaces against which the “ panels ’’ of the 
impervious diaphragm can rest. As a result of this 
use of buttresses, “‘ inspection pits ’’ extend from the 
top of the dam at level 635ft. above O.D., down to 
level 453 above O.D. From the bottom of the pits, 
as will be seen in Fig. 1, galleries have been formed 
in the block, and all these galleries communicate with 
a eross gallery reached by steps from each end 
of the dam. Any water that may leak past the 
diaphragm finds its way into these galleries which 
are drained to the downstream side of the block. 
The inspection pits provide a means of access to the 
diaphragm at all times, so that any leaky joint may 
be attended to. 

Behind the thrust block and supporting it is the 
rock fill (6) of granite quarried from the hillsides at the 
site. No special excavation was undertaken for the 
reception of this fill. It rests on boulders at the 
bottom of the gorge and on the soil covering the rock 
at the sides. Only where the ground seemed unstable 
or spongy was the earth removed. The fact that 
Chinese labour is cheap enabled the rocks in the fill 


SECTION ALONG DIVERSION TUNNEL 












block and the fill. This space has been filled with 
sand (Fig. 8), which is intended to compensate for 
any settlement of the rock fill or movement of the 
thrust block and ensure that the latter will be evenly 
supported. In order to maintain fluidity a sand with 
rather coarse well-rounded grains has been chosen, 
and the top of the wedge is covered by a concrete 
facing to protect the sand from the torrential rains 
to which the region is subject. Lest water should 
find its way in and cause the sand to pack, tubes 
spaced about 10ft. apart and filled with small pieces 





25ft. wide by 20ft. deep, resting against the buttresses 
of the thrust block. The lower part of this “ dia- 
phragm,” as Mr. Binnie terms it, has a batter of 
1 in 3-4, but above level 573ft. over O.D. the batter 
becomes 1 in 3-7. The panels become less thick 
towards the top of the dam, varying from 6ft. to 3ft., 
but their general form remains the same. The lower 
part of each panel slopes to the general batter of the 
face, but the upper third is given a vertical face so 
that a “ step ”’ is formed (Figs. 5 and 7). The panels 
are separated from the thrust block by a layer of 
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of granite drain away to the rock fill. Provision has 
been made for the addition of more sand if that should 
prove hecessary at any time in the future. 

The impermeable water face of the dam (Fig. 17, 
page 106) is made up of two parts. The cut-off wall (3) 
blocks the gorge through which the river flowed. 
Excavation for its foundations were carried down as 
far as 70ft. or 80ft, below river bed level in order to 
find the grey impervious granite which is capable of 





bearing a load of 2000 tons per square foot. The 


SECTION OF SUPPLY PIPE, OUTLET END 















FiG. 10—PLAN OF DAM 


** Callendrite ’’ bitumen, '/;in. thick, to produce a 
sliding joint, and connected with the panels on each 
side below and above by copper sealing strips and 
bitumen joints. Each panel was poured complete and 
the panels in one row were poured alternately. The 
forms were of steel reinforced, as shown in Figs. 5 
and 7, by lattice girders. Owing to the “ steps ” 
produced by the shape of the panels it was a com- 
paratively easy task to lower the forms into position 
by means of a crane from the top of the thrust block. 


SECTION ALONG OVERFLOW TUNNEL 
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FIG. 11—SECTIONS OF WATER INTAKE TOWER, 


to be hand-packed in layers 2ft. thick inclined at a 
slope of 1 in 12 towards the thrust block. The work 
of laying the rock fill is well illustrated in Fig. 3 and 
on page 98. The top of the fill is formed to a slope 
of 1-5 to 1, broken by two berms, each 10ft. wide, and 
is covered by a pitching of squared granite blocks laid 
to a pattern as shown in Fig. 2. Trials made from 
time to time showed that the void spaces varied from 
26 to 30 per cent. and that the average weight of the 
fill was about 1-48 tons per cubic yard. The lower 
part of the rock fill rests directly against the thrust 
block. But above the level 453ft. above O.D. a 


vertical rubble wall was built with mortar in such a 
way that a wedge-shaped gap was created between the 


width of the gorge was 40ft. at bed level, increasing 
to 120ft. at the top of the wall at level 453ft. above 
O.D. Slow-setting cement was used in the propor- 
tion of 6001lb. per cubic yard and it developed a 
strength of 260 tons per square foot in twenty-eight 
days. It was placed in lifts of 20ft. and vibrated 
pneumatically. The wall was formed in alternate 
blocks and strips of copper 4/,9in. thick and 24in. wide 
sealed the horizontal junctions. The junction between 
the wall and the thrust block was made by the use of 
greased paper to ensure that a sliding joint should be 
secured. 

Above level 453ft. over O.D. the impermeable 





water face is made up of numerous concrete panels, 





TUNNELS AND OVERFLOW WEIR 


The panels are each reinforced by a * grill ’’ composed. 
of horizontal hooked rods wired to verticals. Pouring 
of the concrete was facilitated by the chutes to be 
seen in Fig. 5. After the forms had been stripped 
the concrete was kept wet for a period of at least 
three weeks by means of water sprays. This action 
was rendered necessary by the remarkable dryness of 
the atmosphere. 


DIVERSION AND OVERFLOW TUNNELS. 


Before work could be begun on the construction of 
the dam it was necessary to drive a diversion tunnel 
through the granite rock on the left bank of the river. 
This tunnel is 15ft. in diameter and concrete lined, 
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and is illustrated in Fig. 9. The water of the river 
was directed into it by the construction of a small 
rock-fill dam upstream of the main dam site. As will 
be seen from the plan, Fig. 10, the tunnel was driven 
at first diagonally into the mountain side at 45 deg. 
to the line of the dam and later continued on a line 
at right angles to the dam until, owing to a bend in 
the river, it emerged into the gorge at about the 
position of the toe of the dam. The invert levels at 
inlet and outlet portals of the tunnel are 380ft. and 
360ft. above O.D. respectively. A second 1lb5ft. 
tunnel joins the diversion tunnel about midway 
along its length, sloping down at an incline of 1 in 2-3 
from a point upstream of the dam, at which a bell 
mouthed overflow weir 74ft. in diameter has been 
built (Fig. 11). This concrete structure is situated in 
a shallow part of the reservoir on the left bank, which 
was, in fact, excavated to allow water access to all 
sides of the bell mouth. In the half-tone engraving, 
Fig. 13, it is illustrated under construction with the 
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steel shuttering still in place. Experiments with 
models demonstrated that there would be some danger 
of a vortex forming, but that a single cross baffle 
would be sufficient to prevent it. The spillway capa- 
city is 8300 cusecs. The diversion tunnel is plugged 
near its point of junction with the overflow tunnel. 


SIPHON SPILLWAY. 


While the dam was under construction a more 
detailed investigation than had hitherto been possible 
was made of the flow of the river and the floods to which 
it was liable. The region suffers from exceptionally 
heavy rainfall at times and the catchment area of the 
reservoir is principally composed of steep mountain 





FIG. 13—CONSTRUCTING, BELLMOUTH OVERFLOW 


sides nearly bare of vegetation other than scrub. 
The run-off is therefore very rapid, and it was 
eventually decided that as a precautionary measure 
it would be wise to make provision for a greater flood 
than had hitherto been visualised. To supplement 
the flow over the bell mouth weir, six siphons have 
been constructed near the left end of the dam, These 
siphons, as shown by the drawing, Fig. 12, are of the 
type which has a separate air pipe to the throat for 
the control of priming. The air pipes are so set for 
level that three of the siphons prime when 6in. of 
water is flowing over the bell mouth weir and the 
remaining three when the water has risen a further 
6in. Each siphon has a discharging capacity of 













500 cusecs. In order to protect the siphons from wave 
action which might cause priming to become uncertain 
a curtain wall (Fig. 4) of reinforced concrete has been 
built to give still water in the vicinity of the inlet 
and the orifices of the air pipes are further protected 
by in. steel curtain plates. All six siphons dis- 
charge into a tunnel, which slopes down to an outlet 
portal on the benching at level 460ft. above O.D., to be 
seen in Fig. 16, page 106. The water flows off the bench- 
ing into the bed ot the river, and in order to protect the 
toe of the dam a masonry training wall has been con- 
structed along the outer side of the bench for a 
sufficient distance, as shown in Fig. 14. It may be 
remarked incidentally that the benching was not con- 
structed specifically for this purpose. It came into 
existence as a quarry from which the granite for the 
rock fill was obtained. 


WATER SuprpLy TOWER AND CONDUIT. 
Mention has already been made in this article of 
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12—PLAN AND SECTION OF SIPHONS 


the conduit on the right bank of the river which carried 
water past the site of the dam down towards Hong 
Kong. This conduit is clearly visible in Fig. 16, 
page 106. It was necessary that there should be 
no interference with this supply. The conduit was 
therefore maintained in operation as long as possible, 
but, being at a level considerably below the top of 
the dam it was eventually necessary to seal it off and 
provide a means by which the water could find a way 
past the dam until such time as the reservoir came 
into operation. A pipe was therefore run from the 
conduit on the upstream side down into the river bed, 
through the diversion tunnel, and so up the mountain 
side again to the conduit. This inverted siphon 


WEIR 


acted quite satisfactorily, although necessarily the 
water in the conduit upstream was “ backed-up ” 
several inches. Now that the dam is completed, 
water is drawn off from a concrete water tower and 
valve shaft situated over the diversion tunnel close 
to its upstream portal. The tower (Fig. 11) supports 
a 48in. vertical steel pipe provided with draw-off 
valves at four levels, 614-5ft., 576ft., 537-5ft., and 
479-75ft. above O.D., respectively. The pipe is 
carried at first within the diversion tunnel, but is 
placed under its floor after passing the plug at its 
junction with the overflow tunnel. At the outlet 
portal the pipe bends under the downstream toe of 





the dam where it enters a pump house. Thence 








another 48in. pipe is laid up the mountain side and 
delivers into the conduit. The pump house contains 
a Venturi meter for measuring the flow and pumps for 
raising the water to the conduit when the level in the 
reservoir is low. 

A 48in. scour pipe is also laid beneath the floor of 
the diversion tunnel over its whole length, and is 
arranged to discharge downstream through a jet 
disperser. 

CONSTRUCTION OF THE DAM. 


Sufficient has already been written to give a general 
impression of the means adopted for building the dam. 











FIG. 15—TIPPING 4-TON CEMENT CONTAINER 


But an interesting matter to which there has so far 
been no reference is that special arrangements were 
made for handling materials. Cement was packed 
at Hong Kong into 4-ton steel containers which were 
brought to the site two at a time by motor lorries. 
There the containers were elevated by a crane and 
tipped directly into timber cement silos, as illustrated 
in Fig. 15. The exceptional steepness of the sides of 
the valley, although troublesome in many ways, was 
advantageous from the peint of view of handling 
such materials. Outlet valves on the silos allowed 
the cement to fall on to weighing machines, and it 
was fed from these machines by gravity to the con- 
crete mixers below, from which the concrete was 





FIG. 14—TRAINING WALL AT OUTLET FROM SIPHON TUNNEL 


transferred either by crane in skips or by means of 
chutes to the place at which it was required. Other 
concrete-making materials were also contained in 
silos with similar provision for gravity feed to the 
mixers. 

CONCLUSION. 

In addition to the main dam there is the similar 
structure at Pineapple Pass, which, though very 
much less high, is big enough to contain 9000 cubic 
yards of concrete in the cut-off and core-wall and 
49,500 cubic yards of rock fill, besides 211,000 cubie 
yards of material in an embankment. These figures 
compare with 8900 cubic yards of reinforced concrete 
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in the diaphragm, 19,700 cubic yards of concrete in 
the cut-off wall, 132,000 cubic vards of concrete in 
the thrust block, and 480,000 cubic yards of rock fill 
for the main dam. 

Impounding of water in the reservoir was begun 
in September before the dam was complete, as addi- 
tional water was urgently required at Hong Kong. 





The highest level so far reached has been about 
15ft. below top water level. 

The work has been carried out by direct adminis- 
tration to the designs and under the general super- 
vision of the engineers, Messrs. Binnie, Deacon and 
Gourley, and the immediate supervision of Mr. 
G. B. G. Hull, M. Inst. C.E. 








Spinning and Explosion of Small Rotors. 


By H. C. POLLOCK 
M\HE very high fields of force obtaimable in a 

centrifuge have several scientific applications, 
and many small centrifuges are designed to operate at 
speeds limited only by the ultimate strength of the 
rotor. It is interesting to note that a rotating disc 
should break when a critical linear peripheral 
speed is exceeded (v=[4T/p (3+c)]!, T=tensile 
strength, e=density, o=Poisson’s ratio). As the 
tield of force depends upon w?r (@=angular velocity, 
r=radius), it is clear that the highest force field will 
be obtained with a small and not with a large centri- 
fuge. For the best steel alloys the critical speed is 
in the neighbourhood of 650 m. per second, a velocity 
twice that of sound; so a 6im. disc of steel might 
reach speeds of 1000 r.p.s. before exploding from the 
pull of centrifugal force. 

Hitherto the chief object of experimental work with 
the ultra-centrifuge has been to subject a cell con- 
taining a small quantity of chemical or biological 
material in solution to centrifugal fields upward of 
200,000 times that of gravity. But these speeds 
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ROTOR AND DRIVING TURBINE 


also permit the investigation of other problems— 
the separative centrifuging of gases, the construction 
of cameras for short exposures,” studies of the break- 
ing strength of materials,? &c. The determining 
factor in the latter problems is the peripheral speed, 
so that, to a first approximation, there is no best 
size for the rotor. 

Of the two kinds of ultra-centrifuge in use, the 
Svedberg* and the Beams* type, the former has been 
used primarily for the study of sedimentation con- 
stants. By means of two small turbines which are 
each only }in. in diameter, a steel rotor of 7}in. 
diameter can be speeded to 1200 r.p.s. Oil, fed through 
the turbine blades, under several atmospheres 
pressure, provides the motive power. A _ special 
cooling plant is required to lower the temperature 
of the oil to about 10 deg. Cent. before it can be 
recirculated through the blades. The rotor spins 
in an atmosphere of hydrogen at a pressure of 2 cm. 
of mercury, for under these conditions the friction 
on its surface is reduced to a minimum, and such 
heat as is generated is dissipated by convection. 
Lest the two bearings which support the rotor and 
which separate it from the turbines at each end of 
the shaft become damaged, the turbine oil which 
lubricates the bearmgs is carefully filtered and cooled, 
and the temperature of the bearings is continuously 
recorded by thermo-couples. The rotor is so care- 
fully balanced that its temperature can be recorded 
by a thermo-couple which is only 3/;9) mm. from part 
of the spinning surface. To run the machine up to 
1000 r.p.s. half an hour is needed. At present there 
are two of these machines at the University of Upsala, 





* The Clarendon Laboratory, Oxford University. 
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where Professor The Svedberg has been developing 
them, one at the University of London, one at 
Oxford, and two others in America. 

The ultra-centrifuge of Professor J. W. Beams, 
of the University of Virginia, is considerably different. 
Again, the only limitation on speed is set by the rotor 
design and the specific tensile strength of the metal 
from which the rotor is made. The rotor is suspended 
by a thin steel wire in a vacuum. From this apparent 
complication flow certain advantages. The great 
reduction in friction enables a comparatively crude 
small air turbine to be used to drive the rotor. The 
use of air instead of oil as the turbine fluid has a 
great advantage. A simple Pelton wheel turbine 
works most efficiently when the vane velocity is 
half the maximum velocity, v, of the fluid im the 
jets. Since the main rotor is designed to run at a 
given peripheral speed V, it follows that R/r=2 V/v, 
when R=radius of rotor and r=radius of turbine. 
If oil is used v cannot be made very large owing 
to viscosity, and R/r must be large to obtain the 
necessary peripheral velocity. In Svedberg’s design 
R/r is 15, and the turbine is }in. in diameter. 

It is well known that the velocity reached by a 
gas in an adiabatic jet approaches the velocity of 
sound (300 m.p.s. for air), so that to reach 600 m.p.s. 
R/r need only be 4 for an air turbine and a much 
smaller rotor can be used. The use of a small rotor 
enables the whole centrifuge to be made so light that 
its weight can be taken on an air-lubricated bearing, 
thus avoiding a great number of the lubrication 
difficulties which beset the designer of an ultra- 
centrifuge. Though the light weight and small size 
of the Beams machine makes it inferior to the 
Svedberg type for such problems as the exact deter- 
mination of sedimentation velocities and equi- 
librium conditions (where a large steel rotor is best 
and the axis of rotation must be accurately fixed), 
these qualities render it more applicable to other 





uses. Recently, Pickels* has modified its design 
so as to spin rotors of 12 lb. weight and 8in. diameter, 
complete with celluloid test tubes to hold medical 
material. At the right of the accompanying engraving 
showing the authors’ machine can be seen the 
apparatus they have recently used in studying the 
separative centrifuging of gases as they are sucked 





through holes in various rotors spinning at high 














speed. The description that follows is of the Beams 
type machine as modified for use in the authors’ 
experiments. 

The rotor, mounted on a spindle of straight in. 
diameter steel piano wire, is rotated in a cylindrical 
lead-lined vacuum chamber of 2in. thick wrought 
steel, with steel plates at each end. The spindle 
passes through well-lubricated phosphor-bronze 
glands which are carefully aligned and spaced in the 
brass holder, as indicated in the diagram. The 
turbine, near the top of the spindle, is a simple 














INSIDE OF VACUUM CHAMBER AFTER AN 


EXPLOSION 


Pelton wheel. Compressed air from jets in the 
chamber surrounding it plays on flutings cut on the 
periphery of the wheel, and provides the motive 
power. Twelve cubic feet per minute of air and a 
maximum pressure of 100lb. is required to spin 
dises of 2 lb. and 3 lb. weight (about the maximum 
weight) to their highest speeds. Compressed air 
also lifts the drive from the bakelite washer under- 
neath it, so that the entire rotating portion, drive, 
spindle, and rotor, turns with very little friction, 
being held only by the glands. At the top of the 





AUTHORS’ APPARATUS FOR SEPARATIVE CENTRIFUGING OF GASES 


spindle a bearing of lignum vite damps out vibrations 
in the shaft. The whole brass gland holder is held by 
a rubber connection, or, better, by a piece of 
“ Tombac ” tubing. When the adjustment is correct 
vibration is negligible during operations at any 
speed. The speed is most easily measured by 
observing stroboscopically through holes in a rotating 





plate a white dot painted on top of the drive wheel. 
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Cellulose enamel is best for the white dot to prevent 
it from being centrifuged off at high speed. 

The authors believe that this form of air drive 
may be of great use in testing materials. The type 
of stress applied is that to which rotating parts are 
actually subjected in working conditions. It is quite 
easy to take a small rotor, not necessarily sym- 
metrical, up to its bursting point and actually 
explode it without severely damaging the rest of 
the apparatus. The damage is nearly always con- 
fined to the lead lining of the vacuum chamber, 
which can easily be replaced, leaving the turbine 
and glands undamaged. On one occasion the rotor 

















AN EXPLODED STEEL ROTOR 


exploded off the axle, leaving it and the drive spinning 
unharmed. It was necessary only to replace the 
lead before exploding another rotor off the same 
axle. Larger rotors of 6in. or 7in. diameter and 
several pounds weight can also be exploded, although 
with these weights more protection is required. 
Such a rotor, with a peripheral velocity of more than 
3 miles a minute, will explode with all the violence 
of a small shell and does corresponding damage to 
the inside of the vacuum chamber. The 2in. lead 
lining is chewed to pieces and sometimes the ste 

cylinder is slashed on the inner surface. If the iv 
plate is not weighed down with sandbags it is blown 
to the ceiling by the force of the displaced lead. The 
spindle is generally snapped or bent below the lower 

















UNBROKEN AND BROKEN ALUMINIUM ROTOR 








oil gland, but the upper part frequently turns quite 
freely in the bearings. 

The stresses which occur in a rotating body are| 
complicated and not very amenable to mathematical 
treatment without simplifying assurnptions. The 
usual formula®> ®: 1° for the maximum tangential stress 
in a rotating dise is— 

T=} (3+6) 9 w? r? 

or 


ee 
N= = l 
Tt rv (3-+-0) (1) 
where N=number of revolutions per second. When 
there is a hole.at the centre of the disc, even although 
it is very small, the stress there is doubled, for the 





stresses resolved mathematically in a radial direction 
are cut by the hole. The formula then becomes 


1 
T=3 (3+0) p a? i (2) 
A third formula is obtained if one simply considers 
the disc to be held together by a uniformly distri- 
buted force across any cross-sectional plane contain- 


ing the axis. 
3T A\3 
Ip A 


where A is the cross-sectional area. This formula 
can also be applied to rotors the thickness of which 
is not constant, as in a disc, but varies with the radius. 
It then takes the form 

=P, ( T A 4 

2n\2p aE as) 

where h=thickness of rotor. The predictions of this 
formula are far too optimistic when applied to rotors 
which approach disc shape (7.e., Za small). The 
assumption is not strictly true in the case of any rotor, 
and only theoretically true for a rotating body whose 
shape, for any given speed, is derived from 


N= ; (3) 


™ 


(4) 


Bese hn 
h=h,e at FG (5) 
From it one can at best make a rough estimate of the 
breaking speed. 

As far as the authors can trace, very little experi- 
mental work has been carried out on this subject, 
because it has hitherto been possible to break only 
large, relatively slowly rotating discs. These discs 
do so much damage when they break that testing to 
destruction has not been feasible. It is therefore 
worth while recording the experimental results 
obtained by one of the authors, working mainly with 
two kinds of aluminium and magnesium alloys 
(supplied by High Duty Alloys, Ltd.). 

Results of Explosion Tests. 
Materials. 


A.—Forged aluminium alloy—hiduminium R.R. 56. Maxi- 
mum tensile strength 27 tons per square inch, 0-1 per cent. 
yield strength 21 tons. Condition (a) forged and annealed, 
(6) heat treated and ordinary quenched, (c) heat treated and face 
quenched, (d) heat treated and side quenched. 

B.—Magnesium alloy—magnuminium 166. Maximum tensile 
strength 20 tons, 0-1 per cent. yield strength 12 tons. Con- 
dition (a) forged, (6) forged and annealed. 

C.—Chrome-molybdenum steel. Maximum tensile strength 
100 tons. Condition, hardened and tempered. 


Material Diam. 





Angle « Estimated break- | Observed 
and of | (see dia- ing speed* from | breaking 
eondi rotor, | gram). | 0-l percent. Y.S. | speed, 
tion cm. | and Eq. 4). r.p.s. 
A (a) 11-1 46 2420 800 
A (b) 11-1 46 2420 1230 
A (c) 11-1 46 2420 1240 
A (d) 11-1 46 2420 Over 1200 
A (b) 7-5 45 3600 2070 
A (b) 7-5 45 3500 (axial hole of 1800 
1-5 mm. diameter) | 
B (a) 11-1 46 2280 1180 
B (b) 11-1 46 2280 | 970 
B (a) 7-5 45 3380 | Over 2500 
B (a) 7:5 45 Axial and 4 radial 1470 
holes of 1 mm. dia- 
| meter | 
B (a) 7:4 70} Ditto | 1650 
B (a) 8-0 57 Axial and 3 radial| 1450 
holes | 
C | 75 53 | As above, but with! 1250 
| | edge 2-5 mm. wide | 
B (a) 8-0 | Diselem.| 1420 (using Eq.1)| 1100 
| thick | | 
B (a) 8-0 | Dise lem.| 1020 (using Eq. 2) | 1200 
thick, but | 
| with axial | | 
| hole, 1-5 } 
mm. | 


(1) Rotors of this size explode much sooner than 
the formule indicate. 

(2) The presence of a small axial hole in a rotor 
does not lower tne breaking point as much as 
equation (2) might indicate. This confirms the 
conclusions of Nadai, Donnell?» 12, and others, 
who have supposed the interior of a rotating body 
to be in a plastic state when the stresses exceed 
the yield point of the material. This plastic state 
spreads outward until the entire dise is in this 
condition and explosion follows. 

(3) Radial holes have a greater effect, as the 
data indicate, on the bursting speed. Apparently 
plastic flow, then rupture, develops along them. 


Experiments were also performed in which pieces 
of steel tubing clamped with the axis of the tubing 
perpendicular to the axis of rotation of the spindle 
were spun until the tubing broke, the two pieces 
shooting out of the central holder. For 8 cm. lengths 
of chrome molybdenum steel tubing of 100 tons 
maximum tensile strength, the breaking speed was 
1200-1300 r.p.s. If one estimates the tensile strength 
from the formula, v? 9/2=T, where v is peripheral 
velocity, it would indicate only a 25-ton strength at 
breaking. It may be that vibration in the free ends 
of the tubes induces the surprisingly low breaking 
speed. 

This method of spinning to destruction has already 
proved its usefulness in the selection of materials 
and shapes for the rotors of centrifuges for medical 
and chemical work*> 4%, It might be useful to test the 
strength, correctness of design, and conditions of 
flow in rotating parts of other machines or appliances 
which must be spun at high speeds. A critical study 
might well be made of other alloys, particularly stecls 
for which few results have been published. 
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Ready-Mixed Concrete. 


AxsovuT eighteen months ago we gave some particulars 
of a new industry which had then only recently been 
started in this country, but has since made rapid strides, 
and bids fair to effect considerable changes in building 
procedure. We refer to the system, developed by Jaeger 
Truck Mixers (England), Ltd., of 54, Victoria-street, 
Westminster, of supplying contractors with ready-mixed 
concrete from fixed central depots. The Jaeger company 
is, of course, only concerned with supplying the plant and 
not with the marketing of concrete. Since July, 1935, 
we have made a further study of the working of the sygtem. 
and in connection therewith reproduce some illustrations 
of one of the latest plants to be put to work. It is that of 
Express Supply Concrete, Ltd., Paddington. 

During the past year considerable experience has been 
gained with the process, and minor improvements have 
been made, but the broad principle remains the same. 
That is to say, the ingredients for the concrete, aggregate. 
sand, and cement are mixed together accurately in the 
proportions specified by the architect, batch by batch, 
and are dispatched by motor lorry to the building site, 
ther with the appropriate amount of water for mixing. 


+ 
tK 





* Nore.—For some rotors it is not possible to estimate the 
breaking speed satisfactorily. 


The following conclusions are perhaps permissible : 


=) 
The container on the lorry is mounted on trunnions, and 
can be rotated by a special engine. On arrival at the site, 
or perhaps during the journey, the concrete is mixed, so 
that it is ready for placing immediately on arrival. It 
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has been found that a depét acting on these principles 
ean serve a district with a radius of six miles, and that 
individual orders as small as 2} cubic yards can be com- 
mercially dealt with. 

There are several merits in the system, the most 
important of which is perhaps that the architect can rest 
assured that his instructions are being carried out. At 
Paddington, for instance, there is permanently in attend- 
ance a member of the staff of Mr. Harry Stanger, the 
Westminster consulting engineer, who vouches for the 
quality of the concrete dispatcheds There is none of the 
haphazard methods of measuring and mixing on the site, 
which often results in great variations in the concrete of 
one structure, and possibly, for instance, a cement sack 
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ARRANGEMENT OF CONCRETE MIXING PLANT 


finding its way into the structure. There is also the merit 
that building operations are not hampered on the site 
by stacks of materials, and the plant for mixing them, 
which may have to be moved as operations proceed. 

It might be thought that the passage of the concrete 
through the hands of an intermediate house would increase 
its cost appreciably, but we are informed that it can com- 
pete successfully, and that even in such a case as the 
flooring of the basement in a small barber’s shop it was 
found economical. 

The plant of Express Supply Concrete, Ltd., of which 
we give a line drawing, is of 105 tons capacity, and was 
manufactured by Ransomes and Rapier, Ltd., to the 
designs of the Jaeger company. It is a tall steel structure 


CONTROL PLATFORM OF MIXING PLANT 


on the banks of the canal, from which the raw materials 
are drawn, a large grab derrick commanding the canal 
barges, the hoppers, and a stock yard. The hoppers, it 
will be seen, stand at a height of 46ft. above ground level, 
and are divided into six bins, so that various sizes of 
aggregate and sand can be stored, while there is a separate 
bin to which cement is delivered by pneumatic elevators. 
Beneath the main hoppers there is a pair of separate 
hoppers carried on weighbeams, into which the materials 
can be discharged through gates controlled by the over- 
head platform. 

The materials are assembled in the hoppers—on the 
one side the aggregate and the sand, and on the other 
the cement, according to the order, and each ingredient 
is weighed out as it is added by the multiple weighbridge, 
which we illustrate. As these weighings progress, account 

















is taken of the accidental moisture which may be carried 
by the aggregate, so that the final mixture has the required 
constituency. This adjustment is carried out in the 
following manner :— 

From time to time samples are taken of the sand and 
aggregate and their moisture content is determined by a 
Ross specific gravity instrument. The steelyard of the 
weighing machine is then appropriately overloaded by 
a movable weight to represent the percentage moisture 
in the material. The result is that it is weighed out in 
quantities as if it were dry. Then, when all the weigh- 
ings have been done, the effect of the moisture counter- 
poises is taken away and sufficient water weighed out to 
complete the batch. The water is not, however, imme- 
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diately added to the solids. This operation may sound 
complicated, but we have witnessed it carried out easily 
and without flurry at the rate of a batch a minute, and 
with an accuracy of a pound or so per batch. The aggre- 
gate and the cement are then dropped through one or 
the other of two collecting hoppers commanding the 
loading station, where the delivery lorries are drawn up, 
while the weighed water is run off for separate delivery. 
The two—that is to say, the dry concrete and the water— 
are then run off into separate containers on the lorry. 
It is noteworthy that the chute down which the cement 
slides is equipped with a number of air jets which ensure 
that the whole of the weighed amount is discharged. 

The drum on the delivery lorry is mounted on a trunnion 


at the front end, and is carried by track rollers at the 
back. It has a circumferential manhole through which 
it is charged, and a central axial opening at the back for 
discharge. Within there are a number of skewed mixing 
blades, and the whole can be rotated by the separate 
motor already mentioned. The tank containing the 
mixing water is set to the front of the concrete drum, and 
there are dual control levers which can be reached from 
the driving cab and on the back platform. The drum 
driving gear includes a reverse, so that during discharge 
the direction of the drum can be occasionally reversed, 
and the thorough mixing of the concrete thus assured. 
The discharge of the concrete is effected by the lifting 
action of the mixing paddles, which crowd it against the 
back cover, and when this is opened a charge of 2} yards 
can easily be mixed and discharged into the forms in 








10 min. The water tank has a compartment separate 
from that which contains the weighed amount, and the 
additional water can be used for local addition, if neces- 
sary, and for washing out the drum after discharge. 

We have witnessed the batching and delivery of con- 
crete by this system and were impressed by the prompti- 
tude of arrival on the site—the company under review 

















105-TON CONCRETE MIXING PLANT AT PADDINGTON 


““ 


has a large fleet of lorries—the ‘‘ evenness” of the con- 
crete, and the finish which was revealed by parts from 
which the shuttering had already been removed. 








SIXTY YEARS AGO. 

On Thursday January 25th 1877 ‘‘ the most important 
meeting ever held by the Institution of Mechanical 
Engineers’ took place at Birmingham. The meeting 
ad been called in order that a final decision might be 
taken on the long-debated question as to whether the 
Institution should remain at the city of its birth or 
transfer its headquarters to London. The removal had 
been advocated by many of the members but an active 
minority with great determination and skill had so far 
succeeded in preventing it. At last those in favour of 
the change submitted a memorial to the President and 
Council asking them formally to consider the question 
and to take steps to ascertain the opinion of each member 
upon it. In due time the Birmingham meeting to which 
we have referred was arranged and in order to facilitate 
the attendance of members at it special trains were run 
from London and Manchester. A large majority of those 
who were present voted in favour of the transference 
and in the course of time it was effected. The change 
was made none too soon. The Institution was not thriving 
in Birmingham. After thirty years of existence its 
membership numbered less than a thousand and the 
influx of new members was falling off. The whole tone of 
the Society, so we said in our issue of January 26th 1877, 
had of late rapidly fallen. Its papers were not what they 
had been and its discussions were worse than its papers. 
Internal dissensions had led to unseemly bickerings and 
the interests of the Institution had been sacrificed to 
party spirit. The best engineers of the country were 
joining the Institution of Civil Engineers which gladly 
accepted and freely discussed papers which ought to 
have been read before the Mechanicals. Night after 
night mechanical engineering papers were being presented 
at the Civils while the utmost exertions of the hard- 
worked secretary of the kindred society could scarcely 
secure a few second-class papers to be read once a quarter 
or so at Birmingham. The Institution in short was on 
the point of dying of shear inanition. The small body 
of members who actively opposed its removal argued 
that Birmingham was the seat of the mechanical engineer- 
ing trade but in the well-founded opinion of others the 
Midland city had no right to claim exclusive possession 
of the country’s mechanical engineering talent. Man- 
chester, Sheffield, Leeds, Newcastle and Glasgow might 
equally well claim to be the centre of the industry while 
it could not be denied that many of the most able 
mechanical engineers in the world resided in London. .. . 
To-day the Institution boasts of having over 12,000 
members. It has nine branches in the Provinces and 
two overseas and within its organisation has set up three 
“ groups ”’ each devoted to the study of a special subject. 
There are some who see in these facts signs of strength 
and progress but it cannot be disputed that the move- 
ment which brought the Institution to London is beginning 
to flow in the reverse direction, and the time may come 
when, whilst the headquarters will remain in London, 
London itself will be a branch, with its own organisation, 
like other branches. 








GeRMAN SHIPBUILDING.—At the end of 1936 orders for 
248 vessels, aggregating 978,745 tons, were in hand in 
German shipyards. 
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Rail and Road. 


Roabs IN THE PuNJAB.—A twelve-year road develop- 
ment plan, involving an expenditure of rupees 131 lakhs, 
is being prepared for the Punjab. Up to the present works 
costing some 63 lakhs have been approved. The scheme 
includes the new metalling of 646 miles of roads, improving 
about 5800 miles of other roads, and the building of 
seven bridges, three of which will be boat bridges. 

RoaDs In THE UniTRED StatTes.—According to the report 
of the United States Department of Agriculture for the 
year ended June 30th, 1936, about 13,709 miles of roads 
were completed during the year. At the end of the year 
the road construction programme involved some 25,812 
miles. During the year 300 level crossings were eliminated, 
ten existing structures rebuilt, and protective devices 
installed at 185 crossings. Since 1916 nearly 7000 crossings 
have been eliminated and the present programme provides 
for the elimination of a further 2000. 

An Unvusvuat VEHICLE.—For use in very boggy country 
a special vehicle known as the ‘‘ Marsh Buggy ”’ has been 
built for the Gulf Oil Corporation in the United States. 
This vehicle, which is described in Iron Age, is actually a 
power unit driving a set of four very large-tired wheels. 
The wheels are of sheet aluminium and are actually 
buoyancy tanks with sufficient displacement to keep the 
vehicle afloat. The tires are also used for buoyancy and 
are 1Oft, in diameter with a width of 334in. Detachable 
tread links are fitted over the tires, twelve to each wheel, 
and these links, in addition to assisting traction on boggy 
land, act as paddles when the vehicle has to cross water. 


Tursine. Locomotives.—Some particulars of the 
operating results of the Ljungstrém non-condensing turbine 
locomotive, which has been in service on the Gringesberg- 
Oxelésund Railway in Sweden since 1932, are given in the 
Railway Gazette. This locomotive has been hauling ore 
trains weighing 1750 tons and unassisted negotiates long 
gradients of 1 in 100, The adhesion weight of the engine 
is 72 tons and compared with reciprocating type engines it 
shows @ fuel saving of 23-8 per cent. Two further loco- 
motives of the same type are now in service and the 
original engine has completed over 135,000 miles in slow- 
speed heavy freight traffic. Between general repairs the 
mileage run has been about 71,500, as compared with 
about 36,000 for reciprocating engines. 


Itawian Rartway Exectrirication.—According to the 
official figures, the present length of electrified lines in 
Italy aggregates 3370 kiloms. The consumption of elec- 
tricity during the financial year ended June 30th, 1936, 
amounted to 617,100,000 kilowatt-hours, which cost 
96,700,000 lire. The consumption of coal during the same 
period amounted to 1,943,000 tons, costing 190,400,000 lire, 
of which 161,200,000 lire was spent out of Italy. It is 
stated that 2854 kiloms. of line are now being electrified 
or appropriations for so doing have been voted. The 
expected saving of coal is 924,000 tons. Additional elec- 
tricity, amounting to about 546,200,000 kilowatt-hours- 
will be required. In addition, the permanent way elec- 
trification will cost 624,000 lire per kilometre, changes 
to and purchase of new rolling stock will cost 170,000 lire 
per kilometre, making a total of 794,000 lire per kilometre 
electrified. 

A New WEtsH Viapuct..-A new concrete viaduct, 
100 yards long, is to be built across the river Clydach, in 
Breconshire, to enable traffic to avoid the dangerous hair- 
pin bend,on the Gilwern-Crickhowell Road. The viaduct 
is part of a £15,000 road improvement scheme. Traffic on 
this road at present crosses the river by Gilwern Bridge, a 
narrow structure standing at the bottom of the ravine, 
where the road turns sharply with a steep approach on 
either side. It is proposed to divert the road for a length 
of about 370 yards between the Corn Exchange Inn and 
the junction with Merthyr Tydfil-Abergavenny Road. 
The viaduct will be built north of the existing bridge and 
will have six spans, of which five will be 44ft. and the 
other 46ft. The gradients and alignment of the approaches 
will be improved and the road will be widened throughout 
the section to 30ft. in order to accommodate a 20ft. 
carriageway and two footpaths. 


NEw SIGNALLING FoR NEWCASTLE AND EDINBURGH.— 
The London and North-Eastern Railway Company has 
completed plans for the modernisation of the signalling 
equipment at Newcastle-on-Tyne and at the east end of 
Waverley Station, Edinburgh. At Newcastle the existing 
signals in the vicinity of the Central Station are of the 
semaphore type and, together with the points, are operated 
by electro-pneumatic power from four signal-boxes, viz., 
No. 1, at the east end of the station ; No. 2, in the centre 
of the station; No. 3, at the west end; and a box at 
Manors Junction. No, 1 box is to be replaced by an 
entirely new signal-box equipped with a control panel on 
which will be a chart of the lines with thumb switches 
controlling the points and signals ; the points will continue 
to be operated by electro-pneumatic power, but the sema- 
phore signals will be replaced by electric colour light 
signals giving three or four aspects. No. 2 box and the 
Manors Junction box will be closed, but No. 3 will be 
retained with its miniature lever frame controlling the 
points as at present, but, as at No. 1 box, the semaphore 
signals will be replaced by colour lights. The control of 
trains over the entire area of the scheme will be by means 
of electrical circuits in the running rails, which give visual 
indications in the signal-boxes. At Edinburgh the existing 
mechanically worked signal-box at the east end of Waverley 
Station is to be superseded by a new cabin immediately 
opposite on the south side of the yard. The existing box 
has 260 levers and was for a time remarkable as having the 
highest number of levers in one continuous frame. The 
existing Abbeyhill Junction signal cabin, 1056 yards to 
the east, is to be closed. The whole of the lines between the 
east end of Waverley Station and St. Margarets and London- 
road Junction signal-boxes respectively will be completely 
track circuited as at Newcastle and colour light signals of 
the multi-unit type, fitted with side and back lights, are 
to be provided. Double-sided route indicators will be 
installed to inform drivers which platform line they are to 
occupy. The lever frame to be installed in the new cabin 
will contain 207 miniature levers, and electrical train 
describers will operate between the new cabin and St. 
Margarets and London-road Junction boxes respectively. 





Miscellanea. 





CoaL ADVISER FOR SPECIAL AREAS.—With a view to 
advising the Commissioner for Special Areas on questions 
affecting coal, Mr. Frank Hodges has been appointed to 
assist Sir George Gillet. 

TWENTY-FIVE-MILLIONTH Forp Car.—On January 18th 
the Ford Motor Company produced its twenty-five- 
millionth motor car. The company has now been manu- 
facturing cars for 334 years. 


Freperation oF British Inpustris.—The Grand 
Council of the Federation of British Industries has 
unanimously approved the nomination of Lord Hirst for 
the office of President for the coming year, which com- 
mences in April. This will be Lord Hirst’s second year of 
office. 

A New Type or Fue..—Reports from Russia state 
that a new type of fuel obtained by the heat treatment 
of anthracite is to be produced commercially in the 
Ukraine. Experiments are said to have shown that the 
new fuel can replace coke in the production of iron and 
steel and in other industries. 


New CoMPANIES DURING 1936.—According to the 
annual register of new companies for 1936 issued by 
Jordan and Sons, Ltd., during the year there were regis- 
tered 831 engineering companies with total capital of 
£9,564,672; 155 mining and quarrying companies with 
£10,748,353 ; 510 electricity, water, and gas companies, 
with £5,199,195 ; 684 motor companies, with £3,279,623 ; 
115 aviation companies, with £1,841,201 ; and 149 metal 
companies, with £1,470,450. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 
—tThe Lord President of the Council has appointed Pro- 
fessor E. B. Bailey, M.C., M.A., D.Sc., F.R.S., Professor 
of Geology in the University of Glasgow, to be Director 
of the Geological Survey of Great Britain and Museum of 
Practical Geology. Professor Bailey served on the staff 
of the Geological Survey from 1902 until December, 1929, 
when he resigned from his position of District Geologist 
on appointment as Professor at Glasgow. 


Water Power in Canapa.—It is stated in the annual 
review of hydro-electric progress in Canada, issued by the 
Ministry of Mines and Resources, that, although a com- 
paratively small addition was made to the total developed 
water power capacity in the Dominion during 1936, there 
are a number of developments under construction which 
will add materially to the total in the next year or so. 
New installations during 1936 ated 36,475 H.P., 
bringing the total for the Dominion at the end of the year 
to 7,945,590 H.P. 

Press Firs on Saarrs.—The results of a series of tests 
on press fits on shafts were given in a paper before the 
American Society for Metals by Mr. T. V. Buckwalter and 
Dr. O. J. Herger. It was stated that a press fit reduces the 
fatigue strength of an axle to less than half the strength 
of a similar axle not assembled by a press fit. Surface 
rolling of the axle at the sections that are subjected to a 
press fit practically restores the full strength of the axle, 
making it possible to obtain in press-fitted assemblies 
practically the same strength as is available in plain axles 
that are not subjected to press fits. 


Coat ConsumptTion.—In a recent address to the 
Chartered Institute of Secretaries, the Secretary to the 
Mining Association, Mr. W. A. Lee, said that about 
160 million tons of coal are normally consumed each year 
in this country. Of this amount house coal accounts for 
40 million tons, gas coal 16} million tons, coking coal 
17 million tons, and the remainder is absorbed for steam- 
raising and manufacturing purposes. Two of the largest 
consumers under this head are the railways, whose 
locomotive coal consumption is over 12 million tons 
per annum, and the electric supply undertakings, which 
consume over 11 million tons per annum. 


CoRROSION In MaGnestum ALLoys.—In a recent paper 
on magnesium alloys before the Royal Aeronautical 
Society, Dr. C. H. Desch said that excessive corrosion 
was found in some large industrial structures, owing 
to imperfect separation of the flux from the metal during 
casting. Particles of flux or slag containing chlorides, 
if embedded in the metal, set up centres of intense local 
corrosion, leading rapidly to complete destruction. The 
greatest precautions had therefore to be taken in making 
ingots or castings, to avoid the entrapping of flux. This 
also applied especially to welded structures, a matter 
in which Dr. Aitchison (in a paper given in 1934) recom- 
mended brushing the finished weld with hot water con- 
taining 15 per cent.-of potassium bichromate until all 
the flux had been removed. 


Exectrriciry Suprty.—The Official Returns rendered to 
the Electricity Commissioners show that 2180 million 
units of electricity were generated by authorised under- 
takers in Great Britain during the month of December, 
1936, as compared with the revised figure of 1929 million 
units in the corresponding month of 1935, representing an 
increase of 251 million units, or 13 per cent. The number 
of working days in the month (i.e., excluding Sundays and 
Bank Holidays) was twenty-five, as against twenty-four 
last year. During the year ending December 31st, 1936, 
the total amount of electricity generated by authorised 
undertakers was 20,220 million units, as compared with 
the revised figure of 17,568 million units for the corre- 
sponding period of 1935, representing an increase of 2652 
million units, or 15-1 per cent. i 

Unvusvau Concrete Watt Forms.—For the construc- 
tion of the concrete walls of the Nemours carillon tower 
in the United States, the facing material was used as 
exterior forms in place of wood. The tower is a reinforced 
concrete shaft 210ft. high and 26}ft. square at terrace 
level, tapering to 25ft. 10in. at the balcony level. Below 
the cornice at the first floor level it is faced with granite 
and above the exterior is cast stone. The cast stone was 
made in units about 4ft. high, 8ft. long, and 5in. thick, 
these units having a shoulder at the horizontal joints to 
keep. the exterior faces of the successive courses flush 
and in alignment. The units were fastened to the inside 
wall forms by means of }in. iron bars moulded into the 
cast stone. The cast stone facing was set one course at 
a time and the wall space filled with concrete. 





Air and Water. 





Suez Canat Trarric.—Last year 5877 ships with a 
total tonnage of 32,378,883 passed through the Suez Canal. 


Kiet Canau.—The German Government has banned 
the passage of foreign warships through the Kiel Canal 
unless permission has been obtained beforehand. 


“ QuEEN Mary’s”’ Sarmine Postponep.—The Cunard 
White Star Company announces ‘that owing to retarded 
progress in the overhaul of the ‘‘ Queen Mary,” she will not 
resume service until February 17th next. 

New Unirep States Sxipprnc.—An emergency ship- 
building programme is being prepared by the United 
States Maritime Commission. It is stated that the plan 
involves the construction of forty cargo liners with speeds 
ranging from 16 to 20 knots, and aggregating 360,000 tons 
deadweight. The estimated cost of the ships is 60,000,000 
dollars, 

NEw German Arrsuip.—It is expected that the German 
airship “‘ L.Z. 130,” now under construction at Friedrichs- 
haven, will be ready for service next autumn. The new 
airship will take the place of the ‘‘ Graf Zeppelin ”’ on the 
South Atlantic route, and the latter will probably be used 
for training purposes. When the “ L.Z. 130” is finished, 
work will begin immediately on another airship. 


DEATH OF A THAMES-SIDE SHIPBUILDER.—It is with 
regret that we note the death of Alexander John Dudgeon, 
the consulting engineer and naval architect. He was the 
son of the late John Dudgeon, and was for many years 
associated with the firm of J. and W. Dudgeon, of Cubitt 
Town shipyard, and the Sun Engine Works at Millwall. 
It was when the firm closed down that he entered private 
practice. 

ProposepD AUSTRALASIAN AIR SeRvice.—The Aus- 
tralian Defence Department is inviting tenders for an air 
service between Sydney and New Guinea. The contract 
would be for five years, the service to be weekly, and the 
machines capable of carrying mails, freight, and passen- 
gers. It is specified that multi-engined machines must be 
used which are able to carry six passengers and cargo at 
@ cruising speed of 140 miles an hour, and have a range of 
not less than 500 miles against a 30 miles an hour wind. 


Durean Arr TERMINUS.—A site has now been chosen 
for the terminus for flying boats at Durban. According 
to Flight, it lies to the west of the oil sites behind Salisbury 
Island, and as it will be some time before the new build- 
ings are erected, the authorities are to establish an 
anchorage at one end of the island. It is proposed to 
erect a hangar measuring about 150ft. by 100ft., with a 
concrete apron and the estimated cost of the various 
administrative buildings is £100,000. An area of about 
1200ft. by 300ft. is to be dredged and a small jetty is to 
be built. 

Ecyprian Fryrisg Meetoxe.—From February 22nd to 
26th next, an Egyptian flying meeting will be held at 
Cairo. The main event will be a competition over a 1300 
miles long route in which marks will be awarded for speed. 
fuel consumption, range, comfort, safety, and equipment. 
The route will be from Cairo, along the Gulf of Suez to 
Hurghada, on to Luxor and thence from one oasis to 
another back to Cairo. The contest is open to all nations 
and eight prizes will be awarded. The Royal Aero Club 
has entered eleven machines for the meeting, representing 
ten different types of light aircraft. 

TyNnE Crosstne.—The Commissioner for Special Areas 
is to receive a deputation on January 25th from the 
Corporations of South Shields and Tynemouth on tie 
question of a link between the two boroughs across the 
Tyne. The Minister of Transport has already rejected 
the proposal of a tunnel under the river, which would cost 
about £1,400,000. It was suggested that the Councils 
should acquire the present ferry service from the Tyne 
Improvement Commission, but they rejected this pro- 
posal and intend to ask the Commissioner for Special 
Areas to support their claim for a tunnel or a bridge. 


Emprre Arr Rovte.—About twenty-six hours will be 
saved by passengers and air mails by a recent extension 
of the Empire flying boat route. Hitherto if has been 
necessary to travel by train from Paris to Brindisi, but it 
is now possible to travel from Paris to Marseilles, whence 
the flying boat service is available to Alexandria. The 
alternative route does not yet shorten the time of the 
journey between London and Alexandria, but it shortens 
the time spent by passengers in the train. Whereas two 
nights are spent in the train between Paris and Brindisi, 
only one night of train travelling occurs on the way to 
Marseilles, and the second night is spent in an hotel at 
Brindisi. 

Tue Port or Bristout.—Official traffic returns relating 
to trade at the port of Bristol during 1936, issued on 
Monday, Jaruary 4th, indicate that the records created 
in 1935 were assed. ister tonnage entered 
reached a total of 2,826,234, an increase of 126,228 tons. 
Foreign trade was responsible for 113,428 tons of this 
advance with a total in 1936 of 2,147,000 tons, and the 
coastal trades total of 679,234 tons indicated an increase 
of 12,800 tons. A big advance in imports and exports is 
recorded in the return, the aggregate being 3,368,604 tons, 
compared with 3,197,955 tons in 1935. To the increase 
of 170,649 tons foreign imports and exports contributed 
147,088 tons with the total at 2,196,312 tons. In the 
coastwise section the total is given as 1,172,292 tons, the 
increase being 23,561 tons. 

Port or Lonpon ImprovemMENTSs.—Under the P.L.A. 
£12,000,000 improvement programme a contract has now 
been let for the construction of a new quay on the north 
side of the Royal Victoria Dock and the demolition of 
existing jetties. The new quay will reach from the Canal 
Meat Berth at the eastern end of the dock to the old Tidal 
Basin at the west end. This work necessitates filling in 
between parts of the existing jetties, the ends of which will 
be demolished. New sheds, warehouses, rail, crane, and 
other equipment will be installed eventually on the new 
north side quay, which will be 3000ft. in length and provide 
a needed addition to the deep-water berthage accommoda- 
tion of the port. The quay on the south side of the Royal 
Victoria Dock will also be extended eastwards of the site 
of a proposed new flour mill by approximately 460ft. 
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THE LOCOMOTIVE AND ITS BOILER. 


THE announcement that Sir Nigel Gresley has 
decided to remove the water-tube boiler from his 
“No. 10,000,” and to replace it by one of normal 
design, presents one more example of the peculiar 
fitness of the Stephenson locomotive for the duties 
it is called upon to perform. In this case, at least, 
there can be no question whatever of bias against 
a change. Sir Nigel himself was responsible for 
the design and made every endeavour to overcome 
the difficulties met with in practice. We can only 
guess at the expenditure the experiment has 
involved. It is probably not less than £30,000, 
and in all likelihood a great deal more. That 
expenditure has been met by the railway company 
itself. In some instances outside firms and 
inventors pay for locomotives which C.M.E.s test 
in service on their lines. It is always open to 
those who are of a suspicious or critical nature 
to protest in such circumstances that their 
products have not been treated fairly or 
sympathetically by the railway. That cannot 
be said of “No. 10,000.” It was given every 
chance that an engine can be given, and no 
reasonable expenditure on improvements was 
withheld. Moreover, it was designed by as good 
a conjunction of talent as can be imagined. For 
the engine itself, all the experience of the L. and 
N.E.R. was available, and for the boiler the vast 
experience of Yarrows. On other matters, expert 
advice was also taken. Yet at the end of six years, 
during which many modifications have been made, 
it has been ascertained beyond doubt that the 
efficiency of the boiler is well below the 75 to 80 per 
cent. which the Stephenson boiler will give in 
service, and that nothing further can be done, 
within the limits of the British loading gauge, to 
make it better. It would be rash to say that its 
failure puts an end to water-tube boilers for loco- 
motives. Another design, more fitted for the 
special conditions, may arise. But this, at least, is 





clear, that the end of this great, careful, and costly 
experiment is to settle the fire-tube boiler more 
than ever firmly upon its foundations. 


We are confident that the directors of the L. and 
N.E.R..do not regret for a moment the money laid 
out on “ No. 10,000.” If the experiment had not 
been made it would remain to make. They 
had to satisfy themselves definitely that they 
were not neglecting one means of improving the 
efficiency of their locomotives. By making that 
experiment they have answered such critics as 
charge railways with undeviating reliance upon 
standardised designs. Making it, they have 
greatly strengthened their position. As a matter 
of fact, the L. and N.E.R.., of all railways, was the 
least subject to such charges, for under Sir Nigel 
it has been more courageous in the adoption of 
locomotive improvements than any other company 
in this country. But that only makes the conclu- 
sion more convincing. If a company so pro- 
gressive was unable to bring the experiment to 
success, would any other have had a greater or 
even an equal chance of doing so? It may be 
said that since ‘‘ No. 10,000 ”’ is not quite a normal 
engine, the test was not a perfectly fair one; a 
departure had been made from the principle that 
only one variable should be changed at a time. 
But the answer is that the differences between 
that engine and any normal engine were intro- 
duced primarily to give the high-pressure boiler 
every possible advantage. Indeed, we think it 
may be said that the test was essentially a boiler 
test. Moreover, Sir Nigel has been able to satisfy 
himself beyond question that it is the boiler and 
not the engine as a whole that is inefficient. That 
is a very important conclusion. Here we have had 
a combination of the greatest available talent 
working on the problem of fitting a high 
pressure water-tube boiler into a locomotive 
with the limitations of height and width that 
are common to all British locomotives. That it 
has failed to achieve the hoped-for economy is a 
reflection on no one concerned, unless it be a vice to 
hope for more than you succeed in attaining. The 
thoroughness with which the work was done, the 
ability of those that did it, and their eagerness to 
make it a success, all combine to make the result 
positive and conclusive. 


We hear from time to time assertions that much 
greater enterprise in the development of new loco- 
motive designs exists in other countries than in 
this. It is true that on the Continent, and in Ger- 
many in particular, various revolutionary types 
have appeared. How many of them, we would ask, 
have passed the experimental stage? How many 
have been able to justify by great economies 
excessively high capital and maintenance costs ? 
There are in Great Britain over 20,000 steam loco- 
motives ; the Continent as a whole must possess 
about five times that number; in Canada and the 
United States there are probably 80,000; in the 
rest of the globe we know not how many. But on 
the very roughest of estimates it is certain that 
there cannot be less than 250,000 major steam loco- 
motives in the world. We do not hesitate to say that 
not 1 per cent. of that number depart materially 
from normal design and that of that 1 per cent. the 
change is dictated by special circumstances. We 
may go even further and say that not in any single 
country does the number of abnormal locomotives 
represent more than a small fraction of the total 
number. [If statistical examination could be 
pushed still further it would be found that even 
where there was departure from general design, as, 
for example, in the Swedish turbine locomotives, 
yet the boilers were just those used in normal prac- 
tice. If we wished to go still further in justification 
of our own country, we would point out that in 
quite recent years at least four departures from 
the ordinary have been tested on British railways— 
Sir Henry Fowler’s ill-fated “ Fury,” with a Schmidt- 
Henschel boiler; the Kitson-Still locomotive ; 
“No. 10,000”; and Mr. Stanier’s ‘“ Turbo- 
motive,” which is now in service. We might 
mention also Mr. Maunsell’s test with a pulverised 
fuel burner. On the strength of those experiments, 
and bearing in mind the figures just given, we 
claim that there is no case whatever against British 
locomotive engineers ; that they are just as keen as 
the engineers of any country and just as enter- 
prising. It must never be overlooked that in no 
two countries are conditions exactly the same, and 
that whereas it may be worth while for certain 
nations to use very costly engines, it would not 
be economical to do so here. Hence any new 
design that hopes for success must be prepared to 
displace a type which in over a hundred years of 
use has been evolved into a form peculiarly fitted 
for British conditions. We may add that it is a 





remarkable tribute to the adaptability of the 
Stephenson locomotive that there is no part of 
the world in which it cannot be and is not em- 
ployed, and that even under somewhat adverse 
circumstances it has nowhere been wholly dis- 
placed. We conclude by advising those who are 
readily convinced by the results of early tests to 
read Sir Nigel’s paper on “ High-pressure Locomo- 
tives,” and tonote his lively anticipations of the com- 
plete success of “ No. 10,000.” Many people are apt 
to be carried away by the glowing accounts of 
foreign inventions, but the fate of that engine shows 
once more that nothing short of extended experi 

ence can prove the merits of radical changes and 
that even the most expert may be misled by 
initial successes. 


‘ 


Supply Apparatus on High-Voltage Urban 
Systems. 


AFTER a series of Institution of Electrical 
Engineers papers of a rather specialised character, 
and scarcely in conformity with the requirements 
of most members, a contribution with a wider 
appeal, entitled “The Efficient Rating and Dis- 
position of Supply Apparatus on High-voltage 
Urban Systems,”’ was presented by Mr. J. Eccles 
at a meeting of the Transmission Section on 
Wednesday, January 13th. Although nothing 
produced this session has been more informative 
or helpful, from the point of view of those whose 
business it is to maintain electricity supplies; the 
attendance left much to be desired. The paper 
has been prompted by the author’s experience 
and contains a summary of some of the methods 
used, or about to be used, in conducting the 
business of supply on a safe but economical basis. 
Suggestions made, though by no means exhaustive, 
are intended to stimulate constructive thought 
on the major issues, some of which have been 
accentuated by interconnected working. Perhaps 
the greatest fault of the paper is that it is confined 
to phenomena on urban networks operating at 
pressures not exceeding 11 kV; otherwise it 
leaves little to be desired. The initial sections are 
devoted to a quantitative discussion on circuit 
breaker duty and short circuit phenomena at 
points of supply and at remote points on the 
network. Some effects of interconnected working 
are indicated, and means for current limitation 
under fault conditions described, whilst other 
sections of the paper cover such matters as trans- 
former characteristics, the lay-out of medium- 
voltage apparatus, and the problem of voltage 
variation at consumers’ terminals. 

Among the more important points discussed 
is the limitation of short circuit current, which, 
owing to the growth of interconnection, has 
increased to such a magnitude at the point of 
supply, particularly on 6-6 kV and 11 kV systems, 
that the cost of switchgear constitutes a dis- 
proportionate share of the distribution charges. 
As in existing stations a good deal can often 
be effected by current-limiting devices, arrange- 
ments of reactors are given for reducing this 
current at the bus-bars, as well as a scheme for 
relieving the network alone. While reactors 
introduce well-known disadvantages, they have 
a definite field of usefulness, especially under 
modern conditions. Their cost, capitalised value 
of losses, and the poorer voltage regulation they 
produce, must, however, be balanced in many 
cases against any saving in the cost of switchgear. 
Some time ago one of the transformer manufac- 
turers introduced,. with a view to minimising 
these disadvantages, a reactor which, by the 
blowing of a fuse across part of a neutralising 
winding, was only brought into action on the 
occurrence of a fault, but for reasons we will 
not discuss it never, so far as we know, met 
with practical application. The reactance of 
distribution transformers forms the main current- 
limiting factor on medium-voltage networks at 
or near sub-stations. Current limitation favours 
a high value of transformer reactance, whilst 
close voltage regulation demands a low value : 
but the author explains that these conflicting 
requirements may be met by providing low 
reactance transformers of moderately low kVA 
rating and operating a limited group on each 
isolated medium-voltage network. The division 
of high-pressure networks into radial sections, 
normally completely separated, except at the 
point of supply, is believed to be the safest and 
most practical method of reducing the short 
circuit current at sub-stations, and hence of 
controlling the cost of sub-station switchgear 
although care should be taken to ensure that the 
sectionalising does not materially reduce safety 
in continuity of supply. Many suggestions, which 
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cannot be considered here, are made concerning 
switchgear and its lay-out. For the firms that 
have established switchgear stations at considerable 
cost Mr. Eccles has admiration. So far as ensuring 
reasonable safety of new switchgear is concerned 
these stations are a valuable asset, although 
manufacturers will be the first to admit that there 
is a great deal about the behaviour of switchgear 
they still do not understand. Switchgear that 
has passed the tests in these stations has been 
known to fail under somewhat less arduous con- 
ditions in service. An aspect of the subject which 
scarcely comes within the scope of the paper is 
the use of old and inadequately rated switchgear 
which, as the report on electrical accidents in 
factories in 1935 shows, continues to inflict 
serious injury on‘ operators. That owners of such 
gear, and particularly industrial owners, should 
be allowed to operate it in ignorance of the risk 
they run is scandalous, especially as interconnection 
is responsible for its inadequacy. The chance of 
injury to operators is particularly pronounced in 
the case of hand-operated gear, although remote 
control, while minimising the risk, does not afford 
protection to other persons who may be inthe vicinity 
of the switchgear, nor eliminate fire risk. Mr. 
Eccles mentions that switchgear duty cycles should 
include the closing of breakers against the 
maximum asymmetrical peak current, which 
is now well appreciated. The satisfactory per- 
formance of circuit breakers when closed on a 
fault is essential and spring mechanism which 
ensures that closing occurs rapidly and without 
hesitation on the part of operators is an important 
development. 

Among the significant remarks in the discussion 
were that the Petersen coil for the protection of over- 
head lines against earth faults is now being employed 
in this country ; that manufacturers are producing 
at reasonable cost 500-kVA on-load, tap-changing 
transformers for regulating the voltage on L.T. 
distribution systems; and that while air blast 
breakers are being manufactured in large quantities 
abroad, British firms are showing no inclination 
to supply them. The use of the Petersen coil for 
the protection of overhead systems, with which 
incidentally the paper is not concerned, is an 
interesting development. Since the introduc- 
tion of these lines in this country failures of 
supply have occurred with disturbing frequency. 
The Petersen coil is claimed to offer great 
advantages so far as earth faults are con- 
cerned, It is used on over 1000 systems, com- 
prising about 200,000 miles of overhead lines 
and underground H.T. cables in various parts of the 
world with voltages between 6 kV and 200 kV, 
but it has not hitherto found favour on British 
systems. Many failures in current would no doubt 
be avoided by placing conductors underground. 
That however would involve great expense and 
preclude at present the possibility of conducting 
the business of supply on an economical basis. 
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Ir by the term “‘ basic industry *’ we mean an industry 
upon which the majority of manufacturing industries 
are dependent, then of a surety coal mining merits 
that definition, especially in Great Britain, for on 
coal has her commercial supremacy been founded and 
built, so that all things that appertain to or affect the 
well-being of the getting and trade in coal are matters 
of national interest and national importance. 

It is by a curious coincidence—both appropriate 
and auspicious—that at a time when the future of 
British coal mining is about to be considered by 
Parliament, and at a time, too, when that industry, 
after a long period of deep depression, is showing 
unmistakable signs of a return to’ prosperity, 
there should appear two books of such outstanding 
merit dealing with quite different aspects of the 
subject of coal as “‘ The Coal Problem,” by Mr. J. P. 
Dickie, ex-M.P. for Consett, a coal mining con- 
stituency in the county of Durham ; and “ Coal, its 
Constitution and Uses,” by Professor W. A. Bone and 
G. W. Himus, the former the well-known professor 
and the latter the lecturer in fuel technology, at 
the Imperial College of Science and Technology, 
London University. 

The “ Coal Problem ”’ is a survey of the coal mining 
industry of-Great Britain over the period 1910-1936, 
and let. me say at once that, in my opinion, it is quite 
the best and most accurate review of the condition 
of the industry during recent years and of the forces 
which have affected and moulded the industry, which 





I have seen. So many of the contributions to the 
literature of the coal trade, both in the case of Great 
Britain and of the United States of America, have 
been written, if not in a purély partisan spirit, at 
least by persons so imbued therewith as to render them 
dangerous guides to the uninitiated. Frequently, too, 
they are the work of emotionally minded, though well- 
intentioned, persons, insufficiently instructed as to 
the facts‘of the case they are dealing with, and prone 
to confuse sentiment with truth. But not so with 
the author of the ‘‘ Coal Problem,” for he is meticu- 
lously careful of his facts. He deals faithfully and 
truly with strikes and lockouts and is quite at home 
with such diverse, intricate, and frequently highly 
technical matters as district agreements, average 
earnings, selling prices, amalgamations, royalties, and 
by-products. Rationalisation, he justly points out, 
is the only alternative to the existing system govern- 
ing the coal industry, and in the interests of the nation 
the industry must face the new situation which has 
arisen. The maintenance in existence of the old and 
inefficient colliery to the detriment of the modern and 
efficient one by a system of restriction of output (the 
quota) and fixation of minimum selling prices is 
bound to fail, and has already wrought great harm to 
the industry. A colliery in order to be successful 
must be permitted to work up to its economic output, 
and dear coal never yet made for the permanent well- 
being of the industry. There must be a closing down of 
obsolescent pits and concentration of output atthe best 
pits—a process which would come about naturally if 
the industry were not harnessed and harassed by 
quotas and minimum prices. Full working time, good 
wages, lower working costs, and cheaper coal would 
result. What is perhaps not so fully realised as it 
ought to be is the fact that the capacity for production 
has been greatly increased by the greater mechanisa- 
tion of collieries and that parallel with this increased 
application of machinery to the getting and con- 
veyance of coal there takes place a decrease in the 
number of workers employed in the production of a 
given quantity of coal. As it is, there are nearly 
400,000 less workers in and about the pits than there 
were ten years ago, but then the annual output is 
less. 

The author rightly, in my opinion, dismisses the 
policy of subsidising the industry, either directly or 
indirectly, or both, as being ‘an artificial and 
uneconomic means of bolstering up an industry at 
the expense of the general taxpayer, repugnant to 
every sound economist, and, with economic 
nationalism, is one of the chief obstacles to freeing 
the channels of international commerce, as well as 
one of the principal causes of the decline in world 
trade in recent years.”’ He justly points to the gross 
inaccuracies in a statement which a noted prelate of the 
Church of England made recently, in respect of coal 
prices and wages, at a meeting of the Church Assembly. 
Statements such as these, made by responsible 
persons, can only do infinite harm to the industry 
which they seek to benefit. Such foolish speeches 
will not be made in future if those really desirous of 
being informed of the truth will read Mr. Dickie’s 
book. 

Referring to the Coal Mines Bill, introduced during 
1936 to a “bewildered House of Commons,” the 
author shows how the Bill offended against a funda- 
mental principle of liberty in that, as regards powers 
to amalgamate, it clothed the Reorganisation Com- 
mission with legal authority to impose its will on 
every undertaking concerned, whether the industry 
desired it or not, and irrespective of the financial, 
economic, or technical position of any of the concerns 
in question ; this, he says, “ represents a new and 
dangerous departure in the relationship of the State 
to British industry. ... it gives a blank cheque to 
the Government of the day, and any further adminis- 
tration to impose its will on the mining industry 
without consulting: Parliament.” 

In regard to the subject of royalties, it is difficult 
to see quite eye to eye with the author. Apart from 
unification rendering amalgamations of colliery 
interests more feasible, one cannot see what advan- 
tage would accrue to the industry by a change, from 
private to State ownership—unless, indeed, the 
State were to forego the payment of royalties. For 
inequalities and extortionate charges in regard to 
royalties can be and are now effectually dealt with 
through the existing machinery of the Railway and 
Canal Commission ; and, as the author points out, the 
position in respect of the mineral owner vis.d vis the 
surface owner, would be, under the proposed change, 
one fraught with great difficulties. 

The work of Bone and Himus, though it is of quite 
a different nature from that reviewed above, is equally 
important in its own sphere, for, beginning with 
chapters on the post-war economic history of the 
British coal industry and Britain’s coal problems, it 
passes on to review the geological and chemical 
aspects of the lignin peat-coal-series, more particu- 
larly those dealing with the fundamental properties 
and constitution of coals, in the light of recent know- 
ledge and research, including the classification and 
geological distribution of the world’s available coal 
resources in relation to its economic needs and develop- 
ment. Thereafter there follows a series of chapters 
concerned with the uses of coal, ¢.g., preparation of 
coal for the market, the uses of pulverised coal, boiler 
design and management, smoke abatement, the 
carbonisation industries, hydrogenation, domestic 





heating, surface combustion, power production fuel 
economy in the manufacture of iron and steel, and 
heat transmission in industrial furnaces. It will be 
seen, therefore, how wide is the range of subjects 
intimately related to coal that is covered, and admir- 
ably and exhaustively treated, in this most welcome 
volume. 

The authors have, however, committed a few 
errors and inaccuracies and have omitted some points 
of importance, but singularly few in a work of 631 
pages dealing with many intricate matters. They 
are not quite fair on the subject of the low-temperature 
distillation of coal, which, as recent events have 
shown, is forging ahead and is likely to become in the 
near future an important branch of the coal industry. 

In regard to peat, whilst they state that ‘‘ no pro- 
cesses have yet been commercially established for the 
mechanical or electrical dewatering of peat,” the 
might, with advantage, have mentioned the Peco 
process, which is now in application on a large scale 
and promises well. They remark that “ German 
brown coals usually contain sufficient ‘montan wax ’ 
to allow of their being briquetted without the addi- 
tion of any extraneous ‘ binder.’’’ As a matter of 
fact in no case is a “ binder” used in briquetting 
German brown coal and when the montan wax content 
exceeds 10 per cent. the coal is not briquetted, but the 
montan wax extracted. 

The authors have gone astray in their account of 
how the Chemical Survey of the British coalfields 
came to be inaugurated. It was not the result of a 
report to the 1916 meeting of the British Association. 
The idea originated from quite another source. 

With regard to the origin of coal (Chapters IL] 
and IV), had the subject matter of these been first 
submitted to a paleo-botanist one or two obvious 
errors would not have appeared. 

For the chapters on the chemical constitution of 
coal, Chapters VIII, IX, X, and XI, one has nothing 
but praise ; they are perhaps the best in the book- 
and that is saying a good deal. It is doubtful whether 
the subject has ever been treated better, certainly 
not in any book in English. 

In the chapter on ‘‘ The Preparation of Coal for 
the Market ’’ one would have liked to have seen the 
subject of screening dealt with in rather more detail 
as it is dismissed in three short paragraphs. Whilst of 
the coal cleaners only a few processes are mentioned, 
and those not always typical—for instance, the most 
modern of cleaners, the Chance washer, is not alluded 
to—-and under froth flotation, the well-known process 
of minerals separation is not even referred to. 

The chapter (XVIII) on “ Boiler Design and 
Management” is a valuable contribution to this 
subject, as is also the next chapter on “ Pul- 
verised Coal and Coal-oil Mixtures ’’—the latter 
wrongly termed “ colloidal ” fuel. These are sure to 
be closely, and advantageously, studied by mechanical 
engineers. The succeeding six chapters (XX to XXV), 
relating to the carbonisation industries, are of great 
importance, émbracing, as they do, the subjects of the 
gas industry, the coke-making industry, by-product 
recovery, low-temperature distillation of coal, the 
complete gasification of coal, producer gas, and 
ammonia recovery. 

A subject which is of peculiar interest at the present 
time, in view of the great installation at Billingham, 
is that of the hydrogenation of coal for the purpose 
of converting it into oil and/or petrol. With regard 
to the efficiency of the process established at Billing- 
ham, the authors state that ‘‘ taking a ton of coal as 
equivalent to 300 therms, and a gallon of petrol as 
equivalent to 1-5 therm, the thermal efficiency would 
work out at 30 per cent. In a new plant, however, 
in which the major part of the hydrogen require- 
ments would be provided internally by a methane- 
steam process, the estimated overall consumption of 
coal is 3-5 to 5 tons per ton of petrol, and the thermal 
efficiency about 40 per cent.”” The petrol production 
capacity of the Billingham plant is rather less than 
5 per cent. of the present annual requirements of this 
country—scarcely equal to the present annual 
increase. 

It would have been interesting to have had the 
views of the authors on the new Fischer-Tropsch 
process, which can be carried out in both smaller and 
less costly units than is the case with the hydro- 
genation process. In the Fischer process coke oven gas 
is decomposed in a water gas generator concurrently 
with the production of water gas and after purification 
from sulphuretted hydrogen and dust the water gas 
is passed through a reaction chamber in which a 
catalyst is maintained at a temperature of 190 deg. 
Cent., the pressure being only atmospheric. There- 
after the oils are collected and purified. It would 
appear, if all that is claimed for it is based on fact, 
that this process is likely to prove a serious rival to 
the hydrogenation process. A plant is at work at 
Brabag, in Germany, and is producing at the rate of 
25,000 tons of oil per annum, and it is stated that it is 
intended to extend the plant so as to produce five 
times that quantity. 

The exigencies of space prevent my dwelling further 
upon the many and fascinating subjects dealt with 
and problems envisaged in this most excellent work, 
a work gracefully and appropriately dedicated to 
Professor Henry E. Armstrong “‘ As doyen of British 
chemists in appreciation of his lifelong efforts to 


advance our knowledge of coal.” 
R. A. S. REDMAYNE. 
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Obituary. 


SIR JOHN ASPINALL. 


Sik JOHN ASPINALL, whose death on January 19th, 
at the good age of eighty-five years, will be deeply 
deplored by an exceptionally large circle, held a dis- 
tinguished position in railway engineering, not only 
through his technical and scientific ability and his 
intimacy with all the intricacies of railway operation, 
but through a personality which is given to few. A 
man of remarkable appearance, he combined the 
fortiter in re so skilfully with the suaviter in modo that 
he made friends and admirers even of those to whom 
he was opposed, and in every sphere of his activities 
commanded respect. During the active years of his 
life, first as a Chief Mechanical Engineer and then as a 
General Manager, he exercised more influence over 
railway development in Great Britain than any man 
of his time. Under his direction the Lancashire and 
Yorkshire Railway was looked up to as an example of 
progressiveness and sound management. It is a note- 
worthy fact that he was the “father” of many 
successful railway men, four of whom advanced to 
the position of C.M.E. after being trained at Horwich ; 
amongst them must be mentioned particularly Mr, 
George Hughes and Sir Henry 
Fowler, both of whom became 
C.M.E.’s, Mr. Hughes at Horwich 
and Sir Henry C.M.E. of the 
London, Midland and Scottish 
Railway. There are also Sir 
Nigel Gresley and Mr. R. E. L. 
Maunsell, who still hold that 
position on the L.N.E.R. and the 
Southern respectively. Sir Nigel 
was an apprentice at Crewe and a 
pupil at Horwich, and Mr. Maunsell 
an apprentice at Inchicore and 
then a pupil under Aspinall. We 
may add that Mr. J. P. Crouch, 
C.M.E. of the Argentine Central, 
was @ premium apprentice at 
Horwich and Mr. Rupert Fawker 
C.M.E., Soudanese Railways, a 
pupil. We doubt if any other 
‘* Chief’ has shown an equal record. 

Sir John Audley Frederick 
Aspinall was the son of John Bridge 
Aspinall, Q.C., Recorder of the 
City of Liverpool, and was borh in 
August, 1851. His general educa- 
tion was secured at Beaumont 
College, Berkshire, and in 1869 he 
was sent to Crewe as an apprentice 
to John Ramsbottom. In 1871 
Ramsbottom retired after eight or 
nine years of remarkable work as 
Locomotive Superintendent of the 
London and North-Western Rail- 
way. Tp replace him, Mr. F. W. 
Webb, who between 1861 and 1866 
had been works manager at Crewe, 
was recalled from the Bolton Iron 
and Steel Works, where he was 
employed as manager. To him 
Mr. Aspinall’s indentures were 
transferred. Every engineer knows 
something about F. W. Webb, the 
King of Crewe, one of the most 
remarkable heads of an engineering 
works of his day. Under his rule 
Crewe grew in magnitude and 
importance, inspiring at once re- 
spect, envy, and detestation. Webb 
sought to make the works so self- 
contained that by them the L. and 
N.W.R. could be supplied not 
alone with locomotives, but with 
the bulk of the other materials it required. We may, 
perhaps, see in Aspinall’s character as it developed—in 
the breadth and courage of his views, and the firmness 
with which he prosecuted his plans—a reflection of 
his training under such a man as F. W. Webb. 

In those days an apprentice was bound till his 
twenty-first birthday, when, in railway workshops at 
least, he could generally count on being offered a 
berth of a more or less attractive kind. Aspinall 
accepted the position of Assistant Manager at the 
Crewe steel works and remained there for some three 
years, widening his knowledge. Then he was appointed 
Manager at Inchicore, the celebrated works of the 
Great Southern and Western Railway of Ireland, and 
a few years later, 1883, was appointed Locomotive 
Engineer of that company. No man ever went into 
Inchicore and came out of it without being the 
better, and there is never an Inchicore man who does 
not cherish an affection for it. Mr. Alexander 
McDonnell, responsible for a progressive policy, was 
Locomotive Superintendent when Aspinall joined, 
and to him he succeeded. He never forgot the years 
he spent there and delighted to talk of them. A 
Liverpool man, he had many chances of becoming 
acquainted with the Irish character, and his own sense 
of humour was tickled by his Irish experiences. 
Perhaps that is one of the clues to the affection with 
which Inchicore is regarded by every man who went 
there. He retained his position with the ‘ Great 
Southern”? for only three years, during which he 








made no notable contribution to locomotive design, 
though he introduced to Ireland some of the details— 
like cast iron wheels—which he had seen on the 
London and North-Western. During the second year 
of his office, when he was only thirty-four years of 
age, he was elected President of the Institution of 
Civil Engineers of Ireland, a forecast of the greater 
positions of a similar kind which he was destined to fill. 

The year 1886 must be regarded as the turning 
point in his career, for in it he was invited to become 
the Chief Mechanical Engineer of the Lancashire and 
Yorkshire Railway. It was far less unusual then for 
what weshouldnow regard as young men to be entrusted 
with high responsibility and authority than it is 
nowadays, but when we recall that the task given to 
Aspinall was not merely to carry on an old-established 
factory, but to build a new works—those at Horwich 
—on an ambitious scale, and to organise and direct 
them when built, we are astonished that so young a 
man should have been given so much power. That 
the step was fully justified was soon proved by the 
results. In December of the same year the first 
repaired engine was sent out and in 1889 Mr. Aspinall’s 
first locomotive was completed. It was ‘‘ No. 1008,” 
an eight-wheeled radial tank engine. Between then 
and 1899, when another remarkable change in his 
career took place, he built 667 engines of various kinds, 
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including his “* Atlanties,’”” which in their day were 
the largest inside cylinder engines in the kingdom. 
He also produced the large eight-coupled goods engines 
which may be seen on the system to this day, hauling 
loads up to 1000 tons. Before leaving Horwich we 
ought to recall that the lay-out has been called 
‘‘ as nearly perfect as it is possible to imagine.” The 
shops are all on the same level and run in three main 
parallel rows from north-west to south-east. 

It is, perhaps, appropriate to recall here the interest 
Sir John took in educational problems throughout his 
life, for even in the early days of his career at Horwich, 
when he had many other things on his hands, he 
bestirred himself to secure for the works and the town 
an institute—the Mechanics’ Institute—which con- 
tinues to flourish and includes a technical college as 
well as a gymnasium and recreation grounds. The 
cost of this Institute was defrayed in great part by 
Mrs. Fielden, the widow of a former director, sup- 
ported by private donations and a grant from the 
company. It is not, we believe, generally known that 
at one time he could call himself Professor, for he was 
actually appointed Associate Professor of Railway 
Engineering in Liverpool University in 1902. Prob- 
ably his activities were more advisory than educa- 
tional, but his acceptance of the position was but one 
more indication of his constant concern about the 
upbringing of young engineers. That readiness to 
help young men manifested itself in a score of ways, 
but possibly in none more than his accessibility to his 








junior officers, not only throughout his career as a 
Chief Mechanical Engineer, but when he became 
General Manager. In 1908 he was appointed Chair- 
man of the Faculty of Engineering in Liverpool 
University and retained that position till 1915. Durimg 
this period he collected from Liverpool shipowners 
a sum of no less than £39,000 for the erection and 
equipment of the engineering laboratory which is 
known as the Harrison-Hughes, in honour of the 
donors’ names. 

During this period Mr. Aspinall read a paper before 
the Institution of Civil Engineer on “‘ The Friction of 
Locomotive Slide Valves,”’ for which he was awarded 
a Telford Premium. 

In 1899, the directors of the Lancashire and York- 
shire Railway took the unprecedented step of appoint- 
ing Mr. Aspinall, an engineer, General Manager. The 
appointment led to a good deal of comment at the 
time, for no one seemed to have thought that a tech- 
nical man could have the knowledge and ability to 
direct the general affairs of a railway. Mr. Aspinall 
soon put all doubts at rest ; it may even be said now 
that eminent as he was as an engineer, he was in fact 
more eminent as an organiser of transport. He had 
mastered the principles of railway management whilst 
acting as Chief Mechanical Engineer, and by com- 
bining his knowledge of what locomotives and rolling 
stock could do with his knowledge 
of what the traffic side wanted them 
to do, he was able to keep harmony 
between the two departments. 
Moreover, he was a man of vision 
and foresight. He was, perhaps, 
the first to see the desirability and 
economy of providing very power- 
ful goods engines and amongst the 
first to realise the profits that would 
accrue from the electrification of 
local and suburban services. We 
have already mentioned his eight- 
coupled goods engines, in which his 
desiderata with regard to heavy 
goods traffic were satisfied. The 
first of them appeared in 1899. 
Five years later the electrification 
of the Liverpool and Southport 
Railway was completed. This was 
the first ‘‘ main line ” electrification 
in the United Kingdom and from 
the start it justified itself. It has 
been extended and improved in 
the course of years, but it remains 
substantially the same as when it 
was designed by Aspinall and 
completed by Dick, Kerr and 
Co., more than thirty-five years 
ago. 

But there were other matters of 
equal importance to his railway to 
which Aspinall turned his atten- 
tions, and pursued with his custo- 
mary energy. The coalfields of 
South Yorkshire were developing 
rapidly and he foresaw the possi- 
bility of an immense development 
of the mineral traffic in the two 
counties served by the Lancashire 
and Yorkshire Railway. But he 
was not alone in that. The Great 
Northern, the Midland, the North- 
Eastern, and the Great Central all 
wanted to have the lion’s share, and 
@ great struggle occurred in West- 
minster before the South Yorkshire 
Joint Line Committee—in which 
the five companies were associated 
—was formed. In this conflict 
and final arrangement Aspinall 
took a leading part, and he had 
the satisfaction of securing for his 
railway the right to haul coal from the Dearne Valley 
as well as from the pits served by the Joint Line 
through to Liverpool, Goole, and Hull. Another 
matter which he took up was the trade between 
Ireland and Liverpool and between Goole and Hull to 
the Northern European ports. For the latter purpose 
his company bought the Goole Steamship Company 
and the fleet of the Co-operative Wholesale Society, 
which had an established trade with Hamburg. This 
enterprise flourished, and in 1914 the Lancashire and 
Yorkshire Railway Company had _ twenty-eight 
vessels sailing to ports in Belgium, Denmark, Ger- 
many, and Holland. With regard to the Belgian 
trade, one might almost say that Sir John discovered 
Zeebrugge, for the L. and Y. Railway Company 
instituted a passenger service between Hull and that 
port. 

Sir John resigned his position as General Manager 
and was appointed a Director of the company in 
1919, but his interest in railways did not abate and 
his opinion was often sought. In his long career he 
had acquired a peculiar knowledge of the operation 
of railways from all points of view, technical, opera- 
tional, and legal, and he retained almost to the end 
of his days the clearness of vision and courage in 
undertaking which characterised the work of his 
prime. It is rare indeed to find one man with such 
encyclopedic knowledge of a subject which is usually 
distinctly divided into two or more parts, for he was 
able to discuss the engineering details of a locomotive 
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or the design of bridges and permanent way with as 
much certainty of touch as when he dealt with 
problems of the operation of railways or the passage 
of railway Bills through Parliamentary Committees. 
This breadth of knowledge and experience, combined 
with a charm of personality, made him an invaluable 
member of Council and Presid mt of the two great 
engineering institutions. Years ago the Institution of 
Mechanical Engineers conferred upon him the signal 
and unexampled honour of electing him a permanent 
Honorary Member of Council. He was a regular 
attendant and his chair on the left hand of the 
President at the Council table was always reserved 
for him. He listened to the debates through the 
pocket microphone which had been his familiar 
assistant for many years, and was frequently 
appealed to when questions in which his experi- 
ence and wisdom would benefit the Council arose. 
He was, we need not say, the author of many 
papers and addresses and the recipient of other 
honours besides that of knighthood which the King 
conferred upon him in 1917. To him was awarded 
the first International James Watt Medal founded 
by that Institution, which should have been presented 
to-day, Friday, January 22nd. His paper on “ Train 
Resistance,” for which he received the coveted Watt 
Medal of the Institution of Civil Engineers in 1901, 
is to this day referred to as authoritative. 

So full was Sir John’s career and so important the 
part he played in the development of railways, that 
nothing less than a complete ** Life ’’ could do justice 
to his services. Men with less right to it have received 
that honour, and we may cherish a hope that some 
one amongst the many who knew and loved him will 
undertake to writeone. Togivealist of his works would 
be merely tiresome, and now, when we are mourning 
his death we prefer to think of his qualities as a man, 
his rare and courtly charm, his ability in the selection 
of the right men for the right positions, the gentle 
skill with which he trained them, and the encourage- 
ment with which he guided them. It would be difficult 
to find one amongst those who served him who did 
not regard him with real affection, and there is no 
man who came into contact with him who was not 
won by a grace of manner which seemed to belong to 
an earlier generation. There are men of firm convic- 


tions who gain their way by force of character; there |- 


are others, and Aspinall was amongst them, who 
persuade others to be of the same mind as themselves. 
To them is given a greater inheritance in the hearts 
of their friends. 


SIR ARTHUR JOHNS. 


By the death of Sir Arthur W. Johns, late Director 
of Naval Construction, which occurred on Wednesday, 
January 13th, at a nursing home at Bedford Hill, the 
Royal Corps of Naval Constructors has lost a revered 
senior member, the Board of Admiralty a valued 
technical adviser, and the country an able public 
servant. Arthur William Johns came of West 
Country parentage, and was born at Devonport in 
1873. He entered Devonport Dockyard at the age of 
fourteen as a shipwright apprentice, and four years 
later won a scholarship to the Royal Naval Engineer- 
ing College at Keyham, from which he passed a year 
later to the Royal Naval College at Greenwich, where 
he studied for three years. After an appointment at 
the Admiralty he returned to Greenwich in 1898 as an 
instructor in naval architecture. In 1901 he joined 
the Department of Naval Construction at the 
Admiralty, where, among other duties, he was 
engaged upon the designs for the “ King Edward VII ”’ 
class of battleships. After gaining further experience 
on various classes of ships he was appointed in 1910 
the principal Admiralty overseer at the Thames 
Ironworks, Blackwall, during the building of H.M.S. 
* Thunderer.” the last large naval ship to be con- 
structed on the Thames. On her completion in 1912 
Mr. Johns was placed in charge of the design and 
construction of submarines, in which he closely 
collaborated with Vickers, Ltd., of the Naval Con- 
struction Works, Barrow-in-Furness. 

Many were the special designs and specifications of 
underwater naval craft that were prepared by Mr. 
Johns for the building programmes of the British 
Navy, and in association with Vickers, Ltd., he did 
pioneer work in new types of submarines with such 
success that leading designs were produced for every 
type of submarine craft. During the war period no 
less than 146 ships of ten different classes were built 
by the firm, mostly under his direct supervision. In 
the many and varied fields of naval construction upon 
which Sir Arthur Johns has left an indelible mark it 
is probable that he will be best remembered for his 
work on submarines. The rapid evolution from early 
designs to the modern craft of te-day, which he 
assisted so much and of which he was so justifiably 
proud, was perhaps due to his complete mastery of the 
smallest details of submarine construction. 

His cheery personality was without any doubt the 
direct source of the great confidence which was 
always reposed in him by the personnel of the sub- 
marine service. They soon came to regard him, not 


only as a skilled designer, but a friend who could be 
relied upon to do his utmost to ensure the efficiency 
and safety of their craft. He always encouraged a full 
and frank exchange of views between himself and 
submarine officers, and they trusted him fully. 


It 





may be said that no naval architect had so many close 
friends among officers of the Navy. 

For a time shortly before the war Sir Arthur, under 
Sir Eustace Tennyson d’Eyncourt, made a special 
study of aircraft construction, and he was the designer 
of several quite useful airships. This special know- 
ledge was utilised by the Admiralty in 1921, when Sir 
Arthur Johns was made a member of the Court of 
Inquiry which was appointed to report on the loss of 
the airship ‘“ R38.” In the years before his appoint- 
ment to succeed Sir William Berry as Director of 
Naval Construction in 1930, Sir Arthur Johns was 
Deputy Director and in that capacity he was engaged 
on the designs of flotilla leaders, destroyers, cruisers, 
and aircraft carriers, while he also served on a special 
joint committee appointed to consider aviation 
arrangements in his Majesty’s ships. His appoint- 
ment as Director of Naval Construction gave general 
satisfaction, not only among the Royal Corps ot 
Naval Constructors, but also among shipbuilders and 
marine engineers, with whom he was always on the 





Sir ARTHUR JOHNS 


best of terms. Regret was felt when, in August last, 
he decided on grounds of ill-health to retire from the 
office of Director of Naval Construction, which 
he had filled with conspicuous success, and the hope 
was expressed by many of his colleagues and friends 
that he would spend many happy years in the study 
of the history of naval early administration, a subject 
which was peculiarly his own and upon which he 
came to be a recognised authority. He was a valued 
Member of Council and Vice-President of the Institu- 
tion of Naval Architects, and contributed a number 
of valuable papers to the “Transactions.” Sir 
Arthur was also a member of the Society of Nautical 
Research. In recognition of his services he was made 
a C.B.E. in 1920 and a C.B. in 1929, becoming a 
K.C.B. in 1931. 








Letters to the Editor. 


(We do not hold ourselves responsible for the opinions of our 
correspondents. ) 


WIRE ROPE RESEARCH. 


Sm,—The following results seem to me of special import- 
ance. On page 440 of the Fifth Report of the Wire Ropes 
Research Committee of the Institution of Mechanical 
Engineers it is stated :—‘*‘ If strands have more than one 
layer of wire, the full benefit of smaller wires is not 
realised because of the resistance to relative movement of 
the wires.”” That is confirmed by calculation of this 
resistance. I caleulated—F6rdertechnik und Frachtverkehr, 
1934, ‘**‘ The Internal Friction of Wire Ropes ’—that the 
power S to overcome the internal friction increases appre- 
ciably with the number of the layers of wire in the strands : 


S=1-05 Fata Q) 


i=6» (1+6), one layer 
$ 
i=—6»(1+6+12), two layers S=1-8 peta Q) 


8 
i=—6 > (1+64+ 12+ 18), three layersS=2-6— (Q+A Q) 


where /=number of wires in the rope, 

$= wire diameter, 

D=pulley diameter, 

Q = load, 

A Q=addition to the load to allow for internal 

stress in the rope induced during manufacture. 

The statement on page 440, that the life of rope depends 
more on the rope diameter than on the wire diameter, also 
proves right for the internal friction. If in the formule 
mentioned above the wire diameter 8 is replaced by the 





rope diameter d (d=9 8 or 158 or 21 8) they all become 
equal : 


8=0-12-5 (Q+A Q). 


That means: The internal friction of wire ropes does not 
depend on whether there are 42, 114, or 222 wires in the 
rope, but only on the rope diameter. The factor 0-12 
changes with the rising angle, which means the lay of the 
wires and strands, and the coefficient of friction. It may 
be concluded that the internal friction has greater influence 
on the life of wire ropes than the bending stress, and that 
the internal friction or the power S gives a measure for the 
life of a rope. That would be extraordinarily important, 
because the power S can be measured for every rope in a 
short time, without hurting or breaking the rope. The 
W.R.R.C. would win a great merit by finding by experi- 
ments the connection between the friction power S and 
the breaking load of the wire ropes. L. Kiern. 
Hannover. 


Srr,—Professor Klein’s work on wire ropes is so impor- 
tant and well known that his letter on the Fifth Report of 
the Wire Ropes Research Committee of the Institution of 
Mechanical Engineers is specially welcome. 

Experience of the subject of wire ropes has shown that 
it does not lend itself readily to theorising, since there are 
many variable factors which cannot be evaluated. 

The Fifth Report includes results for the static bending 
of several wire ropes, pages 407-411, with a treatment 
which is an attempt to indicate the rope behaviour over a 
pulley from a simple bending test. A weakness of this 
analysis appears to be that the strands and wires may lock 
together to a greater degree when a rope is under tension. 

Professor Klein’s treatment is clearly related to the 
above, but presumably he refers to the bending force for 
arope under tension. A set of results for a 6 x 12 x 0-021in. 
rope, ordinary lay, lin. diameter, is given in the Second 
Report, page 1217, the rope being looped round ball- 
bearing pulleys and measurements taken of the pull 
required on one side to rotate the pulleys. All plotted 
points lie on straight lines with the exception of that for 
the lowest load on the largest pulley, and the equations 
are :— 


6in. diameter pulleys F=1-2+0-0237 T. 
10in. diameter pulleys F=1-2+0-01107 T. 
l4in. diameter pulleys F=0-7+0-00724 T. 


F being the added pull and T the rope tension. 

It appears from Professor Klein’s formula that 8S x D 
should be constant for a rope of a given construction, and 
F x D for the above becomes 7-2+ 0-142 T, 12+-0-1107 T, 
and 9-8+-0-1008T.  & 

Professor Klein has made certain assumptions and his 
conclusions appear to be too far-reaching. The fact that 
the experimental results, whilst in general agreement, show 
certain differences, give support to his method and make 
it more flexible. Thus it may be found to allow for the fact 
that with two rope constructions one may be better under 
certain conditions of working, whereas the other may be 
superior if these conditions are different. 

Ropes of other constructions should be tested to give 
data to check and modify Professor Klein’s conclusions. 

W. A. Scos.e, 
Reporter to W.R.R. Committee. 








ELECTRIC FOUNDRY FURNACES IN AMERICA. 
Srupies for economy in foundry operation under 
the unfavourable business conditions of the past few 
years led to the installation of an electric furnace by a 
foundry company to determine if melting in this way could 
be done more profitably than by the cupola. In particular, 
it was hoped to solve the problem of infrequent cupola 
heats—due to small volume of business and customers’ 
demands for prompt deliveries, with resultant high coke 
consumption and high labour costs. The furnace installed, 
48in. in diameter, was of the single-phase electrode arc- 
melting type. Such a furnace, charged with 1000 Ib. of 
metal and operating at 100 kW, would consume more than 
600 kWh per ton of iron melted. The cost of electrodes is 
a comparatively minor item, with about 14 Ib. of material 
per ton of iron melted, or about 1s. 3d. per ton. On the 
above basis of current demand a contract was made for 
supply at a rate which gives a cost about equal to that of 
coke, or somewhat under 10s. per ton of iron melted. With 
the electric furnace small heats can be made at regular 
intervals, and with patterns received late in the afternoon 
castings can be delivered the next morning. Hard spots 
in machined castings were a trouble at first, but this and 
other difficulties have been overcome by care in operation. 
Power companies have considered single-phase furnace 
loads as objectionable, but experience has shown that the 
load causes no undue system disturbances if ample capacity 
is provided in the transformer and in the power load. As 
a result of experience with the 48in. furnace for 1000 Ib. 
charges—in which maximum charges of 2240 lb. were 
melted—a second and larger furnace was _ installed, 
followed by two 50-kW electric annealing furnaces for 
malleable iron castings. Experience has shown that the 
single-phase electric arc furnace permits decided economies 
in foundry practice where frequent pours of 1000 Ib. to a 
ton are required. The furnace has proved satisfactory 
also in making alloy irons and heat-resisting cast irons. 








PETROL-ENGINED LOCOMOTIVES FOR NEW ZEALAND.— 
In our article on “ Oil Engine Traction in 1936,” in our 
issue of January Ist, page 26, we referred to six 75 H.P. 
locomotives delivered during the year to the New Zealand 
Government Railways by the Drewry Car Company, Ltd. 
We are informed that the engines of these six locomotives 
were Parsons “M4” t petrol engines, and not, as 
might appear from the context, Gardner oil engines. 














JAN. 22, 1937 


THE ENGINEER 


111 








Road Passenger Transport in Paris. 


(By our Paris 


YARRYING passengers by public service vehicles in 
U Paris has been organised on a monopoly basis since 
the old General Omnibus Company was formed to 
absorb a number _of private enterprises eighty-one 
years ago. The circumstances under which the 
monopoly came into being have not changed, except 
to introduce new complications that tend to strengthen 
it. The necessity of avoiding financial loss at a time 
when a leisurely traffic was confined to a relatively 
small area became more urgent when a traffic accele- 
ration with the introduction of the motor omnibus 
could only be dealt with by a concentrated organisa- 
tion. Two new factors were introduced by the open- 
ing of the first underground Metropolitan line in 





Correspondent.) 


have to be approved by the Conseil Général. Payments 
for such material are made by the Council within the 
limits of annual budgets, and a sum is paid to the 
company representin® interest on its capital and a 
percentage of the receipts. There is a clause to the 
effect that the concession may be cancelled on 
January Ist, 1937, if it be found that the company 
** has failed by means of improvements or new methods 
to reduce working costs by 75 million francs a year 
for the three years ending 1935, as compared with 
1930.” It is this obligation which adds to the 
interest of the work carried out by the 8.T.C.R.P., 
for the company has had to fulfil it under difficulties 
inseparable from a dependence on a municipal or 

















TYPICAL SINGLE-DECK Bus 


1900, and by the necessity of employing omnibuses 
suitable for defence service in time of emergency, the 
utility of which was demonstrated during the war, 
when Paris omnibuses played so large a part in 
military transport. The competition of the under- 
ground railway, which is linked up to cover every 
part of the city, has complicated enormously the 
problem of dealing with road transport on sound 
commercial lines. It can only be solved by the mobility 
of the omnibus and its adaptability to extend the 
range of public convenience. 

The opening of the first underground railway 
between the Porte de Vincennes and the Porte Maillot 
left the General Omnibus Company with no alterna- 
tive but to turn its attention to mechanical propul- 
sion, which had then raised a vision of vast changes 
in road transport in the early future. Profiting from 
experience acquired at trials of motor lorries carried 
out under official auspices, the company eventually 
adopted a type of omnibus constructed by Messrs. 
Schneider et Cie., to the design of Monsieur Eugéne 
Brillié. It had a 38 H.P. engine running at about 
800 r.p.m., and the wheels were shod with rubber 
block tires. The first hundred omnibuses were put 
into service just thirty years ago. After the war the 
problem of public transport had to be reconsidered, 
for the levelling of the fortifications enabled Paris to 
extend beyond its old boundaries and the suburban 
territory covered the Department of the Seine. 
Moreover, the concession to the General Omnibus 
Company had lapsed. A complete reorganisation of 
the public passenger transport service, covering Paris 
and the Department of the Seine, became neces- 
sary, and the Paris omnibuses and tramways were 
transferred to the Conseil Général de la Seine, which 
also expropriated nine suburban tramway companies, 
and thereby became owners of the entire system, 
including the tramway outside the Department to 
Versailles. The Conseil Général resembles a County 
Council, whose decisions have to be approved by the 
Prefect, representing the Government. All the tram- 
ways were to be superseded by motor omnibuses, 
and meanwhile the underground railway was extend- 
ing into the suburbs. The Paris Metropolitan Rail- 
way Company endeavoured to secure the monopoly 
of road transport by competing for the concession, 
but it was accorded to Monsieur Mariage, managing 
director ef the General Omnibus Company, who con- 
stituted a new company, the Société des Transports 
en Commun de la Région Parisienne, known as the 
S.T.C.R.P. 

The new company started operations on the first 
day of 1921. It is completely dependent upon the 
Conseil Général de la Seine, and merely owns a con- 
cession for working under conditions of a somewhat 
stringent nature. Its initiative is limited to proposals 
for commercial and technical development, plans for 
new types of omnibuses, arrangements for the pur- 
chase of omnibuses and material and so on, all of which 


county body, whose members are often inclined for 
electoral reasons to use pressure for a diversion of 
omnibuses to wholly unprofitable routes. 

The line of action adopted for a reduction of work- 
ing costs was to accelerate the omnibus service, for 
it was obvious that by increasing the commercial 
speed the wages cost of drivers and conductors would 
be reduced in proportion. That idea sounded the 
death knell of the tramway. Already it had become 
an incumbrance on the streets, and an obstacle to 
any efficient means of regulating an increasing motor 
traffic. On account mainly of braking deficiencies, 
its commercial speed was limited to 12} miles an hour, 
while the permissible speed of the omnibus was 
28 miles. Of the 647 miles of tramway existing in 
1929, only a few lines remain, and these are expected 


TROLLYBUS 


to disappear in a very short while. Tie number of 
omnibuses in service exceeds 3200. Complementary 
to higher omnibus speeds for reducing running costs 
was the desirability of increasing their carrying 
capacity, and the latest type of omnibus provides 
for fifty passengers, which is likely to mark the limit 
of increase, in view of the men’s objection to the pro- 
posed building of a type of omnibus to carry sixty 
passengers. The new labour charter not only raises 
wages and charges without a compensating advance 
in fares, but enables the men to fix conditions under 
which they will work, thereby creating a factor 
of limitation in the carrying capacity of omnibuses. 
The absence of an upper deck usually calls for com- 
ment from English visitors to Paris. The reasons 
given for its suppression are that the upper deck 
reduces the commercial speed by loss of time in setting 





down and taking up passengers; there is risk of 











accident to passengers who have not the agility to 
negotiate the upper deck with safety ; it detracts 
from the comfort of omnibus travel ; and complicates 
the work of conductors. Finally, there is declared 
to be a lack of stability on the cambered roads usual 
in France, particularly with the use of pneumatic 
tires. Omnibuses and tramcars formerly running with 
upper decks were withdrawn from service on account 
of complaints from passengers and employees. 

While the main idea has been to popularise the 
omnibus by providing the maximum of comfort and 
the highest permissible commercial running speed, 
the necessity was imposed on the old General Omnibus 
Company, almost from the time of putting motor 
omnibuses into service, of employing home-produced 
fuels as far as possible. This was an essential part of 
the national defence programme. The company 
experimented witb every possible fuel, and before 
the war omnibuses were run on benzol almost exclu- 
sively. The 8.T.C.R.P. still regards benzol as the 
most satisfactory fuel, but the supply is insufficient, 
despite importations, and the mixtures now employed 
are a contributory factor in the reduction of running 
costs which has been a noteworthy feature during the 
past few years. The mixture consists of equal 
parts of petrol, benzol, and alcohol. The petrol 
has a density of 0-738. The consumption of the 
mixture varies from 0-836 to 0-862 pint per kilo 
metre. Its relative cost may be gathered from the 
following values :— Heavy grade petrol, 1-59 ; benzol, 
1-81; alcohol, 1-26. The sale of alcohol for indus- 
trial purposes is a State monopoly, and it is often 
supplied at below actual cost. This mixture is stated 
to give the best results as regards working, efficiency 
and economy. When benzol is not available, the 
mixture used consists of equal parts of the heavier 
grade petrol and alcohol. For these fuels the 
compression in the Renault engine is 6-4 and in 
the Panhard 7-2 and 7-5, and in order to run on 
petrol, if necessary, each engine is supplied with a 
spare cylinder head for a compression of 4-4. 

The task of pursuing a progressive policy with sound 
economy is indispensable in the case of a company 
which monopolises the road passenger transport for 
a population of about 5,000,000, of which nearly 
3,000,000 are within the Paris boundaries. The total . 
length of omnibus routes at present is 1091 miles, 
and the number of passengers carried in 1935 was 
953,387,981. Of this number, 15 per cent. travelled 
by special omnibus services for workers which run 
until nine o’clock in the morning with cheap return 
fares. This is an appreciable result, and indicates 
that omnibus routes offer some convenience over the 
underground Metropolitan Railway, which runs 
similar services under the same conditions and takes 
the much greater share of the early workers’ traffic. 
The omnibus company cannot afford to bring down 
fares to the level of those on the Metropolitan Rail- 
way, but it has an advantage in cheapening travel 
over short distances. The omnibus routes are divided 
up into sections 1-67 miles in length within Paris, 
and 1-36 miles in the suburbs. The second-class 
fare is 60 centimes for the first section and 30 centimes 
additional for each following section. On the Metro- 
politan Railway there is a uniform second-class fare 
of 70 centimes for any distance comprised within 
the linked-up system. 


WITH PETROL ENGINE 


The omnibuses recently put into service are built 
by two leading motor car firms, and the type illus- 
trated has a four-cylinder engine of 120 mm. by 
130 mm., developing 70 H.P. at 1440 r.p.m., corre- 
sponding to a car speed of 28 milesan hour. The plate 
clutch has a servo-declutching arrangement actuated 
by engine suction, and a gear-box, with all gears in 
mesh and synchronisation for changing, provides 
four forward speeds and a reverse. The length of 
the omnibus is 32ft. and the width 7ft. 8in. The weight 
without load is 7} tons. It provides accommodation 
for fifty passengers. The type of omnibus now adopted 
is a normal development of the series of vehicles that 
preceded it without any effort being made to depart 
from the principle of utilising a sufficiently wide 
range of home-produced fuels. 

While the omnibus services in 
organised under severe competitive 


Paris have been 
conditions 
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with the expanding underground railway, and 
are entirely satisfactory and complete so far as 

present circumstances allow, the suburban services 
offer new problems, and Monsieur Bacqueyresse, 

general director of exploitation and technical ser- 
vices, has given a good deal of attention to the trolly- 
bus, with a view particularly to the utilisation 
of existing tramway overhead equipment outside 
the city. The trollybus is equipped like the 
tramears with two compound motors in series and 

coupled for recuperaticn. The recuperation is less 

efficient with pneumatic tires than on rails. Neverthe- 

less, the results are quite satisfactory, as shown by 

tests over 300 m. between stops when the speed was 

18-675 kiloms. an hour, the consumption 90-3 Wh, 

and the recuperation 14-73 per cent.; while over 

400 m. the speed was 20-9 kiloms. an hour, the con- 

sumption 81-9 Wh, and the recuperation 12-95 per 

cent. As, however, suburban omnibuses enter Paris, 

the trollybus has a petrol engine, so that it can run 

either with the trolly or on liquid fuel. This type of 

trollybus has been running experimentally for several | 
years, and is satisfactory and economical, but its | 
adoption depends upon circumstances that are at 

present unfavourable to electric traction, owing to the 

cost of electrical energy being double that in London. 

Notwithstanding the extraordinary development of 

electrical production and distribution in France, the 

cost to the consumer is high, but the possibility of a 

reduction in course of time leaves the way open for 

the employment of trollybuses for suburban traffic 

in the future. 

An interesting feature of the Paris organisation 
was the creation of a psycho-technical laboratory for 
testing the reflexes and reactions of drivers. They are 
required, when passing a test, to manipulate the 
steering, controlling, and braking gear on a bench in 
front of a moving picture of traffic thrown on a 
screen, all the driver’s movements being recorded on 
a band. The system is fairly well known, and while 
not giving a perfectly reliable record of the physical 
and mental fitness of a driver, it reveals glaring defects 
the repetition of which implies that they are of an 
inherent character. There is almost invariably a 
percentage of rejections. A driver undergoes a 
periodical medical examination, and the results of 
all these examinations and tests are recorded in a 
book which follows him so long as he remains on his 
job. The value of the system, so far as it concerns 
the Paris traffic, is shown by the fact that the number 
of omnibus accidents for every 100,000 kiloms. fell 
from 8-85 in 1929 to 1-14 in 1934. During that 
period the number of accidents declined by 86 per 
cent., while the number of omnibuses increased by 
77 per cent. and the average speed augmented by 
44-5 per cent. 

The work accomplished by the 8.T.C.R.P. is note- 
worthy because it took over an insolvent enterprise 
fifteen years ago and has transformed completely the 
road passenger transport system which was threatened 
by the growing competition of the Metropolitan Rail- 
way. This was accomplished by a severe cutting 
down of expenditure and the provision of an accele- 
rated, more frequent, and comfortable service of 
omnibuses. Tramways were eliminated, methods 
were adopted to economise labour, with the result 
that the number of employees has been reduced, and 
faster omnibuses of larger capacity deal with a greater 
amount of traffic. The company appears to have more 
than fulfilled the terms of its contract with the 
Conseil Général de la Seine, which will have to decide 
about a renewal of the concession early this year. 








A Five-Spindle Automatic. 
A PROGRAMME Of single and multi-spindle automatics of 
the firm’s own design is being developed by A. C. Wickman, 





Ltd., of Coventry. The latest addition to this programme 


is the ‘‘ Wickman-Lang”’ lin. five-spindle automatic, 
designed to overcome the disadvantages formerly asso- 
ciated with this type of machine. The tool is built for 
A. C. Wickman, Ltd., by John Lang and Sons, Ltd., John- 
stone, Glasgow. The general appearance of the machine 
can be seen in Fig. 1. It has, it will be observed, ample 
chip clearance and particularly accessible tool slides. A 
fifth spindle position for parting-off and reaming, &c., 
leaves four spindles free for forming and turning. By 





special cam which returns the tool before the parting-off 
is completed. 

The general construction comprises a rigid base pan, a 
casting carrying the spindle drum and lower slides at one 
end and a housing for the motor and spindle driving 
mechanism at the other rigidly secured at the top by a 
box section beam. Fig. 2 shows the short and stiff spindles 
running in pre-loaded ball and roller bearings in the spindle 
drum. The latter forms a rigid assembly with the outer 














FiG. 1—FiVE-SPINDLE AUTOMATIC 


this means the tooling is simplified and a 30 per cent. 
saving in time is claimed to be made in about 80 per cent. 
of the pieces now produced on four-spindle autos. The 
patented feed motion allows for any length of forming 
or turning stroke within the capacity of the machine to 
be obtained, together with the approach and return of 
the tools to clear indexing, made by a constant fast motion, 
without change of cams. This design enables the machine 
to run economically on small batches as well as on long 





tail support and centre tool block guide. Tie cross slides 
are of ample proportions and the lower pair run in massive 
detachable guides. To adjust the working stroke, it is 
only necessary to unscrew one nut and slide a serrated 
block along a slotted lever, a sufficient idle stroke to clear 
indexing being obtained by a separate movement, even 
when the working stroke is reduced to zero for profile 
turning, &c. Fig. 3 shows the operating mechanisms for 
the centre block and the two longitudinal slides, which are 
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FiG. 2—SPINDLE DRUM AND SPINDLES 


production runs. It will take steel bars up to lin. dia- 
meter and can feed a maximum of 10in. Cuts up to bin. 
long can be taken in any of the five positions by the centre 
turning block, and by the independent turning slides in 
the third and fourth positions. Provision is made for 
high-speed drilling attachments in any or all positions, 
and threading in the third, fourth, and fifth positions. 
Reaming operations or light turning can be performed on an 
auxiliary slide in the fifth position. This is operated by a 
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FiG. 3—OPERATING MECHANISM 


FOR CENTRE BLOCK AND LONGITUDINAL SLIDES 


Fic. 4—TOOL 





heavy turning slides and not merely auxiliaries. The 
length of working stroke is determined by the position of 
the block A on the oscillating lever B, and can vary from 
zero up to a maximum of 5in. without affecting a constant 
idle approach of 5in. This arrangement enables work up 
to 10in. long to be turned the whole lengti in two cuts. 
and a finishing cut up to 7in. may be taken on the fifth 
position auxiliary slide. Indexing is performed by an 
accelerated Geneva motion driving the large gear at the 





LAY-OUT FOR SPARKING PLUG BODIES 
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back of the spindle drum, which, in turn, is located and 
clamped immediately .behind the collets. 

A 12 or 15 H.P. motor is housed in the rear of the 
machine with a completely enclosed but accessible vee rope 
drive. The drive is then taken through a plate clutch to 
one pair of sliding and one pair of pick-off gears. A set 
of sixteen gears gives a range of spindle speeds from 
128 to 1395 r.p.m. in twenty-four steps. The feed-box 
is arranged to give eighteen rates of feed for each spindle 
speed, a total of 432 production times, ranging from 3:9 sec. 
to 5 min. All feeds are directly obtainable by sliding 
gears operated by external levers. All idle motions are 
run in a constant fast movement and total only 1*/; sec. 
per cycle, and fast and slow motions are protected by 
independent ball safety clutches. Provision is made on 
the worm wheel above the feed-box to delay the return 
of the longitudinal slides a little in order to prevent tool 
return marks when facing flanges from the cross slides. 
The base pan or tray contains 120 gallons of coolant, 
which flows to the pump through specially designed 
cooling channels. All the principal working parts are 
lubricated by force feed from one or other of the two 
lubrication pumps, the one supplying a circulating system | 
for all th®running gears and the other a controlled supply 
to the spindles and all isolated points. Provision is made | 
to increase the supply from the latter pump when first 
starting by means of a lever placed on top of the oil tank. 
A fibre-lined rotating tube stock carriage with substantial | 
support is fitted and provision is made for bar racks. 

A typical tool lay-out, ineluding three high-speed drill- | 
ing attachments for producing sparking plug bodies, is 
shown in Fig. 4. 

The following table gives a few dimensions : 








Overall length of machine, without stock 

MAS PON oh oe ays: cee oak ie dak ame 127in. 
Overall width over tray oe 54in. | 
Weight, including motor driv 








6} tons | 
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The Tinning of Steel Strip by 
Electro-Deposition. 


THERE was not a large attendance at the joint meeting 
between the Electrodepositors’ Technical Society and 
the Iron and Steel Institute which was held at British 
Industries House, London, on Wednesday, January 13th, 
but the character of the paper entitles the gathering to 
be regarded as a complete success. The Presidents of both 
the Iron and Steel Institute and the Electrodepositors’ 
Technical Society—Mr. A. Hutchinson and Mr. E. A. 
Ollard—were present, and the paper was typical of those 
comprehensive technical productions of the International 
Tin Research and Development Council with which the 
authors—Messrs. D. H. Macnaughtan and W. H. Tait 
are associated, the former being Director of Research. 
Full credit, however, was given to the team of workers 
represented by the research staff of the Council for the 
research work described in the paper. The chair was 
taken by Dr. C. H. Desch, F.R.S., of the National Physical 
Laboratory. 

Mr. Macnaughtan first drew attention to the enormous 
quantity of tin-plate now being produced and how at 
present the great bulk of coating is done by the hot dipping 
process. The immense possibilities of electro-deposition 
of tin on steel strip, however, he said, are indicated by 
the marked expansion in the production of strip especially 
in the United States, and he added that when he was there 
two years ago he saw plants in which the strip could reach 
2000ft. in‘length, which in itself emphasised the advan- 
tages of a continuous process of coating such as is provided 
by electro-deposition 

An account was then given of the experimental work 
which has been carried out by, the Internationa] Tin 
Research and Development Council to find a process of 
electro-deposition of tin on steel strip, and although 
a considerable degree of success has been obtained it 
was not suggested that a commercial process has yet 
been developed which will oust hot dipping. The work, 
however, is proceeding, and important developments may 
be looked for. 

A point emphasised in the discussion was the need 
for us in this country to go ahead with the development 
of flat rolled continuous strip to compete with what is 
being done in America, and it was added that if the electro- 
depositors can provide an_ electro-deposition process 
which would economically produce a tin-plate free from 
the effects now encountered, everybody would feel 
grateful. It was also mentioned that 42 per cent. of 
the steel produced in the United States is marketed as 
flat rolled material, and the magnitude of the task facing 
metallurgists and electro-depositors was emphasised 
by reference to the fact that in the United States there 
are plants capable of an output of 100,000 tons of tin- 
plate per annum. It was also mentioned that a process 
of continuous tinning by hot dipping has been evolved 
in the United States, although the speaker in question 
did not remember the location of the plant where he had 
seen it some seven years ago. 

Special reference was made to the polishing of steel 
strip which has been electro-deposited with tin, and Mr. 
Tait—one of the authors—described a special machine 
which he has evolved for this purpose. The important 
feature which the paper brought out was the possibility 
of producing an electro-deposited surface of tin of reason- 
ably low initial porosity capable of being polished. 

From the point of view of those concerned with hot 
dipping, the view was expressed that notwithstanding 
the work being done by the authors, hot dipping will 
last for a considerable number of years yet. A possibility 
visualised from the work of the authors was the ability 
to coat material before fabrication rather than afterwards. 

The authors’ work has been done with the acid bath, 
and reference was made to the limitations of the alkaline 
bath; but it was said they are not in a position at the 
present moment to define precisely what happens in 
the acid bath. A point mentioned was that although 


electro-tinning of steel strip is practised in the United 
States, it is. being done under secret conditions, and it 
was because of lack of information that this experimental 
work had been carried out. 

The full and frank discussion of this work at its present 
stage was remarked upon, and the authors were cordially 
thanked at the close of the meeting. 





A Sling Locking Device. 


AN interesting device which, in addition to acting as a 
safety measure, considerably reduces the problem of 
slinging bundles of goods, such as pipes, poles, or planks, 
and awkwardly shaped articles, has been introduced by 
the Thirlwell (Patent) Sling Lock and Engineering Com- 
pany, Ltd., of 41, Granger-street, Newcastle-on-Tyne. 
The method of working this device may be easily 
seen from our drawing. The rope from the crane passes 
through the body of the lock and encircles the load. The 
eye of the sling, or in the case of a double rope the loop, 
is then placed over the hook and as the lift begins the lock 
slips down the rope and securely clamps on the load. As 
may be seen, the eye of the sling is prevented from leaving 
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SLING LOCKING DEVICE 


the hook when the load is off by means of a locking pin A. | 


This pin has a small safety latch at the end which, when, 
the pin is pushed right home, is turned out of alignment by 
the body of the device, thereby ensuring that the pin 
cannot fall out. When it is desired to lock a load in the 
sling or it is required to maintain a fixed loop the screw B 
is tightened up and jams the rope against the side of the 
device by means of the grooved locking piece. This 
locking piece is prevented from turning in the hole and 
thereby making marks in the cable by means of a key 
projecting from its upper part. Another adaptation of the 
device is for the mooring of boats to bollards. It is often 
the case that when a number of ships are moored to the 
same bollard a number of slings have to be removed to 
free one of the lower loops. When one of these locks is 
used all that is necessary is to take the Joad off the cable 
and release the lock to free the ship. Owing to its sim- 
plicity of construction and operation the device is claimed 
to be practically foolproof and that it considerably reduces 
the possibility of accidents and breakages. 








The Accurate Measurement of 
; Bores. 


Tue latest method of checking the accuracy of ball 
race bores on electric motor end shields, adopted in the 
works of Laurence Scott and Electromotors, Ltd., of 
Norwich, is based on the use of a pneumatic micrometer, 
as shown in the accompanying illustration. When measur- 
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MICROMETER 
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ing the diameter of a bore a plug is inserted in it. Com- 
pressed air supplied to the plug escapes through the 
annular clearance gauge, which registers a difference in 
pressure. The gauge gives direct visual readings of the 


| Siemaiiaie of fit, and is provided with a scale marked in 
thousandths of an inch. The accuracy of the micrometer 
is unaffected by the air pressure, and since the plug is a 
comparatively free fit in the bore, wear on the plug is 
negligible. It is believed that the apparatus provides the 
most accurate method known for the commercial measure- 
ment of bore diameters. With its aid it is possible to check 
the size of bores which have been finished with great 
accuracy by diamond boring on Heald ‘‘ Borematics ” with 
great precision, both in regard to the bores themselves 
and the bearing assembly as a whole. Distortion in fitting 
or while running, owing to the bore of the ball race being 
less accurately finished than the race itself, is avoided, 
the tolerances on the two parts being approximately equal. 
The apparatus has been used in the firm’s Manchester 
works for some time, and has proved to be of great value 
in the production of really satisfactory bearings. 
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Lathe Safety Device. 


Sometimes operators of capstan lathes and automatic 
chucking machines get their fingers trapped between the 
overhead support bar fixed to the headstock and the 
steady bush attached to the tool holder on the turret. 
To obviate accidents of this kind Alfred Herbert, Ltd., 
| now supply a protector in the form of a rubber sleeve 





~ RUBBER SLEEVE ON STEADY BUSH 


_ 


which fits the outside of the steady bush as shown in the 
accompanying engraving. As the sleeve travels forward 
it will come into contact with the operator’s fingers if 
they are resting on the steady bar and give him warning. 
The rubber sleeve is sufficiently stiff to push his fingers 
out of the way if he does not respond instantly. 
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Luton Town 


Hall Clock. 


—>— 


TP\HE modern trend towards simplification in the design 
of electrically operated tower clocks is well exemplified 
by the large quarter chiming clock installed in the recently 
opened Luton Town Hall. This clock has four 10ft. 
dials, chimes the Westminster quarters on four bells, and 
strikes the hours on a 2}-ton bell. The whole of the 
mechanism is electrical and of unit construction. 
Illumination of the dials is by glow. tubing, and as this 
necessitates hands of a heavy type, the system of operation 
selected for them is a weight-driven timepiece unit, which 
provides a reliable source of power and is released at half- 
minute intervals by a master clock. This method is not 
new, but the type of timepiece designed for Luton has a 





impulse. On the release of an arm the train rotates the 
worm a quarter turn and causes the next arm to fall on 
the pallet, the hands of the clock being advanced one half- 
minute space by this action. As the arm locks the train 
comes to rest until the next release thirty seconds later. 

The four spider arms are of leaf spring form, being built 
up of laminations in order to minimise the shock of 
locking. As a further precaution a heavy fly-wheel rests 
upon the upper face of the spider, its inertia acting as a 
check on the train at the moment of release. 

The hand setting mechanism, also seen on the left of 
Fig. 1, is somewhat novel. Two spring-loaded plungers 
are mounted diametrically opposite each other on a disc 





Fic. 1—TIMEPIECE UNIT 


much simplified mechanism, which has enabled the auto- 
matic electrical rewinding of the driving weight to be 
supplemented by a hand-winding device for use in the 
event of failure of the supply mains. 

The pull of the driving weight is transmitted to the gear 
train by a steel wire rope, which is coiled around a barrel 
of large diameter mounted on the main wheel spindle of the 
timepiece (Figs. 1 and 3). The main wheel itself is provided 
with spur teeth and meshes with a pinion on the second 
wheel spindle. The second wheel is designed to rotate 
once per hour, and is a worm wheel, the worm with which it 
engages being mounted vertically and carrying the arms, 
which are released by the electro-magnetic trigger at each 
half-minute. By this form of construction the number of 
spindles in the time train is reduced to three. 

The main wheel spindle also carries the large chain 
sprocket wheel used for electrigal winding. This is coupled 
by an endless roller chain to the driving sprocket which 
is mounted on the worm wheel spindle of an enclosed 
reduction gear. This worm gear is driven by the winding 





Fic. 2—DiAL UNIT 


motor through a centrifugal clutch, which gives the 
advantage of “ no-load ”’ starting of the motor. 

To maintain the operation of the timepiece during the 
action of the. winding mechanism, the barrels and main 
wheel assembly is provided with an epicyclic gear train, 
which acts as a maintaining power. The hand winding is 
carried out by a key which can be fitted to the squared 
portion of the extended main wheel spindle, the maintain- 
ing power serving this also. The winding ratchet mech- 
anism is combined with the epicyclic train. 

Automatic winding is controlled by contacts actuated by 
the fall of the weight, the motor being started up when 
the weight has descended a certain distance and stopped 
when the rewinding has replaced the weight at the upper 
limit of its travel. 

An additional length of line beyond the normal weight 
fall is provided and enables the clock to run for twenty- 
four hours in the event of current failure. Hand winding 
is only used for failures exceeding this time. 

The trigger release of the timepiece, seen to the left of 
Fig. 1, consists of a four-armed spider mounted on the 
final driven worm spindle, vertical, of the time train, 
each of the arms engaging in turn with an electro- 
magnetically controlled locking pallet. The locking pallet 
is pivoted and retained in the path of the arms by a loading 
spring, the electro-magnet drawing it clear of the tip of 
each engaged arm when energised by a master clock 








on the second spindle of the time train, and the tips of 
these plungers engage with two of a ring of holes spaced 
around a second disc just behind. When in position they 
lock the two discs together and transmit the drive to the 
handwork, but by withdrawing them by means of thumb 
grips and giving them a quarter turn they can be released 
from the rear disc, thus permitting the hands to be set. 
Replacement of the plungers then re-locks the mechanism. 
A large-diameter setting dial with two crank pin grips 
enables setting to be carried out easily, the divisions on the 
dise being read against a fixed index. 

It will be noticed from the illustration that practically 
any part of the timepiece can be dismantled without 
taking down other portions. Motor, winding gear, main 
wheel, and release all have separate mountings on a long 
flat bed-plate. In addition, a circular housing carries the 
release magnet, which can be rapidly changed in the event 
of failure. Ball bearings are used at all possible points, 
and grease gun nipples provide for easy and rapid lubri- 
cation. 

The couplings and bevel gears connecting the timepiece 
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giving the necessary 12 to 1 reduction for the hour hands 
are all widely spaced. Adjustable brushes of strip form 
are provided to make contact with the slip rings, and these 
are also mounted on circular insulators spaced well away 
from the wheel work. 

The hands and dials are to the special designs of the 
architects, Roman numerals outlined in glow tubing of the 
““ white Neon” type being employed. The hands are of 
copper, reinforced by light girder structure on the backs 
and bolted to castings which attach them to their spindles. 

The two units employed to chime the quarters and 
strike the hours are largely similar in general construction. 
The quarter unit has four sets of cams, whilst the hour 
striking unit (Fig. 5) has a large single snail cam. Electric 
motors drive the cams through centrifugal clutches and 





Fic. 4—-BELLS AND HAMMERS 


worm reduction gears, similar to those used for the time- 
piece re-winding mechanism. As each set of four notes of 
the ‘ quarter” or stroke of the hour is sounded a count 
wheel is advanced one tooth, and when the required 
number of notes has been sounded a pin on this count 
wheel trips a mercury tube switch—seen to the left in 
Fig. 5—and opens the driving motor circuit. 

The stepping of the count wheel is very ingenious, a 
quadrant shaped weight being raised by a small cam at 
each rotation of the quarter or hour wheelwork and then 
allowed to descend, stepping the count wheel one tooth 
as it falls by means of a small pawl which is stepped back 
over the next tooth each time the weight is raised. The 
object of this method is to prevent the powerful motor 
drive from damaging the count wheel and switchgear in 
the event of any failure. The mercury tube switches con- 
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FiG. 3—ARRANGEMENT OF TIMEPIECE UNIT 


with the dials are all of large diameter in order to minimise 
backlash, and the dial units are of very sturdy form. Large 
circular castings bolted to the inner surfaces of the tower 
walls form the foundations of the units, and tubes pro- 
jecting from these through the walls enclose the tubular 
spindles of the minute hands. The cables conducting the 
high-tension current to the glow tubes also pass through 
the hand tubes and are fed by slip rings (Fig. 2) mounted 
on large dise insulators on the motion work assemblies. 
As the frameworks of the dial units are used as the return 
path of the glow tube current, the rings and the wheels 


trolling the driving motors are tripped by solenoids 
operated by low-voltage current impulses from the master 
clock, and the whole switchgear is enclosed in a circular 
protective housing attached to the base of the unit. 

The advantage of electrically operated units of this 
type is that they can be located immediately adjacent to 
the bells on which they sound their quarters or hours, thus 
obviating any long wires and bell cranks. 

The chime spacing of the Luton clock is also worthy of 
mention. In installations operated or released by master 





clocks of the half-minute type it is usually the practice 
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to set off the chimes at the last half-minute before the 
hour, with the hour striking at the hour itself. This leads 
to a long gap between the last note of the chimes and the 
stroke of the hour and prevents the chimes being heard 
to the best advantage. 

The master clock controlling the Luton timekeeper has 
been fitted’ with an additional contactor device which 
switches in the chiming unit several seconds after the last 
half-minute before the hour, and gives the correct spacing 
between chimes and striking. As the device is accurately 
timed, the interval remains constant, being determined by 
the swings of the master clock pendulum. ‘The hour 
striking unit is switched’in exactly at the sixtieth minute. 

The bells are arranged in a self-contained two-level 
frame built up of steel girders, with the quarter bells 
above the hour bell. The quarter hammers are grouped 
to facilitate their attachment to the quarter unit and the 
hour hammer is mounted in a steel chair and provided with 
a coil spring damper to prevent chatter on the bell. The 
five bells are tuned on the five-tone harmonic principle, 





a scale of reciprocals R. On its edge a scale F gives the 
cubes of the numbers on the D scale, readings being made 
with the aid of a small marked tongue depending from the 
cursor in alignment with the cursor hair lime. Two log-log 
scales L L are engraved on the face of the body the upper 
one extending from 1-1 to 3-2 and the lower from 2-5 
to 105. These scales permit exponential calculations of 
the form y=a* to be carried out provided a is 1-1 or over 
and provided the answer does not exceed 100,000. As 
usual in log-log rules the graduations of the upper scale L L 
are the tenth roots of the graduations immediately below 
them on the lower scale. Also, in the usual manner the 
* origin ’’ of the lower log-log scale, the graduation 
marked ‘‘ 10,’’ is aligned with the graduation 2-3026 on 
the D scale with the result that the graduations on the 
D scale are the hyperbolic logarithms of the graduations 
below them on the log-log scale. The underside of the 
slide carries the usual sine, tangent, and logarithm scales. 

So far the features of the rule which we have named 
above adapt it for the purposes of general calculations. 





-——— 








Fic. S-HOUR STRIKING UNIT 


which ensures accurate harmonics and improves the tone 
of the chimes. 

The master clock which controls the whole timekeeper is 
of the battery-operated, seconds pendulum type, trans- 
mitting impulses at each half-minute. In addition to 
operating the timepiece, chiming and striking units, it 
also drives a step-by-step mechanism which silences the 
chimes during the night hours by opening contacts in the 
low-voltage circuits connecting the master clock with the 
units. 

When the Town Hall was officially opened by the Duke 
of Kent, his Royal Highness paid a visit of inspection to 
the clock mechanism, climbing the tower in order to do so. 

The clock was constructed and the bells cast by Gillett 
and Johnston, Ltd., of Croydon. The Neon tubing for 
the dials was supplied by Boro’ Electric Signs, of West- 
minster, and the architects of the building were Messrs, 
Bradshaw, Gass and Hope, FF.R.1.B.A., of Bolton. 

Thanks are due to these firms and to Mr. J. W. Tom- 
linson, Assoc. M. Inst. C.E., L.R.I.B.A., Borough Engineer 
and Surveyor of Luton, for information and assistance. 








An Electrical Engineer’s Slide Rule. 


THE production of a slide rule to facilitate some special 
form of calculation which is of frequent occurrence offers 
to the mathematically minded inventor a considerable 
and tempting opportunity for the exercise of his ingenuity. 
In general however a specialised slide rule is of no value 
outside the particular field which it is designed to serve. 
Hence before a special rule is evolved to deal with some 
specific form of calculation it is always desirable to consider 
carefully whether the balance of advantage will lie with it 
or with an ordinary slide rule reinforced by the addition 
of a few special graduations or perhaps by an additional 
scale. Electrical and hydraulic engineering, for instance, 
doubtlessly provide scope for the employment of specialised 
rules. It seems however certain that many electrical and 
hydraulic engineers would, if they were given the choice, 
prefer an ordinary rule, with its unrestricted applicability 
if it were adapted to their particular needs by the addition 
of certain graduations of an electrical or hydraulic 
character. 

A recent example of an ordinary slide rule adapted to 
facilitate electrical engineering calculations has been sub- 
mitted to us for our inspection by Berrick Bros., Ltd., 
Camomile-street, E.C.3, the London agents for A. W. 
Faber. The mechanical and mathematical features of this 
rule are indicated in the accompanying sketch. Like 
some other modern slide rules, this instrument has a body 
consisting of two parts which are united by a thin flexible 
strip the function of which is to apply sufficient pressure 
to the slide at all settings to hold it easily but without 
slackness. Vertical reinforcing metal strips are inserted 
in the wooden body beneath the scales and two similar 
strips are built horizontally into the slide. It is claimed 
that if the rule should distort it may by virtue of its con- 
struction be straightened by counter-bending without risk 
of breaking the body or slide. 

The rule carries the ordinary A, B, C, and D scales and 





Its special electrical features consist of (a) a three-line 
cursor, (b) efficiency and voltage scales E and V, and (c) a 
short temperature scale G in addition to certain special 
graduations. 

The central line of the cursor is employed in the usual 
way for normal calculations. In conjunction with the 
left-hand line however it affords valuable assistance in 
any calculation involving the conversion of horse-power 
into kilowatts or vice versd. If the left-hand line is placed 
over unity on the A scale it will be found that the middle 
line lies over the graduation 1-34. Hence if the middle 
line is set to any number n on the A scale the left-hand line 
will read the value of n-~1-34 which is the same thing as 
nx 0-746. If therefore n is a horse-power figure the reading 
of the left-hand line will give the equivalent kilowatt 
figure. The right-hand cursor line is employed, in con- 
junction with the central line, in calculations involving 2. 
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If the central line is placed over unity on the A scale it 
will be found that the right-hand line lies over the gradua- 
tion 1-27. To illustrate its use let it be supposed that the 
area of a circle of diameter d is required. The right-hand 
line of the cursor is set to d on the D scale thereby causing 
it to read d* on the A scale. The central line will therefore 
read d?—1-27 which is the same thing as 2/4. d*. Hence 
a single setting of the cursor to the diameter on the D scale 
presents the circular area on the A scale. A single move- 
ment of the cursor followed by a single movement of the 
slide presents on the A scale the volume of a cylinder of 
diameter d and length l. 

The scales E and V, revealed when the slide is partially 
withdrawn, are read by means of short metal tongues pro- 
jecting from the left-hand end of the slide. The scale E 
is employed in calculations involving the efficiency of 
dynamos and motors. Its left-hand half is graduated from 
about 20 up to 100 and is marked “ dynamo,” while its 
right-hand half ranges from 100 down to 20 and is marked 
‘*motor.”” If the tongue on the slide is set to the central 
100 graduation on the scale E it will be found that the 
unity graduation of scale B is aligned with the graduation 
746 (actually 7-46) on scale A. Movement of the slide 
from this setting towards the left will bring the tongue to a 
lower efficiency figure. At any efficiency setting the output 





in kilowatts of a dynamo will be found on the A scale 
directly over the horse-power, on the B scale, required to 
drive the dynamo. The right-hand, or motor, portion of 
the efficiency scale is employed in a similar way to deter- 
mine the consumption in kilowatts of a motor of given 
horse-power. In each case any one of the three quantities, 
input, output and efficiency, may be the quantity to be 
calculated. 

The second scale V is used when it is required to find 
the drop of potential in a copper conductor of given 
length and given cross-sectional area. The scale is based 
on the formula e=I L/ca where I is the current in 
amperes, L is the length of the conductor in yards, a is its 
cross-sectional area in circular mils, and c=0-0327 mho. 
This latter quantity is the conductivity of copper at 
60 deg. Fah. The calculation is performed by multiplying 
I on scale A by L on scale B and dividing by a on scale B. 
The answer is read not on scale A but on scale V which is 
in actual fact a repetition of the A and B scales displaced 
to the right by an amount sufficient automatically to 
perform the division by the constant factor c. For the 
purpose of this calculation unity on the A scale is to be 
regarded as representing 10 amperes while unity on the 
B scale is to be taken as standing for 10 yards or 10,000 
circular mils. Subject to this understanding the reading 
on the V scale will be the pressure drop in volts correctly 
with respect to the decimal position. The user of the rule 
is reminded of the convention by appropriate indications 
engraved at the origins of the A and B scales. 

The small scale G is about Zin. in length and is graduated 
at 32 deg., 59 deg., 68 deg., 77 deg., 122 deg., and 167 deg. 
Fah. which figures are the equivalents of 0 deg., 15 deg., 
20 deg., 25 deg., 50 deg., and 75 deg. Cent. If the resistance 
of a conductor at a given temperature is known the slide 
is moved until the given temperature on scale G lies in 
line with the known resistance on scale A. The resistance 
at any other temperature within the range of scale G can 
then be read off directly on scale A. 








Some Considerations of Problems 
Affecting Port Management*. 


SrnceE the end of the Great War the dock aecommoda- 
tion in the big ports of the country has been increased 
very greatly, both by remodelling and also by entirely 
new construction. Under the latter head are :— 


London ... King George V Dock 

Liverpool : Gladstone Dock 

Southampton... New dock quays of great capacity 

Glasgow ... King George V Dock and others 

Bristol Western and eastern arms of Royal 
Edward Dock 

Newcastle... Oil wharves 

Port Sunlight Bromborough Dock 

Manchester ... Ellesmere Port and Stanlow exten- 


sions 

In addition to these, the King George Dock, Hull, and 
the dock at Immingham were nearly completed just before 
the war, but did not come effectively into commercial use 
until after the war. 

All this new construction has added many thousands 
of yards of lineal quay available for ships and cargoes. 

On the other hand, so far as I know not much has been 
done by the smaller ports to increase their docks, and it 
may well be a sign of the times that the advent of motor 
haulage—practically all in the period which has followed 
the Great War—and the increased size of many of the 
coastal vessels have rendered the accommodation of the 
smaller ports to some extent redundant or of less use. 
Before the war these ports acted as secondary distribut- 
ing centres fed from the larger ports ; to-day it looks as 
if the distribution is largely effected by the larger ports 
to outlying districts by motor haulage, or it may be by 
rail haulage under the flat rate system which is of com- 
paratively recent date. , 

* * *« * 

We might reasonably expect to find that the trade of 
the country would show some proportionate increase in 
step with the dock development. I do not propose in 
this connection to examine the export trade, for this side 
does not present the same difficulties as the import trade. 
Exports arrive in our ports definitely fixed and labelled 
for a particular ship which is going to a particular port. 
Imports, on the other hand, arrive in large part unsold 
and with destination unknown. They are more bulky 
than the exports, and as a rule remain longer on quays or 
dock premises. The Liverpool Steamship Owners’ Asso- 
ciation give a very instructive table in their annual report 
showing the weight of imports entering our ports in different 
years. 

In their report for 1935 is a comparison of the import 
weights for the years 1913 and 1934, as follows :-— 





1913. 1934. 

Tons. Tons. 
Food, tobacco, wines, &c. 19,000,000 ... 21,000,000 
Raw materials ... ... 29,000,000 27,000,000 

Manufactures (other than 

refined petroleum) 7,000,000 6,000,000 
Refined petroleum 2,000,000 8,000,000 
57,000,000 62,000,000 


These figures are somewhat remarkable for if the refined 
petroleum, which requires special accommodation, be 
taken out of the table the imports are practically of the 
same weight during the years in question. It is true that 
the Irish Free State foreign imports are included in the 
1913 figures and not in those of 1934, but this difference 
is immaterial, since the amount involved is small. It is 
also true that 1913 was a very good year for trade, whereas 
1934 was not. On the other hand, the population of the 
United Kingdom in 1934 (z.e., Great Britain and Northern 
Ireland) was 1,000,000 greater than that of the United 
Kingdom (Great Britain and all Ireland) in 1913, and one 
would expect some increase in 1934 of foreign imports 
due to this cause, especially as the 3,000,000 people in the 
Free State are also supplied very considerably through the 
United Kingdom ports. 

The fact remains, however, that with much less port 
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accommodation in 1913 the same weight of goods was 
handled without difficulty. 

An investigation of some of the principal articles 
imported into the United Kingdom in 1913 and 1934 
does not reveal any outstanding feature which has justified 
the additional dock accommodation which has been pro- 
vided since the end of the war. 

Comparison of Imports of Certain Commodities into the United 


Ki , 1913 and 1934. 
1913. 1934. 
Articles, &c. Tons. Tons. 

Grain, flour, &c., includ- 

ing o' eee ese ee = 11,264,000 11,129,000 
Oil seed, cake, meal, &c. 407,000 557,000 
Meat Magia on. Yk 1,164,000 1,508,000 
Butter and margarine ... 283,000... 486,000 
i eS eiattan, Seen 115,000... 149,000 
Sugar, molasses, and 

glucose OO the): A. 2,205,000 ... 2,305,000 
Rubber 03.6.6. a 76,000... 214,000 
Asphalt and bitumen ... 148,000... 86,000 
Manure and fertilisers ... 970,000 440,000 
Wood and timber... ... 9,902,000 8,571,000 
Cotton, including waste 991,000 604,000 
Wool Av hoiain Sire. 379,000 361,000 
Flax and flax tow... ... 102,000 62,000 
Hemp and hemp tow ... 159,000 91,000 
Pate (ubwp 0 A 351,000 195,000 
Seeds for expressing oil 798,000 961,000 
Gums and resins ..._ ... 119,000 108,000 
Eisdes. gi neva Sea ob 73,000 70,000 
Paper-making materials 1,229,000 2,550,000 
Paper, &c ates sah 644,000 1,055,000 
Tron, steel, and manu- 

factures thereof 2,220,000 1,366,000 
fron ore and scrap 7,565,000 4,707,000 
Copper and ore 238,000 292,000 
Lead and ore ... 223,000 316,000 
Tin and ore 80,000 49,000 
Manganese ore . 601,000 202,000 
Vegetables ...... 778,000 587,000 
Dried fruit and nuts 187,000... 255,000 
Fruit (fresh) ... ...  ... 726,000 ... 1,365,000 

* * * * 


Taken all round, the cargoes imported in 1934 should 
not have oeecupied more space than those in 1913, and 
probably they did not do so. It may perhaps be argued 
that labour works shorter hours and so clearance from the 
docks takes longer, but I think that most will agree that 
the dock labourer to-day working eight hours gives an 
output equal to that when he worked nine hours. More- 
over, mechanical appliances of more effective use have 
increased greatly since 1913, and we have the benefit of 
motor vehicles to assist in getting the cargoes away. 
It is probable, however, that more goods are sold ex quay, 
and this may tend to delay removal. Taking all these 
points into consideration, the conclusion I come to is that 
at the present time the port accommodation of the country 
is in excess of present requirements. 

* * * * 


The policy of free exchange of goods between this 
country and others is all to the advantage of shipping and 
therefore to ports. The encouragement of growing beet 
at home to produce sugar is a good example of the effect 
of a policy designed to shut out imports. The Sugar 
Industry (Reorganisation) Act aims at a home production 
of sugar of 560,000 tons, assisted by the State to the extent 
of £2,750,000 per annum. If that quantity of sugar came 
from our oversea possessions or foreign lands it would 
probably employ shipping tonnage for more than 100 
voyages and the ports which deal with sugar would handle 
an additional 560,000 tons, to say nothing of the tonnage 
of the vessels carrying it. The wheat subsidy must also 
have its effect on the tonnage handled in our ports and 
there are other oversea commodities handicapped by 
tariffs and quotas which lessen the demand on our port 
facilities. Under a system of nationalism such as we see 
to-day there is bound to be restriction of oversea trade 
and under such a system less work for our ports to do. 

* * * * 

It seems almost inevitable that the constantly increasing 
use of oil in place of coal will still further reduce our 
imports of mining timber, and presumably at no great 
distant date we shall reach saturation point in building 
houses and this must result in smaller imports of timber. 

* * * * 


Our re-export trade is unlikely to assume the same 
dimensions as pre-war owing to the tendency of foreign 
nations to import direct from the producing countries, 
very often by making unproductive voyages under Govern- 
ment subsidy. 


* * * * 


Population is another consideration in planning for the 
future. Imports of foodstuffs especially must bear some 
ratio to the population of the importing nation. We are 
told within a few years the population of these islands 
will reach its maximum and after that we shall cease to 
increase for a short period, followed then by a rapid 
decrease in our numbers. 

* ol * * 


I do not wish to be a Jeremiah, but it does seem to me 
that probably we have come to a period when new con- 
struction by way of addition to our dock estates will, 
broadly speaking, be unnecessary for some years to come, 
owing to the drop in our oversea trade, which results from 
causes which I have mentioned. 

* * *” * 

A considerable amount of attention has been given 
during the last few years to the question of grouping certain 
ports which at the present time are run as separate entities. 
The Royal Commission on Transport in 1929 hinted at 
such a possibility and Sir David Owen read a paper* 
on the question before this Institute in February, 1936. I 
suppose the idea springs from a desire to eliminate com- 
petition in its various forms and to effect economies both 
in capital expenditure and overhead charges and so enable 
port charges to be reduced. 

* * * * 

The ground must be prepared before the final goal— 
grouping—can be attained, that is, if it is desirable. The 
elimination of competition within a certain area by the 
substitution of one control in place of several as at present 





*“ The¥Future of Port Control, with Special Reference to 
the Possibilities of Grouping,” Institute Journal, March, 1936, 
Vol. XVII, pages 273-85. 





might not be an unmixed blessing to the trader. It is 
true that amalgamation of railways has been effected and 
competition between each system largely eliminated, but 
they have encountered an even keener competition with 
road transport which has keyed them up to work with 
even greater efficiency than in the past. An amalgamation 
of the interests of the major ports within an area would 
result in little or no competition within that distributing 
area and this is hardly desirable. 
* * * * 


There are some who think that each major port should 
be made responsible for the coasting ports which are 
nearby. In a recent number of a well-known shipping 
paper it was put in this way :—“‘ In this country there is 
no need for a central port administration, but there is 
need for a port policy. It has been urged that the major 
ports should be given control of the minor ports in their 
immediate vicinity and should be encouraged to develop 
such satellite ports so that the cargoes carried by ocean- 
going ships which they handle shall be cheaply and 
expeditiously received or distributed by coastal vessels 
from or to the points of origin or consumption.” 

To my mind even this very limited grouping presents 
such great difficulties with such problematical benefits 
that it hardly seems worth while pursuing. 

* *” * * 


Worxine Hours tn Our Ports. 


The normal working hours in our ports amount to 
44 out of 168 hours in the week. It is true overtime is 
worked for special cargoes or to maintain scheduled 
sailings, but generally it is the exception. Sir David Owen, 
in his paper to which I have already referred, puts the 
capital expenditure of the ports of the United Kingdom at 
over £230,000,000. Is there any other industry in the 
country which has incurred expenditure to any like extent 
only to use actively its facilities for eight hours out of the 
twenty-four ? 

x * * * 


There seems to be a solution and one we ought to try 
to make provision for, and I refer to double shifts for the 
docker. If his present hours of work are reduced we ought 
to get a double shift system introduced which will cause 
capital to be productive for a longer period in every 
twenty-four hours and will assist the shipowner in his 
desire to have as little delay as possible, not only on the 
high seas, but also in dock. Two shifts of six hours each 
would add to the capacity of our present facilities and 
would obviate capital expenditure on further facilities. 
It may be urged that, if additional hours are worked on 
the quay sides or on overside work to and from ship, the 
means of clearing sheds and lighters and all the work 
entailed in warehouses and by the distributive services will 
be insufficient to meet the extra demand made on them by 
working longer hours, and congestion will ensue; but is 
this really likely to happen? We have road transport 
now which has enabled more deliveries to be made within 
a given time and this alone should ensure greater facilities 
for clearing our docks. Warehousing accommodation has 
been increased during recent years and the railways are 
far from being overburdened. If shorter hours become 
general and a shift system be introduced, this condition 
will also apply to the receiving centres in town and country. 
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Economic Conditions. 


Busryess and industrial conditions in Canada 
showed considerable betterment in the year recently 
ended. Impressive gains were scored in industrial opera- 
tions, the mining and power industries recording marked 
expansion. The output of manufacturing plants was also 
appreciably greater than in the preceding year. Operations 
in the forestry group were greatly expanded. Production 
of newsprint reached a new high point, being close to the 
practical limit of capacity. Production in the first ten 
months was more than 2,600,000 tons, a gain of 16 per 
cent. over the same period of 1935. Timber scaled in 
British Columbia, a good guide to sawmill operations, was 
about 2,333,000,000 board feet, a gain of 14 per cent. over 
the first ten months of 1935. 

In manufacturing the gain over the preceding year was 
more than 10 per cent. Employment in manufacturing 
plants recorded decided improvement, the returns from 
the principal firms registering an average gain of 6-6 per 
cent. over the same period of the preceding year. Exports 
of manufactured and semi-manufactured goods at 
585,000,000 dollars in the fiscal year 1936 showed a gain 
of more than 13 per cent. over the total for the preceding 
year. The proportion of total domestic exports was about 
69 per cent., against 64 per cent. in the fiscal year ended 
March 31st, 1935. The largest single commodity in this 
category was newsprint, the exports of which during the 
year were valued at 90,760,000 dollars. 

Extensive prospecting and development work in pro- 
gress during the last decade is now bearing fruit in record 
levels of mineral production. The increases in output of 
many mineral products and improved prices for several 
metals combined to make 1936 a record year in the mineral 
production of the Dominion. Products of Canadian mines 
and quarries, including metals, fuels, non-metals other 
than fuels, and structural materials, were valued at 
360,340,000 dollars, or an average of nearly a million 
dollars a day for every day in the year. This was an 
increase of 15-4 per cent. over 1935, the previous peak 
year. Metals production reached a record peak of 
256,335,000 dollars. This was an increase of 16 per cent. 
over 1935, and 71 per cent. of the value of the total 
mineral production of the country. 


New Railway. 


A new branch line of the Canadian National 
Railways serving the rich mining territory south of the 
National Transcontinental in Northern Quebec has been 
surveyed and construction work is to be commenced 
shortly. The Canadian National pioneered this mining 
country by the construction of a branch from Taschereau 
on the Transcontinental to Rouyn in the Noranda district. 





The new branch extends from Rouyn to Senneterre, 
72 miles east of Taschereau on the Transcontinental line, 
and is 100 miles in iength. Surveys for the new line have 
been made and tenders for the clearing, grading, culverts, 
&c., have been called for. The clearing is to be finished 
during the present winter, and possibly some of the con- 
crete work of the substructures of two important bridges 
on the line. The grading is to be finished by the end of 
the working season in 1937. Track-laying and ballasting, 
which, as is customary, will be done by the track forces 
of the National System, are to be expedited throughout 
next summer, A considerable section of the line running 
south-west from Senneterre, as well as the portion from 
Rouyn east to the navigable waters of the Kinojevis 
River, will, it is expected, be completed by the fall of 1937. 


Steel Firm Expands. 

Dominion Foundries and Steel, Ltd., are erecting 
an addition to their plant at Hamilton, Ontario. The 
new building will be approximately 96ft. by 120ft., of 
100 per cent. Canadian steel design construction, and is 
to be used for the production of cold rolled strip for tin- 
plate. Their flat steel finished production will be increased 
30 per cent., and will require from 300 to 500 additional 
employees. Last year the company installed a small 
pilot or experimental four-high cold mill for the produc- 
tion of cold-reduced tin-plate. This process is rapidly 
replacing the older hot rolled process in the United States. 
Tke insistent demand for their tin-plate has now led the 
company to complete the installation by the addition of 
@ 42in. cold mill, having a yearly capacity of 30,000 tons. 
With slight changes in the equipment, the increased pro- 
duction from the larger mill can be converted into tin-plate. 


New Fertiliser Plant. 


The Organic Fertiliser Company, of Toronto, will 
build a plant near Weston, Ontario, to produce a complete 
organic fertiliser and other by-products mainly for the 
export market. The plant will start next summer with a 
capacity of 5000 tons per year and will gradually work up 
to a 50,000 tons capacity within the next four years. The 
fertiliser, which will be the main product, contains twenty 
units of plant food and is produced by a fermentation 
process and not by mixing. 


Coal. 

Business recovery in the United States proved a 
boon to Canadian coal producers, especially those in Nova 
Scotia, during 1936. A stronger demand for American 
coal in the home market, together with a better price, 
kept a larger quantity of this fuel out of the field of com- 
petition with the Canadian product, one notable result 
being that the total amount of Nova Scotia coal sold in 
the province of Quebec during the year was about 
2,000,000 tons, one of the highest marks on record, 

An important event in the year for those in the coal 
business in Canada was the conclusion of an agreement with 
Soviet Russia, whereby friendly trade relations with that 
country were restored and the embargoes imposed by the 
previous Federal Administration were removed. Included 
in the pact was provision for the importation into Canada 
of Russian anthracite coal, but a feature of the agreement 
was the limitation imposed by Russia on its own exports 
of coal to Canada. The Soviet Government undertook 
not to sell more than 250,000 metric tons to Canada in any 
one year, not to ship any of it into the Maritime Provinces, 
and not to “ dump ” coal. 

Canada’s coal production for the year 1936 is estimated 
at about 15,000,000 tons, as compared with an actual 
output in 1935 of 13,888,006 tons. Hard coal imports 
were about the same as in the previous year, or a total of 
approximately 3,000,000 tons, while importations of soft 
coal amounted to about 10,000,000 tons. An interesting 
development of the year was the shift in the chief sources 
of supply of the anthracite coal imported into the Dominion. 
Up till a year ago there had been a steady rise in purchases 
of hard coal from the United Kingdom, but during 1936 this 
dropped off by about 100,000 net tons, and a similar 
decrease was shown in hard coal importations from the 
United States. The countries gaining by this shift were 
Germany and Indo-China, the increases in purchases from 
those two areas being about 200,000 tons, the sum of the 
declines in imports from Britain and the United States. 
When Soviet Russia gets into the Canadian market it is 
probable that its exports to Canada will be at the expense 
of the British and American exporters. 


To Build Flying Boats. 


The Royal Canadian Air Force will be supplied 
with flying boats for coastal patrol duties. A contract 
has been awarded to Canadian Vickers, Ltd., for the 
manufacture in Canada of five Vickers supermarine 
“Stranraer” flying boats, each carrying a crew of five 
and capable of long range. When built, the flying boats 
will be powered with twin Bristol engines. The sum of 
780,000 dollars is involved in the contract, which will 
represent one year’s work for approximately 300 men. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Barmar, Ltd., has opened a new department in which it 
undertakes all kinds of repairs to electric motors, magnetos, 
dynamos, switchgear, &c. 

T. M. Brrxerr anv Sons, Ltd., Hanley, Staffs., have been 
converted into a b praet company, of which Mr. A. P. Wright 
has been appointed managing director. 








CALENDARS, DIARIES, &c. 


Avetine-Barrorp, Ltd., Grantham.—Loose-leaf notebook. 

Stanton Ironworks Company, Ltd., near Nottingham.— 
Pocket diary. 

Cray Cross Company, Ltd., Clay Cross, near Chesterfield.— 
Pocket diary. 

Wit11am Bain anp Co., Ltd., Lochrin Ironworks, Coatbridge. 
—Monthly wall calendar. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Iron and Steel Exports. 


Tue British iron and steel export figures given 
in the Board of Trade Returns for December have par- 
ticular interest, not only in providing complete figures for 
1936, but also in view of anxiety felt that the fulfilment 
of urgent home needs may injure export connections 
seriously. Notwithstanding holidays, the December total 
of iron and steel exports amounted to 204,829 tons, 
an increase of 11,518 tons compared with November ; 
but the 1936 aggregate of 2,205,156 tons falls short of the 
1935 total of 2,312,359 tons. The value of last month’s 
exports reached £3,309,929, against £2,959,168 in 
November, and the total value of the 1936 shipments 
abroad is also in excess of 1935, the respective figures 
being £35,998,581 and £35,958,498. Exports of pig iron 
in December at 9492 tons mark a substantial increase 
over the November total of 6800 tons, but the 1936 
aggregate of 99,618 tons is much below 1935, when 142,309 
tons were exported. This decrease is mainly accounted 
for by the quantity shipped to Italy last year being only 
420 tons, against 12,144 tons in 1935, while exports to the 
United States fell to 4030 tons compared with 12,845 tons 
in the previous year. Of the December pig iron exports, 
forge and foundry descriptions amounted to 5477 tons 
against 4693 tons in November. During December exports 
of ferro-alloys were more than double the November 
figure, the respective totals being 1540 tons and 748 tons. 
There was a recovery in shipments abroad of general 
descriptions of iron and steel in December to 17,115 tons 
compared with 15,496 tons in November. This modified 
the year’s decrease compared with 1935, but the falling 
off is still considerable at 190,577 tons against 208,372 tons. 
British India took only 32,670 tons against 43,179 tons in 
1935. Exports to South Africa and Canada were also 
smaller. Exports of plates and sheets, in. thick and over, 
which amounted to 11,625 tons in November, increased 
to 13,865 tons in December, but the 1936 total was only 
158,837 tons against 183,364 tons in 1935. The decrease 
is accounted for by the shipment of only 5511 tons to the 
Soviet Union last year, compared with 25,082 tons in 
1935. A considerable increase took place in December in 
the exports of plates and sheets under fin. thick to 15,507 
tons against 8948 tons in November. Here, again, how- 
ever, last year’s total was smaller at 133,821 tons com- 
pared with 155,156 tons in 1935, due largely to a decline 
of nearly 8000 tons in exports to British India. Exports 
of galvanised sheets decreased materially in December, 
the total being 16,173 tons against 22,390 tons in Novem- 
ber. British India took only 2800 tons against 5523 tons 
in November. In 1936 the total exports of galvanised 
sheet were 224,944 tons compared with 271,608 tons in 
1935. South Africa took only 22,734 tons against 39,526 
tons, and British India 42,646 tons against 77,577 tons ; 
whilst somewhat larger shipments went to New Zealand. 
Considerably larger shipments of wrought iron tubes 
were made during December, the total reaching 22,769 
tons against 19,855 tons in November, but the year’s 
total is below 1935, the figures being 204,545 tons and 
229,886 tons. 


Larger Imports. 

Imports of iron and steel showed some increase 
in December as compared with the November total, the 
figures being respectively 94,793 and 90,660 tons. Not- 
withstanding the recent reductions, the aggregate imports 
for 1936, at 1,483,077 tons, were considerably above the 
1935 total of 1,151,929 tons. This is not surprising when 
the difficulty of securing home requirements of pig iron 
and billets from British suppliers is considered. Thus, 
although the December imports of pig iron were smaller 
than in November, at 22,859 against 28,968 tons, the 1936 
aggregate reached 247,348 tons, against only 84,237 tons 
in 1935. Of these totals, 144,034 tons came from British 
India last year, against 67,383 tons in 1935 and 103,314 
tons from foreign countries, against 16,854 tons. In 
December ferro-alloy imports amounted to 7395 tons, 
against 4741 tons in November, while the 1936 total 
reached 63,292 tons, compared with 43,761 in 1935. 
Imports of blooms, billets, slabs, &c., rose to 24,496 tons in 
December, against 16,937 tons in November, the total for 
the year being 451,819 tons, compared with 260,920 tons 
in 1935. British countries supplied 79,480 tons in 1936, 
against 40,542 in 1935; Germany, 50,692, against 11,874 
tons ; Belgium, 111,513, against 97,783 tons ; and France, 
163,454, against 96,502 tons. Imports of sheet bars in 
December were double those of the previous month, the 
totals being 10,748 and 5350 tons respectively. The 1936 
total, nevertheless, was smaller at 95,140 tons, compared 
with 99,817 tons in 1935. The bulk of these imports came, 
as usual, from Belgium, who sent us 85,549 tons in 1936, 
against 81,067 tons in 1935. There was, however, a sharp 
falling off in the quantity received from Luxemburg, last 
year’s total being only 807 tons, against 12,559 in 1935. 
Imports of wire rods increased to 8025 tons in December, 
against 5574 in November, the totals for 1936 and 1935 
being 86,618 and 84,895 tons respectively. In December 
imports of girders, beams, joists, and pillars fell to 1201 
tons, against 1674 in November and 5952 tons in December, 
1935, the 1936 total showing a decrease to 69,402 tons, 
compared with 87,243 tons in 1935. Imports of plates 
and sheets in December were 1501 tons, against 871 in 
November, and last year’s total imports reached 42,782 
tons, compared with 48,017 in 1935. The December 
imports of wrought tubes were 2788 tons, against 2353 tons 
in November, while the 1936 total was 26,363 tons, 
against 20,844 in the previous year. Only 247 tons of 
railway material were imported in December, compared 
with 3097 in November, but last year’s total exceeded 
1935, the respective figures being 31,995 and 15,950 tons. 
During 1936 Belgium sent 437,630 tons, against 517,401 
tons in 1935 ; France coming second with 252,609, against 
164,484 tons. British India and Canada were close 
together, sending 144,090 and 148,515 tons, compared 
with 67,386 and 91,620 tons respectively in 1936. 





Pig Iron. 

Although the production of pig iron in December 
was the largest for any month last year, supplies came far 
short of requirements, and in several districts steps are 
being taken to augment output. On the North-East 
Coast ironmasters are doing their best to meet the require- 
ments of their regular customers, who are able to secure 
only sufficient tonnages for current needs. Since the 
beginning of the year there has been a slight relaxation in 
the tension and a little iron has been available for export. 
Supplies, however, have not been sufficient to meet the 
needs of merchants anxious to satisfy old customers 
abroad. Prices remain unaltered and>a large business 
has been placed at these rates for delivery up to mid- 
summer. In spite of the recent advance in East Coast 
hematite, orders continue to come in and practically the 
whole of the output has been sold to the end of February. 
Some progress has been made in reducing arrears under old 
contracts. A certain amount of new business has been 
transacted, but prices have invariably been a matter for 
individual negotiation. The demand for Northampton- 
shire and Derbyshire grades shows no signs of falling off, 
and occasionally rationing has n resorted to. Iron- 
masters have displayed a certain amount of reluctance to 
book further orders for the former quality, as they are 
very heavily sold ahead and stocks at furnaces are prac- 
tically cleared. Some Derbyshire pig iron has been avail- 
able, but here, too, the stocks are being rapidly reduced. 
As a consequence there has been a sustained demand for 
special grades of iron. On the North-West Coast the 
dearth of hematite pig iron has made consumers’ position 
very difficult. The pressure for deliveries has become more 
intense and has caused the makers to get still further 
behind contract dates. A feature in this area has been the 
urgency of the demand for low-phosphorus and refined 
iron, the lack of these grades being more seriously felt 
than that of ordinary descriptions. The position in Scot- 
land is similar to that ruling in other districts ; conditions 
of extreme scarcity rule with no indication of an increase 
in supplies in the near future. A little local pig iron has 
been shipped abroad, but, on the other hand, substantial 
tonnages have been imported, particularly from India. 
The ore position shows little change on the week and no 
fresh contracts have been reported in foreign ore. It is 
said, however, that supplies are well maintained. 


The Midlands and South Wales. 


No development has occurred since the New Year 
opened indicating an improvement in the stringent con- 
ditions existing in the Midland steel market. All the 
steel works have enough orders on their books to keep them 
employed at capacity for months to come, and some are 
heavily in arrears against contract deliveries. Consumers 
are regarding the future with anxiety, since they feel 
anything but happy regarding their supplies of raw 
material, either present or to come. Some of the pro- 
ducers of joists and sections report that they have three 
to four months’ work in hand and have sold their pro- 
duction until the end of July. The price position in this 
department also is unsatisfactory, and whilst the makers 
consider they are entitled to an increase of about £1 per 
ton, the authorities are reluctant to agree to such an 
advance and consumers are made uneasy by the uncer- 
tainty of the position. The general belief, however, is 
that the present quotations will remain unchanged until 
May. The constructional engineering firms are in an 
excellent position so far as work is concerned, but their 
rate of operations is hindered by the difficulty of 
obtaining the steel materials they need. The crying need 
of the re-rollers is a sufficiency of billets to maintain their 
output of small steel bars and sections. Practically no 
untested billets can be bought on the open market, and 
when contracts are worked off most buyers find that they 
can only be renewed for reduced quantities. The position 
in the semi-finished steel department is perhaps more 
serious than in others, as consumers’ requirements are 
growing. Not only are deliveries of Continental material 
delayed, but it seems doubtful if a tonnage of material 
sufficient to bridge the difference between the British 
output and the demand can be obtained. Similar con- 
ditions now rule in the market for sheet bars and are 
largely responsible for the fact that the sheet mills are 
not working to capacity. The demand for sheets has 
greatly improved since the middle of November, but the 
makers are unable to supply the market’s requirements 
and are only accepting business for delivery after April Ist. 
The Continental works are reported to be in a similar 
position, and it looks as though the export markets will 
have to go short of steel sheets for some time. The 
British makers have raised their export prices for sections 
and plates by 12s. 6d. per ton for all markets. Great 
activity rules in the colliery supplies section. Quotations 
now ruling are £9 12s. 6d. for heavy arches and accessories 
and £9 7s. 6d. for light arches. In South Wales the steel 
works are operating at capacity and the activity at the 
sheet and tin-plate mills is limited principally by the 
difficulty of obtaining sheet and tin-plate bars. 


Current Business. 


Subject to the settlement of certain points of 
detail, the Admiralty has decided to entrust the con- 
struction of the following vessels of the 1936 programme 
as follows :—Aircraft carriers: H.M.S. “ Victorious,” 
Vickers-Armstrongs, Ltd. High Walker-on-Tyne 
(machinery by Wallsend Slipway and Engineering Com- 
pany, Ltd.); and H.M.S. “ Illustrious,” Vickers-Arm- 
strongs, Ltd., Barrow-in-Furness. Coastal sloop, H.M.S. 
‘“* Widgeon,” Yarrow and Co., Ltd., Scotstoun, Glasgow. 
The Egyptian State Railways have accepteg tenders for 
the supply of railway locomotives, comprising eighteen 
coal and eight fuel oil locomotives, from the North British 
Locomotive Company, of Glasgow ; and two coal and two 
fuel oil locomotives from the Sentinel Waggon Works, 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


Shrewsbury. The chairman of the North-Eastern Trading 
Estates, Ltd., announced that an engineering contract 
for the amount of £170,000 had been signed, and a further 
£70,000 contract entered into for building factories on the 
Team Valley Trading Estate. With an addition of about 
£100,000 already spent on development, they are com- 
mitted to an immediate expenditure of £350,000. H.M. 
Office of Works has placed the contract for the erection of 
the Government munition works at Chorley with Sir 
Lindsay Parkinson and Co., Ltd., Liverpool. The steel 
work will be supplied by P. and W. Maclellan, Ltd.. 
Glasgow. Sheffield Corporation has placed the following 
orders for works at Blackburn Meadow generating station : 
Reinforced concrete cooling tower, pipe works, valves, &c., 
Mitchell Engineering Company, Ltd., Sheffield, £32,850 ; 
pipe work, tanks, and valves, Brightside Foundry and Engi- 
neering Company, Ltd., Sheffield, £29,275. Glasgow Cor- 
poration has recommended the acceptance of the tender 
of the British Thomson-Houston Company, Ltd., for the 
installation of a 25,000-kW turbo-alternator at Pinkston 
power station at a cost of £89,756. A new company, 
under the name of Heenan, Beddow and Sturmey, Ltd., 
has been formed with an authorised capital of £100,000 to 
amalgamate and take over the businesses of the Heenan 
Construction Company, Ltd., engineers, Manchester ; 
Beddow and Sturmey, Ltd., makers of locks, keys and 
bolts, and the lock-making concern of C. H. Pinson and 
John Minors and Sons, which has been carried on in asso- 
ciation with Beddow and Sturmey, Ltd. It is expected 
that the amalgamation will effect important economies 
to the group. The Department of Overseas Trade 
announces that the following contracts are open for tender : 
South African Railways and Harbours: supply and 
delivery of 300 tons (2000 Ib.) pig iron, cold blast; 800 
tons hematite No. | for ironfoundry ; 1500 tons of hema- 
tite No. 1 for steel foundry ; 25 tons of ferro-manganese, 
78/80 per cent. (Johannesburg, February 22nd). 


Copper and Tin. 

Active conditions have continued on the standard 
copper market, with exceptionally large daily turnovers. 
Following the official announcement on January 14th 
that restriction would be temporarily suspended, values 
moved up to £54 8s. 9d. for standard cash, the highest 
price since 1930. Electrolytic at the best touched _ 
£59 10s. Confidence in the future position was engendered 
by the concluding sentence of the announcement, \, oa 
stated that “‘ all members of the restriction scheme have 
agreed on conditions under which curtailment would 
again become effective if necessary.”” The general feeling 
was that consumption would be able to take care of all 
supplies for the next few months, though in some quarters 
the opinion was held that from now on stocks will accumu- 
late. World stocks of refined copper at the end of 1936 
totalled 353,150 tons, an increase of 114 tons compared 
with the end of November figures. American stocks 
amounted to 161,044 tons, compared with 171,191 tons 
at the end of November. The apparent world consump- 
tion during December was given as 161,000 tons, with 
American consumption at 82,000 tons. The domestic 
price of electrolytic in America has been raised to 13 cents 
per lb., but this latest advance is not welcomed by some 
producers, as it takes three months for copper to get from 
the mines to the market, and they fear that it is only a 
question of time until domestic and world output exceeds 
the demand. Later the standard market became weaker 
owing to intermittent realising, but a steadier tone was 
recovered and prices closed at £52, whilst electrolytic 
had buyers at £57 5s. and sellers at £57 15s. Following the 
decision to remove restriction, the American Smelting 
and Refining Company is taking steps to reopen a 550,000- 
ton copper smelter at Hayden (Arizona) on March Ist. 
The plant has been closed since January, 1931.... The 
tin market here has been rather quiet, but a moderate 
business has been reported on the Continent and in 
America. Considerable interest has been shown in the 
new restriction scheme. In the first place, the standard 
tonnages are now 199,850 tons, against the previous figure 
of 165,650 tons. Siam, the Belgian Congo, and French 
Indo-China, which had been no more than adhering 
countries in the old agreement, are now full signatories 
with fixed standard tonnages of 18,000 tons, 13,200 
tons, and 3000 tons respectively. Siam and French Indo- 
China have, in addition, been granted minimum exports 
at a rate of 60 per cent., whilst the Belgian Congo is allowed 
to transfer possible arrears from one year to another with- 
out any limitation. 


Lead and Spelter. 


The lead market has been somewhat quieter, 
probably because it is realised that the recently enhanced 
level of prices largely discounts the favourable factors 
in the position. There has also been a seasonal slackening 
in demand by certain consumers. Generally, however, 
consumption is well maintained. During the past week 
the market has also seen some heavy selling and liquida- 
tion, though this has been offset to some extent by further 
buying by outside interests. The opinion was expressed 
that the advance had been too rapid, and that the differ- 
ence in price between lead and spelter might stimulate 
the use of zinc oxide in preference to lead. The statistical 
position continues to improve, and although supplies are 
on the short side, there is as yet no question of any real 
scarcity.... The spelter market has shown. decided 
strength as a result of the improved buying by galvanisers 
in this country, coupled with heavy speculative pur- 
chases. It is reported that all producers are well sold 
ahead, and their position is now better than for some 
years. Firm conditions also rule in the American market. 
In some quarters it is argued that were it not for the 
anomalous position of the spelter market created by the 
duty of 12s. 6d. and the Metal Exchange contract terms, 
the improvement would be more correctly reflected in 
the price. 
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Current Prices for Metals and Fuels. 


Makers ' official home trade prices per ton, delivered buyers’ stations. 


only from associated British Steelmakers 


PIG IRON. 


Home. Export. 
(D/d Teesside Area) 

N.E. Coast— £ s. d. Ss «dad 
Hematite Mixed Nos.*... 4 17 6... .. 314 6 
No. 1 Ee ey © fs gle 315 0 

Cleveland— (D/d Teesside Area) 
No. 1 iit ROOR ks US DBD -Busi 
Ba OG BODO 
No. 4 Forge ..... oes 
Basic (Less 5/- ‘ian: oC Ry Ss..: 


MIDLANDS— 
Staffs— (Delivered to Black Country Station) 
North Staffs. Foundry... 4 6 0... ... 


* “SRS ee PAB: 
Basic (Less 5/— rebate)... 4 2 6... 
Northampton— 
Foundry No.3... --; #: 3.6... 
Forge... 318 6 
Derbyshire— 
No.3 Foundry ... . =; oe 
Forge ioe 
ScoTLanp— 
Hematite, f.o.t.furnaces* 4 17 6. 
No. 1 Foundry, ditto ... 410 6. 
No. 3 Foundry, ditto ... 4 8 0 
Basic, d/d (Less 5/-rebate) 4 2 6... ... 
N.W. Coast— { 418 0d/d Glasgow 
Hematite Mixed Nos.*..., 5 3 6 ,, Sheffield 
| 5 9 6 ,, Birmingham 


* Less 5/— rebate. 


MANUFACTURED IRON. 


Home. Export. 
Lancs. AND YORKs.— 2m a, S ice 
Crown Bars ... ... - 1010 0. ‘55 11 10 O 
Best Bars paren: (xecrehis Qo®.<: ; 11 2 6 
MipLaNDs— 
Crown Bars ... . gt EE WF ace, wore 10 10 0 
Marked Bars (Stafis.) Le OR ae Peenrees 12 10 0 
No. 3 Quality ads! poole ae - 
_ No. 4 Quality beavis 917 6 
Scortanp— 
CID roca an, ee I nce cee 10 100 
RR eR, RO be Fen ee lh 
N.E. Coast— 
Common Bars ethan BORO’ Bris a: 10 100 
Dest eke 2.0658! 2 O30 . 11 2 6 
Double Best Bars por Oe ee eae Shi 11 12 6 
NORTHERN IRELAND AND FREE STaTE— 
Crown Bars, f.o.q..... ... 10 17 6... 
STEEL. 
Home. Export. 
LONDON AND THE SoutH-— £ s.-d. £ 4 @. 
ee ee oT) en ee "9. 25.6 
Se ee ee es ee oe *10 2 6 
0 ee oe ee eee *9 2 6 
Channels. . “ia : aos: MBO 86 ts,. °0;.% 
Rounds, gin. andup ... 10 5 6 *10 2 6 
a under 3in. vane 2 ee | o's ®@ 
Flats under 5in., ... 912 6 9 35°0 
Plates, jin. (basis) ... 915 6.. T9 12 6 
5 RES) Gilt Soi yo R® O6a 7917 6 
; Bin! Gio tnd Bt Cus tlo 2 6 
aE pees .. F795 22 3086) “Bui 110 7 6 
Un. %& to fin. inel. Hie ot ai gle 1015 0 
Boiler Plates, jin... ...10 5 6.. 912 6 
NortH-East Coast— £ s. d. £: 8. ah 
Ramen cis) his 3 ect Se OO, des O23 6 
MUR GST 83s) FS eee ae es *10 2 6 
Joists. eee. ie Le Bate *9 2 6 
Channels... .. ee es ee Re *9 7 6 
Rounds, 3in. onde a 20 20 FDS. *10 2 6 
Li under 3in. . 910 0 9 5 0 
Plates, jin. (basis) ... 910 6 .. 49 12 6 
= eRe ee 79 17 6 
a ORT pe. cs Saar Scenes +10 2 6 
oo fier’ 36 A) aay eR ae +10 7 6 
Un. ¥% to fin. ‘nel. yal QB Ried, 10 17 6 
Boiler Plates, jin.... ...10 0 6... ... 1015 0 
MIDLANDS, AND LEEDS AND DistRIcT— 
£ s. d. £8. 
AuMiaband Te idk st BBO ivakas *9 2 6 
Peedsasys ‘scat sectiists: tog Bie Mind ces *10 2 6 
Joists oe emer aie. f.c8 7 2 6 
Cae A nn SO RR *9 7 6 
Rounds, 3in.andup ...10 3 0... ... in kW 
*” under 3in. inte kaye te aaa 950 
Flats, 5in.and under ... 910 0... ... 9 5 0 
Plates, +in. (basis) 9: 185 Ossect tds 19 12 6 
ot tiie co asides IB wOri ay act 1917 6 
i Bas. ASL) SOS d 410 2 6 
ee tare eh gepinigh -Qi jens, +10 7 6 
Un. %& to tin. inal. acne REC ID oan” ace 1017 6 
Boiler Plates, jin.... ...10 3 0 1015 0 








STREL (contsnned). 


Home. Export. 
Gtascow AND Districr = SC ee £ ¢. ¢& 
pO CC ARIS vier iat ta *9 2 6 
Ns seak cance dviinwiew ta we meliess “0. 2.6 
BT Oe RT eee ee eT, ee ee 9 2 6 
Channels... ... rome Mey Ur. *9 7 6 
Rounds, Sin: ond Mp CEOS oBns. "10 2 6 
- under 3in. i PE ae |: ® 6 0 
Flats, 5in. and‘under ... 910 0... de Se 
Plates, jin.(basis) ... 910 6... t9 12 6 
a ime Seon 20h x08 MAB Bie 79 17 6 
» biti. chit RindOsrOi Bi.. TlOo 2 6 
” fein. . sc. Oi et Ge +10 7 6 
Un. % to }in. incl. Joc FMD Hes 10 17 6 
Boiler Plates, jin. othe Me we ake i015 0 
Soutnh Wares ARBA-— £ 8s. d. £ ad, 
Angles fants: cesxknefh-Bai0x ? 2.6 
BG 8 as ish EN BrerB *10 2 6 
Fae OR) 9 3 0 ? 2 6 
Channels... . es “e oo TE 
Rounds, 3in.andup... 10 3 0 *10 2 6 
2 under 3in. a 2 ee 9 5 O 
Flats, 5in.andunder ... 910 0. 9 5 0 
Plates, jin. (basis) ... 913 0... 79 12 6 
pare: Slee ty Yor ge +917 6 
BU kl pes nse ae ee es 410 2 6 
MRS San: tte ins Reig eae 410 7 6 
Un. ¥in. tofin.inel. ... 10 3 0... 10 17 6 
[RELAND—F.0.Q. BELFAST. Rest or [RELAND. 
£sd £ os. d. 
Ce ee ae a Ae Ber. 910 6 
ai, ities ssino sacs. 4554 Ms, ee 10 10 6 
PD issu taeart astm O1:8):2 918 0O 
Channels... .. ds aaa CHR @ 915 6 
Rounds, 3in. and up 10 8 O 10 10 6 
- under 3in. : Sete: 8 8 0 
Plates, jin. (basis) ... 915 6.. 9 18 0 
i SMES c00%) a oe Se es T10 3 0 
: eg 3520 FT CS En. 710 8 O 
1s er Saag, SSC TI eS +10 13 0 
Un. fin. to din. inel. eee er a 10 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £s 4. 2s. & 
11-G. to 14-G., d/d Baie y be oa Ad .f.o.b. 11 10 0 
15-G. to 20-G., d/d Es ee 0 See Be 
21-G. to 24-G.,d/d RS eS a | a --.£0.0. 12 0 9G 
25-G. to 26-G., d/d gc» ESE + 6;: .. f.o.b. 12 15 0 


South Africa, 24-G. Basis £12 0Os., plus 3% on invoice value ; 
Australia £10 5s. Irish Free State, £13 15s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 

2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G. 


Home. £.s. da, 
4-ton lots and up nO & 
2-ton to 4-ton lots swt 3ei a? 6 
Under 2 tons : is FG“or'w 


Export : India £16 10s. c.i.f.; South Africa, £14 10s. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £14 17s. 6d. f.0.b. ; 
Sweden, £13 15s.; Irish Free State, £14 15s. f.0.q.; 


General, £14 15s. f.o.b. 
Tin-plates 


20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. 

Basic (0-33% to 0:41%C 

» Medium (0-42% vo % 60% C. ) 

» Hard 0-61% to 0-85% C.) 

1» ow (086% to 0-99% C.) 

” » (1%C.andup) .. ae ah 
Soft (up to 0- 25% C.), 500 tons and up ... 
Rails, Heavy, 500-ton lots, f.o.t. 

Light, f.o.t. J 


FERRO ALLOYS. 


oe oe: 2 
To +e 
717 6 
ae 
rae Pee: ee | 
. 9 12.6 
6 5 0 
8 10 0 
710 0 


Tungsten Metal Powder... ... .... 3/1} per lb. 
Ferro Tungsten... ... ... ... 3/— per |b. 
. Per Ton. Per Unit. 
Ferro Chrome, 4p.c. to 6p.c.carbon £21 10 0 7/- 
6 p.c. to 8 p.c. -. £21 0 0 7/- 
8p.c.tol0pc. ... £21 0 0 7/- 
Specially Refined ... 
Max. 2 p.c. carbon £32 10 0 11/- 
bo 1 p.c. carbon £35 15 0 11/- 
” ” » 0-50p.c.carbon £36 10 0 12/- 
Fa a », carbon-free ... 9}d. per lb. 
Metallic chromium . *° ... %/5 per lb. 
Ferro Manganese loon), 76 p.c c. ... £11 15 0 home 
Silicon, 45p.c.to50p.c. ... £12 0 0 scale 5/-p.u. 
* 76 pie.) ..y) 5. see | £17... 0. 0 ovale 6/— p;u. 
Vanadium ...... ... ... 12/8 per lb. . 
» Molybdenum... ... . .s. 4/6 per lb. 
» Titanium (carbon free) ... 9d. per lb. 
Nickel (perton) ... ... ... ... £180 to £185 


COREE ssa <S50: a8, 5000's) oe) bses (OP Oe OR 





Joists as well as Sections and Plates ate now subject to a rebate of 15s. to home users purchasing 
* For Markets other than Australia and New Zealand, 5s. per ton must be added. + South Afriéa 5s. and Foreign Markets 2s. 6d. higher. 


NON-FERROUS METALS. 


(Official Prices, January 20th). 


JOPPER 
Cash ... 
Three months ... 
Electrolytic 


Best Selected Ingots, d/d Bir- 


mingham 
Sheets, Hot Rolled 


Tubes, Solid Drawn (basis) ... 


»  Brazed (basis) 
Brass— 


Ingots, 70/30, d/d Birmingham 


Tubes, Solid Drawn, 2/1 Alloy 


- Brazed 


Tin— 

Three months ... 
Leap: 
SPELTER : 


Aluminium Ingots (British) . 


£5l 8 Yto £51 10 O 
£51 10 Oto £51 ll 38 
£56 0 Oto £57 0 0 


£55 15 0 

£84 0 0 
Home. Export. 
123d, 123d. 
123d. 123d. 


£34 0 Oto £36 0 0 
Home. Export. 
11}d. 1i4d. 
134d. 134d, 


£229 10 0 to £229 15 0 
£230 0 Oto £230 5 0 
£27 6 3to £27 2 6 


. £21 5 0 to £21 6 3 


£100 to £105 


FUELS. 


SCOTLAND. 


LANARKSHIRE— 


Export. 


(f.0.b. Grangemouth)—Navigation Unscreened) 16/~ to 16/6 


Hamilton Ell 
Splints 
AYRSHIRE— 
(f.0.b. Ports) —Steam 


FiIreEsHIRE— 


(f.0.b. Methil or Burntisland)— 


Prime Steam . 


Unscreened Havigstion 


LoTHiIans— 


(f.0.b. Leith)—Hartley Prime 


Secondary Steam ... 


17/6 to 18/- 
20; 


16/- 


16/6 


16/ 


16/6 to 17/— 
16/6 


ENGLAND. 


YORKSHIRE, MANCHESTER— 
B.S.Y. Hard Steams 
Furnace Coke 


NORTHUMBERLAND, NEWCASTLE— 


Blyth Best 
» Second... nt 
» Best Small ... 
Unscreened 
DuRHAM— 
Best Gas... 
Foundry Coke 


SHEFFIELD— 


Best Hand-picked Branch ... 
South Yorkshire Best ... 


19/6 to 23/- 
19/- to 24/ 


18 

17/ 

14/6 
17/- to 18 


17/ 
26/6 to 27/6 


Inland. 


27/6 to 29/6 
. 24/- to 30/- = 


Seconds ... . 21/- to 22/- — 
CarpIFF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large ... 19/6 
Best Seconds Ae 19/— to 19/44 
Best Dry Large 18/6 
Ordinaries 18/3 to 18/6 
Bunker Smalls 15/- to 15/6 
Cargo Smalls ... 13/6 to 14/6 
Dry Nuts 25/- to 27/- 


Foundry Coke 
Furnace Coke 
Patent Fuel ... 


SwaNsEA— 

Anthracite Coals : 
Best Large... 
Machine-made Cobbles.. 
Nuts 
Beans 
Peas Cees Cae 
Rubbly Culm... 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 


Furnace Oil (0-950 rer: 


Diesel Oil 


30/- to 47/6 
24/6 to 25/6 
22/~ 


36/- to 40/- 
41/- to 48/6 
40/— to 48/6 
25/- to 35/- 
19/- to 23/6 
12/- to 12/6 


18/- to 20/6 


Per Gallon. 


3d. 
4d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 
Engineers’ Strike. 


‘THE incidents of the past week in Lille have shown 
engineers, works managers, and shop foremen that they 
cannot escape the rebound of strikes that invariably have 
as one of their aims the suppression of authority over 
workers. It all comes down to the point whether employers 
have the right to free their works of Communist activities. 
When the labour revolt started in June last, the Con- 
fédération Générale du Travail made every effort to 
induce engineers to associate themselves with the move- 
ment. Except for’the affiliation of some groups of engi- 
neers of minor importance, those efforts failed, and all 
responsible societies and associations representing the 
vast majority of qualified engineers adhere to their 
federation, which will have nothing to do with the C.G.T. 
During the Lille dispute engineers naturally came in for 
a fair share of the strikers’ attention. When the two 
arbitrators met to discuss a settlement, the employers’ 
representative required the dismissal of Communist 
agitators and of men who had attacked directors and 
members of the technical staffs and committed other acts 
of violence. The men’s arbitrator retaliated by bringing 
charges against engineers and shop foremen. The Presi- 
dent of the Cours de Cassation, who acted as final arbi- 
trator, decided that all the charges should be dealt with 
by the ordinary legal procedure. The importance of this 
question of sanctions and counter-sanctions lies in the 
fact that it aims, on the side of employers, at a mainten- 
ance of their authority, and, on the other hand, at an 
attempt of the C.G.T. to destroy the authority of the 
technical staff, as well as that of employers, for if the men 
are allowed to bring charges against members of the 
technical or executive staffs, these latter may, by the 


terms of the award, be removed from the presence of 


men whom they have displeased, and the men will be at 


liberty to choose those under whom they will consent | 


to work. The Lille syndicate of engineers, works managers, 
and shop foremen had failed to secure the acceptance of a 
representative of their own at the arbitration proceedings, 
and decided that they had no alternative, in the interests 
of authority, but to go on strike until the men’s union had 
withdrawn the charges made against them. Work could 
not be resumed in the absence of the technical staffs, and 
the C.G.T. offered to supply from Paris all the engineers 
and foremen that were needed for a resumption of work. 
The offer was declined by the employers, who declared 


that their specialised work necessitated the retention of 


their own technical staffs. Finally, after a three days’ 
strike the Lille engineers decided that they could not keep 
some thousands of men out of work while waiting for a 
decision upon their demand to be represented at arbitra- 
tion proceedings. In this demand they are supported 
by all the mining and other engineering societies through- 
out the northern departments. The decision now lies 
with the Government. 


The Industrial Future. 


With the termination of strikes in the north, the 
engineering trades have settled down to work on orders 
that had been held up and on new ones that give relatively 
more activity to factories where the short week has not 
been actompanied by a corresponding increase in the 
number of men employed. The labour trouble has 
simmered down because the men are tired of strikes which 
mean a huge loss of wages without any equivalent gain 
in other ways. An arbitration award following the strike 
at the Pompey steel works has, moreover, gone against 
the men on every point. The company and the men 
settled this matter between themselves. When the Com- 
pulsory Arbitration Act is fully enforced, and this is likely 
to be done in the course of a few days, strikes will become 
illegal because there can be no appeal against a final 
verdict. In the belief that the labour effervescence has 
definitely subsided, the Minister of National Economy is 
turning his attention to industries that are alleged to be 
threatened with extinction by ‘the social and labour 
reforms, and the statements he has made, taken in con- 
junction with what is known of the Government’s com- 
mercial policy, imply that something will soon be done 
to carry out a scheme of foreign trade expansion. This 
policy was initiated at the time of the franc devaluation, 
when France, Great Britain, and the United States 

to examine some plan to facilitate exchanges 
between those countries. The minister of National 
Economy declares that France cannot prosper with a 
protectionist system that keeps alive artificially created 
industries to the detriment of exporting industries, and it 
is expected that Monsieur Leon Blum will make a declara- 
tion at the end of the month that will give tangible form 
to the new scheme. 


Atlantic Air Services. 


The problem of participating in the North 
Atlantic air service does not seem at present to offer an 
easy solution to the French, who are somewhat concerned 
at the arrangements made by Imperial Airways and Pan- 
American Airways with the Portuguese Government for 
the use of the Azores as a fuelling station. Some years 
ago Air France endeavoured, through a subsidiary com- 
pany in Lisbon, to secure the use of the Azores for a 
line by way of Lisbon to New York, but there could be no 
agreement without an assurance that the services would be 
started within a definite period. It is not believed, how- 
ever, that the British and American companies have 
secured a monopoly of the island for fuelling purposes, par- 
ticularly in view of the fact that the Germans are said 
to be making use of it, and in the coming summer it is 
intended to carry out experimental flights between France 
and New York with the four-engined “‘ Centaure ” of the 
land type and the transformed giant flying boat “‘ Lieu- 
tenant-de-Vaisseau-Paris.”” The loss of two out of the 


four seaplanes of the ‘‘ Croix-du-Sud ” type in the South 
Atlantic service has revived the old controversy between 
advocates of the land type of machine with facilities for 
catapulting off a ship in mid-ocean, if necessary, and the 
flying boat. 


British Patent Specifications. 


When an 4 tion is icated from abroad the name and 
address of the communicator are printed in italics, 

When an abridgment is not illustrated the Specification is 
without drawings. 











Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
le. each. 


The date first given is the date of application ; the second dates 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


SWITCHGEAR. 


457,127. May 22nd, 1935.—Crrovir Breakers, A. Reyrolle 
and Co., Ltd., Hebburn-on-Tyne; and A. Allan, “ Crag- 
side,” Ashleigh-grove, Tynemouth. 

This is an st agente for reclosing large circuit breakers which 
only occasionally have to be operated. It is a portable appliance, 
which may be wheeled from place to place as required. The 
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circuit breaker contacts are reclosed by the rising of the plunger 
A, which is forced upwards by the expansion of the spring B 
acting through the toggle levers C. The spring is previously 
compressed by the hand-operated hydraulic ram D and is 


through a special valve. Checks are provided to prevent the 
improper use of the apparatus.—November 23rd, 1936. 


FURNACES. 


457,093. May 15th, 1935.—E.ecrric Furnaces, Birmingham 
Electric Furnaces, Ltd., A. G. Lobley, and T. G. Tanner, 
Birlee Works, Tyburn-road, Erdington, Birmingham. 

It is pointed out that the loss of heat from the door of an 
electric furnace is greater than that from the body, and that, as a 
consequence, it is desirable that the regulation of the heating 
elements C which it bears should be effected independently of 
the main elements A and B. Fig. 2 is a single-phase wiring 
diagram of the resistor circuits and Fig. 3 is a wiring diagram of 
the control circuit complementary to the diagram shown in 
Fig. 2. As shown in Figs. 2 and 3, the system includes the 
normal supply circuit to the respective sets of resistors A, B, C, 
and usual contactor switch D which is operated automatically 


given working temperature. The system also includes an 
auxiliary supply circuit to the door resistors C; this latter 
circuit being controlled by an auxiliary contactor E which is 
adapted to operate automatically under the influence of its 
operating coil E,. The coils D, E, are arranged in a control 
circuit which contains a change-over relay switch F adapted 
to energise the coils D, and E, alternately, when its operating 
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coil F, is energised or de-energised by the heat sensitive instru- 
ment G. When the furnace is operating under normal con- 
ditions the change-over relay closes the circuit through the coil 
D, and the main contactor D is closed ; hence the whole of the 
resistor groups A, B, C take current from the main supply. 
When the furnace temperature reaches its maximum working 
value the heat sensitive instrument de-energises the coil F, 
to change over the relay F so that the latter opens the main 
contactor coil circuit and closes the circuit through the coil E, 
of the auxiliary contactor E with the result that the main circuit 
is broken and the auxiliary circuit is closed, so that only the 
door resistor group C is supplied with current. When the 
furnace temperature falls to its minimum working value the 
instrument G reverses the change-over relay so that the auxiliary 
contactor is opened and the main contactor is closed. The 
system also includes means whereby the power or heat input t= 
the door resistor group C from the auxiliary supply may be 
varied within certain limits as required. Where, as shown in 
Fig. 2, the system includes a transformer H in the auxiliary 
circuit, the means may consist of voltage tappings taken from 
the secondary of the transformer.—November 16th, 1936. 








released by allowing the oil to flow back from beneath the ram | 


by its coil D, to open the circuit when the furnace attains a | 


MINING MACHINERY. 


457,122. May 22nd, 1935.—Prr Props, W. Sylvester, Hoston 
House, Pinnox-street, Tunstall, Staffs. 

This invention is concerned with a system of steel roof 

supports for coal mines, which aims at the preservation of the 








Fig | 











straps as the props are withdrawn to allow the roof to subside. 
The straps A are of corrugated iron and are pivoted at their 
ends to om B. When the props are withdrawn the straps hinge 
down, as shown in Fig. 2, and consequently are not bent, so that 
they are easily salved.— November 23rd, 1936. 


MACHINE TOOLS AND SHOP APPLIANCES. 


457,080. December llth, 1935.—ManvractuRE 
Tusinc, M. H. Heilbut, Kennan’s House, 
(behind No. 65, Cheapside), London, E.C. 

This invention covers the manufacture of two-ply steel 
tubing by the longitudinal rolling of strip metal. The finished 
| tube is shown in Fig. 1, while Fig. 2 gives its shape before the 
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last few passes. The object aimed at is to flex the metal in 
opposite directions at the point A so that it becomes work- 
hardened there, and when the final closure takes place the convo- 
lutions are kept tight, as shown in Fig. 1. The specification 
gives a lay-out of the complete rolling mill and of the nineteen 
passes needed to form the tube. We reproduce some sections of 
| typical passes. Finally, the convolutions may be brazed 





together.—November 20th, 1936. 


| 457,086. April 23rd, 1936.—Screw Nurs, Maag-Zahnrader 
} Und-Maschinen A.G., Hardstrasse 219, Zurich 5, Switzer- 
} land. 

| The inventors say that although it is comparatively easy 
| to produce accurate screws and nuts for the feed motions 
of machines, it is difficult to maintain that accuracy as the 
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lubricant is liable not to extend to the centre of the nut and wear 
will take place. So they make the nut in halves longitudinally 
and at the dividing plane provide grooves to receive oil under a 
slight pressure by the ports AA. The threads of the nut are 
slightly tapered at their approach to the grooves to facilitate 
the entry of oil—November 20th, 1936. 
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METALLURGY. 


May 23rd, 1935.—ALumintum AtLoys, J. Stone 


Co., Ltd., Deptford; A. J. Murphy, Lingmell, The 
A. E. Wells, 86, Atbara- 


457,133. 
an 
Chenies, Petts Wood, Kent ; and S. 
road, Teddington, Middlesex. 

This invention is distinguished by the addition to an alu- 
minium alloy of a small quantity of molybdenum in a proportion 
between 0-05 and 0-5 per cent. as an auxiliary refining agent. 
Such an addition of molybdenum has been found to enable 
grain-refining action to be effected over a very wide range of 
casting conditions. Thus, the temperature of the melt can be 
raised considerably without nullifying the refining action. 
Also, the molybdenum enables the refining action to be effected 
with a relatively low gas content. Thus, alloys having lower 
gas contents than heretofore can be successfully treated for 
grain refinement, and it is possible reliably to refine metal 
melted in an electric furnace in which no appreciable gasifi 
tion of the metal can occur. At the same time, the molyb- 
denum does not interfere with the action of an addition such as 
cerium in improving the casting or running properties of the 
alloy. The molybdenum is conveniently added in the form of 
an aluminium-molybdenum alloy. In given cases, the molyb- 
denum may partly replace a heretofore prescribed quantity 
of a refining agent such as cerium, but in other cases it may be 
introduced simply as a further addition. The invention is 
particularly applicable to aluminium alloys containing copper, 
nickel, magnesium, iron, silicon, and cerium in the following 
range of proportions :— 





Copper 0-5-5-0 per cent. 
Nickel 0-5-3-:0 ,,  ,, 
Magnesium 0-1-2-5 ,, » 
Silicon 0-2-2°5 ,, 
Iron... 0-2-2-0 ,, » 
Cerium .. Uptol-0,, ,, 
Aluminium Remainder 


The proportion of the molybdenum in an alloy of this kind may 
be 0-1 per cent.—November 23rd, 1936. 


MISCELLANEOUS. 


456,522. April 10th, 1935.—Tue LupricaTion oF BEARINGS, 
E. R. H. Johnson, 27, Park-road, Exeter ; Willey and Co., 
Ltd., Haven-road, Exeter ; and United Gas Industries, Ltd., 
51, Lincoln’s Inn-fields, London, W.C.2. 

This bearing is said to be specially applicable to the guide 
rollers of spirally guided gasholders. Its peculiarity lies in the 


N°456,522 
9 






provision of a hollow drum at the middle of the length of the 
axle. The interior of the drum is divided by radial partitions 
and each cavity has an opening A in its periphery. The cavities 
pick up oil from the sump and, as the axle rotates, supply it to 
Hr by the holes B and the grooves C.—November 10th, 
1936. 


457,120. May 21st, 1935—Aprraratus ror Vacuum Dis- 
TILLATION, E. W. Fawcett, Winnington Hall, Northwich, 
Chester, and Imperial Chemical Industries, Ltd., Imperial 
Chemical House, Millbank, London, 8.W.1. 

This invention relates to short-path high-vacuum distillation 
apparatus. In such apparatus distillation is effected under 
extremely high vacuum of the order of 10 to 10-5 mm. Hg, 
and the distilling and condensing surfaces are in very close 





























N°4 57,120 
=f 
E- RP 
at n 
H ‘Ae Lo 
By LG 
pb} }L 
A CG “7 H 
Une 
by aod 


M 
N 


proximity, usually being disposed some 1 cm. to 5 em. apart. 
Under such conditions, it is often possible and desirable to effect 
the distillation at, say, room temperature or a little above room 
temperature, possibly even below room temperature, and if 
this is done the condensing surface must be cooled to below room 
temperature, e.g., by surrounding it by a suitable refrigerant. 
For the purpose of maintaining steady temperature conditions 
at the condensing surface it is desirable to insulate the con- 
densing surface and the surrounding refrigerant from the 


atmosphere. In the drawing A denotes a vertically disposed 
tube over the surface of which the liquid to be distilled is dis- 
tributed from a weir B, The condensing surface is the internal 
surface of a concentric tube C in close proximity to the tube A. 
A further concentric tube D surrounds the tube C and the space 
between them is supplied with a refrigerating liquid medium, 
which enters by the pipe E and leaves by the pipe F, An outer 
concentric tube G, which is a continuation of or is joined to D, 
provides an annular space H which is in direct communication 
with the vacuum inside the still. The apparatus is evacuated 
through a conduit J leading to a high-vacuum pumping system 
(not shown). The bottom K of the tube G serves as a receptacle 
for the distillate which is removed as and when desired vid 
the conduit L. The residue from the distillation collects in 
the annular well M, and is withdrawn vid conduit N. For 


+ift 


Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Cleveland Sci ic and Technical Inst., Corporation-road, 
Middlesbrough, ‘“ By Air and Sea to the Antarctic Whaling 
Grounds,” C, F, Christensen, 7.30 p.m. 

Royat AgronavuticaL Soc.—Royal Soc. of Arts, 18, John- 





street, W.C.2. ‘‘ Plastic Materials for Aircraft Construction,” 
Dr. N. A. de Bruyne. 6.30 p.m. 

Roya Inst.—2l, Albemarle-street, W.1. ‘Films in 
Scientific Education,” B. A. Keen. 5.15 p.m. 


Fripay, JAN. 297TH. 

Inst. of ELtecrrican ENGINEERS : NortH-EasTeRN CENTRE. 
—Old Assembly Rooms, Westgate-road, Newcastle-on-Tyne. 
Annual dinner and dance. 7 p.m. 

Inst. or Fvrr.—Gatti’s Restaurant, 436, Strand, W.C.2. 





convenience in assembly and in dismantling for cl g, &e., 
the bottom portion of the evaporating surface and the parts 
M and N are made removable the provision of a vacuum- 
tight joint O. A feature of this construction, important in high- 
vacuum technique, is its small number of separate parts for 
assembly. The outlet L may be arranged to a higher level than 
the bottom of the tubes C D, which may be brought close to the 
bottom K of the tube G, so that a liquid seal is formed between 
the spaces on the inside of tube C and outside of tube D respec- 
tively. This modification is useful when dealing with very 
volatile condensates as re-evaporation of the condensate 
collecting at the bottom of the tube G is prevented by the 
partially immersed cooled tubes C and D.—November 23rd, 
1936. 











| Forthcoming Engagements. 


, &c., desirous of having 
notices of meetings inserted in this are requested to note 
that, in order to make sure of its insertion, the 'y infor 

should reach this office on, or before, the morning of the Monday 
of the week pr ing the tings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


| Secretaries of Instituti 
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To-pay. 
Marine ENGINEERS: JuNIOR SEcTION.—Royal 
Naval College, Greenwich. ‘“‘The Trend of Development 
in the Design and Construction of 7, and their Propelling 
Machinery, and the Influence of this Trend on the Design of 
Future mstruction, with special reference to Warships,” 
Sir Westcott S. Abell. 5.30 p.m. 

Inst. OF MrcHANICAL ENGINEERS.—Storey’s-gate, 8.W.1. 
“The Organisation and Mechanical Appliances of the London 
Fire Brigade,” Major C. C. B. Morris. 6 p.m. 

Inst. oF StrucTuRAL ENGINEERS: MIDLAND COUNTIES 
Branox.—James Watt Memorial Inst., Great Charles-street, 
Birmingham. “ Practical Steel Work Design in the Light of 
Modern Research,” V. H. Lawton. 6.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
** The Modern Steam Car,” M. Harman Lewis. 7.30 p.m. 

West or Scortanp Iron anD STEEL Inst.—Royal Technical 
College, George-street, Glasgow. ‘‘Gas Cleaning Problems,” 
P. A. Abernethy. 7.15 p.m. 

SatTurpay, JAN. 23RD. 

Assoc. or SPECIAL LIBRARIES AND INFORMATION BuREAUX.— 

Visit to the Imperial War Museum. 2.15 p.m. 
Monpbay, JAN. 25TH. 

BrapFrorD ENGINEERING Soc.—Bradford Technical College. 
“* Water Cooling Towers,” R. H. Ellis. 7.30 p.m. 

CHARTERED Surveyors’ Inst.—1l2, Great George-street, 
S.W.1. ‘ Air Raid Precautions,” Colonel W. Garforth, D.S.O., 
M.C. 6.30 p.m. 

Inst. or Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 
6.30 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2. “* Cosmic 
Rays,” Prof. P. M. 8. Blackett. 8 p.m. 

Turspay, Jan. 267TH. 

Inst. or AUTOMOBILE ENGINEERS: BIRMINGHAM CENTRE 
—James Watt Memorial Hall, York House, Great Charles- 
street, Birmingham. ‘‘ Fuel Pumps,’’ D. Bonnion Browne 
and J. N. Morris. 7.30 p.m. 

Inst. or Crviz ENcIneERs.—Great George-street, 8.W.1. 
“Salonika Plain Reclamation Scheme,"”’ B. W. Huntsman ; 
“The Lake Copais, Boeotia, Greece: Its Drainage and 
Development,” A. J. Dean. 6 p.m. 

Inst. or Execrricat ENGINEERS: Scorrish CENTRE.— 
North British Station Hotel, Edinburgh. ‘ Rural Communica- 
tions: Small Automatic Exchanges and Line Construction,” 
H. T. Millar. 7 p.m. 

Inst. or ExLecrricaL ENGINEERS: STUDENTS’ SECTION.— 

Hotel Metropole, Leeds. ‘* Power Transmission in Factories,” 
joint discussion with Graduate Section of Inst. of Mechanical 
Engineers. 7.15 p.m. 
Inst. or EtecrricaL ENGINEERS: WIRELESS SECTION.— 
Savoy-place, W.C.2. ‘‘ What Performance is Desirable in 
Broadcast Receivers, with Special Reference to Autom atic 
Devices,” A. H. Cooper. 6.30 p.m. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN ScOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Application of Cast Iron to 
Engineering,” A. Campion. 7.30 p.m. 

Inst. of LocoMoTIVE ENGINEERS : MANCHESTER CENTRE.— 
36, George-street, Manchester. ‘‘ Locomotive Feed Water 


Inst. OF 








Treatment,” J. 8. Hancock. 7 p.m. 

[Ron anD STEEL Inst.—Cole-street Schoolrooms, Scunthorpe. 
‘‘The Constitution of Blast-furnace Slags in Relation to the 
Manufacture of Pig Iron,” T. P. Colclough. 7.30 p.m. 

Royat Inst.—21, Albemarle-street, W.1. ‘‘ Electrical Con- 
ductivity of Solids,” N. F. Mott. 5.15 p.m. 
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WEDNESDAY, JAN. 27TH. 

Inst. or FureLt.—Chemical Soc. Rooms, Burlington House, 
Piccadilly, W.1. ‘‘ Some Chemical Aspects of the Combustion 
of Carbon,”* Prof. H. L. Riley. 6 p.m. 

Inst. or Locomotive ENGINEERS.—Inst. of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘‘ The Development of the Loco- 
motive Turn table,” J. H. A. Wilkins. 6 p.m. 

Inst. or STRUCTURAL ENGINEERS: SoutH WALES AND Mon- 
MOUTHSHIRE BRANCH.—Baltic Lounge, Swansea. ‘‘ Modern 
Garage Design,” H. A. Ellis. 7 p.m. 

Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS : 
GRADUATE SEctTIoN.—Bolbec Hall, Newcastle-on-Tyne. “‘ Elec- 
tric Transformers,” W. W. Campbell. 7.15 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2. ‘‘ Lumi- 
nescence and its Applications,” J. T. Randall. 8.15 p.m. 

THuRsDAY, JAN. 28TH. 

Inst. or StRuctuRAL ENnGiIneERs.—Inst. of Civil Engineers, 
Great George-street, Westminster, 8.W.1. ‘‘ Soil Mechanics and 
Concrete Pile Driving,” M. J.C. McCarthy. 6.30 p.m. 

Inst. of STRUCTURAL ENGINEERS: YORKSHIRE BRANCH.— 
Hotel Metropole, Leeds. ‘‘ Welding in Structural Engineering,” 
A. Ramsay Moon. 7 p.m. 





Discussion on “ National Oil Strength,’’ opened by H. Moore. 
7 p.m. 

Inst. oF MrcHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
“The Training of Apprentices for Craftsmanship,” A. P. M. 
Fleming. 6 p.m. 

Inst. or Merats: BrruinecHam Loca Sxcrion.—James 
Watt Memorial Inst., Birmingham. “* Special Cast Irons,” J. G. 
Pearce. 7 p.m. 

Junion Inst, or ENGINEERS.—39, Victoria-street, S.W.1. 
“The Sunbury Cathode Ray Engine Indicator,” Captain 
McGilliwie and R. Stansfield 7.30 p.m. 

Nortu-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘ Land and Marine Steam 
Generators,” Prof. A. L. Mellanby. 7 p.m. 

Roya Inst.—21, Albemarle-street, W.1. “‘ Recent Crystallo- 
graphy,” Sir Wm. Bragg. 9% p.m. 

Monpay, Fes. Isr. 

Royat Soc, or Arrs.—John-street, Adelphi, W.C.2. ‘* Coamic 

Rays,” Prof. P. M. 8. Blackett. 8 p.m. 
WeEDNEsDAY, Fes. 3rD. 

Inst. or Crviz ENGINEERS: MANCHESTER AND District 
Assoc.—Midland Hotel, Manchester. Annual dinner, 7 p.m. 

Inst. oF ExtxecrricaL ENGINEERS: WIRELESS SECTION. 
Savoy-place, W.C.2. Discussion on “‘ A Specification for Testing 
and Expressing the Performance of Radio Receivers.” 6 p.m. 

Inst. or Mintnc ENGINEERS.—Geological Soc., Burlington 
House, Piccadilly, W.1. Annual general meeting, 11.15 a.m. 
Dinner at Grosvenor House, Park-lane, W.1. 7.15 p.m. 

Tuurspay, Frs. 4TH. 

Inst. or ELecrrica, ENGINEERS.—Grosvenor House, Park- 

lane, W.1. Annual dinner. 7 p.m. 
Fripay, Fes. 57x. 

Inst. ov MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
‘* Some Notes on Boiler Plant Construction, Design, and Develop- 
ment,” a talking film introduced by C. A. Plummer. 6.30 p.m. 

Iron anp Steet Inst.—Metal Exchange, Swansea. ‘‘ Methods 
of Detinning Tin-plate for Examination of the Thickness and 
Continuity of the Alloy Layer,” A. W. Hothersall and W. N. 
Bradshaw ; “A Study of the Origin of Porosity in the Tin 
Coating of Tin-plate,”” A. W. Hothersall and J. C. Prytherch ; 
“Some Considerations Influencing Plant Facilities for Strip- 
sheet Production under British Conditions,” Geo. A. V. Russell ; 
“The Roll Problem in Backed-up Mills for Cold Reduction,” 
Geo. A. V. Russell and 8. 8. Smith. 6.30 p.m. 

Norris or ENGLAND INstTITUTE OF MINING AND MECHANICAL 
ENGINnrERS.—Grand Assembly Rooms, Barras Bridge, New- 
castle-on-Tyne. Annual dinner. 7.30 p.m. 

TurEspDAy, FEB. 9TH. 

Inst. or Crivin ENGINEERS.—Great George-street, S.W.1. 
“* Fundamental Research on the Application of Vibration to the 
Precasting of Concrete,”’ D. A. Stewart. 6 p.m. 

WEDNEsDAY, Fes. 10rH. 

Inst. or FuEt.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘“ Heat Insulation: The Selection of Suitable Materials 
for Various Purposes,” J. 8. F. Gard. 6 p.m. 

Roya Soc, or Arts.—John-street, Adelphi, W.C.1. ‘* Appli- 
cations of Photography to Scientific and Technical Problems,” 
O. F. Block. 8.15 p.m. 

Fripay, Fes. 12ru. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, 8.W.1. 
*“ Factors Limiting Practical Steam Cycle Efficiency,” an 
informal discussion, opened by Major W. Gregson. 

SaturpDay, Fes. 137TH. 

Finspury TrcHnicaL CoLLeGE OLp Stupents’ Assoc, 
Trocadero Restaurant, Piccadilly Cireus, W.1. Annual dinner. 
7,p.m. 








CONTRACTS AND ORDERS. 





The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





J. H. Fenner anv Co., Ltd., have received contracts for the 
supply of “ V” rope drives required at the new Earl’s Court 
Exhibition Buildings and the new L.M.S. Queens Hotel, Leeds. 
At Earl’s Court seventy drives are being supplied in connection 
with the heating and air-conditioning apparatus, the drives 
ranging from 2 H.P. to 35 H.P. For the Queens Hotel, Leeds, 
twenty-one drives are being supplied, ranging from } H.P. to 
28 H.P. 

THe WestTINGHOUSE BRAKE AND SiaNat Company, Ltd. 
has received from the L.N.E.R. a contract for the resignalling 
of the Northallerton to Darlington line. The contract includes 
the supply and installation of searchlight signals over some 
17 miles of line, of which approximately 14 miles include com- 
plete power signalling on two, three, and four tracks, with A.C. 
track circuiting throughout, and also resignalling at North- 
allerton and Darlington South. 

INTERNATIONAL ComBusTION, Ltd., has received two boiler 
orders recently. These comprise four Lopulco pulverised fuel- 
fired boilers to be installed at the Karabuk Iron and Steel 
Works, Turkey, and three stoker-fired boilers for Ford Paper 
Mills, Ltd. The boilers for Turkey will have a normal evapora- 
tion of 50,000 Ib. and a maximum of 65,000 lb. per hour ; work- 
ing pressure 375 lb. per square inch, and steam temperature 
of 725 deg. The Ford Paper Mill boilers will be fired by “ L”’ 
type stokers. The pressure will be 350 lb. per square inch, and 
the evaporation 15,000lb. per hour normal, and 25,000 
maximum. 

Tue Lambeth Borough Council has decided to have the 
entire 344 miles of streets in its southern area illuminated by 
means of electric discharge lamps. The contract has been 

laced with the South London Electric Supply Corporation, 
Ltd. The lamps to be installed are to be G,E.C. Osira lamps of 
400 and 250 watts, totalling in all 1032, while the General 
Electric Company, Ltd., will also supply the Di-Fractor lanterns, 
chokes, condensers and relays. he South London Electric 
Supply Corporation, Ltd., already supplies about 450 lamps in 
the northern portion of Lambeth—practically all of the electric 
discharge type—and the new contract stipulates that all roads 
are to be lighted in this manner. 
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A Seven-Day Journal. 


New Plant at Ebbw Vale. 


SPEAKING a few days ago at an extraordinary 
general meeting of Richard Thomas and Co., Sir 
William Firth said, in connection with the new 
developments: ‘““We shall have at Ebbw Vale 
the most modern sheet and tin-plate plant in 
the country, equal to any in the world, consisting 
of coke ovens, by-product plant, blast-furnaces, 
and steel furnaces, and the American type plant, 
and shall, from our own coal, limestone, and 
ore, mixed with ‘imported ore, manufacture sheets 
and tin-plates equal to any in the world, and this 
quality will be attained at a cost lower than is possible 
of attainment in old-type plant. We have informed 
the trade that we intend to work this new plant fully. 
The total production of sheets and tin-plates in this 
country approximates 2,000,000 tons per annum. 
Working our new and old plant fully, our capacity 
would be equal to approximately half the total, but 
not for many years have we been able to work our 
old type plant fully. At the moment we are working 
it at about 67 per cent. of capacity. A year ago we 
were only working it at about 52 per cent. of capacity. 
In any case, whatever the risk in that direction may 
be, it is, in my judgment, of national importance that 
Great Britain should possess at Jeast one modern sheet 
and tin-plate mill, and be in a position to produce a 
quality of material equal to that produced elsewhere. 
It cannot be without satisfaction to shareholders that, 
although foundation work will be somewhat more 
expensive than it might have been on the most 
favourable of sites, the new works are being erected 
in a distressed area—in a district where workmen for 
many years have patiently suffered enforced idleness.”’ 


Safety in Mines. 


THE Royal Commission on Safety in Coal Mines 
resumed its sittings on Monday, January 25th, at 
Caxton Hall, Westminster, under the chairmanship 
of Lord Rockley. Evidence on behalf of the Mine 
Workers’ Federation was given by Mr. Joseph Jones, 
the President of the Federation, and Mr. Will Lawther, 
the Vice-President. Both witnesses emphasised that 
section of the Federation’s memorandum which calls 
for the compulsory adoption in all gaseous mines of 
some form of approved automatic gas detector, which 
may be used by the miners themselves, and thus form 
an additional safeguard to the usual inspections 
with the flame safety lamp which are now carried out 
by the deputies. It was further urged that the Com- 
mission should make the use of automatic alarms com- 
pulsory throughout the mines in Great Britain. Lord 
Rockley said that he felt quite sure that this matter 
would be reviewed by the Special Committee. The 
memorandum submitted by the Federation suggests 
that by raising the age of entry into mines to sixteen 
and by reducing the number of the hours worked, the 
number of mining accidents which occurred would be 
beneficially influenced. On Tuesday evidence was 
given by the Nottingham and District Industrial 
Union, which presented, through Mr. G. H. Spencer, 
a statement urging a more frequent inspection of 
mines by Government officials. The statement sug- 
gested that Government inspectors might do more 
than at present, and should show a greater initiative 
in dealing with problems as they arose. More inspec- 
tions, it was claimed, were needed in reputedly 
dangerous mines. The gradual training of younger 
men who desired to become deputies and examiners 
was also emphasised, along with the need for a higher 
standard in the examinations. In the matter of 
accidents the Union held the view that many accidents 
might have been avoided if every precaution had been 
taken, while the risks which were taken showed the 
desirability of more thorough supervision of long 
coal faces. 


Sir George Beilby Memorial Awards. 


THE Administrators of the Beilby Memorial Fund, 
consisting of the Presidents, Treasurers, and Secre- 
taries of the Institute of Chemistry, the Society of 
Chemical Industry, and the Institute of Metals 
respectively, have announced awards of 100 guineas 
each to Dr. Bernard Scott Evans and Dr. William 
Harold Juggins Vernon. Dr. Evans passed the 
examination for the associateship of the Institute of 
Chemistry in 1909 and was elected to the Fellowship 
in 1915. Since 1919 he has been attached to the 
research department of Woolwich Arsenal, where he 
now holds the position of a scientific officer. He was 
awarded the degree of Ph.D. (Lond.) in 1924 and 
D.Sc. in 1933. He has devised numerous analytical 
methods for the separation and determination of 
metals, and contributed the chapters dealing with 
the methods of analysis applicable to lead, bismuth, 
arsenic, antimony, tin, iron, chromium, and metallic 
constituents of steel in Mitchell’s ‘‘ Recent Advances in 
Analytical Chemistry.” Dr. Vernon was appointed 
investigator to the Atmospheric Corrosion Committee 
of the British Non-ferrous Metals Research Associa- 
tion in February, 1921. His experimental work 


was carried out at the Royal School of Mines, 





South Kensington, under Sir Harold Carpenter, 
F.R.S., until 1927, when the investigation was taken 
over by the Department of Scientific and Industrial 
Research and continued at the Chemical Research 
Laboratory, Teddington, under Sir Gilbert Morgan, 
F.R.S. In the course of this work, which included 
early quantitative determinations of invisible oxide 
films on metals, a number of generalisations on 
atmospheric corrosion phenomena (ferrous and non- 
ferrous) has been established. Dr. Vernon was elected 
to the Associateship of the Institute of Chemistry in 
1920 and tothe Fellowship in 1927. 


Shipbuilding Wages. 


Ir is announced that employees over twenty-one 
years of age in the shipbuilding industry are to receive 
4s. a week advance in wages and pieceworkers an 
advance of 8 per cent. The first 2s. and 4 per cent. 
are to be paid as from the beginning of the first full 
week in February and the remaining 2s. and 4 per 
cent. as from the first full week in July. These 
increases are supplementary to the 2s. bonus advance 
and 4 per cent. increase to piece rates of April last. 
These advances were approved at a special meeting 
of the Confederation of Shipbuilding and Engineering 
Unions held in York on Monday last. They are the 
outcome of negotiations carried out in London in 
January between the unions named and the Ship- 
building Employers’ Federation, and the advances 
will be paid in all federated shipbuilding and ship- 
repairing yards, except those of the Bristol Channel 
district, in which local wage settlements made last 
April will continue until the conclusion of a specified 
period. At the end of that period the Bristol Channel 
rates will be brought into line with those of other 
districts under the present national agreement. 

British Civil Aviation. 

THE bulk of the report issued last week by Sir 
Henry Maybury’s Committee is concerned with the 
“junction aerodrome” scheme discussed in one of 
our leading articles. The report also contains 
remarks bearing on other aspects of the development 
of civil aviation within the United Kingdom. The 
Committee states that already the air is becoming 
congested over certain areas and that if progress is 
to be made, particularly in night flying, it is essential 
that the requisite ground services should be provided 
on a considerably enhanced scale. It considers that 
all radio facilities and air traffic control organisation 
not only for the junction aerodrome scheme but for 
the whole of civil flying within the country should be 
provided, maintained and operated by the Govern- 
ment. It further recommends that the local autho- 
rities of all the larger towns and centres of population 
should take steps at an early date to secure for their 
citizens a suitable and accessible site for an aerodrome 
of standard dimensions which should if possible 
measure 800 to 1000 yards in all directions. The 
present shortage of trained air line pilots should, 
it urges, be met by an offer of financial assistance 
for a limited period to a suitable flying school, pre- 
ference for vacancies at reduced rates being given to 
retired R.A.F. short-service pilots. In order to 
promote the economical operation of civil transport 
aircraft the Committee recommends that the present 
practice of official inspection for the purposes of the 
renewal of certificates of airworthiness should be 
modified in such a way as to reduce the period during 
which the aircraft are annually immobilised. 


A Telephone Development. 


SPEAKING at the opening of Telephone House in 
Newhall-street, Birmingham, built and equipped at 
a cost of £600,000 to meet the growing demand for 
telephone service in the city and surrounding districts, 
Mr. Neville Chamberlain, who incidentally was a 
former Postmaster-General, said that he heartily 
welcomed the enterprise of the Post Office in erecting 
that magnificent building. When he first made 
acquaintance with the automatic system in London, 
he had some doubts whether it was an advantage to 
be deprived of the opportunity of saying what one 
thought to a real live operator at the other end, but 
he was now satisfied that the new system possessed 
many advantages over the old, and incidentally that 
it conferred a very valuable education in the art of 
self-control. After the speech, Mr. Chamberlain 
operated a switch, which enabled sounds of mecha- 
nical activities in many parts of the building to be 
heard by the audience. In a speech dealing with the 
Post Office activities, the Postmaster-General ex- 
plained that the combination of successive reductions 
in rates and the latest scientific developments had 


led to an enormous increase in the use of the tele- | p 


phone. During the past twelve months the number 
of telephone calls put through amounted to the 
colossal figure of 2,000,000,000. Last year they broke 
the record set up in the previous year for the number 
of telephones installed. In 1936 338,000 new tele- 
phones were put into service, compared with 183,000 
in 1935. To meet the unprecedented telephone ex- 





pansion an extensive cable-laying programme hal 
been put in hand. The cable which extended from 
London to Birmingham was the latest product of 
scientific research and skill. Instead of having to 
use hundreds of wires, it was hoped that two con- 
ductors in the cable would be able to carry something 
like 250 conversations at the same time. 


White Waltham Aircraft Factory. 


It was made clear by a statement in the House of 
Commons on Thursday. January 21st, that a definite 
decision to erect an aircraft factory at White Waltham 
near Maidenhead had been reached by the Govern- 
ment, and that the site had been purchased. Asked 
by Mr. W. J. Stewart, a Labour Member, why a site 
had not been chosen in the North-East or other 
** Special ’’ Area, where suitable land was available, 
Sir Philip Sassoon replied that after very careful con- 
sideration of the numerous factors involved, it was 
felt that the delays and disadvantages involved in the 
adoption of any alternative site would hamper the 
rapid progress of the enterprise, which was one of 
great importance in the “Shadow Scheme.” In reply 
to further questions, the Under-Secretary of State for 
Air said that it was not the policy of the Air Ministry 
to neglect the distressed areas, but in this case it was 
essential that the factory should be placed not only 
near the aerodrome, but in close proximity to thé 
managing and parent firms, with easy main line com- 
munication. Mr. Baldwin was also pressed on the 
same matter, and Mr. A. A. Somerville, Unionist 
Member for Windsor, asserted that since there was no 
labour available in Maidenhead, some 3500 to 5000 
workers would have to be imported, and the character 
of an agricultural district would be completely 
changed. Further opposition to the site developed in 
the succeeding days, and on Tuesday last the Prime 
Minister stated in the House that the scheme had 
been abandoned and that the Minister for Air was 
examining the suitability of a site in Lancashire. 


Noise in Railway Trains. 


In a Journal note of November 20th last we made 
reference to the steps taken by the London Passenger 
Transport Board to reduce the noise in trains on the 
London Underground Railway system. It is now 
announced that during the next few months a total 
of 440 track miles, apart from planned extensions, 
are to be welded together, at a cost of approximately 
£100,000. When this is done it is claimed that 60 per 
cent. of the noise in the tubes and tunnels will be 
removed. Rails 90ft. in length instead of 42ft. are 
now being employed, and a special grinding machine 
has been evolved by the engineers of the Board to 
smooth out any uneven places in the rail surface. 
By the use of special flat trucks, welded rails up to 
350ft. and over can, it is claimed, now be brought 
into the tunnels. The main work is done in the 
workshops and the long lengths of welded rail are 
then joined together by a few welds made in the 
tunnels. Other improvements which have been 
investigated have included side shields of sound- 
absorbing material, special noiseless brake blocks, 
and more silent gears. It is of interest to learn that 
one of the main line railway companies has tested the 
rail grinding machine in certain of its tunnels with 
beneficial results. The continuous welding of main 
line rails may also be worthy of investigation, as 
lengths up to 2700ft. are reported to be in successful 
use in Germany. These measures, in conjunction with 
improved rolling stock, should go far to reduce the 
noise in railway trains, especially when travelling 
through tunnels. 


The Thames Barrage Project. 


In a letter to The Times, published on Thursday, 
January 2Ist, and signed by Sir Louis Dane, Lord 
Jessel, Sir Giles Gilbert Scott, and Sir Murdock 
MacDonald, the opinion is expressed that the river 
Thames under its existing estuarial conditions does 
not produce the greatest amenity or conduce to the 
health or convenience of a great Imperial city. The 
writers consider that the project put forward by the 
Thames Barrage Association for the prevention of 
tidal ebb and flow above Woolwich is at the very 
least deserving of careful investigation, and it is 
suggested that the time has now come for a public 
inquiry into the scheme. It is stated that the plans 
now in preparation for the improvement of cross-river 
traffic, sanitation, flooding, and sea-going traffic will, 
it seems, cost at least ten times that of the proposed 
barrage, which, it is claimed, will equally well, if not 
better, meet their requirements, while providing at 
the same time others which the plans now being 
repared cannot supply. The inquiry suggested by 
the letter is opposed by the Port of London Authority 
for several technical reasons, which the Thames 
Barrage Association, however, controverts. The 
letter puts forward the view that the questions at 
issue can only be settled by the medium of a report of 
independent commissioners on the results of an inquiry 
held by them. 
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(Continued from page 95, January 22nd.) 


THE GEOMETRY OF A DECAYING OSCILLATION. 


ET us assume that in accordance with the prin- 
4 ciples discussed in the first article the body m 
Fig. 1 is acted wpon by a force (a) proportional at 
any instant to its displacement from O and con- 
stantly directed towards O and simultaneously by a 
foree (b) proportional at any instant to the first power 
of its velocity and constantly directed against the 
velocity. These data, together with a knowledge of 
the mass of the body, are suflicient to enable us to 
determine two equations one of which will express 
the displacement of the body and the other its velocity 
at any instant after the body has been 
deflected from its position of rest O to any 
point A and there released. These equa- x 
tions are familiar but for our present 
purpose the principal facts embodied in 
them may usefully be set forth in a 
graphical manner. ie 
Dealing first with the displacement of 
the body we may suppose that it carries 
# pencil the point of which presses friction- 0 
lessly against a strip of paper moving at ‘sn 
a constant rate from right to left beneath 
the line X X’. The curve drawn by this 
pencil will be a graphical representation 





of the displacement of the body at any 7 
instant. The curve will naturally start 

at some point A Fig. 2 representing by its ; 
height I above the point O the initial x 
displacement of the body. To trace the pig ; 


character of the displacement curve lay 
off along the basis line a series of points 
BCD... at some uniform interval p. Lay down 
a second series of points bcd... each lying at some 
uniform distance q to the left of the corresponding 
point of the first series. The distance g must be 
chosen at some value less than }p. If we wish to 
represent an oscillation which dies away slowly we 
choose g at some value approaching }. If the 
oscillation is to die away quickly q is to be chosen 
at some value approaching zero but not actually zero. 
The points bed... of the second series represent 
the instants at which the body passes through its 
initial position O and therefore at these points the 
displacement curve will cross the basis line. The 
points BCD... of the first series represent the 
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FiG. 2—CONSTRUCTION OF DISPLACEMENT CURVE 


instants at which the body reaches the ends of its 
successive swings and therefore at these points the 
displacement curve exhibits maximum or minimum 
values. The curve therefore starting at A trends 
downwards through b to some minimum value at B 
then upwards through c to some maximum value at 
C and so on. To depict the successive minimum and 
maximum values select some fraction 7 less than 
unity, choosing it at some high value if the oscilla- 
tion is to die away slowly and at some low value 
approaching zero, but not actually zero if the decay 
is to be rapid. Then if the initial displacement O A 
is I the minimum at B will be r I, the maximum at C, 
71, the minimum at D, r*I and so on. In other 
words the value of any maximum or minimum will be 
r times the value of the minimum or maximum imme- 
diately preceding it. Drawing ordinates through the 
points BCD... in the direction required and of the 
lengths thus determined we can sketch in the dis- 
placement curve as shown in the lower part of Fig. 2. 

It will be noted that 7 and g are to be selected in a 
manner which implies the existence of some relation- 
ship hetween them. This relationship is an exact 








one. In other words having selected some particular 
value of g—or more precisely of the ratio q/p-——we 
are committed to a particular value of r. Since the 
factor r provides a direct measure of the decay in the 
displacement from oscillation to oscillation it will 
perhaps be found most convenient to select it first 
and then from the following table to select the 
corresponding value of the ratio q/p. 


Values of q/p. 
| 


re. l TOES Phe Te ee § 
qp 0-5 | 0-486 | 0-471 | 0-453 | 0-431 | 0-403 
Pi. ay ee ie | robs | 

qip 0-367 | 0-314 0-191 | 0-105) 0 


It may be noted that at one end of this table we 
have r=1 and q/p=}. If r is unity the oscillations 
are all of equal amplitude and do not decay and 
further if g=}$p the curve will cross the basis line 
exactly midway between the instants of maximum 
and minimum ordinates. The curve thus indicated 
is the familiar sine form curve of a simple harmonic 
oscillation, that is to say of an oscillation governed 
by a restoring foree only, without an “ additional ” 
force. At the other end of the table we have r=0 
and q/p=0. These values correspond to a special 
case which will be given separate treatment later in 
this article. 

The construction of the velocity curve is shown in 
Fig. 3. At the instant of release following the initial 
deflection, the velocity of the body is zero. The 
velocity curve therefore starts at O. To trace the 
character of the velocity curve lay down the same 
series of points BCD... as before using the same 
value of p for the common interval. Next lay down 
another series of points 878... at the pre- 
viously selected distance q to the right of the corre- 
sponding points BCD... and add the point « at 
the same distance g to the right of O. Then the points 
BCD... represent the instants at which the 
velocity of the body is zero and therefore at these 
points the velocity curve crosses the basis line. The 
points «Sy... represent the instants at which the 
velocity reaches a maximum value in the downwards 
or upwards direction and therefore at these points 
the velocity curve exhibits minimum or maximum 





of the body at any instant. The restoring force is 
to be downwards, or negative, when the body is 
above the position of rest, that is when the displace- 
ment is positive, and upwards when the displacement 
is negative. The additional force is constantly to 
be directed against the velocity, that is to say it is 
to be upwards or positive when the velocity is down- 
wards and vice versd. In order then to obtain the 
correct direction of the force curve ordinates we 
must turn the displacement and velocity curves 
upside down. To obtain the magnitude of the force 
curve ordinates we multiply the ordinates of the 
inverted displacement curve by some constant factor 
P and those of the inverted velocity curve by some 
other constant factor Q. The two force curves thus 
obtained will not necessarily be to the same scale 
because, as will be remembered, we chose some quite 
arbitrary length to represent the ordinate J on which 
to base the construction of the velocity curve. 
Actually for the purpose of deriving the force curves 
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FiG. 4—SUPERIMPOSED CURVES, 


correctly to the same scale J ought to be drawn to a 
particular length determined in a somewhat complex 
manner by the mass of the body, the initial displace - 
ment I and the strengths of the restoring and 
additional forces. Assuming however for the moment 
that J has been drawn of the correct length then the 
ordinates of the inverted displacement and velocity 
curves multiplied respectively by P and Q will repre- 
sent the restormg and additional forces in action 
on the body to a common scale. An alternative 
method of achieving the same result would be to 
take the inverted displacement curve directly to 
represent the restoring force and to multiply the 
ordinates of the velocity curve, after inversion, by 
the ratio Q/P in order to obtain a comparable curve 
of the additional force. 

Leaving this question of scale for a moment, we 
have next to notice that before we can draw the force 
curves we must determine the values of the multipliers 
P and Q or their ratio Q/P. They are not open 
to arbitrary choice at this late stage in our work. 
When we selected the original distances p and q 
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values. The relative values of the successive maxi- 
mum and minimum values may be depicted by assign- 
ing some arbitrary length J to represent the down- 
ward maximum velocity at x. The succeeding 
maxima and minima will then be r J, rI,°5... 
where r is the same fractional multiplier as was used 
in plotting the displacement curve. Sketching in the 
curve thus indicated we get that shown in the lower 
part of Fig. 3. 

The two curves are shown superimposed in Fig. 4. 
It will be seen that they are of the same form and 
that, apart from a difference in vertical height, the 
velocity curve is simply the displacement curve turned 
upside down and moved bodily through the distance 
q to the right. 

Having obtained in this way graphs of the dis- 
placement and velocity of the body we may proceed 
to derive from them graphs of the two controlling 
forces which must be in action in order that the dis- 
placement and velocity may be as depicted in Figs. 2 
and 3. These two forces, the restoring and the 
additional forces, are, as we know, simply propor- 
tional to the displacement, d, and the velocity, v, 








FiG. 3—CONSTRUCTION OF VELOCITY CURVE 


or their ratio g/p—for the purpose of drawing the 
displacement curve Fig. 2 we committed ourselves 
not only to a particular value of the factor 7 as set 
forth in the table given above ; we also committed 
ourselves to a particular value of the ratio Q/P. 
A moment’s reflection will show the truth of this 
statement. Ifa given set of forces acts upon a body 
the path of the body will be defined for us by Newton’s 
laws of motion. Conversely, if as in this case, we 
prescribe a particular path or form of motion for 
the body the forces in action on it will be determined 
for us by those same laws. Hence having specified 
that the displacement of the body is to be as repre- 
sented in Fig. 2 and the velocity as in Fig. 3—that 
is to say having selected the value of the ratio q/p— 
we are committed to particular values of the restoring 
force Pd and the additional force Q v, or to a par- 
ticular value of the ratio Q/P. 

The value of the ratio Q/P is again a somewhat 
complex function. Hence before we can plot the 
two force curves to a common scale we have 
apparently two complex proceedings to carry out, 
first to determine the correct scale to which to plot 
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the velocity curve and secondly to determine the 
correct value of the ratio Q/P. It so happens that 
these two complex proceedings when combined, as 
we may combine them, reduce to a single proceeding 
of comparative simplicity. Both proceedings will 
be allowed for if we take the inverted displacement 
curve as a direct representation of the restoring 
force and if we then draw the inverted velocity curve 
making the ordinate J equal to a certain fraction 
of I, the ordinate representing the initial displace- 
ment of the body and now also representing the 
initial restoring force acting upon it. This fraction, 
8, is like the factor r used in the construction of the 
displacement and velocity curves, a pure number 
which is completely determined as soon as we fix 


Pd 





position of rest. It was stated that, subject to a 
qualification to be named later, this oscillation could 
not be prevented and that all that could be done was 
to cause it to decay as quickly as possible. The 
qualification refers to the fact that under certain 
circumstances the motion of the body after it has been 
disturbed will not be an oscillation in the ordinary 
sense but will consist of a return to the position of rest 
with a velocity which diminishes in the later stages 
into a mere creep towards the position of rest. The 
circumstances determining this form of motion, 
known as aperiodic, reside in the value assigned to the 
additional force relatively to the restormg force. As 
the value of the multiplier Q, expressing the pro- 
portionality between the additional force and the 
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FiG. 5—RESTORING AND “ ADDITIONAL "’ 
the ratio q/p. Associating it with r rather than with 
q/p we have the following table of its value :- 


Values of ». 


r 1 | 
s 0 j 


ee & i 
0-082 | 0-169 | 0-317 | 0-401 


0 
736 


1 1 ! 
0-486 | 0-574 | 0-686 | 0°723 | 0 
Having drawn the ordinate J of length equal to «I 
we proceed to complete the additional force curve in 
the same manner as we drew the velocity curve 
Fig. 3. The two force curves obtained by this process 
will represent the restoring force and the additional 
force to’ a common scale. It is not possible how- 
ever to determine what that scale actually is with- 
out an exact knowledge of the mass of the body 
and other numerical values which enter into the 
problem. 

In the upper part of Fig. 5 the restormg and 
additional forces as thus derived from the displace- 
ment and velocity curves, Figs. 2 and 3, are shown 
by the two superimposed curves Pd and Qv. The 
ordinates, such as TS and T W, of these two curves 
at any instant represent to a common scale the 
magnitude of the two separate controlling forces 
which must be in action on the body if its oscillation 
is to decay in the manner indicated in Fig. 2. The 
direction of the ordinates corresponds with the direc- 
tion of the forces. So far as the motion of the body 
is concerned it is immaterial whether the two forces 
are applied separately or whether a single force equal 
to their algebraic sum is applied instead. Since the 
two force curves are drawn to the same scale we may 
add their ordinates as they stand—with proper 
respect to their sign—in order to obtain a representa- 
tion of this resultant force, again to the same scale. 
In the lower part of Fig. 5 this resultant force is 
represented by the curve marked Pd+Qv, the 
restoring force P d by itself being added for purposes 
of comparison. It will be noted that the resultant 
force curve is of the same general form as the two 
force curves separately and the displacement and 
velocity curves. In all five cases the curves cross 
the basis line at the common interval p originally 
chosen for the displacement curve. In all five cases 
p is also the common interval between the occurrence 
of @ maximum and a minimum. 

The comparison of the resultant force and the 
restoring force curves shown in the lower part of 
Fig. 5 is, it may be noted, of particular interest 
because, as we will show presently, it provides a 
means of understanding the action of at least one 
important practical system of automatic control— 
the Sperry gyro-pilot—which, although relatively 
simple in its constructional details, is commonly 
found somewhat incomprehensible in its action. 


APERIODIC Morrion. 


In the first article it was shown that the disturbance 
of an automatically controlled body po ing mass 
was followed by an oscillation of the body about its 
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velocity, is increased relatively to the value of the | 
multiplier P, by which the value of the restoring force ! 
is derived from the displacement, the character of the 
motion passes imperceptibly from that of an ordinary | 
decaying oscillation into that of aperiodic motion. 
Aperiodic motion, in spite of the fact that it lacks the 
essential characteristic of an oscillation—the passage | 
of the body to and fro through the position of rest—is 
therefore simply an extreme case of the decaying | 
oscillation which so far we have been studying. 

Applied to the graphical construction of the dis- | 
placement curve given in Fig. 2 the effect of pro- 
gressively increasing the value of Q relatively to the 
value of P will be depicted for us if we progressively 
increase the distance p and decrease the distance gq. 
Aperiodic motion corresponds with the extreme case 
in which p becomes infinitely great while g shrinks to 
a certain finite limiting value which we will call uw. 
Although the graphical construction does not now 
permit us to draw the displacement curve it is not 
difficult to discover the essential characteristics of 
the motion. Firstly since g is small and p is infinitely 
great the point 6 at which the displacement curve 
crosses the basis line will have followed the point B 
to infinity. In other words the body having been 
deflected from O to A will take an infinitely long time 
to travel back from A to O. Secondly since B Fig. 3 
corresponds with the instant at which the velocity of 
the body is zero and since O B has become infinitely 
great it follows that when after an infinitely long time 
the body does return to the resting position its 
velocity as it arrives at O falls to zero. Thirdly since 
q has shrunk to the limiting value wu the point « 
Fig. 3 lies at a distance wu to the right of O. In other 
words the velocity of the body rises from zero at the 
start of the motion to a maximum soon after the 
start and then decays rapidly to a low and constantly 
decreasing value. 

In Fig. 6 four curves are given which show the 
effect on the displacement of the controlled body 
exercised by the value assigned to the multiplier Q. 
The first curve illustrates the displacement on a time 
basis when Q is zero, that is to say when the body is 
subjected to a controlling force in the entire absence 
of an additional force. The curve is of the familiar 
sine form characteristic of simple harmonic motion. 
The second curve shows the effect of introducing an 
additional force of comparatively small amount, that 
is to say of making Q small relatively to P. The body 
and the initial displacement given to it are assumed 
to be the same as before. The oscillation, it will be 
seen, decays fairly slowly. The third curve 
illustrates the manner in which the rate of decay 
increases as Q is increased relatively to P. The fourth 
curve represents the displacement on a time basis 
when Q is increased relatively to P to the extent 
required to bring about aperiodic motion. 

Comparing the third with the second curve, we see 
that one effect of increasing the value of Q is to reduce 
the extent to which the body on its return from A 
overshoots the original resting position O. Continuing 
to increase Q we find that the amount of overshoot 








diminishes until ultimately, without sudden change, 


we reach the condition of aperiodic motion in which 
the body creeps back towards O but never passes 
through it. Another fact revealed by the curves is 
that the period of oscillation of the body, as judged by 
the interval elapsing between its successive passages 
through the initial resting position, increases as the 
additional force is increased. In the ultimate case 
of aperiodic motion the period of oscillation of the 
body, if it can be said to have one at all, is infinitely 
great. 

It will be gathered that aperiodic motion corre- 
sponds with the extreme case included in the first. 
table namely that in which both 7 and q/p are zero. 
The zero value of r implies that after the initial dis- 
placement there is no succeeding maximum or 
minimum. The ratio g/p is zero because p is infinitely 
great. 

It is obvious that according to the above argument 
a body having aperiodic motion will never within any 
finite period of time fully recover the position of rest 
from which it was disturbed and that the rate at 
which it moves or creeps back to that position will 
never become zero. In other words -the finite store 
of energy imparted to the body by the external 
agency which caused its initial displacement from the 
position of rest never becomes fully dissipated. This 
deduction does not contradict the doctrine of the 
conservation of energy. If we start with a strictly 
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FIG. 6—-CONTRASTED DISPLACEMENT CURVES 


limited amount of capital and each day spend, say, 
half of what remains of it we will never completely 
exhaust it although in a very short time—ten days 
to be precise—we will have only a farthing for every 
pound originally possessed. 

If the motion of the body is not aperiodic but a 
decaying oscillation similar deductions follow from 
the theory. Whatever value the additional force, or 
multiplier Q, may have relatively to the restoring 
force or multiplier P, the oscillation will never within 
a finite period of time decay completely to zero and 
the body once set into motion will never come fully to 
rest. 

Aperiodic motion is not a mathematical abstraction. 
It is possible to realise it in practice. For example 
dead-beat magnetic compasses are available in which 
the motion of the card is substantially aperiodic. 
Observation shows that the creep of a body possessing 
aperiodic motion disappears, and that the resting 
position is fully recovered, within a finite and, it may 
be, within quite a short period of time. Similarly in 
practice a decaying oscillation does decay to zero 
‘Within a finite period. This discrepancy between 
theory and practice may be set down to the admitted 
failure of the theory to align itself fully with practical 
conditions. Alternatively we may with almost equal 
justice assign it to the incapacity of practice to detect 
creep or oscillation when it has fallen below some 
limiting rate or magnitude. It is immaterial which 
view is adopted. 

Mathematical Note.—The force in action on the body being 

F=—Pd—-Qz, 
the differential equation governing the motion is 
#+2b2@+a?x=0. ; (1) 
where 6=Q/2 M and a?=P/M and M is the mass of the body. 
If a? > b? i.e. if P > Q?/4 M the solution of (1) is 
az=C e~?* sin (mt+D). 
where m= ,/ (a*—b?). 
Differentiating (2) we get 
t=—Co* 1b sin (m t+-D)—m cos (mt+D) 


(2) 


(3) 


Hence, if, as assumed in the text, +, =O, we have tan D=m/b 
and therefore sin D=m/a and cos D=b/a. Substituting a cos D 
and a sin D for b and m in (3) we get 

t=—aCe* sin m t. (4) 
and hence 
#=a? Ce?! sin (mt—D). (5) 


From (2) x will be zero at times (17—D)/m, (2 1—D)/m, &e., 
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or at times p—q, 2p—q, 3p—q, &c., where p=2a/m and 
} 
=D/m. 
From (4) 2 will be zero and « a maximum or a minimum at 
times 0, p, 2 p, 3 p, &e 

From (5) # will be zero and ¢ a maximum or a minimum at 
times g, p+q, 2p+q, 3p+q, &e. 

The maximum value of x occurring at zero time will be 
C sin D=C m/a=I and the succeeding minimum and maxi- 
mum values will be rI, r2I, r3 1, &c., where r=e~?#/m. 

The minimum value of # occurring at time ¢g (= D/m) will be 
mC«P/M_J, and the succeeding maximum and minimum 
values will be r J, r°J, r°J, &c., where r has the same value as 
before. 

The ratio r may be written as r=e~7°CD, and, since 
q/p=D/a, cot D= cot (%q/p). Hence the ratio r is given by 
r=e *cot(% q/p) 
and is therefore a function of the ratio q/p. 

The ratio of the multipliers P, Q, by which the restoring and 
damping forces are derived from the displacement and velocity 
is a function of p and g being given by Q/P=psin 2D/z. Ifthe 
inverted displacement curve is taken as representing the restor- 
ing force to a certain scale the ordinates of the inverted velocity 
eurve multiplied by the ratio Q/P will represent the damping 
force to the same scale, provided the velocity curve is plotted to 
the correct scale relatively to the displacement curve. This 
proviso will be fulfilled if the zero time value I of the displace- 
ment is represented by an ordinate of length L units and if the 
minimum value J of the velocity occurring at time D/m is repre- 
sented by an ordinate of length k L units where & is a function 
of p and g namely 

k=(xe—P CObD) =» sin D. 


A simpler method of drawing the two force curves to correct 
relative scale is to take I=L as representing the zero time value 
of the restoring force and (Q/P) k L as representing the value of 





the damping force, to the same scale, at time D/m, The mul- 
tiplier Q &/P, or s, reduces to 
s=2cos De 
and, since D=q 2/p, « is a function of the ratio g/p and hence 
of 


—D cot D 


r. 

If g/p=}, then D=2z/2 and cos D=b/a=0. Hence in this 
case b=0 and r=1, corresponding to an undamped simple 
harmonic motion. Let a be kept constant while b is increased 
from 6=0 to b=a. Since p=2/m and since m decreases as 6 
increases the value of p will increase from 2/a when 6 is zero 
to infinity when b=a. When 6 is zero g=}p=2/2a. When 
b=a, cos D=b/a=1 or D=0 and therefore g (= D/m) becomes 
indeterminate. To determine the manner in which q varies as 
6 increases from zero to a we have m=a sin D and therefore 
q=D/a sin D. The value of the function @/sin @ decreases 
without intermediate maximum or minimum from 2/2 when 
g~=2/2 down to unity when g=0. Hence as 6 increases from 
zero to a, the value of q steadily decreases from 2/2 a down to 
the limiting value 1/a. 

According to the construction given in the text—see Fig. 3— 
the velocity ¢ reaches a maximum downward value at the time 
represented by t=q. Hence when b=a the velocity ought to 
reach a maximum downward value at the time t=1/a. This 
deduction agrees with that indicated by the solution of equation 
(1) when it is adapted to the conditions of aperiodic motion by 
writing b=a. That solution is 


ae“! (Nt+M), 
which if ¢,=0 and x,=I becomes 
a=e*! (at+)) I. 
e=—a*te*!] 
and #=a* e*! (at—1) I. 
Therefore < will be a maximum at t=1/a. 
(To be continued.) 


Hence 








Underpinning a New 


York Church Tower. 





HE tower of Trinity Church, at the western end 
of Wall-street, New York, has, with its spire and 
masonry foundation, a combined deadweight of 
11,900 tons. Yielding of the ground beneath the 
foundation has led to subsidence that has resulted in 
tipping the top of the spire, which is 274ft. 5in. above 
the ground, 17}in. out of plumb. When this departure 
from the perpendicular was revealed the Corporation 
of Trinity Church immediately authorised the taking 
of such engineeering steps as would effettually arrest 
any further settlement. Circumstances made it 
impracticable to restore the tower and spire to their 
original uprightness. To carry out the stabilising 
work that has been done has called for underpinning 
operations costing fully 100,000 dollars. 

Trinity Church of to-day is the third structure of 
that name to occupy the site. The first, started in 
1696, was destroyed by fire in 1776. The second was 
built between 1778 and 1790, and was razed, after 
fifty years of service, because of structural weaknesses. 
There can be no doubt that the ground, which was 
stable enough to support the church structures 
erected upon it, has latterly failed because of 
surrounding developments that have disturbed age- 
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FOUNDATIONS OF TRINITY TOWER 


old subterranean conditions. The builders of the first 
and second churches dug only deep enough to obtain 
satisfactory footings in a stratum of coarse sand dnd 
gravel. The bottom lines of the foundations in both 
cases were well above the known ground water level. 
The builders of the existing Trinity Church pursued 
virtually the same course, the footings being carried 
down into the superficial stratum of sand and gravel 
to a depth of about 12ft. The ground water level lies 
22ft. deeper than the underside of the tower founda- 
tion, and the intervening soil is composed of a mixture 
of fine sand and soft, moist clay. From the ground 
water level downward for approximately 24ft. the 
formation is for all practical purposes a quicksand. 
Between the quicksand and the bedrock there is a 
dense hard mixture of sand, gravel, boulder till, and 
boulders—all of glacial origin—the embedded boulders 
being frequently of considerable size. This hardpan 
has a vertical thickness, at the church site, of from 
12ft. to 15ft. The bedrock is a mica schist and is at 


a depth ranging from 58ft. to 65ft. below the bottom 
line of the tower foundation. 

The church is of the so-called English Perpendicular 
Gothic style, and is of brown stone construction. In 
plan, the edifice is generally rectangular and has a 
width of 79ft. and a length of 166ft. The longitudinal 
axis of the church is broadly on an east and west line. 


The tower stands out from the easterly wall, and the 
main entrance is through a doorway at the base of the 
tower. While seemingly integral with the east main 
wall of the church, the tower is virtually an inde- 
pendent structure with a width outside the flanking 
buttresses of 47ft. and a depth of 44ft. It rises 
134ft. 4in. above the surface of the ground, and the 
surmounting spire, which is octagonal in cross section, 
has a height of 140ft. lin. The spire carries a cross 
6ft. tall, making the total height from the ground to 
the top of the cross 280ft. 5in. The tower and spire 
are of brown stone ashlar, and the foundation is of 
brown stone rubble laid in cement mortar. The 
masonry, with the passage of years, has become 
extremely hard and almost monolithic in character. 
The foundation walls surround a central core of 
concrete, whose sub-structure has a bearing surface 
of 2500 square feet. The load on the supporting 
ground was found to be somewhat excentric, as a 
result of uneven settlement, the average load being 
4-76 tons per square foot, with a load of about 6 tons 
per square foot at the extreme westerly side, despite 
the fact that subsidence is greatest at the north- 
easterly part of the foundation. This excentricity, 
combined with the overloaded condition of the soil, 
necessitated great caution in planning and carrying 
out the underpinning work. 

The church is flanked to the north and south by its 
own churchyard, which has kept at a safe distance 
any underground effects of the tall buildings on those 
two sides. Immediately in front and also very close 
to the rear of the church are two of the city’s much- 
used thoroughfares, Broadway on the east and 
Trinity-place on the west. Rapid transit subways 
underrun both those streets. The subway beneath 
Broadway was dug in 1904 and the excavation for it 
extended to a depth of 13ft. below the bottom line 
of the tower foundation. The western wall of the 
subway is only about 9ft. away from the tower 
foundation. Although special means were employed 
to guard against the disturbance of the foundation 
at the time of digging the subway, the proximity and 
depth of the excavation and the vibrations of the 
trains probably initiated ground movements that 
have recurred during the succeeding years. Settle- 
ment of the walls at the western end of the church 
was detected after the subway was dug below 
Trinity-place, but serious subsidence of those com- 
paratively light walls was promptly arrested by under- 
pinning with steel pipe piles that were forced down to 
the hardpan with the aid of jacks. 

The tower of the church is set back only a few feet 
from the western sidewalk of Broadway, and on the 
opposite side of that street, at the two facing corners 
of Wall-street, were erected, in 1929 and 1932, two 
skyscraper structures, the Irving Trust Building and 
the First National Bank Building. Those structures 
are of steel framing with facings of cut stone, and in 
each case the foundation piers were carried down to 
bedrock. At their nearest points the bases of the 
buildings are only 70ft. away from the base of the 
church tower, while the substructures of the banking 
buildings extend approximately 56ft. lower than the 
under edge of the foundation of the tower. In carry- 
ing the piers of those great buildings down to bed- 
rock the 24ft. stratum of quicksand had to be passed 
through in each case, and there was undoubtedly some 
displacement of that material that had contributed in 
its natural state to the support of the tower. Move- 
ment in the church structure was first made visible 





by cracks above the arches of the clerestory windows 





in the eastern wall of the body of the church, north and 
south of the tower. The fissures subsequently widened 
and the process became accelerated during the last 
few years. The tower itself, however, remained 
unimpaired despite continuous settlement. An 
instrumental survey in 1935 revealed that the tower, 
at its top, was 7}in. farther north and 11#in. farther 
east than its base and that the tip of the spire was 
17}in. farther east than the base of the tower. 
Curiously, however, the tip of the spire was 4}in. 
to the south of the base of the tower, the axis of the 
spire and the axis of the tower no longer being coinci- 
dent, as they were in all likelihood originally. The 
upper line at the plinth course at the tower base was 
found to be 4in. low at the eastern side, but was 
presumably level at the time of construction. During 
a period of a little more than four months following 
the instrumental survey made in 1935 the tower was 
ascertained to have settled from }in. to ¥;in. It was 
this situation that prompted the Corporation of 
Trinity Church to take immediate steps to arrest @ny 
further subsidence by underpinning the tower with 
piers reaching downward to bedrock. 

The problem of how to proceed was complicated 
by the facts that the subsidence was continuous, that 
the bearing surface of the foundation was relatively 
small compared with the deadweight of the entire 
tower structure, and that the sustaining soil was 
manifestly already overloaded. The work had to be 
done with a minimum reduction of the foundation 
bearing surface during the underpinning, and in the 
circumstances had to be executed by stages lest any 
extensive displacement of the soil and cutting away 
of the foundation should seriously accelerate the rate 
of subsidence. The dominating conditions required 
that the underpinning units should be as small as 
practicable in cross section consistent with the 
required carrying capacity, and this fact imposed 
recourse to a considerable number of piers and to a 
corresponding number of operations in landing them 
on the bedrock. As the steel cylinders, which were to 
envelop solid cores of concrete, had to go through 
sand, quicksand, hardpan and boulders lying below 
the level of the ground water, it was evident that 
pneumatic caissons would have to be used in doing 
the work—the mucking to be done manually by men 
in the working chamber and in the air lock imme- 
diately above it. All told, the tower has been under- 
pinned with seventeen reinforced concrete piers, 
eight beneath each side wall and one at the centre of 
the foundation. 

To offset the loss of bearing surface caused by 
cutting through the tower foundation for the sinking 
of the seventeen caissons, extraneous support was 
provided by means of temporary shoring in the form 
of four horizontal needles, extending north and 
south through the foundation from the centre of the 
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CONSTRUCTION OF PIERS 


tower to outlying pits in the churchyard, where the 
exterior ends of the needles rested upon screw jacks 
which, in their turn, rested upon transverse channels 
laid upon a substantial timber mat 8ft. wide and 10ft. 
long. The four inner ends of the needles were sus- 
pended from four transverse I beams by means of 
thirty-two bolts, threaded to permit of adjustment for 
some vertical movement at the inner ends of the 
needles. On top of each needle, under the tower wall, 
there was a mat of oak planking, a packing of quick- 
setting mortar completing the contact between the 
masonry and the timber. The needles were placed 
level in their respective pits, but after the slightly 
moistened mortar had been packed and had set the 
inner ends of the needles were raised by screwing up 
the 2in. bolts after easing down the jacks at the outer 
ends. This was done to compensate for any deflection 
of the supporting transverse 27in. beams inside the 
tower and also to accommodate any shortening of the 
central underpinning pier, immediately under the 
needles, when that pier was loaded. The passages 
through the foundation masonry for the insertion of 
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the needles were cut deep enough to avoid any damage 
to the brown stone masonry of the tower walls. They 
were only 3ft. wide and in depth extended down to a 
level above the mid-depth of the foundation and 
therefore did not reduce the bearing area of the sub- 
structure. The screw jacks were operated with 8ft. 
levers, and two men, with a lever, were able to produce 
an uplift at each jack of 30 tons, or a total of 120 tons 
at the outer end of each needle. The combined lifting 
force of the four needles, reacting upon the tower, 
was approximately 1100 tons. The jacks were 
screwed up from time to time, after the needles took 
the load of the tower, to compensate for any settling 
that occurred in the timber mats beneath the jacks, 
and in that way the needles were caused to take their 
share of the burden continuously until all but the 
two last piers were finished. 

The first pier constructed was that at the centre of 
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eight curved plates, each 9in. wide and l}in. thick, 
arranged so as to form a ring having an outside dia- 
meter of 48}in. Full bearing between the cutting 
edge and the ring was assured by driving between the 
cutting edge and the ring twenty-four sets of steel 
wedges. After a cylinder was seated on the rock a 
steel bearing ring, 49}in. in diameter, 9in. wide, and 
ljin. thick, was placed on top of the cylinder. The 
ring was put in place after the shell had been com- 
pletely filled with concrete, the object of the ring 
being to direct to the steel shell a part of the load 
of the tower when that load was transferred to the 
pier by the interposition of a surmounting cap or 
block of concrete poured in place. Final contact 
between the tower masonry and the concrete cap of 
the pier was provided by a course, 6in. thick, com- 
posed of one part of quick-setting cement and one part 
of sand mixed very dry, forced into place by ramming 
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removed three of the 36in. beams were cut and 
arranged to bear on pier “ §,”’ with their ends reaching 
under each side wall. Interposed steel wedges con- 
nected the beams with the walls, and the surrounding 
excavation was then filled with concrete. A consider- 
able load was thus transmitted to the central pier 
and to that extent reduced the burden placed upon 
the sixteen piers directly under the side walls. 

A maximum settlement of in. occurred at some 
of the earlier of the completed piers before the last 
of the side piers were finished. The maximum settle- 
ment of the tower between the beginning of the work 
and its conclusion was jin., but further subsidence 
is now unlikely. The Foundation Company planned 
and supervised the underpinning, and from the start 
of sinking of the first caisson to the landing of the 
rock and primary sealing of the last caisson an 
interval of eighty days elapsed. During the opera- 
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PLANS OF TRINITY CHURCH TOWER SHOWING POSITIONS OF PIERS AND ARRANGEMENT OF TEMPORARY SHORING 


the tower foundation. The tubular shell and the 
caisson for that pier were similar to the corresponding 
parts of the sixteen other piers. The steel shell had 
an external diameter of 42in. and was made of }in. 
plates rolled to form and welded, each unit section 
being 4ft. lin. in length, and at each end was welded 
a flat ring, 3in. wide and }in. thick. These rings were 
punched to receive #in. bolts used to hold firmly 
together contiguous flanges as section after section 
was added while the shell was being forced down- 
ward until the bedrock was reached. All the cylin- 
drical sections were tested before use by subjecting 
them to an internal pressure of 50 Ib. per square inch. 
The four bottom shell sections formed the working 
chamber and the air lock. The working chamber was 
separated from the air lock by a steel diaphragm 
titted with a removable door, and a corresponding 
diaphragm and door were fitted at the upper end of the 
air lock. Piping, with control valves, carried com- 
pressed air into the air lock and the working chamber. 
The single men in the working chamber excavated the 
incoming material as the cutting edge was forced down- 
ward and put the spoil in pails, which were hoisted 
one at a time by the man in the air lock until the 
latter had six pailfuls. Then the air lock was sealed 
from the working chamber and the pressure reduced 
to that of the atmosphere, after which the door at the 
top of the air lock was opened and the six loaded 
pails hoisted to the ground surface, the process being 
reversed when the empty pails were lowered. Occasion- 
ally, when boulders were encountered on reaching 
the hardpan, the man in the working chamber used a 
pneumatic drill to break them up so that they could 
be passed through the doors and raised to the surface. 
Air-driven tools were also used to dig into the hardpan. 
Air was supplied at a pressure of 100 lb. for the 
pneumatic tools, but the maximum air pressure in any 
air lock and working chamber did not exceed 17} Ib. 

The cylinders were forced downward into. the soil 
by two hydraulic jacks, each having a capacity of 
100 tons. The jacks were hung from beams above 
each cylinder and reacted against the tower masonry 
immediately above. The surface friction encountered 
by the cylinders attained a maximum of from 200 tb. 
to 225 Ib. per square foot. When the cutting edge 
was close to the rock the rock surface was cleaned 
and a bed of quick-setting concrete was laid thereon, 
and on that concrete was set a ring, composed of 





and hammering after the main mass of the cap had 
set. The average time required to force the cutting 
edges of the cylinders down to the bedrock was four 
days. 

The three caissons first sunk were those successively 
for piers “8,” Nos. 1 and 2. ‘Thereafter the remain- 
ing caissons were sunk two at a time, one under each 
of the flanking walls and in corresponding positions. 
This procedure was followed to maintain symmetry 
both in soil disturbance and balance in the under- 
pinning operations. The area of concrete within each 
cylinder is 1325 square inches, and the area of the 
steel shell is 65 square inches. The area of the steel 
shell is therefore 4-9 per cent. of the concrete. The 
allowable load on each cylinder is 950 tons. Had it 
been possible to place the whole weight of the under- 
pinned mass upon the seventeen piers the load per 
pier would average 700 tons. In the circumstances 
it was not possible to place the piers so that the centre 
of gravity of the foundation of each pier would corre- 
spond with the centre of gravity of its imposed load, 
and owing to this excentricity the most easterly of the 
piers are called upon to sustain each an additional 
load’ of 75 tons. However, the situation is such that 
there is little likelihood that the entire load of the 
tower, spire, and original foundation will have to be 
borne by the piers because only about 10 per cent. of 
the bearing area of the original masonry foundation 
was removed during the underpinning work. This 
very moderate reduction of the bearing area was 
achieved by the procedure adopted in sinking the 
pier ¢aissons under the side walls. In each case a 
recess 4ft. wide and 6ft. in height was excavated 
inward from the outer face of the masonry foundation, 
above the half depths of that masonry ; and within 
that chamber, as a starting point, a shaft was sunk 
downward to the bottom of the foundation, the shaft 
being approximately 4ft. in diameter. 
permitted the placing of the two bottom sections of a 
tube and allowed space above for the jacks that 
forced the shell downward far enough to add another 
section ; and thus the work proceeded as a cylinder 
was lengthened repeatedly until it had arrived at its 
maximum penetration of the underlying ground. 
The central pier ‘“S,” which was jacked down 
against the transverse beams supporting the inner 
ends of the needles, also bears a part of the side wall 
load. When the needles, as temporary shoring, were 
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tions church services were conducted without 
interruption. 








AMERICAN INDUSTRIAL OUTLOOK FOR 1937. 


AttHoucH the United States saw a marked 
recovery in industrial affairs during 1936 and there are 
indications of continued and increased improvement 
for 1937, there are some indications of less favourable 
factors. Besides control and restriction laws already 
passed, Congress seems likely to continue its somewhat 
unfriendly attitude to business and private enterprise, 
and the Government administration is continuing this 
same attitude, together with a friendly attitude to the 
labour organisations. This is said to be one of the direct 
causes of the flood of strikes, notably the one attempting 
to secure the unionising of the automotive industry, 
the strikes including manufacturers of supplies, such as 
glass, lamps, bearings, &c. It also affects the large 
steel works, which have strikes of their own. However, 
in 1936 the steel production was nearly 50 million gross 
tons, or 40 per cent. of the world total, although less 
than the totals of 1928 and 1929. The automotive 
industry was the largest consumer of steel. In engineering 
construction the value rose to about £1,100,000, or about 
half of a fair average for a good year. More important, 
perhaps, was the great increase of private work, since 
the industry has been maintained chiefly for a few years 
on public works financed to a large extent by the Federal 
Government. While there is still a great volume of such 
work for 1937, it is probable that Federal aid will decline, 
leaving the initiative to the State Governments and 
local authorities. It has been said that the country is 
short of its normal situation in every department of 
engi ing and construction, so that there is a shortage 
to be made good, apart from further increase in fixed 
investment. Thus there are indications of coming 
great activity in this direction, based on normal practice 
rather than the emergency conditions of the past few 
ears. On the whole, in spite of certain threatening 





clouds, there seems to be a bright outlook for the present 
year. 








Rarwcars In INDo-Cuina.—A note in Indian Engineering 
says that, following the introduction of six 280 B.H.P. 
Decauville railcars on the Yunnan Railway, the State 
Railways of Indo-China have ordered six metre-gauge 
250 B.H.P. Renault oil-engined railcars. The new railcars 
will be used for the short-distance services out of Hanoi 
and Saigon and between Saigon and Mytho. 
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STEEL CASTINGS IN HYDRAULIC TURBINE CONSTRUCTION 


(For description see opposite page.) 
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FIGS. 1, 2 AND 3—PROPELLER TYPE RUNNER FOR GREAT FALLS, MANITOBA; FRANCIS TYPE RUNNER FOR NIAGARA: PELTON WHEEL RUNNER 
FIGS. 4 AND 5—HALF DISCHARGE RING AND UPPER DRAFT TUBE, BOULDER DAM: CASING FOR FRANCIS TURBINE 


FIGS. 6, 7 AND 8-LAWACZEC RUNNER FOR LILLA EDET: PELTON WHEEL RUNNER: VALVE BODY FOR Disc VALWE, 








JAN. 29, 1937 


THE ENGINEER 


127 








Steel Castings in Hydraulic Turbine 
Construction. 


S a machine, the hydraulic turbine has not under- 
LA. gone any radical changes in design for a number of 
years. Conditions of head, usually classified as high 
heads over 300ft. or so, are well met by either Pelton 
wheels or horizontal shaft-cased turbines of the single 
or double-flow Francis type, moderate heads, roughly 
between. 50ft. and 300ft., are usually served by 
vertical shaft Francis turbimes and low heads by pro- 
peller type machines, where, while the ‘ setting ”’ is 
similar to that of a vertical shaft Francis wheel, the 





concerned, they are obviously not of a difficult nature 
and the sections of the castings are not intricate, as 
steel castings go, either, but reaching 7ft. diameter 
and having to be tested to 500 lb. pressure, they are 
notable on account of their size, the branch piece in 
the foreground weighing some 45 tons. 


Runners: Use or AtLoy STEELS. 


Runners of moderate dimensions and especially 
those of high-speed high-head Francis turbines are 














Fic. 9—-BUILT-UP SCROLL CASE 


runner, a8 the name implies, has four or more com- 
paratively flat blades, sometimes in the form of a fan, 
as the one in Fig. 1, and at others rather more in the 
form of a screw pump impeller, as seen in Fig. 6. 
Incidentally, both these runners were formed in cast 
steel, though, compared with others to be discussed 
presently, they are of relatively simple form. 

Most hydraulic turbines of any appreciable power 
and more especially those operating at high heads 
call for large castings, and while not generally as 
simple as those shown, they are not so intricate as 
castings go, but they may be exceedingly heavy on 
account of the pressures encountered, so that steel 
ones are desirable from the standpoint of weight 
reduction, and this, together with the desirability of 
having the runner, at all events, cast in corrosion- 
resisting ‘material, renders the use of alloy steels 
desirable, and that adds appreciably to the difficulties 
of the steel founder. In fact, the successful pro- 
duction of alloy steel castings has only but recently 
been accomplished. 

The more orthodox type of Francis runner with its 
thin tapering blades, which must be as accurate in 
form as possible, and its heavy hub and rim is an 
exceedingly difficult piece of steel foundry work which 
has rarely been attempted in this country, though the 
American Allis Chalmers Company, even at a time 
when steel foundry technique was inferior to what it is 
at the present day, cast the runners of the 70,000 H.P. 
turbines at Niagara installed during 1921-3 in the 
form shown in Fig. 2. With a diameter of 15ft. 3in. 
and a weight of nearly 45 tons, this was regarded as. a 
great advancement, though no attempt was made to 
cast the heavy sections of the scroll case. In low fall 
turbine work this can now be conveniently formed in 
the concrete foundation block, while for moderate 
heads the riveted construction (Fig. 9) is an obvious 
solution of the problem, this showing a shop erection 
view of a 12,500 H.P. Voith turbine operating at. 70ft. 
head. Cast iron sections were used by the American 
Morgan Smith Company for the sections reaching 
11ft. diameter for the 91,000 H.P. units of the Diabolo 
(Seattle) plant, recently (Fig. 10) put into operation 
and which operate under 327ft. head; but Allis 
Chalmers took the bold course of using steel castings 
for this purpose for the Boulder Dam turbines, which 
develop 115,000 H.P. (Fig. 12) ; while Fig. 4 shows the 
draught tube casing sections, also of the same mate- 
rial, of the same turbines, which have cast steel 
runners, too. So far as the pieces shown in Fig. 4 are 





frequently cast in bronze, though the tendency at the 
present day is to use steel. The typical one for a 
vertical shaft machine, shown in Fig. 11, which has a 
diameter of 16ft., a height of 6ft. 6in., and weighs 
29 tons, is a production of the German Bochumer 
Verein steel works. In addition to these castings 
having to be absolutely sound, accuracy is important, 
as the efficiency of the machine depends a good deal 
on the exact preservation of the designed blade 











curvature, and this is a matter of no mean difficulty 
with metal which may haveto be run at round 
1700 deg. Cent. and has a cooling contraction of any- 
thing up to fin. per foot. If this can be assured, 
however, hydraulic turbine runners cast from metal 
with an average composition of 0-29 per cent. C, 
0-48 per cent. Si, 0-53 per cent. Mn, and 13-4 per 
cent. Cr have very good hydraulic properties, and the 
runners of the 24,000 H.P. Boving turbines for the 
Tummel power plant—Fig. 14—were cast in Sheffield 
from similar material. 

In the important matter of the composition of the 
steel used for this or for that matter for any other 
purpose it is only possible here to make a few general 
assertions, as it is one which has to be decided by the 





Fic. 11—FRANCIS TYPE RUNNER 


founder, the me‘aliurgist, and the designer when ali 
the circumstances are taken into account. In foundry 
work the use of alloy steels is more or less restricted 
to those with a nickel, nickel-chrome, or nickel-chrome- 
molybdenum content, apart, of course, from high- 
content manganese steels which with the exception 
of the parts of sand pumps and dredgers are of little 
or no interest in the present connection. As might 
be inferred, nickel is the important element in the 
alloying of foundry steels and the greater portion of 
them fall into the pearlitic group. Compared with 
pearlitic carbon steels of equal ductility, Ni steels of 
this group possess higher tensile strength, elastic 
properties, and hardness combined with high resist- 
ance to fatigue and impact, while the austenitic Ni- 
bearing steels are heat and corrosion resistant. The 
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addition of chromium adds hardness and strength to 
the toughness and ductility imparted by the nickel 
when the Ni: Cr ratio is about 2$:1, while small 
percentages of vanadium, not exceeding 0-25 per 
cent., give the casting a high elastic limit and marked 
ductility. 

Recent investigations, too, have shown good pro- 
perties to result from the addition of molybdenum. 





plays a very. important part in the production of a 
successful steel casting. Admittedly in the case of a 
runner of the type shown in Fig. 11 the designer is a 
good deal hampered by having to conform to theo- 
retical considerations in the matter of the blade form, 
and their thickness and all steel castings which involve 
any radical changes of thickness like these do are 
bound to be troublesome, though with careful heat 
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FiG. 12—FRANCIS TURBINE FOR 


Small additions of Mo to carbon steel containing 
0-81 per cent. Mn and 0-65 per cent. Si increase the 
yield point above that of plain carbon foundry steel, 
while with the addition of 0-5 per cent. Mo to 0-27 
per cent. carbon steel with 0-95 per cent. Mn and 
0-30 per cent. Si there results considerable increase 
in toughness and greater tensile strength without 
appreciable loss of ductility, though the steel must be 
drawn at a somewhat lower temperature. 

These effects will be recognised as similar to those 
which Mo produces in wrought steels, so that, 
properly alloyed, high strength and hardness are 
obtainable by air quenching. This eliminates other- 
wise difficult and costly heat treatment. The Mo 
steels, too, are practically immune from temper 
brittleness, and that is important in resisting shock, 
while they also stand up well to abrasive conditions 
while possessing considerable toughness, properties 
one would look for in a Pelton wheel. Then again, 
castings alloyed with Si-Mo, Cr-Mo, and Mn-Mo, in 
addition to being free from cracking in the mould, are 
amenable to welding and the latter is important, not 
only from the standpoint of being able to repair a 
fracture, but because pitted turbine runners can be 
saved for further use by this means. 

Then, as it is hardly necessary to point out, design 
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13—SPEED RINGS 











treatment they can, like the speed ring castings, 
shown in Fig. 13, be now successfully handled. This is 
a@ comparatively small casting, as these hydraulic 
castings go, being 12ft. diameter and 5ft. 4in. wide 
and weighing 8 tons. It is a recent production of the 
German Stahlwerk Krieger, of Diisseldorf. Formerly 
this part of the turbine has been built up of cast iron 
and sometimes steel sections calling for a good deal of 
awkward machining and no little hand fitting, though 
a large casting of this nature would obviously have 
to be so constructed, though with modern alloy steels 
it is now possible to cast them comparatively lightly 
and readily machinable without sacrifice of strength 
or other physical properties, 

This is well illustrated by the turbine casing shown 
in Fig. 5, which will be recognised as the main casing 
of a high-head high-speed Francis turbine operating 
under head conditions which might conceivably be 
suitable to a Pelton wheel. The decision to use one 
type or the other for head conditions, say, over 
500ft., is arrived at only after very careful considera- 
tion of a number of factors which need not be gone 
into here. Suffice to say that this type of turbine 
may, under certain conditions, actually prove cheaper 
than a Pelton wheel if the casing can be economically 
built to stand the pressure. That again is largely 
made possible by the modern steel casting, the work 
shown being a production of the Skoda Works, 
of Prague, who are weil known in this particular 
field. 

On the other hand, while the orthodox type of 
Pelton runner looks simple enough, the fitting of the 
buckets to the wheel calls for very careful machining 
of the seats and the use of high-tensile fitted bolts in 
reamed holes. This can be entirely eliminated by the 
use of completely cast runners of the form shown in 
Fig. 3, also a production of the Skoda Works. It is 
intended to be fitted on to a hub, though the one 
shown in Fig. 7, by Stahlwerk Krieger, is ready for 
boring to take the shaft. 

As far as this country is concerned there is less 
scope for this class of work, but that British steel 
founders are capable of high-class work is demon- 
strated by the two engravings, Figs. 14 and 8. The 
first shows the runners for the turbines of the Tumme! 
development made in 1932 by Firth-Vickers Stainless 





FiG. 14—STAINLESS STEEL RUNNERS FOR TUMMEL, SCOTLAND 


Steels, Ltd., and the other part of a disc valve made 
by the English Steel Corporation, Ltd. 








Protective Devices in Motor 
Circuits. 


Many points of real interest and importance to 
those connected in one way or another with motor 
control gear are discussed in a paper on “ Lay-out 
and Rupturing Capacity of Protective Devices in 
Motor Circuits,’’ read before the Institution of 
Electrical Engineers, on January 21st, by Mr. 
J. O. Knowles. Few contributions have been 
better presented or received. With the help of 
lantern slides; films, and experimental demonstra- 
tions the author gave an excellent show, almost 
equal to the best within our recollection. The 
paper covers much more ground than the title 
indicates, which, for obvious reasons, is not unusual. 
It shows, for instance, how desirable it is in certain 
cases to operate motors at higher pressures than those 
commonly employed. Experience indicates that 
volts can often be more easily handled than “‘ amps.”’ 
Although A.C. motors of several hundred horse-power 
are commonly wound for 400 volts, material advan- 
tages may be gained from the control gear designer’s 
point of view by winding them for 3300 volts. Fre- 
quent switching with the heavy current that the 
low pressure entails causes much more wear on the 
contacts than is experienced at the higher pressure. 
For a 400-volt motor and a 3300-volt machine of 
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given output the cost of the control gear is very much 
the same, and in view of the smaller current to be 
handled in the latter case the higher pressure is 
desirable, especially as it permits of using smaller 
cables. Pressures higher than 3300 volts, such as 
6600 and 11,000, present difficulties to motor designers 
except in the case of very large machines, such as those 
employed for operating mine hoists and rolling mills. 
There is, however, no difficulty in applying 3300 
volts to motors of several hundred horse-power, and 
machines designed for this pressure are coming into 
more general use for driving auxiliaries in power stations 
and large machines in factories. In some power stations 
there are two distribution pressures, 400 volts for the 
smaller auxiliaries and 3300 volts for large motors 
driving such things as induced and forced draught fans. 
While it is difficult’ to generalise, experience shows 
that the retention of 440 volts for distribution has in 
large installations presented problems in carrying 
capacity, cabling, and rupturing capacity, which 
would not have arisen if the growth of the installa- 
tion could have been anticipated and a nucleus of 
3300 volts distribution arranged for at the 
outset. 

Another part of the paper worthy of mention is 
that which deals with magnetic blow-outs, in which it is 
shown that the interruption of a D.C. circuit by a con- 
tactor requires the use of a magnetic blow-out if a long 
flaring arc is to be avoided. A D.C. contactor of the 
kind will easily interrupt 100 amperes, yet has been 
known to fail to break 4 ampere supplied to an 
inductive load, the reason being that the blow out 
has no effect at this low current. On an A.C. circuit, 
however, contactors can be made to break currents 
up to 2000 amperes or more without the use of a 
blow-out. On small currents the are is usually 
negligible. A striking illustration, shown by a film, 
was the breaking of a 100-ampere, 400-volt A.C. circuit 
with resistance load on two similar contactors, one 
fitted with a blow-out and one without. In the latter 
case the arc was scarcely visible, whilst in the former 
it was pronounced. At low power factors, however, 
the arcing on an A.C. contactor is more serious than 
at unity power factor. The point in the current wave 
at which the are begins affects the arc that may be 
struck and under the same circuit conditions the 
results of successive tests may vary considerably. 
But one of the most important points considered in 
the paper is the limiting of short-circuit current. 
This is a matter to which many engineers now seem 
to be giving attention. It was dealt with in the paper 
we reviewed last week, but mainly with reference to 
extra high-tension supplies. The number of engineers 
who must concern themselves with the problems in 
extra high-tension switchgear is small compared with 
the number concerned with low-tension gear on motor 
circuits. Far more, the author states, is known about 
the behaviour of 6600-volt oil switches on short 
circuits of 100,000 kVA than about the performance of 
400-volt switches on short circuits of 25,000 kVA. 
As private plant generators have been superseded 
to a large extent by public supply transformers, the 
short-circuit power has increased considerably. <A 
1000-kKVA generator will give a short circuit in the 
neighbourhood of 6000 kVA, but a transformer of 
the same capacity fed by a normal extra high-tension 
network will produce 20,000 kVA. High short- 
circuit values can be almost always avoided on 
low-tension networks if there is the will to avoid them 
and if the basic lay-out includes that intention. The 
author contends, and no doubt rightly, that insuffi- 
cient use is often made in large’ installations of the 
choke effect of transformers. Installations grow up 
on low voltage and the industrial engineer has need 
to borrow some of the ideas of the supply engineer, 
who thinks in terms of high voltage distribution with 
a number of low-tension units, each placed as close 
as possible to its section of the load and not usually 
larger than 500 kVA. Larger transformers give 
heavier short-circuit currents, and at values over 
25,000 kVA very little is generally known about the 
performance of low-tension switchgear or fuses. 

One of the most useful things that have come to the 
aid of control gear designers is the high rupturing 
capacity cartridge fuse, first fitted, we believe, to 
starting gear by Brookhirst Switchgear, Ltd. The 
time of operation of these fuses on severe short 
circuits is very rapid. Small starters of the simplest 
kind have been found to be in good working order 
after they have been subjected to conditions which, in 
the absence of the fuses, would have easily destroyed 
them. On a 380-volt circuit capable of giving 
40,000 r.m.s. amperes a 30-ampere cartridge fuse has 
been shown to blow in 0-001 second before the current 
rose above 2500 amperes. Owing to its slower opera- 
tion the circuit breaker does not deal with severe 
short circuits. It merely opens on overloads, although 
by using a different size of fuse with an increased 
time of operation it is possible for the breaker to 
come out, first on the lesser short circuits and for the 
fuse to clear first when the fault is severe. The con- 
struction, use, and testing of high rupturing capacity 
cartridge fuses were described in a short series of 
articles appearing in THE ENGINEER of October 26th, 
November 2nd, 9th, 16th, and 23rd, of 1934. The 
part they now play in the electrical industry is a 
highly important one, and in view of the heavy short- 
circuit currents that have become possible in factories 
and other places many have reason to be thankful for 
their introduction. 





Winter Concreting. 


By VICTOR 8. WIGMORE, M.8.E. 


a that increased working stresses, based upon 
the strength shown by test cubes cast on thé 
site, are being permitted in the design of reinforced 
concrete structures, it is important that engineers and 
contractors should fully realise the effect that tem- 
perature has upon the strength of the concrete, and, 
to a still greater extent, upon the test cubes by which 
the structure is judged. 

Those who have been in the habit of taking weekly 
tests upon concrete cubes will, most probably, have 
experienced the alarming decrease in strength which 
has accompanied the first cold spell after summer 
weather, although the temperature at the time may 
have been many degrees above freezing point. There 
is a general impression that so long as the tempera- 
ture does not fall below freezing point the strength of 
the concrete will not be adversely affected, and that 
provided concreting is stopped at, say, 36 deg. Fah., 
all will be well. This is an erroneous impression. 
Suppose, for example, that the specification calls for 
a compressive strength of 2500 lb. per square inch 
at twenty-eight'days, and that concrete cubes taken 
during the summer months when the temperature 
has been in the region of 65 deg. Fah. show the com- 
pressive strength to be in the neighbourhood of 
2750 lb. per square inch, then should there be a cold 
spell when the temperature falls to 40 deg. to 45 deg. 
Fah., the concrete cubes cast during that cold spell 
are almost certain to give results below the specified 
minimum, due entirely to the lower temperature 
which has been experienced. The reason for this 
reduction is to be ascribed to the fact that as the 
temperature falls, so the rate of hardening slows down, 
assuming that the other factors are kept constant. 
To the contractor therefore whose concrete strengths 
have not shown a wide margin of safety during the 
summer months, it is vitally important that he 
should be prepared to tackle this cold weather 
problem. 

Portland cement, as manufactured to-day, is of 
such high strength that even if the concrete contains 
some adverse factor, as, for example, dirty sand or 
an excess of water, the resulting strength will often 
prove satisfactory in the summer months. When, 
however, another adverse item is added, such as 
reduced temperature, the combination of dirty sand 
or excess water plus cold weather will invariably 
produce poor strength concrete. If concrete strengths 
are to be maintained during the cold weather, atten- 
tion must be paid, first of all, to the coarse and fine 
aggregates. Are they reasonably clean and free from 
organic matter ? Tests which can easily be carried 
out on the site are described in the Building Research 
Station recommendations for a code of practice for 
reinforced concrete structures, or samples can be 
sent to a testing laboratory to determine these points. 
Are the aggregates well graded, or is there an excess 
of fine particles in the sand ? If the coarse and fine 
aggregates do not stand up to these tests satisfac- 
torily, it is advisable to change over to materials 
from another source, even although the strength of 
the concrete has been above the specified limit during 
the summer months. 

The next and very important item to be considered 
is the water—not the quality so much as the quantity. 
It is very seldom that the quality of the water is the 
cause of low strength, whereas the quantity ranks 
easily among the chief causes of poor quality con- 
crete, due usually to the anxiety on the part of the 
foreman to place his concrete as quickly as possible 
with the minimum of labour. With the majority of 
mixes the addition of excess water will defeat the 
object by causing segregation and a harsh working 
concrete, whereas the correct amount of water will 
often produce good workability. By ‘‘ workability ” 
is meant the ease with which the concrete can be 
filled into the forms and around the reinforcing bars. 
Upon most contracts much more water is used than 
is really necessary, and experiments should be made 
to reduce *gradually the quantity of water in order 
to ascertain whether the concrete can be placed as 
easily with the smaller amount of water. If these 
experiments show that by using less water harsher 
workability results, then attention should be given 
to the proportion of coarse to fine aggregate. If the 
proportions are 4 cubic feet jin. to #in. aggregate, 
2 cubic feet of sand, and 1 cubic foot of cement, and 
no allowance is being made for the bulking of the sand, 
a harsh mix will frequently result. The bulking of 
sand varies according to the amount of moisture con- 
tained in it, and the fineness of the particles. Sands 
containing only 5 per cent. of moisture will often 
bulk by as much as 30 per cent., so that ina 4:2:1 
concrete, where no allowance has been made for 
bulking, the actual proportions will probably be 
nearer 4: 14:1. By adding the correct amount of 
sand the cost per yard of concrete will be reduced, 
and increased workability, with a lower water content, 
will be obtained. 

If allowance is already being made for the bulking 
of the sand and the concrete is still harsh, then it may 
be necessary to vary the proportion of coarse to fine 
aggregate or obtain properly graded aggregates. Some 





of the better-known suppliers of gravel and sand do 
attempt to grade their materials, with a view to pro- 
ducing a dense workable concrete, but many aggre- 
gates contain insufficient of the larger stones and a 
preponderance of the smaller sizes which tend to 
make for harsh working concrete, especially when the 
grading of the coarse aggregate overlaps that of the 
sand. 

The scientific designing of concrete mixes for the 
varying types of structure is a specialist’s job, and is 
best passed on to a testing laboratory which specialises 
in that type of work. 

Having obtained first-class aggregates and reduced 
the quantity of water down to the minimum which 
will give the required workability, the difficulty is 
to keep the water/cement ratio more or less constant. 
Unfortunately, there does not appear to be any 
reliable apparatus on the market for testing the 
workability of concrete. We certainly have the 
slump cone test, but those who have had experience 
of this apparatus will no doubt agree that it gives no 
true indication of the workability of the concrete. 
The best that can be said about it is that it is some 
guide on the job in the absence of anything else. 
Frequently a concrete mix, on the harsh side, will 
show a slump of 4in. or 5in. when it has been mixed 
with a great deal of water, whereas a properly designed 
mix which has much greater workability and less 
water will only show a slump of 2in., and will also have 
a higher strength. 

It can be accepted for most types of concreting 
in situ that the more water is added, the lower will 
be the strength. There would appear to be some mis- 
apprehension on this point, as one occasionally hears 
on the job that if more water were added the concrete 
would give a higher compressive strength. This mis- 
apprehension is probably due to the fact that books on 
concrete sometimes show strength curves in which the 
strength increases with the amount of water added, 
up to a certain point, before the curve starts to fall. 
Actually, a concrete which would give maximum 
strength is not a workable concrete, and could not be 
placed in ordinary structures unless a very efficient 
type of vibrator were employed. With ordinary hand 
placing and compacting the contractor will be safe 
if he accepts the rule that more water will reduce 
the strength. 

Undoubtedly the most efficient method of propor- 
tioning is by weight, as by this method, the varia- 
bility due to the bulking of the sand is eliminated, 
and the only adjustment which need be made is for 
the amount of moisture in the sand, which is usually 
in the vicinity of 1-2 per cent. for the aggregate and 
6-8 per cent. for the sand. On the majority of con- 
tracts, however, the old-fashioned method of propor- 
tioning by volume is still employed, and as the water 
gauge on the mixer is often out of action, the amount 
of water added is a matter, more or less, of guess- 
work, according to the experience of the man at the 
mixer. Where this method is employed, it is impos- 
sible to obtain concrete of consistent strength and the 
best that can be done is to obtain, by trial and error, 
the consistency which will give the required worka- 
bility, noting the angle which the concrete assumes 
after it has fallen into the barrow. Frequent check 
tests with the slump cone may impress the mixer 
driver. 

Now we come to the making and curing of the test 
cubes and care should be exercised to see that these 
are made and cured in strict accordance with the 
details given in the Building Research Station code 
of practice. The manner in which the concrete is 
sampled is also of vital importance, and the instruc- 
tions given in the code should be adhered to if the 
cubes are to give a true indication of the strength of 
the concrete in the job. It should be remembered 
in connection with the curing of the cubes that the 
specimen, being of such small dimensions, will react 
more quickly to the lower temperature, the warmth 
which would normally be generated by the setting of 
the cement being more rapidly dissipated. It is not 
fair therefore to insist, as is so frequently done, that 
the cubes should be left out in the open to cure, with 
the idea that the specimens should be exposed to the 
same conditions as. those to which the structure is 
subjected. The section which has been concreted 
is usually of large dimensions, and the heat which 
has been generated is conserved by wooden forms, 
so that the comparison is not a true one. 

Concreting is seldom carried out in this country 
when the thermometer is below freezing poimt, but 
if this practice becomes necessary the water and 
aggregates should be warmed, the latter preferably 
by means of steam pipes, and the concrete for the 
first two or three days at least should be enclosed by 
tarpaulins, the air space between the tarpaulins and 
the concrete being warmed by stoves. Provided that 
this course is carried out efficiently and that the water 
used for gauging the concrete is treated as though it 
were the dearest ingredient ‘instead of the cheapest, 
there is no reason why the strength of the concrete 
should not be maintained: throughout the winter 
months. 
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Links in the History of the Locomotive. 


By C. F. 


NEaTH ABBEY. 


\7EATH ABBEY has never taken the place in loco- 
iN motive history to which it is entitled. It was 
founded by Peter Price, who was trained at Coal- 
brookdale. The present representatives of the Neath 
Abbey Iron Company are Messrs. Taylor and Sons, 
Briton Ferry. They possess a great number of 
interesting early drawings, many of which have been 
lent to me at various times by the late Mr. Glen A. 












DENDY MARSHALL, M.A., M.I. Loco. E. 


dated December 22nd, 1829. It forms an early 
example of metallic packing for the pistons. 

2. Another engine for the same purchasers was 
named ‘“‘ Hercules’; details and date not known. 

3. The next was an articulated engine built “ for 
the Dowlais Iron Company, August 31st, 1831.’’ The 
original drawing was reproduced in THE ENGINEER 
for August 12th, 1932, and forms the frontispiece to 
my book, ‘“‘ The Motion of Railway Vehicles on a 
Curved Line.” It is of very great interest, as being 


book on articulated locomotives the credit for being 
the first one is given to Horatio Allen’s engine of 1832 
for the South Carolina Railroad. 

4. We now come to the “ Royal William,” built for 
the Gloucester and Cheltenham Railway, the Act for 
which had been obtained as early as 1809. A great 
number of detail drawings of parts of this engine have 
survived, dated from June to December, 1831; one 
being merely of a spanner, but no general arrange- 
ment drawing. No doubt the celebrated Professor 
Owen would have been capable of reconstructing the 
entire engine from the spanner alone, but even with 
the help of the rest of the drawings the task was too 
much for Mr. Taylor or myself. Fortunately, there 
is a drawing of the packing case in which it travelled, 
shown in Fig. 2, which gives a fairly good idea of what 
it was like. It is marked ‘‘ Case for the Royal William 
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Taylor. The followmg passage occurs in a letter from 
him, written in 1932 :— 


We are very proud of our long connection with the famous 
old firm, as my great grandfather came into the firm from Corn- 
wall when they started in 1792, and the connection continued 
with my grandfather and father, who was works manager when 
the old firm gave up the business. Father then started on his 
own and later took into partnership some of the younger Prices 
of Neath Abbey, who continued as partners until 1896, when 
the firm of Taylor, Struve, Eaton and Price was dissolved. 


At the time they began to build locomotives Henry 
Taylor was the designer. He followed in no one’s 
footsteps and produced some engines of striking 
originality. I have gathered a certain amount of 
information about nine which they built between 
1829 and 1837, as follows :— 


1. Fig. 1 is copied from an origmal drawing of 
Henry Taylor’s and represents an engine called 
* Speedwell,”” made for the Monmouthshire Canal 
Company and ordered by Thomas Prothero. 

At first sight it appears that the bell crank would 
foul the crank pin but, although inside, it was so 
situated that it would clear. The valves were 


driven off a lay shaft geared to the rear axle. One 
cannot quite see how the valve rod, shown 
as & single line, could have cleared the boiler. The 


feed water was heated by being passed through a 
jacket round the exhaust pipe. Fig. 3 is taken from 
an original drawing of one of the cylinders, which is 





Fic. 1—-THE “SPEEDWELL’’ ENGINE 

the first articulated locomotive ever built ; provided 
it is agreed, as I think it should be, that the trucks 
under “ Puffing Billy ” and sisters merely had side 
play and did not rotate. In Mr. Wiener’s excellent 
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Locomotive Engine Cheltenham, Neath Abbey 
September 13th, 1831,” and shows it was a@ six- 
coupled engine with inverted vertical cylinders over 
the central pair of wheels, no doubt driving through a 
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FiG. 2—PACKING CASE FOR 


“ROYAL WILLIAM ”’ 





LOCOMOTIVE 
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bell crank. Fig. 4 shows the boiler, with vertical 
water tubes. The original is dated June 20th, 1831. 
Two drawings of ‘“ Alterations to the Royal 
William ” exist, dated 1833 and 1839, which imply 
that the engine had a working life of some years. 
The engine depicted on the medal] iJlustrated in 
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FiG. 3-CYLINDER OF ‘‘SPEEDWELL** ENGINE 


my ‘‘Two Essays,’ which was actually a ticket, is 
utterly misleading. 
5. The ‘‘ Perseverance,” for Dowlais, 1832, is 


another landmark, being the first engine to be fitted 





for combined adhesion and rack working. ‘The 


from September 1831 to March 1832. She was originally named 
the ‘‘ Success ’’ and most of the drawings are in that name, but 
on one is a note “ called the Perseverance ’’ and ‘‘ Success ”’ 
struck out. The boiler of this locomotive had a corrugated 
fire-box, one of the earliest of that form I should think. 


A contemporary account of this engine hauling 177 
tons gross load, from the Cambrian Quarterly Magazine, 
was given in my article in THe ENGINEER for 
August 12th, 1932. 

6. Drawings of an engine named “ Industry,” for 
Ebbw Vale, dated April and May, 1832, show another 
bold experiment. The cylinders, 10}in. diameter, lie 
horizontally on the top of the fire-box and drive the 
rear pair of six-coupled wheels by means of a rocking 
beam, more or less vertical, pivoted at its centre on 
the side of the boiler. The latter contained fire tubes 
and a corrugated cylindrical fire-box. 

7. ‘‘Camel,” for the Bodmin and Wadebridge 
Railway. The drawings are dated November, 1833, to 
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Fic. 4—BOILER OF “ROYAL WILLIAM’’ 


March, 1834. Fig. 5 (which has been used in the 
recently published ‘‘ History of the Southern Rail- 
way ”’) is from an enlarged photograph of the engine, 
shown in a contemporary lithograph of the opening 
of the line on September 30th, 1834. 

8. ‘‘ Elephant,” for the same line as the last. The 
drawings are dated March, 1834, to April, 1836. 
The piston-rods worked through the tops of the 
cylinders, with “ stirrup’ connecting-rods, being a 
reversion to the design of the ‘‘ Speedwell.” 

9. This was another double-bogie engine, for the 
Rhymney Iron Company, dated October, 1837. It 
was generally similar to the Dowlais engine of 1831, 
except that the cylinders were at the rear end and 
more steeply inclined. The gear wheels transmitting 
the drive are shown with curved edges to their teeth, 
a feature which would have been necessary in conse- 





Fic. 5—-THE *“‘CAMEL*’ ON THE BODMIN AND WADEBRIDGE RAILWAY 


arrangement of the machinery was rather more con- 
ventional, there being steeply sloping cylinders 
attached to the forward part of the boiler, which 
drove a shaft low down at the back of the engine, 
geared to the back axle and also to a pinion wheel 
which could be lowered down at will to engage with 
the rack rail. Of this engine Mr. Taylor wrote in 
1932 :-— 


The dates of the ‘“‘ Perseverance” loco detail drawings are 





quence of the rotation of the bogies, both of which 
were driven. 

A complete list of all the locomotives built at Neath 
Abbey would be of great interest, but could only be 
compiled after a lengthy search through the papers, 
which, it is to be hoped, will be made one day by a 
competent hand. The latest engine of which I have 
seen a drawing was a curious little one, with a unique 
arrangement for going round curves, dated 1866. 








A 23,000-kW Turbo-Generator Set at 
the Dublin Electricity Works. 


bo 1903 a plant was installed in the Pigeon House Fort 
electricity works, Dublin, on the recommendation of 
the late Mr. Robert Hammond, then consulting engineer 
to the Dublin electricity department. It is believed to 
have been the first three-phase plant in the British Isles, 
and consisted of two 1000-kW and two 500-kW engine- 
driven alternators, which were followed in 1906 by a 
1500-kW machine. The five alternators were built 
by the Oerlikon Company, which after the extension of the 





station in 1911, supplied five turbo sets, with a total 
capacity of 24,000 kilowatts, to the specifications of Mr. 
L. T. Kettle, then city electrical engineer and manager, 
and now a member of the Irish Free State Electricity 
Board. In December, 1933, an order was placed with the 
same firm for a 23,000-kilowatt turbo-generator. The 
specification for this machine, shown in the accompanying 
illustrations, was issued by Dr. McLaughlin, Director of 
the Board, and Mr. P. G. Murphy, Chief Engineer. 





The set is designed for a maximum continuous output 
of 23,000 kW at unity power factor, and an economic load 
of 16,500 kW at a power factor of 0-8, the speed being 
3000 r.p.m. As measured at the turbine inlet, the steam 
conditions are 250 Ib. per square inch and 750 deg. Fah. 
The 50-cycle alternator is wound for 5300 volts, and the 
direct-coupled exciter supplies the exciting current at 
220 volts. Space limitations at the Pigeon House Fort 
electricity works necessitated the provision of a set of com- 
pact design and a single-cylinder impulse machine, with 
fourteen stages, was supplied. The first six stages are 
housed in a cast steel cylinder, the remaining portion of the 
machine being composed of special cast iron. Similarly the 
diaphragms of the first stages are composed of steel and 
those of the latter stages of iron. The guide blades of the 
first seven diaphragms are fitted into nozzle boxes recessed 
into the diaphragm rims, whilst the other blades are cast 
in. Labyrinth metal sealing rings limit the clearance 
between the bosses of runner wheels and the diaphragms. 
All moving and fixed blading is composed of stainless steel. 
The blades on the runner wheels are milled from solid steel 
bars and the heavy blades are tapered towards the end and 
stiffened on the concave and convex sides at the base. 
The blade tips are also thickened to provide ample metal 
for the rivet stems for the shrouding. All these rivets 
were closed by an electrical process which gives absolute 
control of the rivet temperature and avoids the dis- 
advantages of cold riveting. Measured over the blade 
tips, the highest peripheral speed of the last wheel is 
314 m/per second. All the wheels were statically balanced 
and subjected to an over-speed of 30 per cent. 

The main high and low-pressure glands are of the laby- 
rinth type. The thrust bearing of the comb type. An exten- 
sion of the low-pressure cylinder carries the low-pressure 
bearing, and the nearest alternator bearing. The claw 
eoupling and the ratchet wheel of the motor-operated 
bearing gear on a bracket immediatey above and also 
situated at this point. By turning the rotor slowly by 
the barring gear, the temperature is caused to be evenly 
distributed during a shut-down of relatively short dura- 
tion. When cold, the set can be put on load in less than 
10 min. 

The main inlet valve, the main regulating valve, and 
the partial load valve are carried on a base anchored to 
the foundations independently of the turbine itself, 
and as the valves are connected to the steam chests 
by corrugated pipes the longitudinal expansion of 
the machine is unhindered. The overload valves 
are carried on the high-pressure cylinder, as shown 
in the illustrations. While the main inlet valve 
is hand operated for starting, it also serves in the usual 
way as a quick-closing emergency valve, operated by oil 
under pressure. An emergency governor at the high- 
pressure end of the shaft trips the valve mechanism and 
closes this valve in the event of the rotor speed exceeding 
the normal by, say, 12 per cent. In the case of a sudden 
load variation of 100 per cent., full load, the sensitive 
speed regulating governor does not permit the permanent 

variation to exceed 4 per cent. and the temporary 
variation 6 per cent. Two oil coilers used in connection 
with the lubricating system are connected in parallel 
on the water and oil sides, and each cooler is capable 
of the full duty, so that no imeconvenience is caused 
if one is put out of action. In addition to the over- 
speed governor, the usual safety devices are provided to 
take care of abnormal axial displacement of the turbine 
rotor and failure of oil pressure, which is indicated by a 
signal device. 

The three-phase two-pole forced-ventilated alternator 
with cylindrical rotor has a fabricated stator casing in 


one piece and a fabricated bedplate. The con- 
ductors, of which the stator coils are composed, 
are split to reduce copper loss and are _ insulated 


in the slots by micanite which forms a seamless sleeve 
round the conductors. Corona discharge action is effec- 
tively counteracted by coating the slot portion of the coils 
with a resistant bronze varnish, while the coil heads have 
been given a coating of slightly conductive carborundum 
varnish. 

In accordance with usual practice, the rotor was 
machined from a solid, and the winding slots were ground 
after planing. A central bore of lin. diameter was tre- 
panned out along the whole length. Without the windings 
the rotor was subjected to an overspeed of 40 per cent. 
above normal and 25 per cent. with them. Before it was 
wound it was subject to the usual tests made by the 
Oerlikon Company, including the testing of rings taken 
from various parts of the core, the inspection of the 
polished central bore by means of optical apparatus to 
ensure that there were no defects in the material, and the 
measurement of the slotted rotor before and after succes- 
sive overspeed tests by means of a micrometer, reading 
accurately to within 1/1000 mm. for the purpose of ascer- 
taining the permanent expansion. 

As usual, the rotor windings are composed of former 
wound coils built up of copper strip on edge. There are 
twenty-six rotor slots, twenty of which accommodate. the 
windings, whilst the remainder are ventilating slots. 
Micanite insulation is used throughout. Special steel 
slip rings are provided at each end of the rotor. Together 
with the non-magnetic nickel manganese steel end caps 
the slot wedges form a damping winding. Two fans 
mounted on the shaft, one at each end. cool the machine 
axially and radially. A temperature-measuring outfit has 
been provided for measuring the temperature at six points 
on the stator windings, in the stator slots between the 
coils and iron. 

For cooling the air in the closed system a ~ Delbag ~ 
cooler is used, consisting of six cooler elements, each of 
which can be cut out individually whilst the machine is 
in service, for cleaning and overnaul. When the tem- 
peratures exceed the predetermined permissible limits, 
thermometers operate optical and acoustical signals. Oil 
vapours which form at the outlet of the alternator bearings 
and at the claw coupling are prevented from getting on 
the slip rings or into the alternator and exciter windings 
by a fan at the exciter end of the shaft. The fan creates 
in the two alternator bearing pedestals a vacuum equal 
to about 20 mm. water gauge, and prevents the escape of 
oil vapours, which are led away to an oil separator. 

Rated at 570 amperes at 220 volts, the six-pole enclosed 
exciter with interpoles is coupled to the alternator shaft. 
and is designed for pure shunt regulation, with or without 
a quick-acting voltage regulator. As the alternator has 
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to be able to deal with a leading load of 0-8 power factor 
(18,750 kVA. at 0-8), the exciter had to be designed to 
secure absolute stability and is provided with “ regulating 
poles.”’ Particular attention also had to be paid to quick- 
response excitation on the occurrence of short circuits and 
to secure really reliable operation under heavy load 
fluctuations the exciter has been designed for a response of 
600 volts/see. Owing to the provision of the “ regulating 
poles,” this value is maintained constant over a consider- 
able range of load. The “ceiling” voltage amounts to 
300, which gives a maximum excitation current of 1000 
amperes or approximately 1-8 times the full load 
excitation. 

The contract included in addition to the generating set 
the supply and erection of the surface condenser feed- 
heater equipment, condensate measuring tanks, pipework, 
and other auxiliaries. A mild steel bellows type expansion 
piece connects the turbine to the condenser, arranged in a 
transverse direction to the turbine immediately below it. 
The water headers are of cast iron and the shell is composed 
of fabricated steel plating. There are two separate water 
circuits of equal cooling surface, and the contract 
stipulated that the plant was to be capable of an output of 
about 16,500 kW, with one-half of the condenser in 
service with its normal quantity of cooling water. 
The circulating water is supplied by two Sulzer 
vertical single-stage deep-well pumps, each of sufficient 
capacity to supply one-half of the condenser at 
all tides. They are driven by two Oerlikon vertical 
splash-proof squirrel-cage, 200 H.P., 380-volt, 50-cycle, 
i25 r.p.m. motors, remotely controlled by push buttons 
on a control board near the condenser.’ A two-stage steam 
ejector and two electrically operated condensate pumps. 





the old engine foundations. For the new foundation a 
system of pressure piles was used. A bore was made for 
each pile and lined with steel tubes as the boring pro- 
ceeded. On reaching the required depth, water was blown 
out and cement grout forced under pressure into the 
surrounding ballast at the foot of the pile. Steel reinforce- 
ment and concrete were then added, after which the tube 
was withdrawn and the concrete forced out against the 
sides of the bore-hole by compressed air. On this par- 
ticular job the piles were distributed in four rows, the 
inner two each consisting of seven piles, and the outer 
two of fourteen piles, eight of which were sunk on a batter 
of 1 in 5. The piles are of ample strength to carry the 
loads, since in addition to having a penetration of 12 m., 
they each have an enlarged foot at the base. The longi- 
tudinal reinforcement of the piles was left projecting, so 
as to form a rigid connection into the foundation slab, 
which was designed to take the maximum bending and 
shearing stresses produced by the piles. The foundations 
proper are of reinforced concrete, and the designs were 
prepared in close co-operation between the Oerlikon Com- 
pany, Locher and Co., of Ziirich, and the Pressure Piling 
Company, of London. Reinforced concrete was used 
to secure the greatest possible rigidity to allow for stresses 
that could not be represented statically. Close investi- 
gations showed that the natural frequency differed 
everywhere by at least 30 per cent. from that of the 
running speed of the machine. No resonance has been 
encountered. 

The official tests were made at 12,680 kW, 16,658 kW, 
and 21,559 kW respectively, and as the specified steam 
pressure was not available, all the overload valves were 
open, which, needless to say, does not represent normal 
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together with the necessary accessories, have been also 
provided. 

A two-stage “‘ Atlas ”’ feed-heating equipment is capable 
of heating the maximum quantity of turbine condensate 
to a constant feed temperature of 66 deg. Cent., as 
measured directly after the high-pressure heater and 
designed so that the temperature may later be raised to 
110 deg. Cent. The condensate measuring equipment con- 
sists in the main of two principal measuring tanks and 
two auxiliary tanks in immediate proximity to the turbo- 
generator, and can be used for steam consumption trials 
on other machines in the station. 

Electrical apparatus includes a speed-regulating device 
operated from the main switchboard, a synchronising 
equipment, a cylindrical main circuit breaker with solenoid 
control, a distribution board for the auxiliaries, an auto- 
matic voltage regulator, apparatus for the barring gear, 
apparatus for the closed circuit air cooler, a distant tem- 
perature measuring equipment for the alternator, a signal 
— governed by oil pressure, and plant for purifying 
the oil. 

The contract provided that Oerlikon, Ltd., should be 
responsible for the design and construction of the new 
turbo-generator foundations, as well as the demolition of 





running conditions. As the steam from the last overload 
valve does not operate on the first two stages, the con- 
sumption at 21,559 kW was unfavourably influenced, 
but, notwithstanding, the figure obtained at this load 
was within the guaranteed plus margin. The actual 
figures obtained at the three loads are given below :— 





Test No. Ee a. AE LL Il. | Il. 
Ok, SA acaitars Mell . 12,680 16,658 | 21,559 
Guarantee figures, Ib. per 

i reas. Se 9-60 9-32 | 9-486 
Guarantee corrected for the | 

conditions of test, Ib. per 

3 RRS elon eas re 10-19 9-82 | 9-74 
a an: aR a pe 9-77 9-70 | 9-77 


i 





It will be observed that the average value on the basis 
of the contract is better than the guarantee to the extent 
of 1-56 per cent., and better than the guarantee plus 
margin of 2 per cent. to the extent of 3-56 per cent. 
With the turbine warm, the set was run up to full speed 
in 7 min, 35 sec. without the least difficulty, and was then 
put on load. A test was also made with one of the two 





200 H.P. vertical cooling water pumps closed down and 
half the condenser in service, when for a period of one 
hour a load of approximately 16,500 kW was carried with 
only about 34 per cent. lower vacuum than when both 
pumps were at work. 

Since its installation the plant has been put into service 
whenever the hydro-electric station at Ardnacrusha has 
been short of water, and up to end of June 3rd, 1936, 
the running hours were 2621, and the total output 
30,638,100 units. 

For the information contained in this article we are 
indebted to Mr. G. Wiithrich, general manager and chiet 
engineer to the Oerlikon Company in this country. 








Letters to the Editor. 


We do not hold ourselves responsible for the opinions of our 
correspondents. ) 





SHING MUN DAM. 


Srr,—We have been pleased to read the article which 
appears in the current issue of THe ENGINEER, and which 
has been very well done. 

There is one point, however, that may cause a little 
heartburning in Hong Kong, and that is that in the article 
it is stated that, under the advice of the consulting engi- 
neers, a survey was made of the catchment areas avail- 
able. The sequence of events actually was that the Public 
Works Department of Hong Kong, and, in particular, 
Mr. R. M. Henderson, M. Inst. C.E., then in charge of 
waterworks under the Director, and now the Director of 
Public Works, had made a preliminary investigation into 
the matter, and it was only after he had come to the con 
clusion that storage in the Shing Mun Valley was the proper 
solution that we came into the picture, and in preference 
to constructing several reservoirs in that valley, it was on 
our advice that one large reservoir—the subject of the 
article—was decided upon. 

Brynte, Deacon and Gourtey. 

London, 8.W.1, January 23rd. 


EIGHTIETH BIRTHDAY OF PROFESSOR DAVID 
ALLAN LOW. 


Srr,—I feel sure that the numerous distinguished engi- 
neers, scattered over the face of the world, who were once 
pupils of Professor David Allan Low will join with me in 
congratulating him on attaining his eightieth birthday, 
which falls on Tuesday, February 9th, 1937. 

In view of his advanced age it has been felt that the 
customary public banquet might not be the most appro- 
priate celebration or the one which he himself would prefer. 

I gathered from a chat which I had with him on Satur- 
day last, when I found him in good health, that nothing 
would give hira greater pleasure than to receive personal 
letters from his old friends, wherever they may be. 

A. Peter THURSTON. 

London, W.C.1, January 21st. 








Larce TRANSFORMER FOR AUSTRALIA.—One of the 
largest transformers ever exported to Australia was 
shipped to Melbourne on January 12th. It is a 
28,000-kVA Hackbridge three-phase unit to step up 
from 11 kV to 132 kV, built for service at the Yallourn 
power station of the State Electricity Commission of 
Victoria, New South Wales. This large unit, which 
weighs, complete with coolers and auxiliary equipment, 
over 40 tons, was shipped sealed and filled with dry air 
under pressure. When the transformer is in operation 
cooling will be provided by forced oil circulation through 
a water cooler of special design. Another interesting 
feature of the transformer is that the windings are insulated 
throughout to withstand full line voltage between turns— 
a special protection against surges. It is expected to 
reach its destination about the end of February. 
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Rail and Road. 





RE-NAMING oF St. Paut’s Sratrion.—The Southern 
Railway Company is, from February Ist, re-naming its 
St. Paul’s Station as Blackfriars. 

FRENCH Rattways’ Forry-wour WEEK.—On Monday, 
January 25th, a forty-hour week was instituted for French 
railwaymen. It is hoped that the new working conditions 
will provide additional work for about 60,000 men. 


L.M.S. Trary Accrpent.—On Tuesday, January 19th, 
part of a London, Midland and Scottish Railway train 
was badly damaged near the site of Earl’s Court Exhi- 
bition, when a 3-ton girder which was being unloaded 
swung round and caught the train. The driver and one 
passenger were injured. 


Ministry oF Transport.—Mr. 8. J. Page has been 
appointed to succeed the late Mr. E. W. Rowntree as 
Assistant Secretary in the Secretarial Department of the 
Ministry of rt. Mr. Page joined the Ministry of 
Transport in 1919 and has been Secretary of the Railway 
Rates Tribunal from 1921. 


CrocHER VatLtEy Rartway.—The Northern Ireland 
Government has decided to take over the Clogher Valley 
Railway, pay off the shareholders and close it. The line 
has been kept open for some time by the use of oil-engined 
railcars in place of steam traction. The local roads are 
to be improved to enable alternative transport facilities 
to be established. 

Roaps in THE Unirep Srates.—On December 29th 
last the United States Secretary of Agriculture announced 
that 200 million dollars were to be allotted to Federal-aided 
highway plans. Of this amount, 125 million dollars will 
be used for road improvement, 25 million dollars for the 
improvement of secondary roads, and 50 million dollars 
for the elimination of railway level crossings. 


NEw PassENGER TRANSPORT ScHEME.—At a recent 
conference attended by a number of transport interests in 
South-East Lancashire and East Cheshire it was decided 
to refer the proposal to establish a joint passenger trans- 
port board to a special sub-committee. This sub-com- 
mittee has been instructed to prepare a report for the 
consideration of the local authorities and transport com- 
panies represented at the conference. 


Unitep States Ramway Sratistics.—A number of 
interesting figures in connection with the railways in the 
United States during 1936 are given in a recent issue of the 
Railway Age. During 1936 the Class | railways purchased 
materials and supplies to the value of 982,204,000 dollars 
and spent about 455 million dollars for maintenance of 
way and structures. For domestic service 434 steam, 
24 electric locomotives, and 75 of other types were ordered 
during the year, and 67,544 freight cars, and 307 passenger 
carriages were also ordered. 


TRAMCARS AND TROLLYBUSES, 1936.—A return issued 
by the Minister of Transport gives particulars of the 
accounts of tramway undertakings in Great Britain 
(excluding the tramway undertaking of the L.P.T.B.) for 
the year ending December 3Ist, 1936, for companies and 
March 31st, 1936, for local authorities. During the year 
the tramcar passenger journeys totalled 2,543,287,418 
and the car miles 218,697,225, respectivé decreases of 
4-08 and 4-25 per cent. on the figures for the previous 
year. The tramway route mileage decreased by 95 during 
the year. On trollybuses the number of passenger journeys 
was 375,514,671, an increase of 21-33 per cent. on the 
previous year. 

RoaD VEHICLES IN GreaT Britary.—Figures issued by 
the Minister of Transport show that the gross amount 
received in payment for licences issued during the twelve 
months ended November 30th, 1936, was £32,320,043, 
compared with £30,480,176 in the corresponding period 
of the previous year. i the twelve months to 
November 30th, 1936, the total number of motor vehicles, 
excluding tramcars and vehicles requiring trade licences, 
was approximately 2,517,719, compared with 2,336,722 
in the corresponding period of the previous year. The 
total number of mechanically propelled road vehicles 
registered for the first time in November, 1936, was 
34,791, compared with 30,920 in November, 1935. 


SIGNALLING AT GALASHIELS.—The London and North- 
Eastern Railway Company has recently carried out an 
extensive signalling scheme at Galashiels and the vicinity. 
A new signal-box has been brought into use at Galashiels 
Station, from which are controlled the signals, points, &c., 
in the area between Kilnknowe Junction and Selkirk 
Junction. The signals, which are of the colour light type, 
are of the most up-to-date kind, the running signals being 
of two, three, and four aspects. The signals and the points 
at Kilnknowe Junction and Selkirk Junction are elec- 
trically operated by means of thumb switches provided in 
the signal-box. The lines are track circuited. and the 
positions of the trains are indicated to the signalman by 
means of an illuminated diagram in the signal-box. 


L.N.E.R. ApporinTMENTS.—The London and North- 
Eastern Railway Company announces that the following 
appointments have been made :—Mr. J. C. L. Train, 
Assistant Engineer (Maintenance), Southern Area, to be 
Assistant Engineer, Southern Area ; Mr. W. Y. Sandeman, 
District Engineer, Glasgow, to be Assistant to Engineer 
(General), Southern Area; Mr. T. H. Seaton, District 
Engineer, Stratford, to be Assistant to Engineer (New 
Works), Southern Area; Mr. G. B. Barton, District Engi- 
neer, Boston, to be Assistant to Engineer (Mairitenance), 
Southern Area ; Mr. H. E. Stratton, Bridge Assistant (Steel 
Work), Engineer’s Office, Liverpool-street, to be Assistant 
to Engineer (Bridges), Southern Area ; Mr. B. P. Fletcher, 
District Engineer, Cambridge, to be District Engineer, 
Stratford; Mr. J. P. Allix, District Passenger Manager, 
Leeds, to be District Goods and Passenger Manager, 
Cambridge; Mr. E. J. Stephens, Assistant District 
Superintendent, Doncaster, to be District Superintendent, 
Lincoln; Mr. A. M. Creasey, Chief Signalling Inspe¢tor, 
Superintendent’s Office (Western Section, Southern Area), 
to be Assistant District Superintendent, Doncaster ; 
Mr. H. G. Sayers, Dock Superintendent, Eastern Docks, 
Hull, to be Assistant Superintendent, Southern Scottish 
Area; Mr. C. Corps, Goods Agent, Newcastle Forth, to 
be Dock Superintendent, Eastern Docks, Hull. 





Miscellanea. 





CoLireRy EXPLOSION NEAR CHESTERFIELD.—On Thurs- 
day, January 21st, seven miners lost their lives in an 
explosion at the Markham Colliery at Duckmanton. Two 
other miners injured in the explosion have since died. 


Russian ORDERS PLacepD In Great Brirary.—Orders 
to the value of over 124 million pounds were placed in 
this country by the U.S.S8.R. during 1936. Of this amount 
£2,355,093 was for machinery and equipment, and 
£4,098,264 for metals and alloys. 

SwepisH Power Stations.—The Swedish Government 
has decided to build a larger hydro-electric power station 
at Stadsforsen, on the Indalsaelven River, than was at 
first planned, and an extra 34 million kroner has been 
allotted for the work. In addition to other works, the 
Nykvarn power station is to be enlarged. 

DeatH oF AN Eaypttan ENGINEER.—We regret to 
note the death of Ismail Pasha Sirry, the celebrated 
Egyptian engineer. In the course of his career he held at 
various times the offices of Inspector of Irrigation and 
Minister of Public Works and War. He was responsible 
for the first heightening of the Aswan dam, and for 
improvements in the irrigation of the Delta. 

Coat Mintya Royauties.—Replying to a question in 
the House of Commons recently, the Secretary for Mines 
said that the total estimated amount paid by colliery 
owners in royalties and wayleaves, including the rents! 
value of freehold mineral where worked by the proprietors, 
during 1936, totalled £5,031,000. It is estimated that 
there are about 4300 coal royalty owners in Great Britain. 


WELLAND CanaL Brinces.—The Canadian Department 
of Railways and Canals has recently installed petrol 
engine generator sets on eight of the vertical lift bridges 
over the Welland Ship Canal. The units were deemed 
necessary in order to facilitate the speedy preparation of 
the bridges for operation under auxili l-electric 
drive in the event of a power failure on the supply to the 
main electric driving motors. 


THe Merrroportiran Water Boarp.—At a recent 
presentation to Lieut.-Colonel J. B. P. Karslake, one of 
the two remaining original members of the Metropolitan 
Water Board, which was formed thirty-four years ago, 
it was said that when it was formed the Board was faced 
with some acute problems. It took over eight water 
companies, who claimed 51 million pounds in compensa- 
tion, but an arbitration board reduced these claims by 
20 million pounds. 

New Brrirish Broapcastine Srations.—Two addi- 
tional transmitting stations are to be built in this country. 
One will be situated in South Devon and serve the South 
Coast and South-West of England. The position of the 
second station has not yet been decided upon. It will 
be a medium-power relay station working on the wave- 
length at present used by Bournemouth and Plymouth, 
and will serve Bristol and certain areas in North Devon 
and Somerset which are not covered by the new station 
in South Devon. 

Scottish Inpustry.—At the annual meeting of the 
Glasgow Chamber of Commerce, Colonel N. Kennedy, 
referring to three schemes of Scottish expansion at 
Motherwell, Glengarnock, and at Beardmore’s Parkhead 
works, said that these developments alone should increase 
Scotland’s steel-producing capacity by 200,000 tons per 
annum. New records in steel production were almost 
certain to be established this year, when the British 
output might reach 12,500,000 tons, of which Scotland’s 
share should be 2,100,000 tons. 


IystrruTIon or ELectricaL EnerNgERS.—The Council 
of the Institution of Electrical Engineers has elected 
Dr. Alexander Russell to be an Honorary Member of 
the Institution. It is also announced that the Council 
has made the fifteenth award of the Faraday Medal to 
Professor André Blondel, of Paris. The Faraday Medal 
is awarded not more frequently than once a year, either 
for notable scientific or industrial achievement in electrical 
engineering, or for conspicuous service rendered to the 
advancement of electrical science, without restriction 
as regards nationality, country of residence, or member- 
ship of the Institution. 


Lonpon’s Last Winpmitt.—A scheme for the pre- 
servation of the last workable windmill in London is at 
present receiving the consideration of the Society for the 
Protection of Ancient Buildings. This windmill is situated 
at Cornwall-road, Brixton Hill—only three miles from 
Charing d was built in 1816 by John Ashby, of 
the firm of Ashby and Sons. In 1872 the firm moved to a 
water mill at Mitcham, and the sails of the Brixton wind- 
mill were taken off. A few years later, however, the mill 
was again brought into use, and, driven by a gas engine, 
continued in service until three years ago. Local authorities 
are associating themselves with the efforts of the Society 
for the Protection of Ancient Buildings to save from 
demolition the only windmill left in “ inner ” London. 

New Sounp Fum System.—We are informed by 
Gaumont British Equipment, Ltd., that they intend to 
install a new type of sound reproduction system at a 
number of their picture theatres. Known as the 
** Duosonie ” system, it is said to re-create from the film 
everything which has been recorded with the retention 
in true perspective of every nuance in tone and variation 
in volume. Further, by a system of supersensitive and 
carefully balanced speakers, the sounds are “‘ sprayed ” 
uniformly to every part of an auditorium. The labora- 
tories have evolved and use in the new equipment an 
electro-mechanical test rig which shows on calibrated scales 
the slightest irregularity in the passage of film through 
a soundhead. This device is capable of detecting and 
giving a quantitative measurement of irregularities 
imperceptible to the ear, and is largely responsible for 
the faultless running of both current types of sound head. 
This equipment is free from “ flutter,” tremor, or any 
imperfection which would mar true reproduction. The 
soundhead is intended primarily for use in film studios 
for re-recording in radio and television broadcasting 
stations, and in other services where a heavy-duty sound- 
head of performance equal to the sound-recording cameras 
is required, 





Air and Water. 





New Unton-CastLe Liver.—The new motor liner 
being built for the Union-Castle Mail Steamship Company 
for its South Africen service is to be named * Capetown 
Castle.” 

THE ‘‘ NORMANDIz£’s” OverHati.—The first sailing 
this year of the French liner “‘ Normandie,”’ now under- 
going overhaul, will take place on March 10th, two weeks 
later than originally planned. 


GeRMaN MeErcHANT Surpprinc.—IiIn the course of a 
recent lecture Herr Eesberger said that 68 per cent. of 
Germany’s merchant ships were ten years old or more and 
over 27 per cent. more than three years old. 


TRANS-CONTINENTAL AIR RECORD.—Ip the United States 
a new trans-continental air record has been set up by Mr. 
H. Hughes. He flew between Burbank, California, and 
Newark, New Jersey, a distance of 2420 miles, in 
7h. 28 min. 


INTERNATIONAL GLIDING MEETING.—From July 4th 
to 18th next it is planned to hold an international gliding 
meeting at the Central Gliding School of Germany at 
Wasserkiippe. The competitions will include distance and 
altitude flights. 

A New CruisEr.—A new 5000-ton cruiser ofthe * Dido” 
class is to be built at Chatham Dockyard. The ‘“ Dido ” 
Class is a new class of cruiser, five of which are to be built 
under the 1936 Estimates. The new warship will cost 
about two million pounds. 


New Liresoats.—The Royal National Lifeboat Insti- 
tution has laid down eight new motor lifeboats in addition 
to the ten already under construction. Three of the boats 
intended for Scottish stations are being built on the Clyde 
and the other five at Cowes. 


New Russtan IcEBREAKER.—It is expected that the 
new Russian icebreaker ‘“ Joseph Stalin” will be com- 
pleted early this year. The new ship will be of 11,000 tons 
displacement and propelled by three engines, each of 
10,000 H.P. It will be 107 m. long and 23 m. wide. 


Lonpon Surpprnc.—During the week ended January 
15th, 934 vessels, representing 1,031,615 net register tons, 
used the Port of London. Of these, 505 vessels (831,102 
net register tons) were to and from Empire and foreign 
ports and 429 vessels (200,513 net register tons) were 
engaged in coastwise traffic. 


Om TaNKERS In 1936.—The annual market report of 
J. I. Jacobs and Co., Ltd., shows that last year the highest 
total of laid-up tankers was fifty-nme, of 602,225 tons 
deadweight, at the end of August. This number had 
decreased to twenty-nine, of 207,574 tons deadweight, by 
the end of December. There are over 110 tankers of about 
1,400,000 tons deadweight at present under construction. 


Am Recorp ArrempT.—On January 20th the two 
French airmen, Doret and Micheletti, flying a low-wing 
Caudron-Simoun monoplane, left Le Bourget on an 
attempt to fly to Tokyo in record time. They hoped to 
cover the distance of 9000 miles in under 100 hours, but 
on January 24th they made a forced landing in French 
Indo-China and the machine is reported to have been 
slightly damaged. 

Tramp Sxipprinc Sussrpy.—The Board of Trade has 
issued a memorandum on the continuance of the tramp 
shipping subsidy of two million pounds, The conditions 
are the same as in 1935 and 1936, but the memorandum 
states, having regard to the high level of freight rates 
prevailing in the last three months of 1936, it is intended 
that no payments of subsidy for voyages or parts of 
voyages carried out in 1937 should be made unless and 
until it is established that the average level of freight rates 
for the year is less than the average for 1929. 


New AIRcraFT For BritisH AIRWAYS.—It is announced 
that British Airways, Ltd., have acquired two three- 
engined Junkers “‘ JU.52” aircraft for the operation of 
their night air mail service to the Continent. These air- 
craft, when placed in commission, will effect a saving on 
the present operational schedule. No passengers are ever 
taken on this service, which is restricted to the carriage of 
freight and mails only. In future the night mail service 
of British Airways will be known as “ The Viking Night 
Mail and Freight Express,” while the subsidised day service 
to Malmo, vié Amsterdam, Hamburg, and Copenhagen, 
which carries passengers in addition to mails, is to be 
known as “‘ The Viking Royal Mail Express.” 


Tue Trans-Canapa ArRway.—A sub-committee of 
the Canadian Cabinet has recently been working out the 
details of the aviation company which is to be given 
exclusive rights to on a mail and passenger service 
from the Atlantic to the Pacific, with feeder lines linking 
up with the United States airways. The service is expected 
to begin with a Winnipeg-Vancouver schedule on July Ist. 
The new company to be incorporated shortly will be called 
Trans-Canada Airways, Ltd., and the allocation of the 
shares may be in the following proportions :—Canadian 
Pacific Railway, 37} per cent.; Canadian National Rail- 
ways, 374 per cent.; James Richardson interest, 25 per 
cent. The new company will probably be capitalised at 
5,000,000 dollars. : 

Arrorart Accipent Report.—The Air Ministry has 
issued the report of the Inspector of Accidents on a crash 
which occurred at Blackpool on November 20th to a 
machine of Northern and Scottish Airways, Ltd., when 
the pilot and one passenger were killed. The machine was 
taking off in a dense mist on a flight to the Isle of Man: 
It had barely left the ground when it. came into head-on 
collision with a hangar at the north side of the aerodrome. 
The crash was followed immediately by an outbreak of 
fire, all the aircraft in the hangar becoming involved. As 
a result of his investigation the Inspector of Accidents 
came to the conclusion that the pilot, owing to a mis- 
conception or inexact knowledge of the true orientation 
of the aerodrome, failed to set off on a compass bearing 
which would have given him the full length of the aero- 
drome for the “‘ blind ’’ take-off. The course he actually 
took, in error, was across the narrowest part of the aero- 
drome and directly towards a hangar which was only some 
270 yards from where he started the take-off run. 
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MECHANICAL EQUIPMENT OF THE LONDON FIRE BRIGADE 


(For desoription see page 142.) 

















Fic. 1—-ALL- STEEL 100-FOOT TURNTABLE LADDER, PARTLY ELEVATED AND EXTENDED 
FiG, 2—ENCLOSED TYPE OF MOTOR PUMP FIG. 3—BREAKDOWN LORRY WITH CRANE 


FIGS. 4 AND 5—-NEW TYPE OF HOSE LORRY SHOWING METHOD OF STOWING HOSE 
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CIVIL AIR TRANSPORT WITHIN GREAT 
BRITAIN. 


THE Committee, under the chairmanship of Sir 
Henry Maybury, appointed by the Prime Minister 
in July 1935 to consider measures for promoting 
civil aviation within the United Kingdom issued 
its report last week. Its main concern, it appears, 
has been to devise a scheme for the establishment, 
without direct subsidy from the Government, of a 
number of self-supporting regular internal f air 
services designed to meet the aerial transport needs 
of a considerable percentage of the population and 
also those of the Postmaster-General. To this end 
it proposes that a central air transport junction 
with interchange facilities and a repair and mainten- 
ance organisation should be set up in the Man- 
chester—Liverpool area, and that from it should 
radiate six air routes serving London, Southampton- 
Portsmouth, Bristol, Belfast, Glasgow-Edinburgh, 
and Newcastle. The Committee estimates that this 
scheme would serve in the aggregate the air trans- 
port requirements of fourteen million people or 
about one-third of the total population of the 
country. The services, it is believed, could be main- 
tained by means of sixteen fourteen-seater aircraft 
each flying about 1500 hours a year. With an 
average load of nine passengers on each trip the 
Committee calculates that the services could be 
operated profitably at fares based on a rate of 
34d. per passenger mile. It recommends that a 
company, or a combination of companies, should be 
licensed to carry out the scheme for an experi- 
mental period of five years in the first instance. 
Aerodrome facilities, it contemplates, would be 
provided at the junction and the termini by the 
local authorities or other statutory bodies. The 
Government’s contribution to the scheme would 
be confined to the provision of radio services and 
an air traffic control organisation involving a 
capital expenditure of about £320,000 and an 
annual charge of some £240,000. In the course of 





time the cost of these Government services might, 
it is suggested, be transferred to the operating 
company which would be called upon to contribute 
to their upkeep in the same manner as shipowners 
pay for corresponding marine services. The scheme 
as thus outlined possesses a certain amount of 
attraction on paper. At the same time it is open 
to criticism of a kind which may well deter any 
company, or group of companies, from offering to 
operate it. 

No one wishing to travel from, say, London to 
Southampton or from Glasgow to Newcastle 
would, in ordinary circumstances, elect to perform 
the journey by flying to Liverpool or Manchester 
and changing aeroplanes at that city. The six 
radial routes do not therefore provide practical 
connection by air between any one of the termini 
and all the others. A certain amount of traffic 
might be counted upon between the junction air- 
port and the six termini. Manchester and Liver- 
pool are at the heart of a great industrial area, and 
should by themselves originate or attract a respect- 
able volume of air traffic. The main object of the 
junction scheme is however to serve the needs of 
travellers between any one of the three southern 
termini and the three—Belfast, Glasgow-Edin- 
burgh, and Newcastle—in the north. From this 
point of view the Manchester-Liverpool area has 


“|no doubt been wisely selected for the site of the 


junction aerodrome since it is approximately at the 
“ centre of gravity ” of the six termini. It is esti- 
mated that on the average each machine on any 
one of the routes would be carrying on each of its 
flights traffic for or from three of the termini. In 
this feature of the scheme we may doubtlessly find 
the principal factor which has commended it to 
the favour of the Committee. It would certainly 
act in the direction of improving the load factor 
and of keeping it substantially constant, a very 
important point in the commercia] success of any 
form of transport, by air, land or sea. Nevertheless 


. | it is easy to overestimate the value of this advan- 


tage. Of the drawbacks to the scheme the most 
important is the fact that it leaves untouched—and 
indeed makes somewhat more acute—the problem 
which no regular commercial air service begun 
within the United Kingdom has yet succeeded in 
solving in a satisfactory manner, the problem, 
in brief, imposed by the limited dimensions of the 
British Isles. So far, it has been found impossible 
to establish aerodromes elsewhere than on the 
boundaries—and in some cases beyond the boun- 
daries—of the centres of population which they 
serve. London’s main aerodrome at Croydon is 
for instance the best part of an hour’s journey from 
the heart of the city, while the new aerodrome at 
Gatwick is still farther afield. The same objection 
exists at all the other termini mentioned in the 
Committee’s report. It would, if the Committee’s 
advice were followed, be enhanced in the case of 
the Scottish terminus for it is reeommended that a 
new aerodrome should be laid down to serve 
Glasgow and Edinburgh jointly. Such an aero- 
drome would have to be at least about 20 miles 
from one or both of the cities. The practical result 
of this restriction on the siting of aerodromes is 
that before a flight can be begun the passengers, in 
general, may have to perform a land journey of 
anything up to an hour’s duration and at the end 
of the flight a similar journey has to be under- 
taken. Since a flight from any one of the six 
termini to the junction aerodrome could be per- 
formed in about two hours or less it is clear that 
with the Committee’s scheme the non-effective 
flying time at each end of a through journey might 
quite readily absorb one-third of the total time. 
The necessity for alighting at the junction, chang- 
ing aeroplanes and taking off again would add a 
significant amount to the non-effective time. The 
journey to and from Belfast with its sea crossing 
being excepted, we find considerable difficulty in 
believing that the junction aerodrome scheme would 
in practice be found to save total travelling time 
to an extent sufficient to attract a commercially 
profitable volume of traffic. The Tondon—Paris 
air route operated by Imperial Airways suffers 
considerably from the high ratio which the non- 
effective time at each end of the journey bears to 
the actual flying time. The services are only being 
maintained with the aid of a liberal Government 
subsidy together with Government services of the 
kind which alone would be accorded to the com- 
pany bold enough to undertake the operation of 
the Committee’s scheme. It seems to us to be 
unduly optimistic of the Committee to expect its 
scheme to, be self-supporting. With Glasgow and 
Edinburgh within six hours’ run by rail from 
London an air service has very little margin to 
waste on non-effective time at each end and in the 





middle of the journey if it is going to do much more 
than equal the railway’s performance. 

The Committee believes that the junction aero- 
drome scheme is the system “ best calculated to 
secure the greatest measure of advantage both in 
facilities to the travelling public and in economical 
operation.” It has reached this conclusion in face 
of the knowledge that a Departmental Committee 
appointed by the Postmaster-General to inquire 
into the same subject as it affects the transport of 
mails came to the conclusion that ‘‘ owing to the 
geographical characteristics of this country and 
the excellent railway facilities which it enjoys, the 
scope for large-scale improvements in the postal 
services through the utilisation of the air is 
inevitably limited.” The scale on which the Com- 
mittee’s scheme would provide “ facilities to the 
travelling public ” should be noted. On the basis 
of four round trips on each route per day and an 
average of nine passengers per flight the total 
number of patrons using the services would, if 
they were all “ through ” passengers, be 216 a day. 
This figure provides some measure of the antici- 
pated air transport requirements of the fourteen 
millions of people within the areas served by the 
routes. Even if every machine was filled to capa- 
city on each trip it would require 114 years to 
give each of the inhabitants one flight. It may be 
said therefore that the scheme would have no 
effect of any kind on improving the travelling 
facilities of the vast majority of the people in the 
districts covered by it. If it is argued in reply that 
as now advanced the scheme is to be regarded 
merely as a beginning then we would say that 
any considerable extension of traffic on the routes 
would have two serious results. In the first place 
it would render the junction aerodrome a source of 
danger. Secondly, it would cause the necessity or 
desirability for a junction aerodrome to disappear. 
There is no need to elaborate these points. Their 
truth is apparent if we consider the condition in 
which our railways would now be if they had 
originally been planned in the same manner. The 
development of British civil aviation does not lie 
within the United Kingdom. It lies in connecting 
this country with overseas continents, and in that 
direction it is proceeding at a pace which is satis- 
factory both from the purely commercial point of 
view and from the standpoint of national prestige. 


The Principles of Engineering Evolution. 


Last week, Professor Frederic Bacon delivered 
to the South Wales Institute of Engineers a Presi- 
dential Address which was rather more philo- 
sophical than the majority of such discourses. It 
was too long to read in extenso and is too long to 
reprint in full, but on another page will be found 
the concluding part in which the author sum- 
marises the conclusions to which his premises have 
led him. The full title is perhaps sufficiently 
indicative of the nature of the discourse. It runs: 
“Incidents in a Century of Ships, leading up to 
some remarks on the Principles of Engineering 
Evolution.” The “Incidents” particularly 
chronicled are, Brunel and the “ Great Western ” ; — 
the coming of the screw propeller; the pioneer 
ship “Great Britain”; the “Great Eastern ” 
—Giant Ships born out of Due Time; and 
Parsons and ‘Turbo- Propulsion. The con- 
cluding part which we reprint is entitled “ The 
Principles of Engineering Evolution.” Since. 
speaking strictly, the Principles must be regarded 
as derived from the facts recorded under the 
headings just named, they might be expected to 
apply only to marine engineering. We do not 
think they are so limited. We have long held 
opinions similar to those categorically presented 
by Professor Bacon, and we believe his Principles 
are capable of perfecting general applications. 

We are in sympathy with the President’s fear 
that the principles which he enunciates “ would 
appear rather platitudinous to engineers of long 
and wide experience,” and admire the ingenious 
manner in which he turns the edge of such 
criticism. Might it not be said of any axiom that 
it becomes platitudinous immediately it is recog- 
nised ? Yet no one denies the desirability of 
setting down axioms in a precise form. Further- 
more, it may, we think, be said without risk of 
contradiction that whilst Professor Bacon’s prin- 
ciples have been learnt by older engineers through, 
often bitter, experience, they are less well known. 
or less firmly believed, by younger engineers. If 
we step outside the profession the ignorance of 
them, so far as they apply to the engineering 
industry, is complete. Were they more widely 
understood there would be less ill-informed criticism 
of manufacturers and many a disappointed and 
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grumbling inventor would see that the resistance 
to his invention is due to an economic law and is 
not nearly so frequently as he supposes a result of 
the ineptitude or malice of manufacturers. Con- 
sider Professor Bacon’s first Principle, that 
‘Innovations necessitate risking large sums of 
money.” Every engineer knows that well, but 
how many inventors have been disillusioned 
because of it! We might cite as an example the 
familiar screw-down water tap. No one in his 
senses could pretend that it approaches perfection, 
and many are the demgns introduced for its 
improvement. But the trade in taps is an enor- 
mous one and the money invested on the plant for 
their manufacture in the present form reaches 
figures which it is impossible to estimate. The 
sanguine inventor who hopes to capture the whole 
of the trade with a much better design forgets 
that before any profit could be made from his 
innovation a great part, if not all, the money 
invested on existing plant would have to be 
replaced. All he can hope for is to edge himself in ; 
and that he soon finds is a costly and _ heart- 
breaking business. Professor Bacon’s second 
Principle, that ““ An innovation born before it is 
wanted is still-born,” is proved by dozens of 
examples in the history of technology. Indeed, it 
might almost be said that there is rarely or never 
an invention which has not been at some time still- 
born, for consider how frequently it happens that 
when an invention does succeed it is shown that 
years before another inventor had been struck by 
a similar idea. The steam turbine is a notable 
instance, for long before it was brought to fruition, 
designs, one or two of them excellent, had been 
produced. It was the coming of the dynamo 
which established the turbine. If the dynamo had 
attained industrial use before Parsons was born 
he would not have been the inventor of the first 
successful turbine. Professor Bacon offers as a 
complementary Principle that inventions once 
discarded should be reconsidered periodically. 
That is hardly a principle in the same sense as the 
others. History shows it as a common occurrence. 
Who does not know of British inventions which 
have been turned down in this country and years 
later have come back to us from Germany or 
America ? That “ An innovation is unlikely to 
survive unless it is initially introduced for a purpose 
where its weaknesses are of least consequence, and 
its strong points are of maximum advantage,” is 
more subtle and of much greater importance. The 
author develops it well and it is one that bears 
close consideration. No doubt everyone con- 
cerned, save, too often, the inventor, does 
endeavour to balance the advantages and 
disadvantages of an innovation and to deter- 
mine which end of the beam tips. But it 
is not an easy thing to decide and it is because 
decision is so difficult that the risk covered by the 
first Principle is so great. We need not say that 
amongst the advantages and disadvantages 
economic questions are often quite as important, 
often more important, than the mechanical 
questions. We must skip two more of Professor 
Bacon’s Principles—they can be read on page 138— 
to give ourselves space to mention his last, that 
“The chief patrons of innovations are Luxury 
and War.” That is a hard saying, which many 
will refuse to accept. But it will bear thinking 
about. As to the first-named patron, “ Luxury,” 
the truth of the principle will tarn on the meaning 
we give to that term. If we regard as a luxury 
anything which increases our comfort or con- 
venience above what it is at the moment then the 
truth can hardly be questioned. But if luxury be 
taken in a more restricted sense, then its truth is 
in doubt. An invention which doubled the output 
of shirts for the naked could only be regarded as 
satisfying a luxury if we attach a very philosophic 
and unrealistic meaning to that word. Of the 
effect of war upon invention there can be no 
manner of doubt. It not only stimulates invention 
for warlike purposes, but it causes discoveries 
which are applicable to useful purposes in times 
of peace, and, as after the Napoleonic wars, it 
may set up economic conditions which give a 
direct incitement to inventors. We do not say 
this in praise of war, but in the recognition of a 
fact which cannot be denied. 

Presidents in the preparation of their addresses 
have an opportunity to introduce philosophical 
questions which do not fit well into the regular 
business of institutions and societies. It is to be 
regretted that they do not more often avail them- 
selves of that opportunity, but are so often content 
to deliver what are in fact lectures upon the branch 
of engineering in which they are engaged. But 


presents considered views on the broad issues of 
our profession, and we believe it may be said, 
bearing in mind famous addresses, in which the 
British Association is particularly rich, that such 
discourses are appreciated by listening and 
reading audiences. By studying the broad aspects 
of great subjects the evils necessarily associated 
with specialisation are removed, corrected, or 
modified. 








Literature. 


Practical Aircraft Stress Analysis. By D. R. Apams, 
A.F.R.Ae.S. London: Sir Isaac Pitman and 
Sons, Ltd. 1936. Price 8s. 6d. 

In the design of an aircraft structure the detailed pro- 

portions of the individual members and connections 

are commonly chosen with greater regard to strength 
considerations than is usual in other branches of 
structural engineering. This is, of course, largely 
because of the greater importance of economy of 
weight in aeronautical work ; but other reasons, such 
as the comparative absence of simple design rules 
like those which have grown up in older fields of 
structural work, are also operative. It is not surprising, 
therefore, that from the standpoint of the aero- 
nautical draughtsman, “aircraft stress analysis ” 
consists largely in the detailed stressing of the indi- 
vidual members and connections of an aircraft. 

This detailed stressing of components, however, 

is a matter of special interest not only to draughtsmen, 
but also to the junior members of aeronautical stress 
offices; To these, who are often university graduates 
comparatively new to aeronautics, many of the 
problems of detail stressing are outside the scope of 
their previous studies and any guidance on conven- 
tional aeronautical methods is particularly welcome. 
The branch of “ aircraft stress analysis ” which is 
thus of major interest to quite a large class of aero- 
nautical workers is, curiously enough, inadequately 
provided for by existing aeronautical text-books, and 
the necessary information is often learnt by new- 
comers as much from contact with experienced workers 
as from literature. Mr. Adams, in writing his 
“* Practical Aircraft Stress Analysis,”’ has presumably 
had this relatively unoccupied field in view ; and, in 
spite of its rather wider title, the book is devoted 
mainly to setting forth “the methods used in the 
stress analysis of aircraft components.” 
. The chapters—apart from a rather long opening 
one—are devoted successively to the strength of 
fittings and joints, the strength of beams and of 
struts and ties, and the strength of members in 
torsion. In each case the subject is dealt with by 
setting out the formule in common use and describing 
their conventional application, giving numerous fully 
worked examples. Little attempt is made to provide 
a theoretical background, presumably on the assump- 
tion that the reader can, if necessary, gain the required 
knowledge from standard text-books. From this 
point of view the volume stands midway between the 
pocket book of formule and the usual “‘ scientific ” 
text-book ; it is thus of a kind not unusual in other 
branches of engineering, but at present almost 
unknown in aeronautics. 
The first and last chapters are the most open to 
adverse criticism—the first (on aeronautical terms and 
the estimation of external loads) largely because of its 
length in relation to its somewhat slight relevance 
to the principal subject matter of the book, and the 
last because of its brevity. Having regard to the 
present-day importance of monocoque construction, 
the last chapter on torsion might well have included 
examples on Batho’s strength and stiffness formulze 
for thin-walled tubes. An extension of this chapter 
would certainly have helped to modernise a book 
which to many experienced readers will recall too 
much the early biplane days. 
There is not so much to criticise in the other 
chapters, and a good deal to commend. That on 
fittings and joints deals faithfully with wiring lugs, 
strut sockets, bolts, and bolt groups; and includes 
some notes on welded joints. That on beams dis- 
cusses bending moment diagrams and describes the 
estimation of bending and shear stresses in beams. 
Notes are given here, and are extended in the next 
chapter on struts and ties, on Howard’s graphical 
method of allowing for end load effects upon the 
bending moment diagram for a beam. This method, 
like its analytical counterpart (associated with the 
name of Berry), is probably little known or used out- 
side aeronautics, for some of the strut problems of 
which it is peculiarly neat. The same remarks prob- 
ably apply, though to a less degree, to the Southwell 
and Robertson strut formule of the chapter on struts 
and ties, the use of which is clearly explained with 
examples and curves. A useful bibliography is 
appended to each chapter. 

The general format of the book is good for its 

practical purpose; the size is handy, and the text 

and diagrams are clear. 








Metal Castings. By Harry L. Campsett, M.S. 
London: Chapman and Hall, Ltd. 1936. Price 
15s. 


THis work, by the Associate Professor of Metal 





sity, is primarily intended as a text-book for the use 
of students and for foundry employees, and its object 
of inducing a systematic study of materials and pro- 
cesses is materially assisted by the review questions 
placed at the end of each chapter. In a book of 
318 pages, which has to cover such a wide. scope, it 
is only to be expected that the treatment accorded 
to some of the subjects is of the briefest. For instance, 
the complicated subject of moulding machines is 
treated in ten pages, of which more than five are 
occupied by photographs, but the briefness of the 
treatment is in all cases offset by a useful bibliography. 
A very useful and welcome feature in a text-book 
of this kind is the fact that the commercial aspect of 
tho foundry industry is not neglected, and informa- 
tion is given showing the prices obtained for castings 
of various typesin different metals ; while in Chapter I, 
which deals with metals and other materials used 
in the foundry, in addition to giving a short but 
critical description of the different materials, the 
author also gives the prices ruling for each. As this 
is an American edition, it suffers in the eyes of the 
English reader from the fact that such figures are 
American prices, but the feature, nevertheless, marks 
an important advance. It has always been a matter 
of regret to the present reviewer that works of this 
description usually ignore so completely all com- 
mercial considerations. This is a real stumbling- 
block to the average students or routine workers, 
who have little or no opportunity of familiarising 
themselves with this aspect of the industry in which 
they are engaged. : 
The author wisely does not attempt to treat in 
any great detail every-day moulding practice, such 
as the construction of moulds and cores, which is 
obviously rather a subject for practical instruction, 
but, on the other hand, he devotes more space than 
usual to a description of sands and materials, oil-sand 
ratios, strength of cores, and similar information of 
a type which is not likely to be acquired in routine 
foundry work. The cupola, its operation, and an 
explanation of the chemical reactions taking place 
during a melt receive 23 pages. This section would 
have been improved by the addition of a few tables 
showing the results obtained in the way of coke and 
flux consumption, &c., per ton of metal poured and 
castings produced on different classes of work. In 
the description of the air furnace a consumption figure 
for malleable iron castings is given, and in one or 
two cases approximate figures are given in respect of 
some of the electric furnaces described, but, on the 
whole, this vital question of fuel consumption is 
hardly touched upon, and it is a point which would 
be worth attention in any future edition. 
In the description of the various methods employed 
for cleaning castings, the latest development of 
centrifugal machines employing impellers for pro- 
jecting the abrasive on to the castings instead of 
compressed air is referred to in four lines. It would 
certainly seem that a system which has reduced the 
power used in this process by 90 per cent. is worthy 
of a little fullerreference, as well as a short table show- 
ing the cost of cleaning by the different methods. 
The steel foundry and non-ferrous foundry receive 
brief but sound treatment, and the student will find 
in the various appendices some useful information on 
the subject of up-to-date specifications for different 
cast metals, sand testing, and similar subjects. For 
a work circulating outside the United States of 
America, it would have been advisable to mention 
that the table of crucible sizes on page 281 represents 
American practice. 
The drawings reproduced throughout the work are 
very clear, and have obviously been specially pre- 
pared for the purpose. Some of the half-tones, how- 
ever, are not so happy, and the reviewer suggests 
that the majority of the photographs of machines 
which are reproduced either in this or in similar text- 
books should be replaced by diagrams to illustrate 
the working principle of the machine described. A 
photograph may be an excellent means of showing the 
reader the size, the shape, and the complexity of a 
casting, but it usually fails badly when it is used to 
give an idea of the construction of a centrifugal casting 
machine (for instance), page 53, or a mould-drying 
oven, page 211. The shortcomings in this respect 
have been recognised in the case of the core blower 
illustrated on page 79, where some of the principal 
parts of the machine are indicated by descriptive 
wording. 








A REFRIGERATION Exursition.—On Tuesday, January 
26th, Delco Remy and Hyatt, Ltd., of 111, Grosvenor- 
road, London, S.W.1, opened their second annual exhibition 
of electric refrigeration. This little exhibition, which 
closes to-day, has been held to demonstrate the applica- 
tion of the firm’s small electric motors to the various 
makes of domestic and commercial refrigerators. There 
were shown in operation twelve domestic and six com- 
mercial refrigerators end, in addition, air conditioning 
apparatus and some domestic electrically operated 
machines. A number of demonstrations of the ‘‘ Delco ” 
motor were also given. In one of these demonstrations a 
4 H.P. motor of the firm’s standard refrigerator type, 
except for tropical insulation, was shown ing sub- 
merged in a g tank of water, the starting condenser 
being kept free of the water. A 4 H.P. repulsion induction 
motor was directly coupled to an electric dynamometer 
and was running continuously on 150 per cent. full load. 
These and a number of other demonstrations gave the 
visitor an excellent idea of the efficiency with which the 








now and then someone, like Professor Bacon, 
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firm’s motors operate under various adverse conditions. 
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Obituary. 


SIR GEORGE BURTON HUNTER. 


By the death of Sir George Burton Hunter, which 
took place at his home at “ The Willows,” Jesmond, 
Newcastle-upon-Tyne, on Thursday, January 21st, 
shipbuilding and naval architecture has lost an out- 
standing figure, and the North-East Coast one of its 
greatest industrialists. As chairman of the firm of 
Swan, Hunter and Wigham Richardson, Ltd., of 
Wallsend-on-Tyne, ® position which he reached early 
in his career, and only relinquished in 1898, after 
serving his firm for over fifty-five years, Sir George 
took a leading, part in the shipbuilding industry of 
the country, and even after he retired maintained 
the closest.interest in the industry, not only on its 
more technical sides, but also in the wider problems of 
employment and national welfare and prosperity. 
His greatest work was without doubt the designing 
and building of the Cunard liner *‘ Mauretania.’’ With 
that famous ship his name will always be associated. 

George Burton Hunter came of a seafaring family 
and was the son of Thomas Hunter, of Sunderland. 
He was born in Sunderland on December 19th, 1845. 
In his boyhood he saw the building of wooden ships 
on the Wear. He left school at the 
early age of thirteen and served 
nearly two years as a pupil to Mr. 
Thomas Meek, who was then the 
engineer to the River Wear Com- 
missioners. His real career was 
begun, however, shortly after, when 
he started his apprenticeship with 
his cousin’s firm of W. Pile and 
Co., afterwards W. Pile, Hay and 
Co., shipbuilders, of Sunderland. 

Before he was twenty, in 1865, 
he completed his apprenticeship 
and was placed in charge of the 
drawing-office and the outside 
works. Eight small ships were then 
building in the yard and he had 
seen the change from wooden 
ships through composite ships to 
iron ships. In 1869 he left Sunder- 
land for the Clyde, where he 
became assistant manager to Mr. 
Pearce, afterwards Sir William 
Pearce, at the Govan Yard of R. 
Napier and Sons. After two years 
on the Clyde, during which he 
gained valuable experience, he 
returned to Sunderland as manager 
for his old firm of Pile, Hay and 
Co. In 1873 Mr. William Pile 
died and the yard was closed. The 
next six years were spent in Sunder- 
land in partnership with Mr. 8. P. 
Austin, in establishing and running 
a new iron shipbuilding yard and 
in carrying out ship repairs. Most 
of the -ships built were sailing 
vessels. In 1879 George Hunter 
left Wearside for the Tyne, where 
he became partner in the ship- 
building firm of Mr. C. 8. Swan, 
and on the death of Mr. Swan 
became one of the principal partners 
in the firm, which was then carried 
on under the name of C. 8. Swan 
and Hunter. The yard had only -a 
river frontage of 90 yards, and 
some 600 to 700 men and boys 
were employed. Shipwrights’ 
wages were little more than 5s. per day of eleven 
hours and less than a pound a week was earned by 
unskilled labourers for a week of over sixty hours. 
Wallsend was in 1879 only a pit village with a popula- 
tion of something over 6000, but with the develop- 
ment of the firm it grew to accommodate over 50,000. 
Between 1880 and 1895 Swan and Hunter built a 
series of steamships which established their name for 
successful design and excellent workmanship and 
resulted in many repeated orders. In 1895 
the firm became a limited company with Mr. 
Hunter as its chairman and Mr. W. Denton, of 
Palmer’s Shipbuilding and Iron Company, Ltd., 
Col. John Price, Mr. C. 8. Swan, son of the founder, 
and Mr. T. H. Bambridge as directors. Shortly 
afterwards the shipbuilding yard of Schlesinger, 
Davis and Co, was acquired, and an amalgamation 
was effected between C. 8. Swan and Hunter, Lid., 
and Wigham Richardson and Co., Ltd., Mr. Hunter 
still retaining the chairmanship of the company. 
The following year the company took over the adjoin- 
ing ship and marine engineering repairing business 
and the dry docks of the Tyne Pontoons and Dry 
Dock Company. The business grew rapidly and three 
years later the firm’s activities culminated in the 
construction of the ‘‘ Mauretania’ for the Cunard 
Company, for which two large covered building berths 
served. by electric cranes were laid down, along with 
other berths and sheds. Mr. Hunter had closely 
studied the requirements of Atlantic traffic and his firm 
had already built the “ Ivernia ”’ and the ‘‘ Carpathia”’ 
for the Cunard service, and the excellence of the 
design for the “‘ Mauretania,” in which Mr. Hunter 
was assisted on the machinery side by the late Mr. 








Andrew Laing, of the Wallsend Slipway and Engi- 
neering Company, Ltd., will long hold its place in the 
annals of British shipbuilding. She survived the war 
and was without doubt the most famous passenger 
ship which ever left the Tyne. Her records for 
Atlantic crossings were upheld for over thirty years, 
and when she was finally withdrawn for breaking up 
her loss was regretted as much in America as in this 
country. 

After the ‘“ Mauretania’? Swan, Hunter and 
Wigham Richardson, Ltd., continued to build 
steamers of noteworthy design for merchant and 
naval service. During the war the firm constructed no 
less than 100 naval vessels, whilst over 700 ships were 
repaired, Since the war it has been responsible for a 
wider range of ships than perhaps any other firm, 
including steamers for Canada and the Canadian 
Lakes and British and foreign owners, and for the 
building of many floating docks, the Singapore naval 
base dock of 50,000 tons being an outstanding 
example. On the machinery side no development 
either in connection with the steam turbine, the reci- 
procating steam engine, and the oil engine has been 
overlooked. In the last named respect the associated 
company of Barclay, Curle and Co., Ltd., on the Clyde, 
has assisted in maintaining the progress. In 1918 


Mr. Hunter was made a K.B.E. in recognition of his | 





SiR GEORGE HUNTER. K.B.E. 


services during the war, while some years previously 
he was awarded the honorary degree of Doctor of 
Science by the University of Durham in recognition 
of his services to industry and his close interest in the 
Armstrong College. i 

In 1927, following the death of Lady Hunter, Sir 
George announced his retirement from the chairman- 
ship of the company, which took effect in September, 
1928. He was succeeded by Mr. Thirlaway and later 
by Mr. J. Denham Christie, but he retained a seat on 
the board, although in recent years he did not take 
his former active interest in the affairs of the firm. 
His retirement allowed him more time to deepen his 
interest in the many social, industrial, and economic 
problems of the day. For over half a century he was 
a member of the Institution of Civil Engineers and 
the Institution of Naval Architects, of which for 
many years he formed a valued member of Council. 
He also served on Lloyd’s Register of Shipping Com- 
mittees and was a member of the Council of Arm- 
strong College, and materially assisted in raising the 
necessary funds for completing the College buildings. 
Other activities included the vice-presidency of the 
United Kingdom Alliance and the honorary treasurer- 
ship of the Northern Federation of the National 
Industrial Alliance, an amalgamation of the National 
Alliance of Employers and Employed and the 
Industrial League and Council. He was an ardent 
advocate of the introduction of improved spelling, 
and on his private notepaper, in lectures, and in his 
letters to the Press he maintained that ‘“‘ If English 
spelling wer simplified it woud in a generation 
become the language of commerce all over the world 
with enormus benefit to British trade.” 








Institution of Mechanical 
Engineers. 


A LARGE and attentive audience listened on Friday 
evening of last week at the Institution of Mechanical 
Engineers te Major C. C. B. Morris when he presented 
a paper entitled ‘‘ The Organisation and Mechanical 
Appliances of the London Fire Brigade.’ As chief 
officer of the brigade and also as a full member of the 
Institution Major Morris succeeded in combining the 
technical and engineering aspects of modern fire- 
protection work with its more popular and sensational 
side, the side which impels us, whether we are engi- 
neers or not, to jump to the window when we hear the 
fire bell ringing. He had for instance much to say 
concerning the relative merits of unlined and rubber- 
lined hose and about the comparative advantages of 
the round-thread screw coupling and the “ instan- 
taneous ” coupling. But forsaking technicalities he 
gave us many side lights on the human aspect of fires 
and fire extinguishing and concluded with an enthral- 
ling display of two official films, one of the recent 
Crystal Palace conflagration and the. other of the 
Wapping rubber warehouse fire in 1935. We were 
interested to learn that from the fireman’s point of 
view the Crystal Palace provided 
a very ordinary kind of fire whereas 
the Wapping outbreak with its 
burning bales of rubber and the 
manner in which the flames crept 
from the top storey downwards 
presented a rare opportunity for 
the application of fire-fighting 
technique. 

It cannot be said that the discus- 
sion which followed the presentation 
of the paper did any injustice to it 
but it was for the most part con- 
cerned with the fireman’s rather 
than with the engineer’s side of the 
subject. The principal technical 
aspect raised in it and almost the 
only aspect to provide a conten- 
tious point was the question of 
threaded versus instantaneous hose . 
couplings. In that portion of the 
paper which we reprint elsewhere in 
this issue the reader will find these 
two types of coupling illustrated. 


One speaker, Mr. A. Pordage, 
delivered a particularly severe 


attack on the London Fire {Brigade 
for adhering to the screw coupling a 
form which he said had now been 
abandoned by 90 per cent. of the 
brigades in this country and over- 
seas. The instantaneous coupling, 
he said, was standardised through- 
out Australia. It possessed, he 
claimed, many advantages and forty 
years’ experience with it had shown 
it to be free from trouble. It was 
not loosened by being dragged over 
the ground, it could withstand much 
wear and tear and the greater the 
internal pressure applied to it the 
tighter it became. The disadvan- 
tages of the round-thread coupling 
on the other hand were notorious. 
It required the use of two spanners 
to close it tightly yet a tap on the 
outermember was sufficient to loosen 


it. It was, he thought, greatly to 
be regretted that the British 
Standards Institution had recommended the 


adoption of the London Fire Brigade’s round- 
thread coupling for hydrant outlets. The instan- 
taneous coupling was introduced about sixty years 
ago at about the time when Captain Shaw was 
standardising the vee-thread coupling in the London 
area. Except that it had since changed to the round- 
thread form the London Fire Brigade had since then 
remained wedded to the type and had set its face 
firmly against the instantaneous coupling. 

Other speakers supported Mr. Pordage’s attack on 
the round-thread coupling and it began to seem 
that a strong case against its continued use had been 
made out. A change of outlook however came when 
Major Jackson asked Mr. Pordage to tell him whether 
any other fire brigade was equally backward with 
London’s in refusing to adopt the instantaneous 
coupling. What for instance was the practice of the 
New York fire brigade ? Mr. Pordage had to admit 
that that brigade used a vee-thread coupling but he 
contended that that form was even more antiquated 
than the round-thread pattern. The finishing touch 
to the dispute was supplied by Major Morris himself. 
In his reply to the discussion he vigorously defended 
the round-thread coupling. The instantanedus 
coupling was by no means as free from defects as its 
advocates claimed it to be. Its construction was such 
as to render it incapable of withstanding suction 
should it occur. Further dropping it on the ground 
could cause it to jam in a manner which rendered it 
very difficult to undo. In a final reference to the 
subject he asked whether it. were not true that the 
Aberdeen fire brigade had recently changed over 
from instantaneous to round-thread couplings. The 
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response to this question left no doubt that the 
answer was in the affirmative. 

The London Fire Brigade makes use, when con- 
ditions require it, of the self-contained form of 
breathing apparatus. A bag carried on the front of 
the wearer's body contains an absorbent which 
purifies the exhaled breath. A reducing valve feeds 
fresh oxygen into this bag at a regulated rate, the 
oxygen being obtained from a cylinder carried on the 
wearer's back and containing enough gas for an hour’s 
strenuous work. Tubes lead from the bag to the 
wearer’s mouth, breathing through the nose being 
prevented by a clip. Mr. H. Neal of the Leicester 
Fire Brigade offered no criticism against the use of this 
apparatus but said that he preferred a simpler arrange- 
ment. In his city, he said, they used smoke helmets 
which were fed with fresh air from a power-driven 
blower. Each blower could supply five helmets. 
He said that the men preferred those helmets to the 
self-contained breathing apparatus, but Major Morris 
in his reply remarked that he disliked the idea of 
sending a man into a fire trailing an air supply tube 
behind him. Mr. A. E. Millington expressed approval 
of the principle of series working by which water 
could be brought from a long distance by coupling a 
number of fire pumps in series at intervals along a 
connected line of hose. He asked however to be 
informed as to what would happen if the last pump of 
the series shut down while the others continued 
pumping and suggested that an automatic device 
might be used to avoid the danger of bursting the 
hose in those circumstances. Major Morris admitted 
the importance of this point and said that an auto- 
matic relief valve should be fitted on each of the 
pumps which would limit the maximum pressure on 
the hose to 120lb. The use of heavy-oil instead of 
petrol engines on fire pumps was advocated by Mr. 
Fairclough on the grounds of economy of fuel, cooler 
running and reduced risk accompanying the refilling 
of the fuel tanks at a fire. Major Morris replied to the 
effect that economy of fuel was not of great import- 
ance in a fire engine in view of the limited period 
during its life spent by it in actual running—say, five 
weeks’ total working time during a life of fifteen 
years. A heavy-oil engine might not start up as 
quickly as a petrol engine. Some Continental coun- 
tries, he was aware, were turning to the heavy-oil 
engine for fire brigade use but for his part he would 
not follow their example for the present. 








The Principles of Engineering 


Evolution.* 
By FREDERIC BACON. 


Ir the lessons derivable from the history of engineering 
are to be of value, its successes—and even more its failures 
—must be analysed and reduced to principles capable of 
being confidently applied to new problems and altered 
circumstances. 

Very likely many of the lessons would appear rather 
platitudinous to engineers of long and wide experience, 
but, if so, that wouid really only prove my main con- 
tentions—first, that principles can be found and stated 
which apply almost equally well to any phase or branch 
of engineering ; and, secondly, that the knowledge of such 
principles and how to interpret them would be instructive 
and useful to juniors. 

Practical engineers will always be suspicious of book 
learning which attempts to epitomise experience, but the 
object in view would be in no sense a substitute for experi- 
ence, but simply to make experience more valuable, 
because its wider implications would be more fully and 
rapidly appreciated. In this respect, a suitable text-book 
on the principles of engineering evolution would be com- 
parable with an approved text-book on, let us say, the 
principles of workshop management. 

It has to be remembered, too, that the field to be 
explored in search of the kind of principles I have in mind 
is vastly greater than can ever come within the personal 
experience of any single individual. If the whole field of 
which we have reliable record were ploughed up and sifted, 
it might happen that useful principles would be unearthed 
which are as yet but dimly perceived—possibly not even 
suspected. 

So far, I have only argued that a scientifically planned 
analysis of engineering evolution would be of use to young 
engineers, but surely a well-written book on the subject 
could and would be read by a much wider public with 
great advantage to all concerned. 

To a large extent the professional engineer has to take 
his orders from individuals and groups of men who are not 
engineers, but business men, financiers, Government 
officials, and representatives of many different interests. 
If such people were better informed as to what conforms 
and what runs counter to established principles of engi- 
neering evolution, the lot of the engineer, who at present 
has to struggle against their ignorance of such matters, 
would be lightened. . 

To get an inkling of some of the advantages which might 
accrue, let us first consider what has happened in conse- 
quence of the recognition and wide dissemination of the 
principle of the conservation of energy. It stands to the 
credit of the educational machine that in spite of the 

extterme youth of this principle as compared with the 
propositions of Euclid, or even Newton’s laws of motion 
(for it only matured in a few master minds like Kelvin’s 
about eighty-five years ago), it has now been widely taught 
in schools for several decades. True, the perpetual 
motionist has not yet been exterminated, but most people 
(the daily Press excepted) know enough to suspect him of 
being a quack. The number of people who have been taught 
to recognise and respect the principle of the conservation 





of energy is sufficient seriously to spoil his prospects of 


securing funds from the credulous and ill-informed, so 
undoubtedly preventing a great deal of money being 
thrown away, year by year, on worthless schemes which 
involve its violation. 

Well, might not vain hopes and bitter disillusionments be 
lessened, without detriment to deserving inventors, if 
school children were sternly refused many marks for such 
incomplete and misleading information as, say, ‘ The 
steam engine was invented by James Watt and the loco- 
motive by George Stevenson, both of whom imme- 
diately became rich and famous.” 

My proposal would be that a principle of engineering 
which should be well drummed into the rising generation 
is that— 
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risking large sums of money. 


To expand the meaning of this principle or law, would 
it be untrue to indicate that, backed only to the extent 
of £100, no important invention ever did nor ever will 
get anywhere? By risking £10,000, something can some- 
times be done, but (as in the case of Parsons, for instance), 
it is often necessary to risk the entire loss of £100,000 or 
more, and in certain eases (e.g., the hydrogenation of coal) 
many millions of pounds sterling may have to be risked. 

Here are a few more tentative principles—trite they 
may be—but they are clearly discernible in the incidents 
I have selected, and for teaching purposes they need 
emphasis and illustration. : 

An innovation born before it is wanted is still-born. 

Thus— 

(1) The screw propeller, already known for a century 
or more, only took root about 1840 when the need for it 
had arisen. 

(2) Compound expansion, patented by Hornblower in 
1781, only took root in marine engine practice about 
1851, because before then steam pressures were too low 
to make it worth while. 

(3) The surface condenser, originally invented by Watt 
in 1765 and introduced into marine practice by Samuel 
Hall about 1840, fell out of use again because it was not 
wanted badly enough to tolerate its weaknesses in com- 
parison with the cheaper and sturdier jet condenser, until 
higher pressures in tubular boilers made it necessary to 
keep salt out of the feed water. 

(4) Parsons wrote in one of his papers “‘ that under the 
conditions prevailing, the commercial introduction of the 
steam turbine before 1880 was a practical impossibility,” 
because the possible uses of high-speed prime movers 
before dynamos were too restricted. 

A complementary principle to the one just stated would 
be— 


Not all innovations which have failed should be forgotten ; 
some of them deserve reconsideration periodically. 

This is not only because the want of them may have 
arisen or become more pressing ; it may also happen that 
new materials and/or improved manufacturing facilities 
will suffice to tilt the balance from failure to success. 

Again— 

An innovation is unlikely to survive unless it is initially 
introduced for a purpose where its weaknesses are of least 
consequence, and its strong points are of maximum advantage. 

As examples, it will serve to recall :— 

(1) That Watt’s beam engine was first developed for 
pumping mines, where its great weight and bulk mattered 
least. Then it was adapted for driving factories, which 
involved the extra step of converting reciprocating into 
rotary motion. Next, it was applied to drive small vessels, 
where lightness and compactness became i t. 
Lastly, it was used for locomotives, where lightness and 
compactness became of vital importance. 

(2) Parsons managed to get a foothold for his early 
steam turbines by using them to drive small dynamos for 
ship lighting. In this field, their lightness and compact- 
ness atoned for their voracious appetite for steam. More- 
over, even if a 20-kW generating set took 200 Ib. of steam 
per kilowatt-hour, its total steam consumption of 4000 Ib. 
per hour remained but a small fraction of the boiler capa- 
city that had to be provided for propelling the ship. 

'3) The financial failure of the “‘ Great Eastern’ can 
be largely attributed to the violation of this principle. 
She could not compete with sailing ships in the Australian 
trade for which she was designed, because the sailing ships 
showed up best in the long trades. For another thirty 
years and more sails kept steam at bay in running the 
southern wool. 

Another principle which has often played an important 
part in the introduction of innovations is :— 

Plan to retain reliability during transition. 

When a new system seeks to displace an old-established 
method, the newcomer is almost certain to be less reliable 
than the old-stager. It is then a good plan where prac- 
ticable to retain the old-stager as stand-by, till the new- 
comer is fully fledged. 

Thus, in the development of the steamship, steam was 
at first auxiliary to sails, next sails became auxiliary to 
steam. Finally, sails were dropped altogether, but simul- 
taneously twin screws were used in place of single serews— 
at least in the case of warships, and soon afterwards in 
first-class liners. 

An invention which is to count in engineering is NOT 
just “a happy thought occurring to an inventive mind,” as 
the dictionaries like to put it. 

Parsons, who of all people possessed the finest credentials 
for instructing us on this matter, wrote :— 

“Such an invention is the work of many individuals, 
each adding something to the work of his predecessors, 
each one suggesting something to overcome some diffi- 
culty, trying many things, testing them when possible, 
rejecting the failures, retaining the best, and by a process 
of gradual selection arriving at the most perfect method of 
accomplishing the end in view... . 

““Then after the invention there follows the perfecting 
of the invention for general use, the realisation of the 
advance or its introduction commercially ; this after- 
work often involves as great difficulties and requires for 
its accomplishment as great a measure of skill as the 
invention itself, of which it may be considered in many 
cases as forming a part.” 

Other tentative principles lie scattered through the 
preceding pages, many of which there has been no time 
to read to-day. I will not weary you by repeating them 
now, especially as I feel their recapitulation would be 
more fitting for opening a discussion than for concluding a 





I have only attempted to present at random a few 
tentative principles to illustrate the sort of analysis of 
engineering history which, it seems to me, would be easily 
assimilated by students of engineering and a wider public. 
If it would provide them with a better perspective for 
facing up to the problems of the future, it would surely be 
all to the good. There has never been a time when tech- 
nological progress is so clearly getting out of hand. It 
resembles a runaway horse, which must be captured and 
controlled. To do this effectively, we must understand 
the ‘‘ nature of the beast,’’ as revealed by his behaviour 
in the past. Not only must engineers see more clearly how 
their work is going to react on other technological develop- 
ments, but also those who decide the jobs on which engi- 
neers are to expend their skill must be more conscious of 
how they will affect the fabric of society. 

In conclusion, I offer one more principle which perhaps 
had better be marked ‘ For adults only,:’ as its morality 
may seem too doubtful for those of tender years :-— 

The chief patrons of innovation are Luxury and War. 

For instance, only wealthy pilots and passengers will 
promote and patronise new, hazardous, and expensive 
modes of transit; because they alone have sporting 
instincts which they are able to so indulge. But there is 
another rich customer who will pay almost any price to 
augment his stealth, sharpen his fangs, or strengthen his 
stranglehold. We often try to make out he is honest and 
respectable, but his real name is Terror—-‘‘ The Terror of 
War.” 

Unfortunately, we live at a moment in history when we 
stand aghast and seemingly helpless at the appalling 
reactions now going relentlessly forward between the 
evolution of engineering and the evolution of the methods 
and weapons of war. 

In regard to what can and what should be done to avert 
the impending danger, engineers share the same responsi- 
bilities as other citizens. It is a cheap and fatuous gibe 
to accuse engineers or chemists of being more to blame than 
others for the misuse of man’s ever-increasing powers of 
manipulating Nature in which it is the engineer's 
vocation to play a leading part. If war broke out, and our 
engineers and chemists failed to be more than a match for 
those employed by the enemy, the same armchair critics 
would be the first to start the cry that British engineers 
and chemists were to blame for letting the country down in 
her hour of need. 

Happily, and in spite of huge rearmament programmes, 
it remains true of Science, and true of Engineering, that 
the spirit which animates our efforts is of no person, no 
class, no country, but the vast and resplendent inheritance 
of all of us who worthily pursue our calling. 








New Ferrous Alloys and Treatment. 


THE services imposed in recent years on iron and steel 
by the demands of many industries have been so exact- 
ing in the matter of exposure to high temperature and 
destructive gases, to abrasion, and to the corrosive action 
of molten metals, sea water and other liquids, that a use- 
fully long life has only been secured by alloying them with 
nickel, chromium, aluminium, tungsten, &c. Speaking 
roughly, the cost of these alloys is proportional to their 
resistance. Their price may therefore be anything up to 
fifteen times that of plain steel. This expense imposes a 
definite limit to the expansion of the industries needing 
these alloys, because it raises the price of their products, 
and some means of reducing this cost has long been a 
matter of urgency. Follsain Metals, Ltd., of Wycliffe 
Foundry, Lutterworth, near Rugby, have succeeded in 
perfecting certain new processes by which metals capable 
of meeting the demands of this type of alloy can be pro- 
duced at a very much reduced cost. 


THe H.T. Process. 


The first process to be described is the H.T. process. 
This consists of enclosing the article in a box similar to 
that used for heat treatment work, tightly packed in a 
special powder containing the requisite mixture. The box 
is subjected to heat treatment for a period of days, and 
the result is a penetration by diffusion into the original 
metal from the mixture heated in contact with the part 
to be treated. The resulting penetrated area protects iron 
or steel from oxidation at high temperatures by actually 
transforming an area of the original metal into a heat- 
resisting alloy. The effect of processing any article made 
in suitable metal by the Follsain H.T. method is that the 
outer section of the metal, by impregnation and diffusion 
of some of the components of the treatment powder, is 
converted to the required depth into a new aluminium, 
silicon, chromium, ferrous alloy that resists oxidation, 
and the attack of sulphurous gases or a carburising atmo- 
sphere in conditions where temperature of the metal does 
not exceed 1000/1050 deg. Cent. The H.T. treatment finds 
a large and rapidly increasing demand in a wide 
range of industry. A few examples may be quoted, such 
as carburising boxes, cyanide pots, superheater and air 
heater tubes, heat exchanger, burner and furnace parts, 
including soot blowers. In general, it is of value wherever 
ferrous metals, either forged, rolled or cast are exposed to 
oxidising conditions or sulphurous fumes at high tem- 
peratures. The only two definite limitations implied 
by its use are that there shall be no direct impingement of 
a keen flame of the blow-pipe type, and that the tempera- 
ture of the metal be not allowed to exceed 1000/1030 deg. 
Cent. Thus, while pyrometer sheaths, for example—as 
they have no cooling medium passing through them— 
should not be used for temperatures in excess of 1000 deg. 
Cent., air heater tubes may safely be used in cases where the 
heating gases attain temperatures of 1400 deg. Cent. 
This difference is due to the relative cooling effect of the 
air passing through the tubes, which, though it may 
itself attain a temperature of 850 deg. Cent., never- 
theless by a suitable Contraflo arrangement, prevents 
the metal of the tube rising above the danger point. } 
Apart from the high oxidation resistant value of 
the treatment, it cannot be considered as a purely surface 
treatment. The transformed metal shades gradually into 
the base metal; there is no bond line and no mechanical 
weakness. The heat-resisting alloy cannot flake off. 








*S. Wales Inst. of Engineers.—Extract from Presidential 
Address. 


Presidential Address. 


The base metal of any part treated by the process retains 
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its original mechanical properties, and the surface layer, 
the Penetral H.T., will, we are told, crush or bend or 
deform with the original piece without cracking and with- 
out damage to its resistant properties. Treated articles 
cannot be easily machined after treatment ; all machining 
should be done before treatment. Machined surfaces 
can be ground after treatment. Portions not to be treated 
can be protected, and such portions can then be machined, 
welded, &c, Threads on pipes or shafts can be protected 
or treated; threads inside nuts can be protected or 
treated. All steels can be treated; cast iron with low 
graphite content can be treated; but ordinary grey cast 
iron cannot be successfully treated. 


C.Y. ABRASION-RESISTING ALLOY. 


A second material produced by Follsain Metuls, Ltd., 
is known as C.Y. alloy. This metal is not the result of a 
treatment process, but a definite alloy cast iron, which, 
owing to the combination of its analysis and the heat 
treatment to which it is subjected in the course of manu- 
facture, is very resistant to abrasion. It is fluid in the 
mould, and can be cast into intricate shapes; it can be 
machined, but, as might be expected with a material 
intended primarily to defy abrasive attack, the operation 
requires modern and heavy type machine tools, and 
therefore such operations should be reduced to a minimum. 
The alloy does not require any particular treatment to 
bring out its full abrasion-resisting properties. It has been 
found, we are informed, especially satisfactory in use for 
crusher rollers and similar work. We have ourselves 
had experience of C.Y. alloy as a material for locomotive 
brake blocks. ‘The particular work was of a nature which 
imposed such strains on the ordinary cast iron brake blocks 
that a week or two of service saw them reduced to nothing. 
C.Y. alloy brake blocks were tried and found to last in 
the same conditions better than would conventional 
brake blocks in ordinary service. The material has the 
following characteristics :—Ultimate tensile strength, 
30 to 35 tons per square inch; elongation, about 4 per 
cent.; Brinell, about 250; specific gravity, 7-6; weight 
per cubic inch, 0-26 1b.; C.Y. can be supplied as castings 
only, it cannot be forged, it has a weldability as in cast 
iron, 

’ Tue E.V. AxLoys. 

“ ELV.” is the trade name given to a new process for 
making alloys. In this process, which is provisionally 
protected by patent, the alloying elements are brought to 
the free flowing point at a temperature only slightly above 
the melting point of the final alloy. The makers tell us 
that the resulting metal can be cast into very intricate 
shapes, and yields a casting which is an exact and clean 
reproduction of the pattern, homogeneous throughout, 
free from oxidised particles and segregation, and without 
porosity. 

The first E.V. alloy to be developed, E.V.H.1, is a nickel 
chromium alloy resistant to oxidation, sulphurous and 
other furnace gases, and general corrosion. It has good 
mechanical properties up to 1160/1175 deg. Cent. Tensile 
tests, we are informed, have shown it to be five times as 
strong as mild steel at temperatures above 700 deg. Cent., 
while the N.P.L. report gives a strain rate of 10~%in. per 
inch per day for a stress of between 3 and 4 tons per 
square inch. The general characteristics of E.V.H.1 in 
the *‘ as cast’ condition and at room temperature are : 


Specific gravity 7-95 
Weight per cubic inch 0-29 Ib. 
Specific heat PP NLT ST Pipes 
Thermal conductivity (mild steel 
1-0) tue? obe!  oe -- «. O-6 approx. 

Coeffjcient of expansion (mild steel 

=] eae res ee ese Shee ROX. 
Casting contraction ... ... ... ... lin 60 
Electrical resistance (copper= 1-0)... 120 
Magnetic permeability .. «. Under 10 


Ultimate tensile strength.. 
Elongation GaGa? 60e 


35 tons per sq. in. 
5 per cent. in 2in. 


Owing to its very high strength at high temperatures, 
E.V.H.1 does not forge easily. In any case, forging must 
be carried out at over bright red heat—preferably at yellow 
heat—great care being taken to ensure that the part is 
well soaked. It can be machined, ground and polished in 
the usual way. Any of the good standard tools steels may 
be used. The tools must be kept sharp and should have a 
somewhat keener cutting angle than is usual for steel. It 
is preferable to take several light cuts at a higher speed 
rather than to take one heavy cut at low s and, in 
general, deep cutting with heavy traverse must be avoided, 
owing to the effect of work hardening. For this reason 
tools must not be allowed merely to rub. Cutting must be 
done dry. Following these general principles, the machin- 
ing of the alloy presents no difficulty and the metal may be 
put through all normal machining operations, including 
tapping and screwing. It can be welded either by the 
electric arc, using suitable covered metallic electrodes, or 
by the acetylene flame. When acetylene welding, it is 
necessary to ensure that the flame is neutral or has a slight 
tendency to the reducing condition. Carbon are welding 
is not recommended, but may be necessary on extremely 
thick sections. The alloy can be welded to most other 
metals, including mild or cast steel and the weldable cast 
irons. Welding will not damage the resistant properties of 
the metal, but it is advisable to relieve stresses after weld- 
ing.; E.V.H.1 cannot be forge welded. 








Fountain Jets. 


Many provincial and suburban towns are now busily 
making their Coronation arrangements. Illuminations 
will, of course, play a very important part, and we have 
little doubt that in many places where suitable conditions 
exist illuminated fountains will provide one of the attrac- 
tions. We need not comment upon the ease with which 
very beautiful effects can be obtained by combining 
water jets with coloured lights. But in this country so 
little attention has been paid to fountains that very 
few local councils and their engineers are acquainted 
with the details and know how the problem should be 
attacked. We may say at once that a small illuminated 
fountain need not be a costly affair and that the con- 
struction can be rapidly carried out; moreover, the 





consumption of power for lighting and pumping is relatively 
trifling. Since such temporary fountains are generally 
intended only for evening and night display, a very simple 
form of basin suffices, and could be quickly made in 
concrete in municipal parks. Where sheets of water 
exist, as they do in many places, a simple alternative 
is to mount the jets and lamps on a suitable raft, con- 
nected to the banks by the electric cables. 

With a view to helping borough and county engineers 
who are considering the use of this form of display, we 
are placing before them the working drawings of an 
arrangement of jets, designed by H.M. Office of Works, 
which has courteously given us permission to reproduce 
the drawings. The nozzles are suitable for a pressure 
between 20 lb. and 25 1b. per square inch, and the group 
will deliver about 300 gallons per minute. The power 
for pumping taken at the nozzles is about 5 H.P., and 
four 500-watt lamps, taking a couple of kW, would be 


Holes for Nozzles at “B” 






















and Crofts transferred to a larger workshop in Lower 
Ernest-street, Bradford. The idea of standardising trans- 
mission parts was already proving successful. Bradford, 
a textile area, soon discovered the advantage of being 
able to replace a broken part of its power transmission 
systems in the mills by a ready-made part of the same 
size. In 1898 the new accommodation proved insufficient, 
and the present site at Thornbury was bought. At the 
same time Mr. Croft took into partnership Mr. Perkins, 
and Croft and Perkins’ power transmission appliances were 
supplied to all classes of workshops, mills, factories, 
collieries and manufacturing plants in all parts of the 
country. A considerable export trade was simultaneously 
built up. 

For the supply of castings the firm had taken over a 
small foundry in the Leeds-road district of Bradford, but 
the increasing demand necessitated greater facilities. 
In 1902 the erection of a large four-storey pattern-shop 
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ARRANGEMENT AND DETAILS OF FOUNTAIN JETS 


sufficient to illuminate the jets, even in daylight. Used 
with two basins above the pool, somewhat like the 
Trafalgar-square arrangement, a very effective design 
would result with the projectors placed at 8ft. or 9ft. 
radius. Of course, there are many alternative designs 
that could be worked out. 

It will be seen that the jet is a simple job, which could 
be carried out in any engineer’s workshop. 








Fifty Years of Power Transmission. 


ALMOST as important to industry as the generation 
of mechanical power is the transmission of it. By 
means of power transmission systems it becomes immaterial 
in what form power may be available, whether as in the 
earliest beam engines, in the form of reciprocating motions, 
or in the modern form of pulleys or pinions rotating at 
speeds amounting to several thousand revolutions per 
minute, driven by electric motgrs, turbines, or high-speed 
oil or gas engines. The power transmission system enables 
the same prime mover to drive machines of all types, 
whether they be slow-speed bending machines or high- 
speed grind wheels, whether the horse-power required be 
fractional or amounting to several hundreds. 

The transmission of the power to different shops and 
to different machines within the shops is an absorbing 
problem to the works manager and to his staff of wheel- 
wrights. It is also the first problem to be settled by the 
works architect at the time of laying-out the plant. 
Nevertheless, to the staff of, say, the design or the pro- 
duction departments, or even to the machinists them- 
selyes, the arrival of adequate suitable power at the 
machines is frequently taken for granted, and it is only on 
rare occasion when the transmission breaks down that 
much thought is given to it. 

For fifty years Crofts (Engineers), Ltd., of Bradford, 
have specialised in the design, construction, and standardi- 
sation of power transmitting machinery of every t and 
size. In January, 1887, just fifty years ago, the Patent 
Pulley Company was founded in a small workshop in 
Monk-street, Bradford, by the late Mr. F. L. Croft. The 
company was launched for the purpose of manufacturing 
the founder’s “‘ patent wrought iron pulley.” This pulley 
had a specially rolled iron rim, which made it much lighter 
and stronger than the standartd type then in use, while 
its arms were given adequate rivet hold. Some seven 
employees were engaged when manufacture began. By 
1891 the success of the new design had enabled the manu- 
facture of general millgearing products to be undertaken, 





and stores at the north-western corner of the 14-acre site 
was first completed and plant installed. The erection of 
iron and non-ferrous foundries proceeded at the same time, 
and the first melt was poured in 1904. A new erection for 
housing the wrought iron pulley section was opened in 
1905, and subsequent enlargements took place from time 
to time, as circumstances dictated. In 1887 the accepted 
method of power transmission in mills was by vertical 
shaft and bevel wheels. A steam engine was geared to 
the bottom of the shaft and the workshop shaftings were 
geared at their respective levels up the shaft. About this 
date, however, the introduction of belt and rope drives 
became much more general. As service agents of power 
transmission, Crofts had to introduce systems not generally 
recognised in those days. Standardisation of products 
into certain definite sizes and pattern could be carried out 
only provided the products fitted into the existing 
installations. 

A system was prepared and eventually culminated in 
the present arrangement by which a shaft of a given size 
is carried on bearings of certain fixed dimensions as to 
width, thickness of cap, and support, number of lugs. 
number of bolts, size of bolts, &e. Naturally, accuracy of 
workmanship is a primary consideration but having 
attained exactitude in manufacture, large stocks of every 
conceivable part can be carried. When, however, the 
number of parts and the enormous variety of them is 
visualised, it will be readily appreciated that all jobs can 
not always be undertaken with ready-made parts. Accord- 
ingly, a system of pattern preservation was introduced, 
and to-day the pattern store at Thornbury extends four 
storeys high over a large area. Standard patterns are kept 
ready for the casting of any part at a moment’s notice. 
In addition, any special part made for a customer repre- 
sents a potential replacement. The pattern is accord- 
ingly stored until the possibility of a replacement being 
required at short notice ceases to be probable. 

The foundry has always played an important part in 
the efficiency of the firm’s business. Several develop- 
ments in foundry practice owe their origin to it, and one 
of the latest is called ‘‘ Itest Ion.” This registered trade 
name given to Crofts’ new process for making high-test 
iron castings and for which provisional patents have been 
obtained has been developed in Crofts’ own laboratories 
and foundries. Castings made by this process are claimed 
to have distinct qualities over ordinary iron or steel mix 
castings, their consistent soundness being notable. Five 
distinct grades are standardised, each conforming-to a 
certain definite metallurgical analysis. Strengths approach- 
ing that of steel castings with hardness characteristics 
equal to hardened surfaces can be given. Quite early in 
the firm’s history the rope drive came into use for main 
drives, and naturally all parts of rope-driving equipment 
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were studied. With the general introduction of electricity, 
however, it might have seemed that the rope drive would 
die out. For a time many installations did, in fact, carry 
the electric drive principle to extreme lengths, utilising a 
multiplicity of motors and generally using direct current, 
to take advantage of the starting torque available with 
this type of motor. Later, however, it was found that 


group drive had advantages, and with its return mecha- 
nical power distribution came back into wide use, but in 
a modified form. The motors used are often synchronous 
or squirrel-cage A.C. machines, and for reasons of cost 
and electrical efficiency are run at a set high speed. The 
mechanism connecting them to the work is generally 


one automatic speed forward and one reverse, or, alterna- 
tively, two speeds in one direction, are obtainable. The 
clutches impart a quick and certain movement, and are 
readily accessible for adjustment. 

The work spindle of nitralloy steel is mounted on heavy 
roller bearings at the front and double roller journal and 
thrust bearings at the rear. It is claimed that high speeds 
can be maintained continuously, and that the arrange- 
ment ensures permanent alignment of spindle and turret. 
The spindle is driven through two cone type clutches by 
chains from the apron. This chain drive is smooth, and 
positive, and allows the spindle bearings to be brought 
close together, resulting in a short stiff spindle. Correct 





smooth and rapid movement. Provision is made for 
single or double indexing. 

The operator is protected against splash and flying chips 
by the effective guard fitted with safety glass windows, 
which has already been mentioned. All moving parts of 
the machine are adequately guarded and ample provision 
is made to safeguard the machine against overload. A 
shear pin in the cycle time gear train ensures that all move- 
ments of the machine, except the spindle, stop instantly in 
the event of undue strain which may be caused by over- 
load or interference from tools or swarf. Incorporated in 
the bar feed mechanism is a device for stopping all move- 
ments of the machine with the exception of the work 




















required to make a reduction of speed, and a clutch is 
frequently incorporated. Crofts, with their early experi- 
ence of both mechanisms under different conditions, pro- 
ceeded to prepare new designs and systems, culminating 
in such patents as the multiple disc ball-operated clutch, 
designed nominally for incorporating in all classes of 
machine tools, &c. It employs neither levers nor pins, 
operation and adjustment is foolproof and easy, and 
positive engagement and disengagement is obtained with- 
out shock. Other types of clutches which form part of 
the standard range are heavy-duty, hinged-crown, cone 
and centrifugal clutches, which are supplied for all powers 
and speeds. 

There are two other fields in which Crofts have proved 
successful under modern conditions. One is in the produc- 
tion of self-contained reduction gears for electric motors 
from fractional horse-power sizes to over 100 H.P. The 
firm, purchases the motor and fits the gear-box and end 
cover, together with its bearing, so that the complete 
unit receives current at one end and delivers slow-speed 
power at the other. In other designs the gear-box and 
motor are separate, but built on to a standardised common 
bed-plate which is designed, as in all the types, for mount- 
ing in any position, vertical, horizontal, or under-hung. 
The other is in the utilisation of V rope drives, especially for 
short centre working from electric motors to the machines. 
In connection with these drives a patented device has 
proved successful. It consists of an expanding pulley 
which gives infinite variation of gear ratio between 
1 to 1 and 1 to 3. By using a countershaft having a 
similar drive, the variation can be extended to 1 to 6. 
Crofts have specialised in variable-speed drives for some 
years, and have various types available. 

The firm is to be congratulated on the fiftieth anniversary 
of its foundation, and we wish it every success in the future. 








Automatic Screw Machine. 


THE machine illustrated is the latest addition to the 
range of single-spindle automatic screw machines made 
by B.S.A. Tools, Ltd. It provides a means for the machin- 
ing of components up to #in. diameter in large and medium 
batches at high rates of production and with consistent 
accuracy. Ease and safety of operation have been given 
careful consideration. A guard fitted with ovservation 
windows of safety glass, which totally encloses the moving 
parts of the machine during operation, allows the maximum 
of coolant to be used without splash and prevents the 
coolant getting into the lubricating oil supply. The guard 
is of aluminium, and is quickly raised and lowered into 
position. The bed of the machine is well proportioned, 
and specially arranged to ensure ample room for the escape 
of chips and their subsequent removal. The machine is 
arranged for self-contained motor drive. The motor is 
carried by a hinged plate mounted on the base of the 
machine at the rear and drives the main shaft through tex- 
ropes. Screw adjustment is provided for maintaining 
correct tension of ropes. The arrangement of the drive 
permits the use of almost any type of foot motor. An 
advantage of this type of drive is that the machine forms 
an independent unit that can be lifted and moved to 
another site if desired. Where electric current is not 
available for individual drive, a belt-driven machine can 
be supplied. A range of spindle speeds from 132 to 6000 
r.p.m. is available through two sets of pick-off gears in the 
apron, which are driven direct from the main spindle. 
Two alternative automatic speed reductions for threading 
of 1 : 2 and 1: 5 can be obtained on the standard machine. 
When using fast and reverse speeds only, a reduction of 
1: 7 is obtainable with special pick-off gears. By means 


MACHINE WITH COVER RAISED 








chain tension is maintained automatically. The clutches 
are controlled from the camshaft, the appropriate clutch 
being engaged as required to give a forward or reverse 
rotation. The clutch bearings are mounted on long 
parallel roller bearings, and the clutch-operating sleeve 
is of a design incorporating anti-friction bearings. The 
collets are toggle operated and adjustable for variations 
in diameter of stock. Automatic lubrication is provided 
to the headstoek. 

The backshaft is driven at a constant speed by belt 
from the main drive shaft. The drive can be engaged and 
disengaged through a lever-operated clutch. A hand 
wheel is provided for rotating the shaft by hand when 
setting up. The dog clutches controlling the movement of 
the work spindle and apron clutches, stock feeding, collet 
opening and closing cams and indexing mechanism are 
all mounted on the backshaft, and are operated by trips 
adjustable on the camshaft at the front of the machine. 
The camshaft controls the cross slides, stock feed, spindle 

















SINGLE-SPINDLE AUTOMATIC SCREW MACHINE 


speed change, and reversal and the turret cam drive. It 
is driven from the backshaft through a worm drive and 
pick-off gears which provide forty-five different cycle 
times, all entirely independent of the spindle speeds. 
Special care has been taken to prevent backlash in the 
front camshaft. The arrangement of the cross slides is 
of particular interest. The upper slides are well pro- 
portioned and mounted upon a hardened steel way which 
is carried right across the machine. This arrangement is 
claimed to afford exceptional rigidity to the cross slides 
and strengthen the main body casting. The cross slides 
are operated by cams on the camshaft and to facilitate 
speedy adjustment when setting up the cams are mounted 
on serrated sleeves. Provision is made for fitting a third 
or vertical slide when required, and the motion is taken 
from an additional cam on the camshaft. 

The turret moves on a hardened steel slide, which has 
large vee section ways, and a taper gib for taking up wear. 
The slide is massively designed to give rigidity to turret 
tools when taking heavy forming cuts. The vertical turret 
of heat-treated steel has six stations for standard tools. 
The feed of the turret slide is actuated by a cam-operated 
quadrant and rack. The machine is available with long or 








BEARINGS AND DRIVE 


spindle when insufficient bar stock remains to complete 
another component. All principal bearings have auto- 
matic lubrication from a pump in the base of the machine. 
Spindle bearings have sight glass indicators so that circu- 
lation of oil may be observed. A wide range of tools and 
attachments is available, and greatly extend the scope of 
the machine. When required, the capacity of the machine 
can be increased to yin. by the use of an oversize feed 
tube and feed finger. Further, an outside feeding attach- 
ment is available, increasing the capacity up to }in. 
diameter. The following table gives some additional 
particulars of the machine :— 


Largest stock taken by standard feed finger 
Round Vel ted tis SOs 
Square... ... 
Hexagon A/F 

Largest stock usin 

attachment Bet ake akeL ae aap 
hole through standard feed 


jin. 
fin. 


in. 


outside feeding 

a in. 

Diameter of 
tube a Neee ee eens 

Maximum length dealt with at one moveme 


13/5,in. 


nt, 
long stroke turret-— 
Turned Win l}in. 
Fed ... 2in. 


Maximum length dealt with at one movement, 
short stroke turret— 
jin. 
ee oe cag ls bane echt tees Sao. S46 un 2in. 
Maximum diameter threaded, using die- 
e Cn kde hee age anes sek. faeces ee * ae 
Number of spindle speeds 36 
Range of spindle speeds ... 
Number of cycle times odes, 
Change feed gears to give one revolution of cams with 
short stroke turret, seconds— 
Fastest i 
Slowest ... decried tad 50 
Change feed gears to give one revolution of cams with 
long stroke turret, seconds— 
Fastest 
Slowest ... at Sees spat.) Peek 
Actual time allowed to feed stock— 
Long stroke turret, seconds 
Short stroke turret, seconds 
Actual time allowed for automatica 
Long stroke turret, seconds 
Short stroke turret, seconds 
Actual time allowed to index turret— 
Long stroke turret 
Short stroke turret 
Diameter of turret ... ... 
Number of holes in turret 
Diameter of holes in turret Be a te 
Maximum distance tools can project 
from turret UPS SEE ON, £5.18 Sak 
Maximum diameter tool turret will swing 
Minimum distance chuck to turret 
Adjustment of turret slide... ... 
Centre of spindle to top of cross slides 
Movement of cross slide... ... ... 
uired 


132 to 6000 
45 


i 
75 


} 
tree” Bi 
liy changing speed— 


1gin. 
fein. 
lin. 
lin. 
3 
1430 r.p.m. 
165in. by 28in. 
1876 lb. 


Horse-power of motor req 
Speed of motor... —... 
Floor space occupied x 
Approximate net weight ... 








Marine Encryeers’ ExamInation.—In a Journal 
note last week under the above title we stated that 
Professor C. J. Hawkes, President of the North-East 
Coast Institution, represented that society jointly with 
the Institution of Engineers and Shipbuilders in Scotland. 
We now learn that the two Institutions decided to be 
independently represented, and that Mr. J. M. Isbister 
was nominated and accepted as representative of the 





short stroke turret. The turret indexing mechanism 





of clutches on the spindle, operated from the camshaft, 


operates through a link and Geneva motion, ensuring 4 


Institution of Engineers and Shipbuilders in Scotland. 
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D.C. Welding Sets. 


fIJTuHrEee D.C. welding sets of recent design have been 
brought to our notice by Murex Welding Processes, Ltd., 
of Ferry Lane Works, Forest-road, Walthamstow. One 
is an oil-driven unit for two operators with two 6-kW, 
200-ampere generators built into one carcase. By means 
of a paralleling and equalising switch the two dynamos 
can be connected in parallel to give 400 amperes for 
heavy work with special electrodes. The Perkins Wolff 
four-cylinder engine develops 27 H.P. continuously at 
1500 r.p.m. It is fitted with a grilled type radiator, and 
a belt-driven fan for cooling it. The fuel passes through 





portable machine, designed to supply ten operators. 
The dynamo is level compounded for 60 volts, with an 
over structure containing a portion of the necessary 
resistances and with two long scale instruments mounted 
on the front. On the back of the structure are ten positive 
and ten negative terminals. The latter can, of course, 
be used separately or all joined together for the connection 
of a common return lead, according to requirements. In 
this particular case the motor is a D.C. machine, and a 
starter with overload protection isolating switch and 
fuses are provided at the motor end of the set. Both 
machines, together with the starting gear, &c., are mounted 
on a welded steel bed-plate carried by the undercarriage 
with large diameter rubber-tired spring-mounted wheels, 
and swivelling fore carriage and a draw-bar. 





same time, the hardened inner edge of the ring cuts into 
the outer wall of the tube and causes the displaced metal 
to form a collar. The joint before and after tightening is 
shown at B and C, and an enlarged section at D, where (1) 
is the external surface of the ring making contact with the 
cone; (2) the hardened inner edge of the ring cutting into 
the surface of the tube, and forming the collar of displaced 
metal, the depth of penetration being limited by the shape 
of the ring. At (3) the ring is shown acting as a spring 
washer. 

The cutting action of the ring has the effect of sectioning 
any longitudinal grooves on the tube surface, as shown at 
(4) in the sketch E, and thus enables the joint to be used 
on tubes other than drawn tubes having a smooth external 
surface. As the depth of penetration of the ring into the 
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12-KW OIL ENGINE-DRIVEN WELDING SET 


Tecalemit and C.A.V.-Bosch filters to a Bosch fuel pump, 
and another Tecalemit filter deals with the lubricating oil. 
An A.C. oil type air cleaner is fitted in the air intake pipe. 
Each of these filters is cleaned periodically and freedom 
from trouble is said to be ensured, Between the engine and 
dynamo is a grease-lubricated jaw type coupling having 
renewable friction faces. The control gear is fitted 
above the generators. There are three positive terminals 
for 50, 100, and 200 amperes, and one negative terminal, 
and each operator has his own voltmeter and ammeter. 

A non-standard engine-driven set has been built for 
arduous duty in a ship-repairing establishment in Java, 
Dutch East Indies. It was constructed to give great 
reliability regardless of cost, notwithstanding the climatic 
conditions. Pneumatically tired wheels carry the welded 
steel frame. An automatic trailer brake and a hand 
parking brake acting on the rear wheels are fitted. The 
power unit is a four-cylinder ‘Gardner engine, which 
develops 38 B.H.P. at 1000 r.p.m. 

Two compound-wound drooping characteristic dynamos 
are driven in tandem through a solid coupling, and, as 














SERIES RESISTANCE UNIT 


in the case of the other engine-driven set, the dynamos 
may be paralleled by a switch. When the machines 
operate separately two operators may be supplied with 
33-200 amperes each, whilst when they work in parallel 
one man can use from 66-400 amperes. In view of the 
climatic conditions in Java, it was specified that the 
temperature rise of each dynamo, when delivering 
140 amperes at 40 volts, should not exceed 30 deg. Cent. 
Control of the welding current is affected by shunt regula- 
tion. The scales of the voltmeters and ammeters are long 
and easily read. Three positive and one negative terminals 
are provided for each operator. The engine has a Reliance 
radiator with a fan driven by a Whittle belt from a pulley 
on the engine shaft. The flow of cooling water is main- 
tained by an engine-driven centrifugal pump controlled 
thermostatically. Intake air passes through a Visco 
filter, while the exhaust gases are discharged through a 
Burgess silencer. Owing to the dusty conditions encoun- 
tered where the machine is to be used, a Vokes panel 
type air filter is fitted for dynamo ventilation. Detachable 
sliding doors enclose the set when not in use, and a panel 
on the roof may be removed to facilitate work on the 
cylinder heads. The whole superstructure can also easily 
be removed. Rainproof self-locking tool-boxes are 
arranged along each side of the set. Starting is easily 
performed by hand. 

The third set (not illustrated) is an electrically driven 











Ten series resistances of the type illustrated were 
supplied with the set. The adjustable handle shown in 
this illustration rotates two laminated copper brushes, 
which engage with a step ring and segments, thus giving 
a smooth action. 








An Improved Compression Joint. 


A sornt belonging to the class known as compression 
joints for use on steel and other pipes without screw threads 
has been brought to our notice by the British Ermeto 
Corporation, Ltd., of 75, Victoria-street, S.W.1. It is 
claimed to possess distinct advantages and to be suitable 
for hydraulic pressures of over 7000 Ib. per square inch. 
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JOINT BEFORE AND AFTER ASSEMBLY 
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AFTER TIGHTENING 


Steam at a temperature of 780 deg. Fah. has no adverse 
effect on the joint, which may also be used on pipes under 
vacuum. It is suitable for connecting pipes carrying all 
liquids, including petrol, and it is said to be unafiected 
by vibration. As the pipe ends are not screwed, thinner 
pipes can be employed than would otherwise be possible, 
with a consequent reduction in cost. .No work on the 
pipes other than that of cutting the ends square is neces- 
sary, and no tools are required other than standard 
spanners. 

The joint consists, as shown at A, of a union, ring, and 
nut. When the nut is tightened the force presses the ring 
into the cone of the union with a perfect fit and, at the 





Oi ENGINE-DRIVEN WELDING SET FOR JAVA 


external surface of the tube is limited by the special form of 
the cutting edge, there is no possibility of the tube becoming 
weakened or distorted. The ring pressed between the 
flange formed on the pipe and shoulder of the nut becomes 
deformed on tightening, and, being of an elastic nature, 
acts as @ spring washer, thus avoiding the possibility of 
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SECTION OF JOINT; RING ON TUBES WITH GROOVES 
loosening by vibration or changes of temperature. Joints 


can be made and broken repeatedly without fitting new 
Tings. 








Geared Motor Units. 


Durinc the past three years double-reduction geared 
motors made by the British Thomson-Houston Company 
as complete machines have met with a wide field of appli- 

















GEARED MOTOR UNIT 


cation. For outputs in the neighbourhood of 10 H.P. at 
415 r.p.m. down to 24 H.P. at 145 r.p.m., a double-reduc- 
tion gear-box is, however, seldom necessary. The firm has 
consequently introduced a single-reduction gear-box to 
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meet the demand for small units with a speed ratio of 
5 to 1. The new units are at present confined to slip-ring 
or squirrel-cage machines, up to 10 H.P. at 2}: 1 ratio or 
5 H.P. at 5:1 ratio. The same sturdy construction and 
accurately generated helical gears which distinguish the 
double-reduction units have been extended to the new range 
of single-reduction machines, the gear efficiency being at 
least 99 per cent., irrespective of ratio. Three sizes of 
gear-box are available. Nickel-chrome steel pinions are 
used, while the gear wheels are cut from solid forged steel 
blanks. The gears are self-lubricating, the large wheel 
running in an oil bath, whilst the bearings are grease 
packed. After the units have been set to work they 
require no attention beyond adding a small quantity of 
oil from time to time to maintain the level indicated by 
the oil gauge. Precautions are taken to prevent oil 
leakage along the output and high-speed shafts. 








American Engineering News. 


Lighting the Public Highways. 

One of the many subjects being studied in 
connection with the rapid development of public roads 
in the United States is that of adequate lighting for 
safe and convenient driving at night. Many roads, 
even those of heavy travel, are not lighted or have a 
haphazard system that is ineffective for its purpose. 
The headlights of the moving automobiles and motor 
trucks are of little value for general lighting. The latest 
and most elaborate system of highway illumination 
is the San Francisco and Oakland Bridge and its 
approaches, with 14 miles of roadway. There are about 
950 sodium-vapour lamps of 10,000 lumens, spaced 
150ft. apart, and set at an average height of 25ft. The 
average lighting is 133 lumens per foot, producing an 
average intensity of 0-84 candle-power at the roadway. 
Current is supplied at each end of the bridge, and there 
are six sub-stations in the length of the bridge itself, 
exclusive of approaches. On the upper deck there is a 
double row of lights, while the lower deck has a single 
row. with a spacing of 120ft. The upper deck includes 
the tunnel between two sections of the bridge, in which 
the lights are carried on brackets in the arched roof. 
Circuits are 6-6 ampere series A.C., with an individual 
series transformer to each lamp. The total load is 307 kW, 
with an estimated demand of 285 kW. The cost of energy 
or eurrent, including the lighting of adjacent streets, 
is £4400 per year. This does not cover maintenance, the 
principal item of which will be renewal of the sodium-vapour 
lamps every six months. This elaborate equipment is 
warranted by the large amount of traffic. What is 
needed on ordinary roads is a distinctly defined path, 
so that at modern speeds objects in the path will be 
visible at a safe distance. Lights along the road generally 
cause alternating pools of darkness and light which are 
very confusing, and made more so by the lights and signs 
of filling stations, taverns, and shops. 


Wireless Telephone on Construction Work. 


In the preliminary construction work for the 
Passamaquoddy tidal power project. in the United States, 
a feature of special interest was the installation of a wire- 
less or radio telephone system for intercommunication 
over the large area involved, and an area isolated from 
existing wire communications. Under such conditions 
the establishment of a telegraph or telephone wire system 
would have been of prohibitive cost, and the difficulty 
was overcome by a system using the wireless telephone. 
It had the further advantage of providing communication 
with marine work at various parts of the bay and subject 
to rough water. A wireless telegraph system was con- 
sidered, but would not have been economical on account of 
the requirement for continuous service of trained operators, 
besides the possibility of error in sending and receiving 
messages. On the other hand, the radio telephone can be 
used as easily as the ordinary wire telephone service ; 
it gives direct communication without an intermediate 
operator, and the messages are clear and readily under- 
stood up to a distance of about 30 miles. The main 
station at headquarters was in charge of an operator 
who was also a mechanic competent to make any service 
repairs at the field stations. These latter stations had no 
operators, the messages being sent directly by offiee 
employees at the stations. Constant attendance at the 
field offices was not necessary, as the telephone sets were 
equipped with loud speakers, so that the call system could 
be used. Four field station equipments cost about £60 
each, and messages averaged 34d. each. Wireless tele - 
graph would have cost about the same, but with addi- 
tional cost for operators, so that messages would have 
cost about 2s., while a direet wire telephone system would 
have cost about £1500, with an average of 2s. 8d. per 
message. With A.C. installations satisfactory service with 
the wireless telephone system was maintained for distances 
of about 200 miles. 


American Railway Signalling. 


There is an increasing use by American railways 
of the system of operation by signal indications in place 
of train orders, a system which provides imcreased speed 
of operation, but also increased safety and economy. The 
939 installations now in service total 14,937 miles of line, 
with 31,200 miles of track. Of this grand total, 11,645 
miles of line (26,712 of track) are for one direction operation 
and 3292 miles (4487 of track) for operation in either direc- 
tion. Automatic train control totals 8194 miles (15,155 
of track), and automatic cab signals 3850 miles (7790 
of track). About 9125 locomotives and railcars are 
equipped with speed control or cab signals, or both. The 
Pennsylvania Railroad will soon have cab signals~ from 
New York to Washington, 300 miles ; New York to Pitts- 
burgh and Indianapolis, 812 miles; and Washington to 
Pittsburgh, 368 miles. The Government’s Bureau of 
Safety has called attention to the need of service tests 
to determine the maximum speed at which intermittent 
inductive’ train stop devices will operate to initiate an 
automatic brake application under various conditions of 





air gap and offset. This is particularly necessary on 
account of the decided trend to higher speeds. With the 
development of improved signalling apparatus the use of 
train orders has been greatly reduced for normal operation 
of train movements. Trains are directed by block signals 
operated manually, or are directed by interlocking, 
remote control, centralised traffic control, controlled 
manual block and automatic block signals. Train orders 
are then used only in emergency or for slow orders over 
certain points. With the increasing speeds of passenger 
and goods trains it has become necessary to direct trains 
in this way, diverting them from one track to another by 
interlocking facilities, without delays. One of many 
devices under experimental trial is a time-element reset 
on locomotives equipped with automatic train stop, in 
order to introduce a predetermined delay before the brakes 
can be released. 


Lightweight Railway Carriages. 


An interesting feature of the widespread intro- 
duction of high-speed trains and streamlined trains on 
American railways is the design of special lightweight 
passenger cars in order to reduce the load on the locomo- 
tive or oil-engined power unit. Cars for main line service 
weigh usually about 50 tons, for lengths up to 65ft., 
while cars of 70ft. to 80ft. length weigh from 60 to 80 tons. 
Then cars over 60 or 65 tons have usually six-wheel 
trucks—or bogies—to ensure easy riding at speed, but 
with the body weight reduced and the use of improved 
spring steels and springing arrangement, it is practicable 
to use four-wheel bogies. This reduction in weight is 
progressive, so that the new nine-car ‘‘ Hiawatha ”’ trains 
of the Chicago, Milwaukee, St. Paul and Pacific Railway 
weigh about the same as the original seven-car trains. 
Even the four-wheel bogies are reduced from 15,195 Ib. 
to 14,513 lb., while the bodies of the coaches are reduced 
from 36 tons to 28 tons. The cars are 76ft. to 80ft. long, 
the coaches—46 tons—seating fifty-two in the main part 
and ten in the smoking room, while the dining car—50 
tons—seats forty-eight, and the parlour cars—extra 
charge—seat about thirty each. The total weight of nine 
cars is 430 tons, as against 403 tons for the first seven-car 
streamlined trains. The steam locomotives—with stream- 
lined casing—weigh 270 tons. With 464 seats the weight 
of cars per seat is 1854 lb., as against 2146 Ib. per seat 
for 376 seats of the seven-car trains. Weight reduction 
is secured in many ways: Special steels of equal strength 
for lighter weight, H-section beams instead of I-section 
rolled joists, welding in place of riveting, redesign of 
numerous details, lightweight interior finish. At the 
same time, there is some additional weight due to insula- 
tion, sound-deadening, and air-conditioning equipment. 
Before the streamlined ‘“ Hiawatha” trains were put 
in service, passenger cars on the same run averaged 
about 56 tons, while those of the newer streamlined trains 
weigh about 46 tons. 








SIXTY YEARS AGO. 


THe civil war now raging in Spain and the efforts 


being made to prevent the export of munitions to that 


country find a far-off echo in our issue of February 2nd 
1877. A firm of American engineers in London had, it 
was recorded, found an ingenious method of sending 
small cannon to any place where they might be required 
and where the powers in command might object to their 
introduction. Two cannon were joined together muzzle 
to muzzle by means of a round bar of wood inserted down 
the bores. They were then bound round with straw rope 
over which a coat of fire-clay was laid. Round the object 
so formed was cast an iron column such as might be used 
for building purposes. When finished the columns were 
claimed to be capable of deceiving the eye of the most 
cautious Customs officer. The idea was ingenious but 
not apparently novel. In August 1875, our note added, 
the Carlists in Spain received in this manner from the 
French side of the frontier six small mountain guns and 
at that very moment a further fifty or so columns were 
awaiting shipment.... In the same issue we discussed 
the difficulty which the Admiralty was experiencing in 
finding engineers for the Fleet. Each year, we said, a 
considerable number of young men were educated at 
Greenwich Naval College for the engineering branch of 
the Service. The supply however had recently fallen short 
of the demand and some short time previously in order 
to improve the situation the Admiralty had resorted to the 
unusual course of throwing open to the public twenty 
appointments as assistant engineer. One hundred and 
forty candidates applied and of them one hundred eventu- 
ally presented themselves for examination. Eighty-three 
departed as soon as they saw the examination paper. 
Of the remainder only seven returned after the luncheon 
interval. This failure was we said to be ascribed first to 
the fact that the examinations were of far too theoretical 
a character and secondly to the fact that the appointments 
were not good enough to tempt well-educated men of 
ability. Let the Admiralty make the pay and position of 
naval engineers what they ought to be. It would then 
get enough men and to spare. Meanwhile it was absurd 
to suppose that for pay little better than that of a police- 
man men could be obtained who combined a knowledge 
of advanced mathematics with familiarity with at least 
one foreign language, ability in mechanical drawing, a 
fair power of handling tools, some acquaintanceship with 
chemistry and a good knowledge of English literature. 








Mopernisine L.M.S. ENGINE SHeps.—Nine additional 
schemes for thé modernisation of motive power depéts on 
the L.M.S. Railway are to be carried out this year. The 
programme provides for the installation of mechanical 
coaling and ash disposal plants and other new machinery, 
together with improvements in the lay-outs of the sheds 
so as to give a quicker turn round of locomotives, at Carlisle 
(Kingmoor), Perth, Newton Heath (Manchester), Aintree 
(Liverpool), Mold Junction, Goole, Huddersfield, Stafford, 
and Stranraer. During the past year the L.M.S. have 
completed similar schemes at fifteen other motive power 
depéts. 





The Mechanical Appliances of the 
London Fire Brigade.* 


By Major C. C. B. MORRIS, M.C., M.I. Mech. E.7 


Introduction.—At the beginning of the century, ninety- 
six fire stations with horse-drawn appliances were neces- 
sary for the protection of London. This provided a service 
which ensured a life-saving appliance being on the spot 
within five minutes of the receipt of a call in any part of 
the Metropolis, and the mustering of 100 men at any large 
fire within fifteen minutes. Since then a progressive 
reduction in the number of stations has been effected, 
and it is largely due to the skill of mechanical engineers 
in the development of mechanical fire appliances, that, 
in spite of modern traffic conditions, it is possible to 
provide a quicker and more efficient service with about 
sixty stations. When, in 1919, it was decided to introduce 
a two-shift system in place of the continuous system of 
duty in the Brigade, it was possible, in view of the sub- 
stitution of mechanical traction for horse-drawn vehicles, 
to limit the increase of staff to about 50 per cent. by closing 
stations and placing a number of life-saving appliances 
out of commission. 

The mechanical equipment of the Brigade at present 
comprises :— 

73 motor pumps, including 11 enclosed type pumps, 
one of which is fitted with an air-foam attachment ; 
56 dual-purpose appliances, including one enclosed 
type ; 
22 escape vans ; 
15 turntable ladders, three of these fitted with pumps ; 
18 cars ; 
2 emergency tenders ; 
3 instructional tenders ; 
18 lorries, including breakdown lorry and one special 
hose lorry ; 
1 canteen van ; 
90 fire escapes ; 
3 fire floats, all fitted with internal combustion 
engines ; 2 
3 floats’ motor tenders ; 
together with the following auxiliary equipment :—- 

Approximately 56 miles of hose ; 

Approximately 31,000 hydrants ; 

4 miles of small hose, for “ first-aid appliances” and 
hand pumps ; 

107 sets of breathing apparatus, self-contained oxygen 
type. 

The appliances deal with over 9000 calls a year (6000 
of them to actual fires) and protect property with an 
insured value of £2,300,000,000. On the average, there 
are fire appliances at work at calls in the London County 
area for ten hours in every twenty-four. 

Motor Pumps.—The pressure in the average water main 
is insufficient for more than two or three hydrants, and 
it is therefore necessary to connect pumps—Fig. 2, page 134 
—to the mains to increase the pressure, so that efficient 
jets can be discharged on to the fire. At serious fires, from 
ten to fifty, or even more, lines of hose may be laid out: 
The invariable practice in London is to couple the suction 
pipe from the motor pump to a hydrant on the water main 
and to utilise the partial vacuum in the suction pipe to 
assist the flow of water from the main. For this purpose, 
the suction pipe is composed of heavily armoured flexible 
4in. hose, fitted with a short reducing piece, 2jin. in 
diameter. It is found, however, that the additional head, 
even with a vacuum of 25in. of mercury, only produces 
an appreciably increased flow when water is drawn from 
large low-pressure mains of, say, 12in. or more diameter, 
carrying 10 lb. to 201b. per square inch pressure. This 
fact is understandable when it is remembered that the 
discharge is proportional to the square root of the head. 
In the case of mains carrying a pressure of 50 Ib. per square 
inch or more, practically the same flow is obtained if the 
pump is coupled to the main with a short length of ordinary 
collapsible standard hose. 

The standard pump (Fig. 6) consists of four parts—the 
front cover, which carries the suction inlet and four 
delivery passages ; the diffuser case, with its sixteen radial 
water ; the back cover, on which are built the 
priming or exhausting pumps ; and the main shaft, which 
carries the two impellers as well as the clutch for operating 
the priming sage and the main thrust race. The pump is 
made entirely of phosphor bronze, with a stainless steel 
shaft, and weighs approximately 43 cwt. Water enters 
the pump through the suction pipe, passing directly into 
the eye of the first impeller, and thence through eight 
passa, into the diffuser ring to the eye of the second 
impeller, and finally through another eight passages in the 
diffuser to the delivery outlets. It will be seen from Fig. 7 
that the pump has a very useful working range, and is 
capable of delivering water at pressures up to nearly 
200 lb. per square inch. 

The priming pumps are in duplicate and are used only 
at the outset, when the supply is taken from open water. 
By means of a rotary valve both pumps can be used, 
either together or independently, should one fail. They 
are capable of creating a vacuum of 27in. of mercury in 
30 sec., when using a 4in. bore suction pipe. A dual filter 
is fitted so that water from the pump head can be passed 
direct to the radiator for additional cooling purposes. 
The pump, which runs at engine speed, is placed at the 
rear of the chassis, and is driven by means of a shaft from 
the pump gear-box. This gear-box is constructed as part 
of the road gear-box and contains a train of wheels, the 
drive being taken from the constant-mesh pinion. Fig. 7 
shows the main characteristics of the appliance. The 
normal working pressure in the pump when at a fire would 
be approximately 120 1b. per square inch, when using two 
500ft. lines of hose. At this pressure the pumps yield 
through two deliveries, approximately 460 gallons per 
minute, developing 38 water horse-power. The pumps are 
fitted with four deliveries; though seldom used simul- 
taneously, the pumps are capable of supplying them all if 





* The Institution of Mechanical Engineers, January 22nd. 

+ Chief Officer, London Fire Brigade. In accordarice with a 
standing order, it is necessary to state that the London County 
Council accepts no responsibility for the author’s opinions or 
conclusions. 
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necessary. The full crew for a motor pump is an officer 
and five firemen. 

Working Nozzles and Branches.—Nozzle sizes vary from 
the small jin. nozzles on the “ first-aid’? appliances to 
a maximum of 3}in. on the floats’ monitors. At an ordinary 
district call in London where the fire is not particularly 
severe, l}in. nozzles, which can be handled by two men, 
are used. Where, however, the fire is a large one, or 
there is danger of it spreading, ‘“‘ radial branches ”’ fitted 
with lfin. nozzles are employed. These branches are fed 
by twin lines of 2#in. hose through a ‘ two-into-one ” 
coupling, which is connected to the radial branch by a 
short length of 34in. lined hose. 

It is sometimes necessary to adopt “ collector ’’ working 
in order to obtain sufficient water for radial branches. 
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able variation in the figures obtained. This is probably 
due to the differences in the interior surface and the 
varying degree of expansion of different makes of hose 
under pressure. The average frictional loss of 2#in. rubber- 
lined hose is found to be 0-171ft. head per yard length for a 
discharge of 100 gallons per minute. The loss in the case 
of 34in. unlined hose is 0-112ft. head per yard for a dis- 
charge of 100 gallons per minute. These figures are used 
as the basis for all calculations. The loss of pressure is 
directly proportional to the number of lengths of hose 
used and proportional to the square of the quantities 
discharged. The quantity of water discharged by a work- 
ing jet 1}in. in diameter is 220 gallons per minute at 50 Ib. 

r square inch nozzle pressure, with a frictional loss of 
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Fic. 6—No. 3 Turbine Fire Pump. 


Alternatively, two pumps may be coupled direct to the 
two-into-one coupling. 

Hose and Hose Couplings.—In the days of fire squirts 
water was projected direct from the squirts on to the fire. 
With the advent of mounted manual pumps, which were 
succeeded by heavy steam-driven pumps and later by 
motor pumps, it became necessary to have a portable 
line of flexible piping which could be quickly laid out so 
that water could be effectively discharged. 

The standard 2}in. diameter hose used by the London 
Fire Brigade is manufactured of the best long clean flax, 
diagonally woven, in 100ft. lengths; it is rubber-lined. 

‘ach length is tested under an internal pressure of 400 Ib. 
per square inch, at which the external diameter must not 
vary by more than %in. A 3ft. test length is also tested 
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Fic. 7—Characteristics of No. 3 Pump. 


to destruction at a pressure of not less than 600 lb. per 
square inch. The composition of the rubber lining is as 
follows :—Pure rubber, not less than 80 per cent.; rubber 
substitute, not more than 12 per cent.; mineral matter 
(zinc oxide and antimony sulphide only), 8-10 per cent.; 
free sulphur, not more than | per cent. A tolerance of 
+ in. is allowed on the internal diameter of the hose. 
The weight per 100ft. of rubber-lined hose is 60 lb. 

In addition to this standard hose, unlined canvas hose, 
34in. in diameter, is also used for the river fire floats. 
Rubber-lined hose has the following advantages :—(1) It 
is not porous; (2) it causes a considerably lower internal 
frictional loss ; and (3) it can easily be stowed after use. 

Hose Tests.—Many tests have been made on the dis- 
charge and frictional losses of hose and there is consider- 


rubber-lined hose. The average bursting pressure of the 
standard hose is usually over 800 lb. per square inch, and 
specimens have sometimes withstood a pressure of 900 Ib. 
per square inch. 

A yarn testing machine has recently been acquired, on 
which sample strands of the weft and warp of hose can be 
accurately tested for tensional strength. By this means 
it is hoped to be able to determine the condition and 
efficiency of hose before use at fires. Hose is, of course, 
a depreciating commodity from the day it is issued new to 
the Brigade. Its bursting pressure must gradually 
decrease with age, and it is impossible to foretell the life of 
a length of hose. Providing the hose is properly main- 
tained at the station, its life depends to a large extent 
on the usage it receives at fires. Thus at an oil fire or a fire 
where fluid of an oily nature is flowing out of a building, 
new hose may become so damaged as to be useless after a 
year’s service. On the other hand, hose may withstand 
twelve years’ usage and still be quite satisfactory at the 
end of that time. 

The testing of hose both periodically and after use at a 
fire is, therefore, of great importance. The test pressure 
must, of course, exceed the normal pressure to which the 
hose is subjected at fires. The normal maximum pressure 
to which pumps are worked in London is 1301]b. per 
square inch, and the station test pressure is 150 lb. per 
square inch, 

Discharge Formule.—The following formule are used 
in the Brigade :— 

(1) For 2?in. rubber-lined hose, with a nozzle 1}in. 
in diameter :— 


ee P . 
I-1+(0-25 N) lb. per square inch. 
(2) For rubber-lined hose :— 

/ Px 100 
(394-6 N/D5)+(17-22/d4) 
(3) For unlined hose :— 

/P x 100 
V (845 N/D5)+(17-22/d*) 


Nozzle pressure = 





Discharge= gallons per minute. 


Discharge = gallons per minute. 





where P is the pressure at the pump in pounds per square 
inch, N the number of 100ft. lengths of hose, D the diameter 
of the hose in inches, and d the diameter of the nozzle in 
inches. The conveying efficiency of 2}in. rubber-lined 
hose is equal to that of 34in. unlined hose. 

Water Supply.—Water for fire extinction in London is 
obtained from the Metropolitan Water Board’s mains, 
and from the various rivers, docks, and canals. No special 
water mains are provided for fire-fighting purposes, and 
there is no obligation upon the Water Board regarding the 
quantity of water which the mains shall deliver in any 
particular area; consequently, the supply of water for 
fire extinction is limited to the actual discharging capacity 
of the water mains which are primarily laid for domestic 
supply purposes. ; 

In streets where there are large mains, a sufficient 
supply, say, upwards of 5000 gallons per minute, can be 
obtained for pumps answering a “ brigade call,” i.e., one 
involving the attendance of at least twenty pumps. In 
other cases the supply may be sufficient to meet only the 
minimum requirement for pumps answering a “‘ district 
call,” i.e., one requiring about 2000 gallons per minute. 
In isolated areas, or where the mains are small and run to 
dead ends, the supply is insufficient to keep even one 
pump at work through a line of hose with a l{in. nozzle, 
and it may then become necessary for “‘ series pumping ” 
to be put into operation. 





Brigade hydrants (Fig. 8) are of two patterns, namely, 


single-outlet and double-outlet, and are connected to the 
mains by 4in. and 5in. connecting pipes, each outlet being 
controlled by a 3in. sluice valve. The discharge from single 
hydrants is from 80 to 800 gallons per minute, and from 
double hydrants from 350 to 1500 gallons per minute. 
The pressure in the mains varies from 5 lb. to 135 lb. per 
square inch, according to the zones of supply and ground 
level in the London area. Care has to be exercised when 
getting to work from high-pressure mains to avoid the 
armoured suction pipes being blown off the coupling sleeves. 

Hose Couplings.—The coarse round thread, of }in. 
pitch, is found to be superior to all other devices for 
couplings. Fig. 9 shows the standard round-thread 
coupling in use in London. This type has been compared 
adversely with the more modern “ instantaneous ” coupling 
(Fig. 10). The latter can, of course, be coupled in a second, 
whereas a round-thread coupling takes slightly longer. 
Since every effort is made in fire brigade work to save 
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Fic. 8—-London Fire Brigade Single Fire Hydrant. 


seconds, the criticism is, on the surface, justified. There 
is no doubt, however, that when the couplings are fre- 
quently in use, as in London, and are subjected at fires to 
very rough wear and tear, round-thread couplings are 
much more reliable provided that the washers are regularly 
examined and the couplings periodically gauged by the 
workshops staff. Instantaneous couplings, on the other 
hand, may easily become damaged and fail to couple up. 
It is almost impossible with a round-thread coupling to 
fail to make the connection, however roughly it may have 
been used. A generous tolerance between male and female 
parts is allowed. 

Series Working with Motor Pumps.—As previously 
mentioned, when the supply of water in the vicinity of a 
fire is inadequate, it is necessary to pump water over 
considerable distances through hose from other sources. 
The arrangements must be such that the maximum quan- 
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Fic. 9—Siandard Round-thread Coupling for 2}in. Hose. 
Fic. 10—ZInstantaneous Coupling for 2}in. Hose. 


tity is efficiently conveyed with the minimum number of 
pumps. The following requirements must be observed :— 


(1) The distance between the pumps must be such 
that they can be worked at slightly less than their full 
capacity, whilst keeping them as far apart as possible. 

(2) The lay-out of the hose must be such that the 
velocity of the water in the hose and consequent loss of 
pressure is at a minimum. 

(3) The initial pump pressure should not exceed 
150 lb. per square inch, so as to avoid, as far as possible, 
bursts in the hose. 

(4) Since the discharge from any line of pumps is 
governed by the greatest distance between any two 
pumps, the pumps should be spaced at equal intervals 
on level ground. 


With two lines of 2}in. diameter rubber-lined hose 
between the pumps, it is found that about ten 100ft. 
lengths of hose will satisfy these conditions. Each pump 
then absorbs about 52 water horse-power. There is a 
small loss at each pump due to water used for the radiator. 
Assuming that there is an ample supply of water for the 
first pump, it is possible under these conditions to maintain 
a discharge of about 500 gallons per minute over a con- 
siderable distance by each line of pumps working in series. 

Fig. 11 shows the flow at a pump pressure of 150 Ib. per 
square inch with varying lengths of hose. The diagram 





also shows the quantity of water available for the last 
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pump in the series, t.e., the pump that is actually deliver- 
ing water on to the fire. By using this diagram in con- 
junction with Figs. 7, 12, 13, and 14, it is possible to 
calculate the delivery and to ascertain what nozzle can be 
used at the end of a series. From these diagrams, if the 
water horse-power is known, requirements at a fire can be 
calculated. 

Special arrangements have to be made for carrying and 
laying out the hose in order to avoid waste of time. 
Lorries with hose properly stowed can lay out twin lines 
at a rate of 20 m.p.h. It is also necessary to patrol the 
lines of hose to check leaky couplings, damaged hose, and 
to prevent traffic running over the hose. 

A new design of hose lorry (Fig. 4, page 134) has just 
been put into commission. This lorry carries eighty-four 
lengths of hose, the stowage arrangements being such that 
the lorry can proceed along the road laying behind it 
either a single line or twin lines of hose, with all lengths 
coupled together. The hose can also be detached in 
separate lengths, correctly made up for emergency use at 
fires. Fig. 5, page 134, shows the methods of stowing 
hose on bollards on the lorry. 

Collector Working with Motor Pumps.—This is a means 
of making the utmost use of the water supply available by 
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augmenting the supply to the pumps close to the fire. A 
“collector” pump is one which draws its supply from 
more than one source. The following are the ways in 
which it may be supplied :— 


(1) Direct suction from a hydrant. 

(2) Line er lines of hose from a hydrant or hydrants. 

(3) Delivery or deliveries from another pump or 
pumps drawing from hydrants or open water. 

(4) Delivery or deliveries from a float. 


Any of these supplies may be combined. For example, a 
collector pump might be supplied by a line of hose from 
a hydrant nearby, also a float’s delivery, and two deliveries 
from pumps drawing from hydrants some distance away. 

Collector pumps are placed close to a fire and as each 
delivery has only one, two. or three lengths of hose, it is 
an easy matter to reduce or increase pressure, change 
nozzles or burst lengths of hose, take deliveries out of use, 
and so forth. 

Collector working should be adopted: (a) when a 
shortage of water is anticipated; (6) when a shortage 
occurs during a fire ; (c) where radial branches are likely 
to be required. 

To facilitate connecting lines of hose to collector pumps, 
breechings, known as “ collector boxes,’’ are used. This 
type of breeching is of aluminium with a 4in. connection 
for the suction inlet and four 23in. inlets for hose con- 
nections, each inlet being fitted with a non-return valve. 

Turntable Ladders.—The latest type of turntable ladder 
in use in the London Fire Brigade is of the 100ft. Morris- 
Magirus all-steel type (Fig. 1, page 134). The chassis is a 
5-6-ton 110 B.H.P. six-cylinder Dennis machine, fitted 
with duplicate ignition. As the ladders are mechanically 
operated, an auxiliary gear-box, similar to a pump gear- 
box, is fitted, and a shaft transmits the power from the 
gear-box to the gearing at the base of the ladder. 

A lever situated in front of the driver’s seat controls the 
engagement of the sliding gear on the ladder drive shaft 
and a device is fitted which locks the change-speed lever 
in the neutral position when the ladders are in gear. Two 
hinged claws are provided at the rear of the chassis for 
gripping the back axle. The claws are manually operated 
by levers and are provided in order to take advantage of 
the axle weight for stabilising purposes. 

In order to provide a solid foundation for the whole 
structure, and to relieve the pneumatic tires of excessive 
load, four hand-operated screw jacks are attached to the 
chassis, two on each side of the rear axle. A hand lever 
is also provided at the rear of the appliance for controlling 
the engine speed. 

The 100ft. ladder consists of four sections. The sides 
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weight. The ladder is, in fact, lighter than a wooden one 
of similar length and design. 

The ladder is constructed throughout of steel. The 
strings are of hollow H-section and the trussing on all 
extensions is of seamless steel tubing welded to the strings. 
The rungs are of seamless hollow square section and pass 
through the strings to which they are welded on both sides. 
In order to increase the rigidity, rungs of greater cross 
section are fitted at the ends of each extension and also at 
the stanchion positions. The advantage of tubular trussing 
as compared with flat band trussing is that it allows the 
ladder to be used as a cantilever or a beam. It is therefore 
permissible to use the steel ladder as a water tower with a 
man at the top, even when fully extended, and at an 
inclination of 70 deg. For the same reason these ladders 
may be lightly rested on a building and used as a bridge 
with safety. 

The H-section strings make it possible for each extension 
to be telescoped into the next with very little play, the 
under surface of the bottom flange running on guide rollers. 
The strings are also fitted with brass anti-friction strips. 
The separate extensions-are, so to speak, hung together 
by their flanges ; guide clips are therefore not required. 
The extending wires are carried up at the sides of the 





200 


PUMP PRESSURE=LB. PER SQ. IN. 
8 























In this case the plumbing is 
operated by two push buttons, for right and left, respec- 
tively. 

By means of two cams on the elevating frame the motor 
is automatically shut off on reaching an inclination of 


instance, in windy weather. 


75 deg. and also on reaching the resting position. In 
order to prevent the housed ladder sections from shooting 
out when driving downhill or when the brakes are applied 
suddenly, the ladder is provided with a retaining hook or 
spur. Upon elevating the ladder off the gallows this hook 
automatically drops clear of the ladder. 

A “ field of operations ” indicator shows at a glance the 
position of the ladder at any elevation. This indicator is 
electrically connected to the motor so that when the ladder 
reaches its safe maximum extension for any given elevation 
the gears are automatically disengaged. The indicator 
hand, by making contact with an aluminium plate, 
instantly actuates the electromagnet controlling the 
clutches. The dial for the extension is provided at the 
back with a curved guide which actuates the control rods 
in such a manner that the higher speed for elevation and 
inclination can only be used up to an extension length of 
about 50ft. When the ladder is extended beyond this 
length the control rods automatically reduce the speed 
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ladders instead of in the centre. This method causes the 
extensions to ascend evenly and leaves the centre clear for 
climbing. The pawls are partially enclosed in metal 
boxes and are spring-loaded for cocking and tripping. A 
safety pawl is fitted close to both strings at the foot of 
each of the extensions above the main ladder. The 
sections forming the upper extension of the ladder are 
elevated by double extension cables (one on each side), 
so as to ensure correct alignment of the sections and proper 
working of the pawls. 

The ladder may be elevated, revolved, and extended, 
simultaneously or separately, as required. These move- 
ments are accomplished by an auxiliary gear-box mount- 
ing, conveying the engine drive by a cardan shaft to the 
ladder gear; the clutch shafts of the ladder gear for the 
various movements are placed horizontally in the gear 
casing. Each ladder movement is provided with two 
speeds, fast and slow. The clutches in the ladder gear are 
actuated by oil, fed through the hollow shafts at a pressure 
of approximately 601lb. per square inch. The oil feed 
is controlled by distributing valves situated on the side 
of the ladder gear casing at the ends of the respective 
clutch shafts. 

The elevating motion is transmitted to the elevating 
screw by spur gear wheels and a pair of bevel gear wheels. 
An automatic safety brake acts upon the clutch shaft of 
this gear to reduce it from fast to slow speed when lowering 
the ladder down on the gallows. The clutch shaft of the 
extension gear engages the cable drum through spur gear 
wheels. An oil cushion brake is fitted for use in lowering 
the ladder and is adjustable in regard to the speed of 
closing of the ladders. The revolving gear is situated in 
the upper part of the ladder gearcase. The drive is trans- 
mitted by the clutches to a pair of spur gear wheels and 
conveyed through a worm gear to the pinion in the turn- 
table. This gear is locked automatically on reaching the 
central running position. The elevating spindle consists 
of a bronze screw and nut enclosed by a tube. It is secured 
at the forward end to the main casing by a saddle and the 
rear is carried in a floating saddle. 


Three methods are provided for plumbing the ladder : 
(a) by hand, (6) automatic, and (c) semi-automatic. Auto- 
matic plumbing is effected by an electric motor situated 
in the elevating frame; the motor is opera in con- 
junction with a mercury switch attached to the under part 
of the main ladder. This switch contains two sealed glass 
tubes, out of parallel, containing mercury. When the 
ladder is out of plumb the mercury flows to the lower end 
of one of the tubes, thus making an electrical contact which 
sets the motor in operation. This in turn drives the 
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from high to slow. Loud-speaking telephones are fitted 
to enable the controlling officer to communicate with the 
fireman at work at the top of the ladder. 

Breakdown Lorry.—This vehicle (Fig. 3, page 134) is 
designed primarily for lifting and towing disabled 
appliances. It is fitted with an 8-ton crane and is also 
used for lifting vehicles under which persons have become 
trapped. Twenty-one stations have also been supplied 
by the London Passenger Transport Board with special 
jacks that can be taken to street accidents and placed 
under omnibuses in order to extricate persons who have 
been run over. With these it is possible to lift an omnibus 
in about two minutes after arrival at the scene of an 
accident. 








CATALOGUES. 





British InsutaTeD CaBLes, Ltd., Prescot.—‘‘ The B.I. 
Pocket Book for Wiremen.”’ 

JOHNSON AND Pur.uips, Ltd., Charlton, 8.E.7.—Publication 
C.D.13, on super tension cables. 


Bryan Donxin Company, Ltd., Chesterfield.—List No. 151 
on the Rateau centrifugal pump. 
THomas Ropinson AND Son, Ltd., Rochdale.—A folder on 


cutters, grinders, and subsidiary equipment. 

Winsor Encineerinc Company, Ltd., 9, 
8.W.1.—A booklet on draughtless ventilation. 

Rueostatic Company, Ltd., Slough, Bucks.—A leaflet on 
the temperature control of central heating installations. 

W. Ricuarps snp Sons, Ltd., Britannia Foundry, Middles- 
brough.—Chart of iron and steel prices from 1914-1937. 

GrorGe ConEeN, Sons Aanp Co., Ltd., 600, Commercial- 
road, E.14.—Catalogue of second-hand power plant of all types. 
PILKINGTON Brotuers, Ltd., Sheet Works, St. Helens, 
Lancs.—Technical data on ‘“‘ Armour Plate’ and toughened 
glass. 

GeNERAL Rerracrories, Ltd., Genefax House, Sheffield, 

10.—A small brochure on “ Glenboig ” fire-bricks for boiler 
plant. 
Enews Evecrric Company, Ltd., Stafford.—Publications 
dealing with cartridge fuses; “J” type underground dis- 
connecting boxes; pole-mounting fuse fittings, and silent 
motors. 


Victoria-street, 





t{ The paper concludes with descriptions of the Brigade’s 
escape vans, dual-purpose ageenee) emergency tenders, 
breathing apparatus, and fire floats, and with notes on the 





plumbing screw. The semi-automatic arrangement prevents 





and trussings are of exceptional strength, yet light in 





the ladder from constantly replumbing itself, as, for 


repair and maintenance of appliances, mobilisation for attend- 
ance at fires, and procedure at fires, 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


India’s Steel Imports. 


According to a Survey of the Import Trade 
of India for the six months of the Fiscal Year ending 
September 30th, 1936, the value of the imports decreased 
compared with thé corresponding period of 1935 to Rs. 59 
crores, or by about 9 per cent. The exports of Indian 
merchandise, on the other hand, increased by Rs. 11-94 
lakhs, or 16 per cent. to Rs. 87 crores. A steady expansion 
took place in the imports of machinery and millwork, 
which rose in value from Rs. 668 lakhs to Rs. 701 lakhs. 
Great Britain’s share rose from Rs. 450 lakhs to Rs. 459 
lakhs, whilst imports from Germany, largely owing to 
increased shipments of cotton and textile machinery, 
increased from Rs. 81-6 lakhs to Rs. 87 lakhs. The total 
number of boilers imported, which are a sure index of 
the industrial activity, rose in value from Rs. 35 lakhs 
to Rs. 40 lakhs, the British share increasing from Rs. 26 
lakhs to Rs. 38 lakhs. Imports of electrical machinery 
increased from Rs. 94 lakhs to Rs. 115 lakhs. In the case 
of pumping machinery, there was a slight decline from 
Rs. 16-2 lakhs to Rs. 15-6 lakhs, but the British share 
rose from Rs. 10-6 lakhs to Rs. 11 lakhs, whilst imports 
from the United States fell from Rs. 3-3 lakhs to Rs. 2-5 
lakhs. Amongst the imports of iron and steel the quantity 
of bars fell from 20,504 tons for the corresponding period 
in 1935 to 16,050 tons, but the British share receded 
from 10,671 tons to 7554 tons, that of Belgium from 
3919 tons to 3722 tons, and from Luxemburg from 2177 
tons to 751 tons. In the case of beams, channels, pillars, 
girders, and bridgework, the aggregate trade rose from 
11,764 tons, valued at Rs. 12-4 lakhs, to 11,792 tons, 
valued at Rs. 14-7 lakhs. This improvement was entirely 
due to the increased arrivals from Great Britain, which 
rose from 6528 tons to 7421 tons. German imports fell 
from 2638 tons to 1638 tons, and from Belgium from 
2423 tons to 1092 tons. There was a considerable increase 
in the amount of mining machinery imported, which is 
explained by the expansion in the demand for gold and 
base metals, the value advancing from Rs. 22 lakhs to 
Rs. 37 lakhs. Of this the British share increased from 
Rs. 10 lakhs to Rs. 12 lakhs. The total imports of rails, 
chairs, and fish-plates showed an important increase 
from 896 tons (Rs. 1-5 lakhs) to 3895 tons (Rs. 4-26 lakhs). 
Of the total imports the British share increased from 
712 tons to 923 tons, and the German share from 150 tons 
to 931 tons. 


The Pig Iron Market. 


Business in pig iron for the time being is confined 
principally to deliveries against old contracts. In many 
cases, when running contracts are worked off, consumers 
find that they can only be renewed for smaller tonnages, 
and the situation with regard to future supplies seems to be 
as full of anxiety as at any time. In the Cleveland market 
the position appears to have improved somewhat, and the 
shortage is not quite so severe as a few weeks ago. Buyers, 
of course, are anxious to secure more iron than the makers 
are disposed to sell, and deliveries are rationed as near as 
possible according to the needs of consumers. The general 
feeling seems to be that some improvement may be looked 
for as regards prompt supplies, and since the beginning of 
the year there has been a slight expansion in the amount 
of foundry iron available for export, although the quan- 
tities still fall far below the market’s requirements. 
Nevertheless, the easing in the situation has enabled 
merchants to make long overdue deliveries against con- 
tracts. Naturally now that there is a shortage of foundry 
iron on the Continent export merchants are anxious to 
obtain supplies, as they see an opportunity of regaining 
markets which have been lost for a long time. Even at 
the current price of 78s. 6d. f.o.b. they could do a good 
business, but at the best only small parcels are sold for 
overseas destinations. In the Midlands the makers’ 
production is sold for months to come, but consumption 
appears to be increasing. In these circumstances con- 
sumers are anxious to safeguard their position, but com- 
paratively few orders are accepted. It is said that no 
Northamptonshire iron is obtainable, and that the pro- 
ducers have as much as they can do to meet their obliga- 
tions under existing contracts. Whilst some stocks of 
Derbyshire iron are available, these are being rapidly taken 
up and the position threatens to become almost as bad as 
in the case of Northamptonshire brands. The demand for 
special irons has expanded during the past week or two. 
The makers of refined pig iron have entered into a price 
agreement making the minimum £6 17s. 6d. d/d South 
Staffs., whilst some descriptions of low phosphorus iron 
used by the engineering industry are quoted at 97s. 6d. 
to 110s. d/d. Consumers of hematite are taking heavy 
quantities under their running contracts, but although 
buyers are ready to place business at the higher rates now 
ruling, comparativey few orders have been accepted by 
the producers. 


The North-East Coast and Yorkshire. 


The increase in the export prices of British steel 
of 12s. 6d. per ton has not had much influence upon the 
market, since little material is available. The British 
works have made it plain that they are not prepared to 
quote prices for shipbuilding plates and sections for any 
export destination, nor for structural and tank plates 
for any market excepting Empire countries. Merchants 
complain of the difficulty ‘of obtaining steel for their 
overseas customers, and of the late delivery of material. 
On the other hand, the steel makers say that they are 
doing their utmost to meet the demands made upon them, 
but that whilst the pressure for supplies from the home 
market continues little surplus will be available for export. 
There is no doubt that the growing demand for steel in 
connection with rearmament schemes is severely taxing 
the capacity of the British industry, and, owing to the 
conditions of scarcity prevailing abroad, little relief can 





be expected from increased imports. The works on the 
North-East Coast have sufficient orders in hand to keep 
them fully employed for two or three months. There is 
some talk of premiums being paid by home trade mer- 
chants to secure early delivery, but this practice is 
frowned upon by the authorities. The sheet makers are 
requiring premiums of 15s. to 20s., but this is hardly 
surprising, since the official home trade price is less than 
the export quotation for some gauges. The situation with 
regard to plates and joists is, if anything, becoming more 
stringent and engineers complain bitterly of the difficulty 
of obtaining deliveries or even of making up the arrears 
of material due to them. The works producing this 
class of steel are, of course, operating at capacity, but 
the output is well below the requirements of the market 
and the situation is made worse by the failure of the Con- 
tinental makers to provide sufficient to make up their 
full quota for the British market. In some cases mer- 
chants have been informed that they cannot expect 
material included in the release made last December to 
come to hand before March, and some of the stock-holding 
merchants are finding it difficult to maintain their stocks 
of structural steel and plates. In the Yorkshire district 
the supplies of semi-finished steel are still insufficient to 
meet the demand, and consumers express considerable 
anxiety regarding the position which may develop in the 
spring. All the heavy forges and foundries in the Shef- 
field district are well employed, whilst there is an active 
demand for steel from the motor car trade. The Sheffield 
toolmakers also are booked up for months ahead. 


The Midlands and South Wales. 


Consumers in the Midlands seem to have become 
almost resigned to conditions in which they receive only 
partial deliveries against contracts, whilst the arrears 
of material due to them are steadily mounting. New 
business is passing on a limited scale, and reports are 
current of important contracts which are being offered, 
but which find no eager acceptors owing to the difficulty 
of obtaining steel supplies. It seems likely that this 
situation will obtain for some time, as the full require- 
ments of the Admiralty programme so far as steel is 
concerned have yet to come upon the market. In many 
cases the steel makers are insisting upon completing 
contracts now in existence before others are accepted. 
The re-rollers have as much work on their books as they 
will be able to execute for many weeks, and in view of 
the uncertainty regarding supplies of raw material they 
are not at all anxious to take a large amount of fresh 
business. The position as regards semis fails to improve. 
The stringency in this department is accentuated by the 
fact that supplies from the Continent are late in arriving, 
and in some instances allocations made last November 
through the Federation have not yet come to hand. 
The sheet makers, also, are suffering from a shortage of 
sheet bars, and this, it is said, is causing them to limit 
their production of finished material. The demand for 
sheets has improved greatly during the past few weeks, 
and both for home and export is more than the producing 
works can meet. Recent increases in the export prices 
of sheets have not affected the demand, and some overseas 
markets are said to be badly in need of material, although, 
when a few months ago they had the opportunity of 
obtaining their requirements at comparatively cheap 
rates, they neglected to take advantage of it. Business 
in bar iron is steady, but the demand is principally for 
either best quality or for common iron. So far the English 
makers have not followed the example of the Scottish 
producers, who, a little while ago, raised their quotations 
by 10s. It is expected, however, that the English works 
will shortly make a similar price advance. In South Wales 
the steel works are as well supplied with orders as those 
in other parts of the country. Most of the mills producing 
heavy steel are refusing business unless it suits their 
rolling programmes, and have sold their production for 
a long time to come. This applies particularly to the 
makers of billets, sheet bars, and tin-plate bars, the whole 
output of which is insufficient to meet consumers’ 
requirements. The tinplate mills are operating at 
about 67 per cent. of capacity, and although a rather 
quieter tone has ruled of late on the export side, 
the works have plenty of orders in hand. There is 
a fair request for wasters. 


Current Business. 


The Admiralty contract for two water tank 
vessels has been secured by John Crown and Sons, Ltd., 
Monkwearmouth, Sunderland. The North-Eastern Marine 
Engineering Company, Ltd., Sunderland, will construct 
the machinery. Palmers Hebburn Company, Ltd., 
Hebburn-on-Tyne, have secured a contract from the Air 
Ministry for steel constructional work for the South of 
England, which it is understood includes the construction 
of three hangars. Barclay, Curle and Co., Ltd., Whiteinch, 
have received a contract from Burns, Philp and Co., 
Sidney, for a motor-driven nger vessel about 400ft. 
long, for which John G. Kincaid and Co., Ltd., Greenock, 
will construct propelling machinery. According to an 
official announcement production has commenced at 
the Government’s new factory for the manufacture of 
big guns at Nottingham. The works are to be known as 
the Royal Ordnance Factory, Nottingham. Wm. Brown, 
Atkinson and Co., Ltd., Hull, have placed a contract for 
a cargo steamer of 2500 tons d.w. with the Burntisland 
Shipbuilding Company, Ltd. Large orders have been 
given by John Brown and Co., Ltd., Clydebank, for 
materials and equipment required in the construction of 
the £5,000,000 battleship for which an official agreement 
is to be signed shortly. The preliminary plans have been 
started in order to safeguard the firm against delays in 
delivery of steel. The Westinghouse Brake and Signal 
Company, Ltd., has obtained a contract for resignalling 
on the Northallerton to Darlington line of the London 
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and North-Eastern Railway Company. This is the 
largest contract of its kind which has been placed for 
many years. The Department of Overseas Trade 
announces that the following contracts are open for 
tender :—South African Railways and Harbours: Supply 
and delivery of steel works for the construction of 30ft. 
deck spans to replace existing superstructure of Port 
Shepstone—Harding line; overhead bridge at New 
Kleinfontein (Johannesburg, March Ist). Uruguayan 
State Electricity Supply and Telephones Administration : 

Supply of 94,500 m. of lead-covered cables (Montevideo, 
March 2nd); 90,000 m. flexible steel cable (March 29th) ; 
270,000 m. bare untinned electrolytic copper cable, 

50 square millimetre in section, and formed by nineteen 
wires of the same diameter (March 30th). 


Copper and Tin. 


Steady conditions have ruled in the electrolytic 
copper department, but there is no doubt that the market is 
closely watching for any consequences which may develop 
from the increased production which should soon make 
itself apparent in more abundant supplies. For the 
moment near copper is not plentiful, but most of the 
important consumers both here and abroad have covered 
themselves for the time being, except in those countries 
in which finance is difficult to arrange. The increase in 
the American domestic quotation to 13 c. is said to have 
been due to the fear that the higher prices realised for 
export might result in copper which the Americans could 
ill spare being sent abroad. The demand in America has 
been fairly well maintained, but naturally business has 
not been so active as a few weeks ago, since the producers 
are well sold ahead, and consumers have plenty of copper 
to receive against contracts. The volume of business 
on the Continent has fluctuated somewhat, but the general 
tendency seems to be towards expansion, and the improve- 
ment in the business situation in France is expected to 
lead to a considerable increase in the copper requirements 
of that country. The demand in Great Britain has rarely 
been on so heavy a scale, and considerable quantities are 
likely to be wanted for munitions purposes. Prices in the 
standard copper market have been somewhat irregular, 
but the undertone has remained firm, and the market 
generally seems confident that the production of copper 
is likely to remain below consumptive needs for a long 
period. The turnover on the London Metal Exchange has 
been unusually heavy, and in consequence it has been 
found necessary to rearrange the times at which the 
afternoon markets are held. . . . Rather uninteresting 
conditions have ruled in the tin market during the past 
week, and prices have had an easier tendency. American 
buyers have shown comparatively little interest in the 
metal, but this is attributed to the labour troubles in that 
country, and it is suggested that when these are eventually 
settled a revival is almost certain to take place. Buying 
on Continental account also has been quiet, but this is 
not an unusual feature at this period of the year. In these 
circumstances, operators in the tin market have been 
inclined to adopt a cautious policy. There are, however, 
several good features in the position, one of them being 
the steady high level of consumption in Great Britain. 
The current issue of the International Tin Research and 
Development Council’s Bulletin states that the total 
permitted exports from the seven countries concerned 
in the International Tin Agreement would be 129,904 
tons per annum, with the quota at 65 per cent. of the 
standard. The standard production with the quota at 
its present rate of 100 per cent. will be 199,850 tons, and 
if the quota reached 125 per cent. the permitted exports 
will be 249,814 tons. 


Lead and Spelter. 


Although a reaction from the high prices which 
have prevailed for some time in the lead market has been 
expected, operators are becoming distinctly nervous at 
the continued shri in values. Buying by con- 
sumers has fallen off, but this is not surprising, since there 
is always an inclination to hold aloof from a declining 
market and to purchase only immediate necessities. 
The fact that a considerable speculative account has been 
built up in this department has also been a source of weak- 
ness, as there has been a large amount of liquidation of 
bull holdings. It is reported that the production of ore 
is increasing, and this is only to be expected with prices 
at their present level, since many mines which for th» past 
few years have been closed could reopen at the profitable 
price levels which have ruled lately. In spite of the 
uncertain tone which has prevailed in the market, the 
general impression seems to be that the consumption of 
the metal is not likely to decrease, and that production 
is still below the world’s requirements. It must not be 
forgotten that for the past month or two the market has 
been inclined to take the view that the value of lead was 
fully represented in the price, and it is probable that the 
liquidation of speculative holdings will promote a healthier 
tone.... The recent heavy sales in the spelter market 
have been followed by a quieter tone, and prices have 
shown an easier tendency. This is scarcely to be wondered 
at, since there has been heavy profit taking by speculators. 
Most consumers are well covered, and in the present un- 
certain conditions of the market are not likely to commit 
themselves to important tonnages unless the metal is 
urgently needed. One of the strongest bull points of the 
position is the recent improvement in the galvanised sheet 
trade. Most of the producers of this material are sold 
ahead for some months, and appear to be operating at 
about 60 per cent. of capacity. Whilst this situation con- 
tinues, it is only reasonable to expect that the con- 
sumption of spelter will be well maintained. Although 
conditions in the American market have little direct effect 
upon the position in Europe, the active demand which has 
been experienced by producers in the United States has 
a sentimental influence upon the market here. 
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PIG IRON. 








Home. 
(D/d Teesside Area) 
N.E. Coast— £ se. d. 
Hematite Mixed Nos.*... 4 17 6 .. 
No. I ee 
Cleveland— (D/d Teesside Area) 
No. 1 ~~ es 
No. 3 G.M. B.. @... 
No. 4 Forge 0. 
Basic (Less 5/— ibaa Ori: 
MIDLANDS— 
Staffs.— (Delivered to Black Country Station) 
North Staffs. Foundry ... < 
» Forge 0 
Basic (Less 5/— rebate) 6 
Northampton— 
Foundry No. 3 6 
Forge 6. 
Derbyshire— 
No. 3 Foundry 0 
Forge - 0 
ScoTLanp-; 
Hematite, f.o.t. furnaces* 6. 
No. 1 Foundry, ditto 6. 
No. 3 Foundry, ditto 0 
Basic, d/d (Less 5/- rebate) 6 


N.W. Coast— 


Hematite Mixed Nos.* 


* Less 5/— rebate. 


MANUFACTURED IRON. 


Lancs. AND YORKS.— 
Crown Bars 
Best Bars 
M1IDLANDs— 
Crown Bars 


Marked Bars (Staffs.) .. 


No. 3 Quality 
No. 4 Quality 
ScoTLanD— 
Crown Bars 
Best 
N.E. Coast— 
Common Bars 
Best Bars : 
Double Best Bars 


NORTHERN IRELAND AND FREE STATE 


Crown Bars, f.o.q... 


LONDON AND THE SouTH 
Angles 
Tees... 
Joists 
Channels. 
Rounds, 3in. ots up 

under 3in. 

Flats under 5in., 


Plates, jin. (basis) 


» Fein. 
- tin. 
” fein. 


Un. ¥%& to fin. inel. 
Boiler Plates, jin.. 


NortuH-East Coast— 


Angles 
Tees... 
Joists 
Channels... 
Rounds, 3in. and up 
as under 3in. 
Plates, jin. (basis) 
” fin. ... 
” pin... 
” fin. .. 


Un. ¥ to jin. toll 
Boiler Plates, jin.... 


I ac) 
_ = 
wmwasdacacq # 
Onan 


_ 


onWwnocuas 


0 d/d Giasgow 


6 
6 


d. 
0. 


0 


Bs 


d. 


ao 


Saar a 


o> 


ee 
6 .. 
6 ice 
0 6.. 
Crs. 
0 .. 
ees 


MiIpLanpbs, AND LEEDs anpD District— 


Angles 
Tees... 
Joists 
Channels anes 
Rounds, 3in. and up 
ee under 3in. 
Flats, 5in. and under 
Plates, jin. (basis) 
fein. ... 
” fin. ... 
ial win.... ... 
Un. ¥ to fin. incl. 
Boiler Plates, jin.... 


Or 4. 





—) 


or or te <1 to 


3w ah &»O 2 a oat a 
"to =3 0 to bo $ Or = 1h st to St ts -1 to to Be! 


~ 
~I 


Nickel (per ton) “3 
Cobalt =... oes see cee eee vee | T/— to 7/1 per Ib. 


-_ 
o 


STEEL (continued). 


Australia £10 5s. Irish Free State, £13 15s. f.0.q. 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G. 


Home. £6. od. 
4-ton lots and up 14 0 O 
2-ton to 4-ton lots op sigh on 4,200 
Under 2 tons : oy thi O18 


General, £14 15s. f.o.b. 
Tin-plates 
20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. & aid: 
Basic (0-33% to0-41%C.)_ ... ek pte Ne 
Medium (0-42% to 0-60% C.) ae 
Hard 0-61% to 0-85%C.) ae ee 
(0°86% to0:99%C.) ... ... ..9 2 6 
» (1%C. and up) bt nten ta 
Soft (up to 0: 25% C.), 500 tons wae BORD ka acoso Shy tema 
Rails, Heavy, 500-ton lots,f.o.t. ... ....... 310 0 
Light, f.o.t. 710 0 
FERRO ALLOYS. 
Tungsten Meta) Powder : 3/14 per Ib. 
Ferro Tungsten... . s+ «+ 3/— per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c.to6p.c.carbon £21 10 0 i/- 
6 p.c. to 8 p.c. : £21 0 0 7/- 
Sp.c.tol0p.c. ... £21 0 O 7/- 
Specially Refined ... 
Max. 2 p.c. carbon £32 10 0 11/- 
1 p.c. carbon £35 15 0 11/- 
» 0°50p.c.carbon £36 10 0 12/- 
% » carbon-free ... $$d. per lb. 
Metallic chromium . és ..» 2/5 per lb. 


Ferro Manganese Goan). 76 p.c. £11 15 0 home 


Silicon, 45 p.c. to 50 p.c. 


te 75 p.c. -\ ace vee £17 0 0 ‘scale Gf p.u. 
Vanadium... ...... .... 12/8 per lb. 
» Molybdenum... ... . .. 4/6 per Ib. 
» Titanium (carbon free) ... 9d. per Ib. 


£180 to £185 





Home. Ixport. 
GLasGow anpb District— 0. di & md, 
Amgbenls. 3347.25 6 BD. Oriani 7.2 6 
Messi. eed eth Io So ext!. *10 2 6 
Joists... Jie 9 3 0 9 2 6 
RIEL. ac ace ee Oe “E'-7 6 
Rounds, 3in. and up | = Ot ae *10 2 6 
os under 3in. 910 0 9 5 0 
Flats, 5in. and under 910 0 @ 5 0 
Plates, jin. (basis) oS BSG LS *,: 9 12 6 
ao * X : is ga ae ee 19:17 «6 
” fin. ... 19” O18. tlO 2 6 
- frin. . iC 2 ae ... 1lO 7 6 
Un. %& to in. a ; et a eee 10 17 6 
Boiler Plates, Ain... vo) BO Oe B... P i0 15 0 
SourH Wares AREa— & s.-d. a, ¢, 
Angles... 3 . a oa ee se 9» 3 6 
> ‘ was ¢. "10 2 6 
Joists ; 930. oe 2 6 
Channels.. ; : . 9 8 O *9 7 6 
Rounds, in. andup... 10 3 0... 710 2 6 
under 3in. res oy. ee 9 5 O 
Flats, 5in. and under Se Us ess 9 5 0 
Plates, jin. (basis) o o3. 0... 79 12 6 
Sin. ...- Pe 1. gre: : 19:17 6 
}in. . : oe eo 110 2 6 
fin. aa . 6.8 S.... ‘lO 7 6 
Un. in. to fin. incl. 10 3 0 ; 10 17 6 
[RELAND—F.0.Q. BELFAST. Rest oF IRELAND. 
ae er 8 £s. d. 
Angles ‘ a ae 910 6 
Tees.. 10: B,D sve 10 10 6 
Joists ee ee 4 918 0 
Channels ‘ 913 0... 915 6 
Rounds, 3in. and up 3 -F"O... 1010 6 
under 3in. S «oe: 8 8 0 
Plates, jin. (basis) 915 6... 918 0 
fin. ... ce 803-Bi uh. , tlO 3 0 
jin. ... 10 5 6... 110 8 O 
fein. ORDO rcn Be 110 13 0 
Un. fin. to ane: nek 10 B28 10 8 0 
OTHER STEEL MATERIALS 
Home. Export. 
Sheets. Cain m £s. d. 
11-G. to 14-G., d/d Je BclO@ 22>. 5. feb Bae © 
15-G. to 20-G., d/d - 11 1 0 s £0305 1b 26’ 0 
21-G. to 24-G., d/d 12 0 0 (oo FO Te OE 
25-G. to 26-G., d/d 2's C'.... 4. fob. Be @ 


South Africa, 24-G. Basis £12 0s., plus 3% on invoice value ; 


The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


Export : India £16 10s. c.i.f.; South Africa, £14 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £14 17s. 6d. f.o.b. ; 
Sweden, £13 l5s.; Irish Free State, £14 15s. f.0.q.; 


£12 0 0 seale 5/- p.u. 


Current Prices for Metals and Fuels. 


CaRDIFF— 








Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 
* For Markets other than Australia and New Zealand, 5s. per ton must be added. + South Africa 5s. and Foreign Markets 2s. 6d. higher. 





NON-FERROUS METALS. 


(Official Prices, January 27th). 


CopPER— 
Cash ... 
Three months ... 


Electrolytic 


Best Selected Ingots, d/d Bir- 


mingham 
Sheets, Hot Rolled 


‘Tubes, Solid Drawn (basis) 


‘ Brazed (basis) 


Brass— 


Ingots, 70/30, d/d Birmingham 


Tubes, Solid Drawn, 2/1 Alloy 


‘ Brazed 
Tin— 
Cash ... 
Three months 
Leap: 
SPELTER : 


Aluminium Ingots (British) ... 


FUELS. 


SCOTLAND. 


LANARKSHIRE— 


9to £52 LO 0 


10 Oto £52 Ll 3 


Oto £58 0 0 


£57 150 
£85 0 0 
Home. Export. 
123d. 123d. 
123d. 12}d. 
£44 0 O 
Home. Fxport. 
L1$d. lL) 4d. 
13d. 13d. 


0 to £227 5 0 
Oto £227 15 90 
Oto £27 0 OU 


$ to £21 13 9 


£100 to £105 


Export. 


(f.0.b. Grangemouth) — Navigation Unscreened) 16/— to 16/6 


Hamilton Ell 
Splints 
AYRSHIRE— 
(f.0.b. Ports)—Steam 


FIFESHIRE— 


(f.0.b. Methil or Burntisland)— 


Prime Steam ... 


Unscreened Navigation 


LorHians— 


(f.0.b. Leith)—Hartley Prime 


Secondary Steam ... 


ENGLAND. 


YORKSHIRE, MANCHESTER — 


B.8.Y. Hard Steams 
Furnace Coke 


NORTHUMBERLAND, NEWCASTLE— 


Blyth Best 
» Second... 
» Best Small 
Unscreened 


Dur#amM— 
Best Gas... 
Foundry Coke 


SHEFFIELD— 


Best Hand-picked Branch ... 27 
43 24/— to 26/- 


South Yorkshire 
Seconds ... 


Steam Coals : 


Best Admiralty Large ... 


Best Seconds 
Best Dry Large 
Ordinaries 
Bunker Smalls 
Cargo Smalls... 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 


SwansEsa— 


Anthracite Coals : 
Best Large... 
Machine-made Cobbles.. 
Nuts 
Beans 
Peas . ree 
Rubbly Culm... 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


SOUTH WALES. 


18/— 


20 


lh - 


17 /- 
16/6 


16/6 to 17/- 


16/6 
19/6 to 23/- 
19/- to 24/ 


18/6 to 20 


17/- to 18/- 
14/6 
18/- to 19 
17/- to 18 


26/6 to 27/6 


19/6 
19/~ to 19/44 
18/6 
18/3 to 18/6 
15/~ to 15/6 
13/6 to 14/6 
25/- to 27/- 


30/- to 47/6 
24/6 to 25/6 
22/- 


36/- to 40/— 
41/- to 48/6 
40/- to 48/6 
25/- to 35/- 


19/- to 23/6 
12/- to 12/6 
18/- to 20/6 


Exclusive of Government tax of ld. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 aietitassh 


Diesel Oil 


Per Gallon. 
34d. 
4d. 
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French Engineering Notes. 


(from our own Correspondent in Paris.) 


Public Works. 


Eigut months of labour strife have left an 
accumulation of arrears which industry is beginning to 
make up, and there is consequently a fair activity that 
may not last for more than a relatively short period, unless 
something is done to revive enterprise at home. There is 
good hope that the engineering trades will benefit from the 
Government’s intention to push forward the vast plan of 
public works that has been carried on intermittently with 
the doling out of public funds. It means the provision 
of a huge sum of money which was to have been obtained 
by a public loan, but persistent rumours of negotiations 
with British financial groups suggest that much of the 
money for public works may come from that source. As 
to the effect of such enterprise on the engineering industries 
opinion, which was formerly critical of the benefits accru- 
ing therefrom, has veered round to an acceptance of the 
public works programme as offering the only means of 
providing adequate employment on condition that it is 
carried out energetically on a large scale. It is argued that 
the works undertaken are a national asset, and that the 
accumulation of machinery and plant and progress in 
technical methods that accompany this activity in all 
branches of engineering will increase the country’s capacity 
for production. What effect it may have on the national 
finances is ignored, but as some of the money is advanced 
to local authorities, with subsidies, for productive under- 
takings, the burden will not fall entirely on the National 
Exchequer. A considerable number of these undertakings 
are of engineering interest. The La Rochelle Chamber of 
Commerce has been authorised to issue a public loan of 
15 million franes as its contribution to the cost of com- 
pleting the mole between La Pallice and the Ile de Ré, 
the balance to be contributed by the State. This work was 
begun about six years ago, and has frequently been slowed 
dowa by the financial stringency. It is intended to make 
La Pallice an ocean port for La Rochelle, in the same way 
that Le Verdon is the port of call for Bordeaux, with the 
advantage for La Pallice that it is served by a deep 
channel between the mainland and the Ile de Ré, where the 
situation, sheltered by the island, allows of ocean liners 
safely navigating the channel and mooring alongside the 
mole in all weathers. The distance between La Pallice 
and the Ile de Ré is less than 2 miles, and the viaduct 
carrying a railway and a road starts from the shore about 
a quarter of a mile from the La Pallice harbour, and has 
a length of something like 1200 yards, bending round at 
its extremity to the mole. The length of the mole, which 
is now well advanced, was to have been 150 m., but there 
are suggestions that it should be extended. All the other 
harbours from Dunkirk to Marseilles are to be aided 
financially in carrying out extensions, improvements, and 
equipments on a scale that should give a stimulus to engi- 
neering activity this year. In Algeria the construction of 
a naval port at Mers-el-Kébir, near Oran, now begun, will 
be a considerable undertaking, and at Algiers work is 
being continued on a new mole, to be followed eventually 
by the construction of an outer port which will complete a 
harbour that has been laid out without natural facilities, 
and will render it safe from the violent seas that occa- 
sionally sweep along that coast, and have done so much 
damage to harbour works in the past. 


Railway Electrification. 


The Marquet programme of public relief works 
provided for the electrification of the lines between Paris 
and Le Mans and between Tours and Bordeaux. The 
former line is expected to change over from steam to elec- 
tric traction in May. The line from Tours to Bordeaux 
is well advanced, and it was to have been ready for elec- 
trical service early next year, but owing to work having 
been held up by the labour agitation, it will not be com- 
pleted until some months later. When that is done it is 
probable that work will start upon the electrification of the 
line from Bordeaux to Montauban and Séte. The Paris 
Orleans—Midi system has its own supply of current from 
the Massif Central and the Pyrenées, with Paris as a 
standby in case ofemergency. It issupplied at 90,000 volts 
from the Maréges power station and at 150,000 volts from 
the Pyrenées. The estimated cost of 500 million francs 
for the electrification of the Tours—Bordeaux line has 
been largely exceeded by the wage advances, and heavily 


increased social charges, and the necessity of revising | 
estimates on a higher basis has interfered with the execu- | 


tion of public works generally. 


Suburban Traffic. 


Since it was decided to extend the Paris Metro- 
politan Railway beyond the city boundary, three lines 
have been continued to suburban towns, and in view of the 
results obtained the Conseil Général de la Seine is being 
urged to arrange for the financing of six other extensions 
that have been authorised. An analysis of the traffic 
statistics on the urban and suburban lines shows that while 
the number of passengers carried within Paris has declined, 
it has increased steadily on the suburban sections, which is 
explained by the growth of the suburban population to the 
detriment of Paris. The financial results of the suburban 
working are also declared to be more satisfactory. It is 
certain that the carrying of underground lines beyond 
the Paris boundaries encourages a migration to” the 
suburbs. Another argument in favour of an extension of 
the Metropolitan railway system is that it offers the only 
satisfactory means of reducing the risks of motor car 
traffic which are becoming increasingly serious along all the 
suburban approaches to the city. This argument is 
directed against the omnibus, which renders good service 
within Paris where the road traffic is particularly dense, 
and the facility with which it can deal with traffic over 
areas not directly served by the underground renders its 
exclusion undesirable in the public interest. There is 
direct competition between the two methods of transport 
over the same routes, mostly in favour of the underground, 
but where omnibuses diverge from those routes they take 
the bulk of the traffic. 








British Patent Specifications. 


When an ¢ tion is ted from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
1s. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 





INTERNAL COMBUSTION ENGINES. 


457,706. May 3rd, 1935.—FuEL Pumps, G. W. Rawlings, 
Willow Meer, Park Hill, Kenilworth, Warwick. 

In this fuel supply system there is a primary pump A which 
supplies a series of secondary pumps, one for each cylinder, one 
of which is shown at B. The primary pump delivers into an air 
vessel C, in which a constant pressure is maintained by the 
diaphragm by-pass valve D. This valve is loaded by the spring 
FE and can be adjusted by the nut F or the cam G. Oil from the 
air vessel is delivered to the secondary pump through the cali- 
brated orifice H against the pressure of the spring J. The fuel 
enters during the whole period of the inlet cycle which will, 
of course, vary with the engine speed, the higher the speed the 
shorter the time of inlet. To increase or decrease the power 
output of the engine the pressure at which the fuel is supplied 
is increased or decreased by adjusting the relief valve D. Until 
a certain speed has been reached the metering jet permits a 
full charge to enter the pump B. Above such speed, which will, 
of course, be different for different fuel pressures, the metering 
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jet’restricts the fuel admission owing to the shorter time of the 
inlet cycle, but for any given engine speed and fuel pressure a 
constant quantity of fuel is ot to and delivered by the 
pump or pumps B. The increased power output may be accom- 
panied by an increase in engine speed, until the increase in fuel 
pressure combined with the decrease in the inlet cycle time 
provides that constant volume of fuel delivery per cycle required 
to maintain such speed against the load. If, however, the 
increased power output is required to meet a greater load at the 
same engine speed, then the increase in fuel pressure causes 
an increase in the volume of fuel delivered per cycle, thus 
increasing the mean effective pressure in the cylinders of the 
engine and correspondingly increasing its power output. 
Similarly, it follows that if the load varies and the fuel feed 
pressure remains unaltered, the engine speed will vary until 
the time factor increases or decreases the quantity of fuel to 
balance the engine power output against the altered load.— 
December 3rd, 1936. 


ELECTRICAL APPLIANCES. 


458,070. June 6th, 1935.—ExLrectrric CaBLE Systems, The 
Okonite-Callender Cable Company Inc., Patterson, New 
Jersey, U.S.A. 

This invention concerns high-pressure oil-insulated electric 
cable installations in which it is desired to carry out electrical 
measurements on the conductors with the aid of condensers. 
The several cores of the cable are run through a steel conduit 
A filled with oil at a considerable pressure, say, 200 lb. per 
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square inch. Each of the cores has an electrostatic shielding 
tape B, which is discontinued in the tapping branch at C. 
The conductor is continued through the insulator and is 
embraced by a separate length of shielding tape D. The tapes 
are, however, bonded together at C by a binding of insulating 
material. The short length of shielding tape D, together with 
the conductor itself, form the two sides of a condenser, which is 
used in conjunction with the transformer E for measuring 
purposes.—December 7th, 1936. 


TRANSMISSION OF POWER. 


458,143. November 27th, 1935.—Hypravuitic Powrer TRaNs- 
missions, W . van Lammeren, 45D, Veursche-weg 
Voorschoten, The Netherlands. 

This is a development of the Féttinger hydraulic system of 
ower transmission, with the object of simplifying reversal. 
he driving shaft is shown at A and has keyed upon it the 
impeller B. The driven shaft C carries on loose sleeves the vane 
wheel D and the guide wheel E. The sleeves have dog clutches 

F and G, by means of which either can be connected by the 

clutch member H to the driven shaft C. There is a brake band 

J acting on the guide wheel E through the intervention of the 

free-wheel device K, and another brake band L on the vane 

wheel D. For clockwise driving the vane wheel D is freed from 
its brake L and the dog clutches F and H engaged. At the 


same time the guide wheel E is held by its brake and the free 
wheel and drives the vane wheel by reaction. On an increase 
in 8 
device transmits as a solid drive. 


d the guide wheel can overrun its brake, and the whole 
In order 


to reverse the 
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band brakes are applied in the opposite manner and the dog 
clutch reversed, so that the guide wheel becomes the driver.- 
December 14th, 1936. 


MOTOR CARS AND ROAD TRAFFIC. 


457,089. July Ist, 1936.—SusrENsIon Systems, L. Renault. 
8, Avenue Emile Zola, Billancourt (Seine), France. 

This is a system of spring suspension for vehicles having two 
pairs of independent driving wheels, in which the load on the 
wheels is shared out equally. Figs. 1 and 2 are general views of 
the chassis, while Fig. 3 is a perspective view of the springing 
and linkage arrangements. The back wheels are carried by 
parallelograms A and B, with stub axles at their outer ends. 


N°457,089 
Fig | 
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One fork C of the parallelogram A is keyed to the shaft D, 
the other fork is loosely pivoted on the shaft. One fork E of 
the parallelogram B is correspondingly keyed to the shaft F. 
The two shafts D and F are connected together by cranks and 
the connecting rod G. It will be seen that the reactions of the 
loads on the two stub axles oppose one another, so that the total 
load is properly shared, while the tortional elasticity of the 
shafts D and E provides springiness.— November 20th, 1936. 


LIGHTING AND HEATING. 


457,095. May lith, 1935.—ELecrric Water Heaters, R. 
B. Matthews, Greater Felcourt, East Grinstead, Sussex. 
This is an electric immersion water heater of the thermal! 
storage type, and the aim is to reduce the number of joints 
below the water line which must be made tight. It comprises 
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a metal can A surrounded by insulation B, in which there 
depends the immersion heater C. The tube D serves for the 
introduction of cold water from the turndish E. The hot water 
is drawn off at the top by the branch F, when it is displaced by 
incoming cold water. The draw off is controlled by a cock 
and the riser G provides a safety escape.—November 17th, 1936. 


457,126. May 22nd, 1935.—LuminzesceNnT MaTertat For Usk 
in Etectrric DiscHarGe Lamps, The General Electric 

| Company, Ltd., Magnet House, Kingsway, London, 
W.C.2, and J. T. Randall, Research Laboratories of the 
General Electric Company, Wembley, Middlesex. 

This invention relates to luminescent materials excited by the 
ultra-violet radiation and/or slow electrons from an electric 
discharge, and, more particularly, an electric discharge through 
mercury. In one method of preparing the material zinc oxide 
and silica are mixed in the molecular proportions ZnO: 2 SiO,. 
Both must be extremely pure. The silica should be in the 
form of g«l, which may bé prepared by precipitating very pure 
potassium silicate with hydrochloric acid. To the mixture is 
added manganese nitrate in such proportion that metallic Mn 
forms about 0-1 per cent. of the whole mixture. The paste so 
formed is dried in air at 180 deg. Cent. reground, and then 
heated in a silica boat in air at 850 deg. Cent., preferably for a 
period as long as 15 hours. In general it has been found that 
the longer the heating, the brighter the luminescence of the 
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product. It is not essential that there should be in the product 
neither excess of ZnO nor of SiQ,. Small excess of SiO, in 
particular may be permitted.—November 23rd, 1936. 


CRUSHING AND GRINDING. 
457,864. June 7th, 1935.—Epar Runner Mitus, H. E. Cox, 
131, City-road, Bristol. 
This is a mill for grinding paint and similar materials, and has 
a fixed annular pan A round which a roll B is driven by the mill 
head C keyed to the shaft D. This shaft, in turn, is driven by 
the bevel gearing E F. At the same time the sleeve G is driven 


N°457,864 
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K 





in the opposite direction by the gearing EH. At*the top of this 
sleeve there is a pinion J that meshes with the wheel K 
connected with the roil B. The result is that the roll turns on 
its axis faster than it rolls round the pan, and a grinding action 
is obtained. The differential action may be adjusted by the 
ratio of the gearing J K.— December 7th, 1936. 


GAS PRODUCERS. 


458,160. June llth, 1935.—THe ManuracTurRE OF ACETYLENE: 
British Celanese, Ltd., Celanese House, 22 and 23, Hanover- 
square, London, W.1; H. Dreyfus, Celanese House ; 
and W. H. Groombridge, of the works of British Celanese, 
Ltd., Spondon, near Derby. 

This invention relates to the manufacture of acetylene by 
the thermal decomposition of methane, which hitherto has been 
handicapped by the production of much free carbon and choking 
of the apparatus. The inventors dilute the methane largely 
with hy m, and the decomposition is preferably carried 
out at temperatures above 1200 deg. Cent., and py at 
temperatures between about 1350 . and 1600 deg. Cent.; 
temperatures of 1400-1550 deg. Cent. are i ly useful. 
The methane should be subjected to the decomposition tempera- 
ture for a relatively short i for example, a iod of the 
order of 1/20-1/200 sec. i the temperature employed 
the shorter should be the period during which the methane is 
heated to that temperature. In order to conserve the acetylene 
formed it is of advantage to cool the gases rapidly after they 
leave the decomposition zone. Such cooling may be at least 
partially effec by passing the gas in heat exchange with 
methane or a gas mixture containing methane which is to be 
decomposed. A gas mixture comprising 20 per cent. of methane 
and 80 per cent. of hydrogen is passed at a rate of 290 litres 
per hour through a silica tube of inside diameter 5 mm., heated 
over 25cm. of its length to 1500 deg. Cent. The issuing gas 
contains 3-5 per cent. of acetylene, representing a yield on the 
methane consumed of 81 per cent.—December 11th, 1936. 


MISCELLANEOUS. 


457,087. May 25th, 1936.—Guperon Pins, Otto Graf, Auf der 
Insel 19, Rédelheim, Frankfurt (Main), Germany. 

This is a split ring for holding gudgeon pins longitudinally in 

their pistons. The inventor says that with the ordinary 
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simple ring it cannot be assured that the ring beds down properly 

into the bottom of the groove. He consequently provides 

several specially springy portions A in its periphery and arranges 
two lugs B B for convenience in contracting the ring as it is put 
in place. The broken lines show alternative forms for the 

springs.—November 20th, 1936. 

457,741. June llth, 1936—-Hotpinc-pown Bors, W. J. 
Biermans, A. A. P. Biermans, and A. P. D. Biermans, trading 
as the firm W. Biermans and Zoon, Eindstraat 24, Breda, 
Holland. 

This holding-down bolt is of the type in which a grip is 


N°457,741 
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obtained in the hole by the swelling of a ductile sleeve com- 
pressed longitudinally by the tightening of the bolt. The sleeve, 
of lead, is shown at A and is keyed to the ordinary nut B by the 


pegs C, on to which it is cast. The sleeve is prevented from 
turning, as the bolt is tightened up, by the pronged washer D.— 
December 4th, 1936. 





Forthcoming Engagements. 


Secretaries of Institutions, Societi 
notices of meetings inserted in this coli » are reg 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 











To-pay. 

Inst. oF Etgecrrican ENGINEERS : NorRTH-EasTERN CENTRE. 
—Old Assembly Rooms, Westgate-road, Newcastle-on-Tyne. 
Annual dinner and dance. 7 p.m. 

Inst. or Fuxi.—Gatti's Restaurant, 436, Strand, W.C.2. 
Discussion on “ National Oil Strength,” opened by H. Moore. 
7 p.m. 

Inst. oF Merats: BrrmincHam Loca Srctron.—James 
Watt Memorial Inst., Birmingham. ‘ Special Cast Irons,” J. G. 
Pearce. 7 p.m. 

Inst. oF THE Piastics Inpustry.—Inst. of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. Symposium on Plastics. 3 p.m. 

Juntor Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
“The Sunbury Cathode Ray Engine Indicator,” Captain 
McGilliwie and R. Stansfield. 7.30 p.m. 

Norra-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—NMining Inst., Neweastle-on-Tyne. ‘“‘ Land and Marine Steam 
Generators,” Prof. A. L. Mellanby. 7 p.m. 

Royat Inst.—21, Albemarle-street, W.1. “ Recent Crystallo- 
graphy,” Sir Wm. Bragg. 9 p.m. 

Monpay, Fess. Isr. 

Inst. or ExecrricaL ENGIngERs : SoutH M1IpLaNnD CENTRE. 
—James Watt Memorial Inst., Birmi . “* Recent Develop- 
ments in Telegraph Transmission and their Application to the 
British Telegraph Services,” L. H. Harris, E. H. Jolley, and F. O. 
Morrell. 7 p.m. 

Royat Soc, or Arts.—John-street, Adelphi, W.C.2. ‘* Cosmic 
Rays,” Prof. P. M. 8. Blackett. 8 p.m. 

Soc. or Caemicat InpustRy.—Burlington House, Piccadilly, 
W.1. “Infra-red Photography and its Field of Application,” 
E. R. Davies. 8 p.m. 

Soc. or ENGIngEers.—Geological Soc., Burlington House, W. 
“ Scientific Paradoxes and Problems,” A. 8S. E. Ackermann. 
6 p.m. 

Turspay, Fes. 2np. 

Inst. or AvuToMOBILE ENGINEERS.—Royal Soc. of Arts, 
John-street, Adelphi, W.C.2. “‘ Units and Dimensions—The 
Treatment of Problems in Engineering by Dimensional 
Analysis,” Dr. F. W. Lanchester. 7.45 p.m. 

Royat Inst.—21, Albemarle-street, W.1. 
ductivity in Solids,’ N. F. Mott. 5.15 p.m. 

WEDNESDAY, FEB. 3RD. 

Inst. or Crvit ENGINEERS: BIRMINGHAM AND DIsTRICT 
Assoc.—Visit to the works of the British Thomson-Houston 
Company, Ltd. 

Inst. or Crvi, ENGINEERS: MANCHESTER AND DIsTRICT 
Assoc.—Midland Hotel, Manchester. Annual dinner, 7 p.m. 

Inst. or Etxecrricat ENGINEERS: WIRELEss SEcTION.— 
Savoy-place, W.C.2. Discussion on “ A Specification for Testing 
and Expressing the Performance of Radio Receivers.” 6 p.m. 

Inst. oF Mixinc Enorxerrs.—Geological Soc., Burlington 
House, Piccadilly, W.1. Annual meeting, 11.15 a.m. 
Dinner at Grosvenor House, Park- » W.1. 7.15 p.m. 

TuurRspay, Fes. 47TH. 

Inst. or Execrricat Encinerers.—Grosvenor House, Park- 
lane, W.1. Annual dinner. 7 p.m. 

Roya Inst.—21, Albemarle-street, W.1. 
the Future,” W. Cramp. 5.15 p.m. 

Fray, Fes. 51a. 

Inst. oF MEcHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 

Informal meeting. ‘‘ Some Notes on Boiler Plant Construction, 
ign, and Development,” a talking film introduced by C. A. 
Plummer. 6.30 p.m. 

Izon AnD Steet Inst.—Metal Exchange, Swansea. “‘ Methods 
of inning Tin-plate for Examination of the Thickness and 
Continuity of the Alloy Layer,” A. W. Hothersall and W. N. 
Bradshaw; “A Study of the Origin of Porosity in the Tin 
Coating of Tin-plate,”” A. W. Hothersall and J. C. Prytherch ; 
“*Some Considerations Influencing Plant Facilities for Strip- 
sheet Production under British Conditions,” Geo. A. V. Russell : 
“The Roll Problem in Backed-up Mills for Cold Reduction,”’ 
Geo. A. V. Russell and 8.8. Smith. 6.30 p.m. 

Junior Inst. oF ENnGInEERS.—39, Victoria-street, S.W.1. 
“The C.E.B. Grid Transmission System,” L, M. Jockel. 
7.30 p.m. 

Norrs or Enocianp InstirvTe or MINING AND MECHANIOAL 
Enornrers.—Grand Assembly Rooms, Barras Bridge, New- 
castle-on-Tyne. Annual dinner. 7.30 p.m. 

Satrurpay, Fes. 6ru. 

Giascow University EncIneertne Soc .—Grosvenor Hotel, 

Glasgow. Annual dinner. 6.30 p.m. 
Monpay, Fes. 8ru. 

CHARTERED Surveyors’ Inst.—12, Great George-street, 
S.W.1. ‘“ Large-scale Map Revision from Air Photographs,” 
Major R. L. Brown, R.E. 6.30 p.m. 

Inst. or TransPort.—lInst. of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘‘ Transport in the Distribution of Coal : 
Methods in the United Kingdom and Abroad Compared,” 
C. E. R. Sherrington. 5.30 p.m. 

TvuEspay, FEB. 9rH. 

Inst. or Crvit Enornerers.—Great George-street, 8.W.1. 
‘“‘ Fundamental Research on the Application of Vibration to the 
Precasting of Concrete,” D. A. Stewart. 6 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN SCoTLaND.—39, 
Elmbank-crescent, Glasgow, C.2. ‘‘ An Analysis of the Per- 
formances of some Diesel Propelling Engines,”’ Dr. A. M. Robb. 
7.30 p.m. 

Inst. or Marine Enoinerrs.—85, The Minories, E.C.3. 
“* Welding Research Practice,” Prof. B. P. Haigh. 6 p.m. 

WepnNEspay, Fes. 107TH. 

Inst. oF ENGINEERS-IN-CHARGE.—St. Bride Inst., E.C.4. 
“‘ Small Unit Refrigerators from the Gas and Oil Point of View,” 
E. Young. 7.30 p.m, 

Inst. or Furt.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘ Heat Insulation: The Selection of Suitable Materials 
for Various Purposes,” J. 8. F. Gard. 6 p.m. 

Inst. or Heatinc AND VENTILATING ENnGINEERS.—Inst. of 
Mechanical Engineers, Storey’s-gate, 8.W.1. ‘‘ Thermal Con- 
ductivity of Insulating Materials and Methods of Testing,” 
E. Griffiths. 2.30 p.m. Annual dinner, Connaught Rooms. 
6.30 p.m. 

Inst. or WeLpina.—Inst. of Mechanical Engineers, Storey’s- 

ate, S.W.1. ‘“‘ Working Data on the Cutting of Steel by the 

ygen Jet,” N. Daniel. 6.30 p.m. 

Rovat Soc. or Arts.—John-street, Adelphi, W.C.1. “* Appli- 
cations of Photography to Scientific and Technical Problems,” 
O. F. Block. 8.15 p.m. 


* Electrical Con- 


“* Power Supply of 





TuHurspay, Fes. 1ltx, 

Inst. oF AvutTomosILE En .-—-Merchant Venturers’ 
Technical College, Bristol. “ The omics of Repair ra- 
tions with Special Reference to the Lay-out of Equipment of 
the Service Stations,” B. P. H. de Roeper. 7 p.m. 

Inst. oF MercuanicaL ENGINEERS: NorrH-WEsTERN 
Brancu.—Engineers’ Club, Albert-square, Manchester. *‘ Some 
Factors Affecting the Design of Heat Transfer Apparatus,” FE. 
W. Still. 7.15 p.m. 

Inst. oy Metats: Lonpon Loca, Sxction.—Soc. of Motor 
Manufacturers and Traders, Ltd., 83, Pall Mall, London, 8.W.1. 
“ The Constitution of Alloys,” C. H. Desch. 7.30 p.m. 

Royat Arronauticat Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. “‘ The Automatic Pilot,” F. W. Mere- 
dith and P. A. Cooke. 6.30 p.m. 

Fripay, Fes. 12rx. 

Inst. or MrcHanicaL Enoingers.—Storey’s-gate, S.W.1. 
“ Factors Limiting Practical Steam Cycle ciency,” an 
informal discussion, opened by Major W. Gregson. 

Inst. or Merats: SHEFFIELD Locat Sxorron.—Conjoint 
meeting with the South Yorkshire Section of the Inst. of 
Chemistry. Non-Ferrous Section of the Applied Science 
Department of the University, St. George’s-square, Sheffield. 
7.30 p.m. 

Inst. or Sanrrary Enornzers.—Caxton Hall, 8.W.1. 
dential address, 6.15 p.m. 

Junior Inst. or ENGiInEERS.-—39, Victoria-street, 8.W.1. 
** Causes of Deterioration in Paper Insulated Cable,” Prof. R. O. 
Kapp. 7.30 p.m. 


Presi- 


Saturpay, Fes. 13rx. 
Finspury Trcunroat Cotteee Oxtp Srupents’ Assoc.-— 
Eps Restaurant, Piccadilly Cireus, W.1. Annual dinner. 
(p-m. 
Monpay, Fes. 15ru. 
Inst. oF Metats: Scorrisn Locar Sxction.—Joint 
with the Inst. of Automobile Engineers, Scottish Centre. Inst. 





of Engineers and Shipbuilders. in tland, 39, Elmbank- 
crescent, Glasgow. ‘“ Copper and its Alloys in Automobile 
ign,” B. P. E. Neave. 7.30 p.m, 


WepnespDay, Fes. 177TH. 

Inst. or CuemicaL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. A Symposium on Chemical Methods 
of Treating Sewage. 

Tuurspay, Fras. 18rx. 

Rartway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘ Railways or Law,” Kenneth Brown. 7.30 p.m. 

Royat ArronavticaL Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. ‘‘ Possible Lay-outs for Air-cooled 
Engines,” A. H. R. Fedden. 6.30 p.m. 

Fripay, Fes. 197s. 

Inst. or Mecuanicart ENoInegrs.—Storey’s-gate, 3.W.1. 
Annual general meeting. ‘‘ Ventilation with Air Conditioning 
in Modern Buildings,” E. R. Dolby. 5.30 p.m. 

Inst. oF Metats: BrrmincHamM Loca Secrion.—James 
Watt Memorial Inst., Birmingham. ‘‘ Non-ferrous Welding,” 
H. W. G. Hignett. 7 p.m. 

‘Turspay, Fes. 23ap. 

Inst. or AvToMOBILE ENGINEERS.—James Watt Memorial 
Hall, York House, Great Charles-street, Birmingham. ‘Servo 
Mechanisms Used in Automobile Engineering,” S. H. Grylls. 
7.30 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—-39, 
Elmbank-crescent, Gl: w. ‘Road Planning and Con- 
struction in Relation to Safety,” W. H. Budgett. 7.30 p.m. 

Wepnespay, Fss. 247Tx. 

Roya Soc. or Arts.—John-street, Adelphi, W.C.2. “‘Alloys,” 
Prof. W. L. Bragg. 8.15 p.m. 

Tuourspay, Fes. 257x. 

Inst. or ELectricat Encrxgers: Sours Mmranp CENTRE. 
—Midland Inst., Birmi m. “The San Francisco-Oakland 
Bay Bridge,”’ Prof. J. Husband. 7 p.m, 

Royat Agrronauticat Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. “ Power Measurements in the Air,” 
N.S. Muir. 6.30 p.m. 








LAUNCHES AND TRIAL TRIPS. 





QurEEN ANNE, motorship; built by Barclay, Curle and Co., 
Ltd.; to the order of Thos. Dunlop and Sons; dimensions, 
length, 431ft. 6in.; breadth, 55ft.; depth, 37ft. lin.; to carry 
9200 tons deadweight. Engine, three-cylinder, opposed-piston ; 
trial trip, January 19th. 

Porr Jackson, motorship; built by Swan, Hunter and 
Wigham Ric m, Ltd., to the order of the Port Line ; 
dimensions, length, 495ft. 6in.; breadth, 68ft. 3in.; depth, 
41ft. 6in.; to carry 10,900 tons deadweight. Engines, two four- 
cylinder opposed piston ; trial trip, January 20th. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





SwircucEaAR AND Cowans, Ltd., have transferred their 
London office to 85, Gracechurch-street, London, E.C.3. 

Bruce Presies anp Co., Ltd., Edinburgh, have opened a 
new office at 19, Waterloo-street, Glasgow, which will be under 
the direction of Mr. G. Henderson who has been appointed sales 
manager for all Scotland. 

Mr. W. A. Warp, M.I. Mech. E., late with Simon Carves 
and Co., Ltd., Manchester, as chief engineer of their boiler 
department, has joined the board of Bennis Combustion, Ltd., 
and will act as the company’s general manager. 

Mr. C. Voix, who for the 0 eight years has been connected 
with the technical sales department of Siemens-Schuckert 
(Great Britain), Ltd., has now joined Sovex, Ltd., engineers and 
conveyor manufacturers, Erith, Kent, in a similar capacity. 








CALENDARS, DIARIES, &c. 


British Jerrrey Diamonp, Ltd., Wakefield.—Monthly wall 
¢ x 
C. Ister AND Co., Ltd,, Bear-lane, Southwark-street, S.E.1.- 
Wall calendar. 

Britisu Torxen, Ltd., Cheston-road, Aston, Birmingham, 7. 
—Monthly wall calendar. 

Bascock anp Witocox, Ltd., 34, Farringdon-street. E.C.4.- 
Refill cards for desk calendar. 














Fes. 5, 1937 


THE ENGINEER 


149 








A Seven-Day Journal. 


A New High-Wing Monoplane. 


THE Scottish Aircraft and Engineering Company 
exhibited at its Wiltesden Works on Monday last, 
February Ist, a full-size model of the new British 
Burnelli air liner. The design is based on the 
patents held by an American company, and, as shown 
by the model, has several features radically different 
from orthodox practice. A broad, flat-bottomed 
fuselage which shares the lift with the wings is 
shaped in the “ half-streamline ” form made familiar 
by so-called ‘ streamline ’’ motor car bodies, and in 
effect the passenger accommodation appears to be 
a prolongation of the wing structure. The cabin 
provided is 12ft. 6im. square, a great advantage 
from the accommodation point of view. No orthodox 
fuselage exists, but the ailerons and rudders are 
carried in duplicate on two tail-booms which are 
flat ‘‘ fins” in effect. The pilot’s cockpit is formed 
in front of the passenger cabin, and the disappearing 
undercarriage is immediately beneath, so that the 
front. wheels are retracted into spaces on either side 
of the cockpit, where they can be seen and adjusted 
if necessary during flight. Two Rolls-Royce 
‘ Kestrel’ engines developing 745 H.P. each and 
equipped with constant-speed airscrews giving a 
cruising speed of 216 m.p.h. are fitted. They are 
carried in two projections on the fuselage structure, 
where their after ends can be reached from within 
the fuselage. The plane, an all-metal one, is claimed 
to be particularly simple to construct as virtually 
all the metal sheets have curvature in one plane 
only. Although the parent company will remain 
in the United States, the design department has 
been movéd to this country, and future American 
machines will be designed here. A Canadian company 
is also to build under licence. The first machine, 
the “‘ Clyde Clipper,” has been entered for the New 
York to Paris air race in August. 


A Birmingham Civic Improvement. 


On Tuesday last, February 2nd, the Public Works 
Committee submitted to the Birmingham City 
Council a proposal to construct an underground 
car park at the site of the new Civic Centre. The 
park would be available as an air raid shelter, and 
although not proof against direct hits, would be 
splinter proof and safe from incendiary bombs, 
falling masonry, and débris. Provision would be 
made for making the park gas proof and for decon- 
taminating the air in the ventilation system. It is 
proposed to construct a first instalment of the 
project at an estimated cost of £85,000, the remainder 
of the project to be completed later. The scheme 
would have an estimated total cost of £345,000. 
It is proposed by the City Surveyor that this under- 
ground car park be provided under the quadrangle 
enclosed by the main blocks of the new Civic Centre, 
the ground level remaining as ornamental gardens 
as in. the existing plan. Parking facilities would 
thus be available amounting to about 8-25 acres 
and capable of accommodating about 1280 cars. 
The entrances would be at the four corners and lead 
to Easy-row, Broad-street, the Parade, and King 
Edward’s-road, all some distance from the Civic 
Centre. The site would be excavated to a depth of 
about 14ft., and the roof would be constructed at 
approximately the present ground level. Provision 
for dealing with fire has been carefully ed, and 
emergency staircases leading to the gardens above 
have'been planned. The scheme could be carried out 
in sections. As levelling operations are about to 
start on one part of the proposed site amounting to 
about 2-33 acres, it is proposed to begin this part 
of the scheme immediately. Charges for parking 
have not as yet been settled, but it is intended that 
the scheme should be self-supporting. The scheme 
was approved. 


The Andrew Laing Lecture. 


Tue fifth annual Andrew Laing Lecture was 
delivered by Professor A. L. Mellanby, D.Sc., before 
the North-East Coast Institution of Engineers 
and Shipbuilders on Friday, January 29th. Taking 
as his subject “ Land and Marine Boilers,” Professor 
Mellanby dealt first with the history of the boiler, 
and traced its development from its early elementary 
form to the complex and efficient examples of the 
present day. He mentioned the problems which 
resulted) from the demand for higher pressures and 
more rapid steaming, and showed how they were 
overcome. After dealing with different types of 
firing, and the recent adoption of water-cooled walls, 
the lecturer noted the trend in recent power station 
design towards the use of one boiler of high evapora- 
tive capacity for one turbo-generator. Speaking 
on the subject of light weight boilers, with a high 
rate of heat transmission, Professor Meilanby recalled 
the fundamental work of British scientists, such as 
the late Professor Osborne Reynolds and Professor 
J. T. Nicolson, on heat transmission, which had 
made possible the proper use of high gas speeds and 





forced water circulation, for the attainment of very 
high rates of evaporation. After discussing high 
temperatures and pressures, the transmission of heat 
by convection and by radiation, and the stress con- 
ditions in boiler tubes, Dr. Mellanby dealt with 
modern high-speed boilers, more particularly the 
La Mont, Loeffler, and Velox designs. In concluding 
he stressed the necessity for continual alertness if 
our reputation as engineers was to be maintained. 
The new types of steam generators described were, 
he said, all of Continenta] design, and if they achieved 
the success which appeared to be their due, there 
was little consolation to be derived from the fact 
that the fundamental principles underlying their 
construction were first worked out in our own 
country. He appealed to the younger members of 
the Institution to recognise that if some new principle 
was ever brought to them, then it was their duty 
to investigate it and to try and put it into an engineer- 
ing form themselves, and not to allow all the pioneer- 
ing work to be done by other nations. 


The Late Mr. Arthur Joseph Hungerford 


Pollen. 


Many of our readers, especially those interested in 
the electrical side of naval work, will learn with 
regret of the death on Thursday, January 28th, of 
Mr. Arthur Joseph Hungerford Pollen, the inventor 
of the A.C. automatic fire control system, and a well- 
known writer on naval matters. Mr. Pollen, who died 
after a short illness at the age of seventy at his home, 
238, St. James’s-court, London, 8.W.1, was the son 
of the late Mr. John Hungerford Pollen. He was 
educated at the Oratory School and Trinity College, 
Oxford, where he studied history and made a reputa- 
tion as a speaker on naval matters. In 1893 he was 
called to the Bar, and in 1895 entered Parliament. 
In the years which preceded the war he took an active 
interest in the development of fire control systems, 
and worked in connection with the British Navy and 
with foreign navies on his special system of fire con- 
trol for naval guns. After the war he was awarded 
a considerable sum by the Royal Commission on 
Awards to Inventors as a tribute to the value of his 
work. In 1927 Mr. Pollen became the chairman of 
Linotype and Machinery, Ltd., and as its managing 
director carried through an important reorganisation 
scheme. His election as the chairman of the Bir- 
mingham Small Arms Company, Ltd., in 1932, was 
a further recognition of his success as an adminis- 
trator. Mr. Pollen had interests in other branches of 
the engineering industry, and at the time of his death 
he was a director not only of the Birmingham Small 
Arms Company, Ltd., but of Follsain Metals, Ltd., 
the Follsain Syndicate, the Daimler and Lanchester 
motor companies, and William Jessop and Sons, 
Ltd. On the literary side he was the author of ‘‘ The 
Navy in Battle,” which was published in 1918. 


L.M.S. Goods Terminal Improvements. 


THREE important schemes for the modernisation 
and extension of goods terminal facilities at Ancoats 
(Manchester), Coventry, and Derby are to be carried 
out by the L.M.S. Railway in order to provide im- 
proved methods of handling goods and quicker tran- 
sits of freight and to allow for the growth in traffic 
arising from the expansion in trade. A feature of 
all three schemes is the introduction of electrically 
driven machinery for use in connection with the 
unloading of wagons, in conjunction with other new 
equipment and methods of the latest type. At 
St. Mary’s, Derby, it is intended to erect a large new 
goods shed capable of handling some 900 tons of 
freight traffic daily, including considerable railway 
‘“tranship” traffic, as well as traffic collected or 
delivered by road from or to the town of Derby itself. 
The new shed will have standing room for 180 rail 


wagons inside and for nearly 600 wagons in the | poses 


approach sidings, apart from outside wagon accom- 
modation for dealing with “full load’”’ traffic. 
Modern methods of loading and unloading traffic 
will be employed, incoming wagons being moved 
into position and afterwards moved away empty 
by means of a new type of capstan and traversers. 
For the actual unloading from wagons specially 
designed wagon-unloading machines will be used, 
whence the goods will be distributed to the town 
eartage vehicles or tranship wagons by a fleet of 
thirty-two large sorting drays. The sorting drays 
will be worked with a new type of shaft, having auto- 
matic couplings. In the L:M.S. goods shed at 
Ancoats, Manchester, the two main platforms over 
which the traffic is handled will each be extended 
under cover by an additional 60ft., with a width of 
30ft.; each of these extensions will be equipped with 
a wagon-unloading machine. Other new equipment 
to be provided will include two capstans of a new 
type, fifty six-wheeled deck trolleys of 2 tons capacity, 
five electric tractors for the movement of the deck 
trolleys between the wagon-unloading machines and 
the cartage vehicles, and eight electric ‘‘ mules ” for 





moving the deck trolleys along various sections of the 
eartage-loading front. At Coventry, where an 
average of over 100 wagons of miscellaneous traffic 
are received daily, instead of dealing with both out- 
wards and inwards traffic through the same shed, 
they will be separated, and while the inwards traffic 
will be dealt with by means of the wagon-unloading 
machines, being conveyed thence to road vehicles 
by a fleet of forty six-wheel trolleys hauled by petrol 
tractors, outwards traffic will be loaded under cover 
direct from road to rail vehicles. New railway lines, 
providing additional accommodation for forty-four 
wagons, to facilitate the handling of traffic in the 
yard, will be laid down outside the sheds, while the 
berths for road vehicles will be doubled. 


Oil Fuel Supplies. 


In a written reply to a question, published on 
Thursday, January 28th, Sir Thomas Inskip, Minister 
for the Co-ordination of Defence, gave some par- 
ticulars of the steps which are being taken to ensure 
the adequacy of supplies of fuel oil in peace and war. 
He stated that a standing sub-committee of the Com- 
mittee of Imperial Defence, over which a member of 
the Cabinet presides, and on which the Service as 
well as the Civil Departments concerned are repre- 
sented, keeps under constant review the situation as 
regards supplies of petroleum products for the needs 
of the Services, industry, and the mercantile marine. 
This co-ordinating body is responsible for estimating 
the quantity of reserves that should be maintained 
in time of peace, for examining the measures that 
should be taken to ensure security of fuel supplies, 
for keeping under review the question of tanker 
tonnage for use in time of war, for preparing schemes 
of control, and for all matters relating to oil fuel 
supplies in time of war. Action to give effect to the 
recommendations of the Oil Board, after approval 
by the Committee of Imperial Defence, is taken by the 
Government Department concerned. 


New Scunthorpe Steelworks. 


SPEAKING at the opening of new cottage homes for 
aged employees of the Appleby-Frodingham Steel 
Company, Ltd., at Scunthorpe, Lincolnshire, on 
Thursday, January 28th, Sir Walter Benton Jones, 
the chairman of the United Steel Companies, Ltd., 
announced that the firm had decided to build along- 
side the existing Appleby works a complete new iron 
and steel works. The works, which had now been 
planned, would include, he said, four new blast- 
furnaces, a duplication of the Appleby steel plant, 
new coke-oven plant, new sintering plant, and a 
large gasholder. The complete scheme would, he 
said, eventually cost £3,500,000, but at present it 
was intended to proceed with only half of each unit 
at a cost of £2,500,000. The contract for the new 
coke ovens would be let within the next few days, 
and plans for the first two blast-furnaces were already 
in preparation. One of the steel furnaces was under 
construction. When the full scheme was completed 
the firm would be able to turn out 1,000,000 tons of 
pig iron and 1,000,000 tons of steel a year at its 
Scunthorpe works. The plans include a new railway. 
entrance to the Appleby-Frodingham works, while 
new power plants, stockyards, pig-casting machinery, 
and a mixer are included in the new installation. 


Air Defence Progress. 


In the course of his reply to the debate on Air 
Defence Plans in the House of Commons on Wednes- 
day, January 27th, Sir Thomas Inskip, Minister for 
Co-ordination of Defence, said that the present posi- 
tion was that 87 squadrons had now been formed, 
and 13 of them were still on a one-flight basis. Others 
of the squadrons were over strength in personnel, 
with a sufficient number of aircraft for training pur- 
. It was anticipated that 100 squadrons 
would have been formed by the end of March—the 
date given as that by which 124 squadrons would 
be brought into existence. Of these 100 squadrons 
22 would be on a one-flight basis. If the Govern- 
ment’s expectations were fulfilled, the remaining 
24 squadrons, or, at any rate, 20 of them, would 
be completed by July next. To the best of his know- 


-ledge the position was not worse than a lag of three 


or four months. The curve of production was on a 
slowly rising scale, and would become steeper as the 
months went by. The main reasons for the lag in 
completion were that the aircraft firms had under- 
estimated the difficulties of the large-scale production 
of the new types of machines, and there had been 
difficulty in getting the necessary skilled draughtsmen 
and skilled labour, while a further hindrance had been 
the lack of machine tools, for all of which the aircraft 
manufacturers could not be blamed. The British 
machine tool industry had agreed that if a Govern- 
ment Department or a Government’ contractor 
was unable to obtain machine tools within a reason- 
able time, then there would be no objection to obtain- 
ing them from, abroad. 
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(Continued from page 124, January 29th.) 


GENERAL PRAcTICAL REQUIREMENTS. 


[ will be convenient if, for the moment, we con- 
tinue to regard the body to be controlled as a 
simple mass, such as m, Fig. 1 (ante), which, inits uncon- 
trolled state, is free to move up and down a straight 
line X X’. .In its controlled state the body is to be 
governed to return to some pre-selected position of 
repose O after it has suffered any accidental displace- 
ment from that point. 

In practice an actual body of this kind might be 
controlled in a very simple way. As indicated in 
Fig. 7 we might apply the requisite restoring force 
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FIG. 7—CONTROLLED OSCILLATION 


by means of two springs of equal strength working 
against fixed abutments and free from compression, 
or equally compressed, when the body is in its 
position of repose O. If the body is displaced from O 
upwards or downwards these two springs, between 
them, will apply to it a force constantly directed 
towards O and varying in magnitude substantially 
in proportion to the first power of the displacement. 
The requisite “‘ additional” force might be supplied 
by immersing the whole system in a viscous fluid or 
alternatively by coupling the body to a dash pot as 
shown by the dotted lines. In either case the fluid 
resistance would apply to the body a force varying 
with its velocity and constantly directed against the 
velocity. Under the influence of these two forces the 
motion of the body after an accidental displacement 
would, as we know, be a decaying oscillation about O 
as the final resting position. The rate at which the 
oscillation decayed would depend upon the viscosity 
of the fluid surrounding the body or in the dash pot. 
If the viscosity were sufficiently great the motion of 
the body would be aperiodic. 

This simple example illustrates the application of 
the theory of automatic control in a manner which 
is complete except for the facet that the law of viscous 
resistance is not strictly a linear one. The “ addi- 
tional’ force therefore varies otherwise than in 
strict proportionality with the velocity of the body 
_and hence the practical conditions and the theoretical 
assumptions are not in full harmony. 

In several important practical applications of 
automatic control—for example the automatic steer- 
ing of a ship or aeroplane—the conditions encountered 
entirely preclude the adoption of the means of control 
depicted in Fig. 7 or of any means of a fundamentally 
similar kind. We may in the first place rule out of 
consideration the existence of any fixed abutment to 
take the reaction of the springs or other source of 
restoring force. Secondly, the viscosity of the 
surrounding fluid—commonly water or air—is in 
general insufficient to ensure the desired rapidity of 
decay of the oscillations. The alternative dash pot 
arrangement is inadmissible because, as in the case of 
the springs, its use postulates the existence of an 
abutment external to the body. 

Ignoring the practical solution depicted in Fig. 7, 
let us consider the essential general requirements of 
any system designed to effect the automatic control 
of the body m. In the first place there is required a 
device which will automatically detect any displace- 
ment of the body from the position of repose O. This 
detector should originate a signal or indication the 
strength or magnitude of which should be propor- 
tional at any instant to the instantaneous value of the 
displacement of the body from O. Further the signal 
or indication given by the detector should be of a 
plus-and-minus character in order that the response 





of the detector may discriminate between displace- 
ments on opposite sides of O, Secondly this displace- 
ment detector should be coupled in some way to a 
source of force. The activity of this source is to be 
governed by the detector in such a manner that the 
source applies to the body a force proportional at all 
times to the strength of the signal received from the 
detector. The direction of the force is to be constantly 
towards O no matter to which side of that point the 
body may be displaced. These two elements, the 
displacement detector and the source of force asso- 
ciated with it, replace the springs and abutments of 
Fig. 7 as a means of supplying the requisite restoring 
force to the body. Analytically it is not difficult to 
bring the spring and abutment arrangement of Fig. 7 
within the ambit of the general requirements. The 
springs may be regarded as fulfilling a double function. 
As detectors they signal to the abutment a reaction 
the strength of which is a measure of the displacement 
of the body. This reaction transforms the spring into 
a source of force by which a restoring force propor- 
tional to the reaction is applied to the body. 

The next general requirement is a device which will 
automatically detect the velocity with which the 
body at any instant is moving away from or towards 
the point O. This detector should originate a signal 
or indication proportional in magnitude to the value 
of the velocity and should discriminate between 
downwards and upwards velocities. Finally the 
velocity detector should be coupled to a source of 
force and should control the activity of that source in 
such a way that at all times it will apply to the body 
a force proportional to the strength of the signal 
received from the velocity detector. This force is to 
be directed upwards when the body is moving down- 
wards and vice versd. The velocity detector and the 
source of force associated with it replace the viscosity 
of the surrounding fluid, or the dash pot, in Fig. 7, 
and between them supply the requisite ‘‘ additional ” 
force to the body. It is not difficult to see that the 
dash pot of Fig. 7 may analytically be regarded as 
fulfilling a double function namely as acting simul- 
taneously in the capacity of a velocity detector and 
of a source of force yielding a force proportional to 
the magnitude of the signal transmitted to it. 

The provision of the displacement and velocity 
detectors and of the two sources of force associated 
with them together with all the subsidiary equipment 
required to make the action of the detectors and 
sources of force effective constitutes the whole 
practical task of the designer of automatic control 
equipment for bodies ing momentum. Certain 
practical ideals which should be aimed at are obvious. 
Ideally there should be no time lag in the action of the 
system at any point, either in the response of the 
detectors to the varying displacement and velocity, 
in the transmission of their signals to the sources of 
force, in the activation of these sources and in the 
application to the body of the forces which they 
generate. There should be no unintentional lost 
motion, whether by backlash or elastic deformation, 
in any part of the equipment. The coupling of the 
detectors to the sources of force should be such that 
the sensitivity of the detectors is not materially 
affected. In general the detectors are of necessity 
relatively delicate devices capable of exerting only a 
weak force. The displacement detector for example 
may be a magnetic compass and the velocity detector 
@ small ope. The source of force on the other 
hand, for example the rudder of a ship, may require 
for its activation the exertion of a considerable 
effort far beyond the magnitude of the force with 
which the detector responds to change of displace- 
ment or velocity. This circumstance, almost uni- 
versally present in practice, has to be met by the 
introduction between the detector and the source of 
force of a power relay arrangement or servo-motor, 
the general procedure being to place the valves of the 
servo-motor, or the corresponding elements, under the 
command of the detector while the power-operated 
piston is coupled to the source of force. The design 
of the servo-motor system requires particular care 
with a view to the avoidance of excessive time lag 
between the response of the detector and the effective 
action of the source of force. 

If a servo-motor is employed, as it almost of neces- 
sity must be employed, between the detector and the 
source of force, it must include a “follow-up” 
arrangement. In Fig. 8 a detector of unspecified 
design is shown coupled to the valve of a fluid- 
operated servo-motor cylinder, the piston of which is 
connected. in turn to the source of force, mted 
as a rudder. The slightest signal from the detector 
will move the valve in one direction or the other, and 
will admit pressure to one end or the other of the 
cylinder. As a result, the rudder will be moved to the 
limit of the deflection permitted to it, irrespective 
of the magnitude of the signal received from the 


detector, The duty of the “ follow-up ” arrangement 
is to secure proportionality between the detector 
signal—represented in this case by the movement of 
the servo-motor valve—and the activity of the source 
of force—represented by the deflection of the rudder. 
The principle of the usual ‘ follow-up ” arrangement 
will be understood if we imagine that the casing of 
the servo-motor valve is free to slide lengthwise 
and that it is coupled by a link to the tiller or some 
other part of the organ supplying the force. In this 
case if the detector moves the servo-motor valve to the 
right through some distance X the movement of the 
rudder will continue until, through the connection 
provided by the tiller and follow-up link, the valve 
casing is also moved to the right through the same 
distance X. In this state the valve ports are once 
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FiG. 8—SERVO-MOTOR WITH FOLLOW-UP MOVEMENT 


again closed and the movement of the rudder ceases 
at a deflection which is proportional to the original 
movement X of the valve. It is worth noting that 
a certain amount of time lag is essential if this follow- 
up arrangement is to operate in the manner described. 
If there were no time lag the valve casing would move 
to the right simultaneously with the valve. The 
ports would therefore never open and no pressure 
would reach the piston. The movement of the valve 
casing however implies movement of the rudder and 
therefore the expenditure of power on the tiller. 
Hence the supposition that there is no time lag leads 
to a reductio ad absurdum. A certain amount of time 
lag, sufficient to ensure the correct operation of the 
arrangement, is in actual fact present in the mechan- 
ism without farther addition to it. After the ports 
are opened a small finite interval of time must elapse 
before the pressure on the piston builds up to a force 
sufficient to overcome the inertia and friction of the 
rudder and its connections. Similar considerations 
are applicable to any other form of power relay, 
mechanical or electrical. 


Avromatic STEERING. 


The form of automatic control with which subse- 
quent articles will in the main deal may be generically 
described as automatic steering, that is to say the 
guidance of a body to follow a p i course in 
face of accidentally applied transient forces acting 
to deflect it off that course. The steering of ships, 
aircraft and torpedoes with the object of making them 
follow a set course in a horizontal plane are obvious 
examples of applications falling within this branch 
of automatic control. The term “ automatic steer- 
ing ’’ may however conveniently and logically be 
extended to cover guidance of a body to follow a pre- 
scribed course in a vertical plane. The control of the 
depth of run of a torpedo or the height of flight 
of an aeroplane may be cited as falling under this 
extension of the heading. The control of attitude of 
motion, represented by the control of the ailerons 
of an aeroplane, hardly comes within the field of 
automatic steering but it cannot be considered quite 
separately because, at least in an aeroplane, the control 
of attitude and automatic steering in the horizontal 
and vertical planes are intimately bound up with, 
and react upon, one another. 

As the most familiar example let us consider the 
steering of a ship and the fundamental facts which 
have to be taken into consideration in connection with 
the design and operation of automatic steering equip- 
ment. The first fact to notice is that the simple 
conditions presented by a study of the automatic 
control of a body, such as m, Figs. 1 and 7, confined 
to a straight line, are not directly applicable to the 
case of automatic steerimg. The body to be con- 
trolled, the ship, possesses velocity in the direction 
of its length. This fact by itself is of no consequence 
to our studies. All that has previously been said 
regarding the automatic control of the simple body m 
would still be applicable if the body were elongated 
into a ship form with its longitudinal centre line at 
right angles to X X’ and if the whole system includ- 
ing the ship, springs, abutments and dash pot, 
i of being stationary were moving in the 
direction of the ship’s length. If such a system could 
be realised then any accidental linear displacement 
of the ship to one side or the other of the set course 
would be rectified by a decaying oscillation of the 
ship bodily from side to side of the course. 

The really significant fact which we have to con- 
sider is that all practical forms of displacement 
detector applicable to automatic steering are insensi- 
tive to linear di t and respond only to 
angular displacement. If a ship is for example 
steaming due west the compass card will indicate a 
certain angle whether the ship is on its intended 





course or a mile, or any other distance, north or south 
of it. As a detector the compass would therefore fail 
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to respond to pure transverse departure from the set 
course. It would however to any movement 
of the ship which resulted in the ship’s longitudinal 
centre line becoming inclined to the direction of the 
set course. 

We are therefore compelled in dealing with auto- 
matic steering to take angular di t instead 
of linear displacement as the basis of the action of 
the control system. The restoring force, applied by 
the rudder, should now be spoken of as a restoring 
moment and its value’should be proportional to the 





instantaneously existing angular displacement af the 
ship off its set course. Similarly the additional force 
should be based on the angular velocity with which ; 
the ship is swinging away from or back on to its | 
course. The detector controlling the source of addi- | 
tional force should therefore be responsive to angular 
velocity. 

In order to clarify our discussion we may imagine 
the ship pivoted freely about a vertical axis fixed in 
space and passing through the ship’s centre of gravity. 
The object to be achieved by automatic control 
would then be to preserve the ship’s head pointing in 
an assigned direction in face of accidental transient 
forces or moments acting to turn it about the axis. 
The requirements now are a detector of angular dis- 
placement and a detector of angular velocity and two 
sources of turning moment one of which will apply 
to the kody a moment proportional to the angular 
displacement signalled by the first detector and the 
other a moment proportional to the angular velocity 
signalled by the second detector. The direction of the 
moments should be such respectively as to restore 
the ship’s head to the assigned position and to oppose 
the velocity of turning. These conditions being ful- 
filled any accidental deflection of the ship’s head will 
be rectified by a decaying angular oscillation of the 
ship about the axis through the centre of gravity. 
This change from linear to angular velocity does not 
invalidate in any way our previous studies of the dis- 
placement and velocity of a body executing a decay- 
ing oscillation. Everything previously ‘stated and 
all the curves previously drawn will be applicable 
provided we change linear into angular displacement 
and linear velocity into angular velocity. 

We may now imagine the axis about which the 
ship was supposed to be pivoted set free and caused 
to move forward along or parallel with the intended 
course with the ship’s normal speed. When an 
angular deflection occurs the actual path by which 
the ship recovers its alignment or coincidence with 
the set course can, if certain assumptions are made, 
be readily plotted. If we assume that the angular 
oscillation when the axis is moving forward proceeds 
in &@ manner entirely. unaffected by the forward 
motion and if we further assume that the forward 
motion of the axis parallel with the ship’s set course 
is not affected by the angular alignment of the ship 
then it is not difficult to combine the angular motion 
of the ship with the forward motion of the axis and 
thereby obtain a graph of the recovery path. That 
path, on these assumptions, is identical or very 
nearly identical in form with the characteristic dis- 
placement curve sketched in Fig. 2. Taking that 
curve as it stands we may say that it represents the 
path followed by the centre of gravity of the ship 
during the recovery period, and that at any point on 
it the longitudinal centre line of the ship will be 
tangential to the curve. 

In practice the assumptions made are not warrant- 
able. The forward velocity of the axis in a direction 
parallel with the set course certainly does not remain 
constant. It would be more reasonable to assume 
that during the recovery period the velocity of the 
ship in a direction tangential at any instant to the 
recovery path remains constant. Even this assump- 
tion would be open to criticism for in practice there 
is an undoubted fluctuation of tangential speed at 
different points of the path. It is quite 
certain too that the oscillation of the ship about the 
axis through the centre of gravity does not proceed 
as it would if the axis were devoid of motion. In 
practice we cannot count upon the longitudinal 
centre line of the ship remaining constantly tangential 
to the recovery path traced out by the centre of 
gravity. For example while the ship may be moving 
bodily in the tangential direction O A, Fig. 9, its 
centre line may be aligned along O B at an angle 9 
to the tangent. In this event a hydro-dynamic force 
will be exerted on the hull which will supply a turn- 
ing moment additional to the two which have been 
assumed to be alone in action. This turning moment 
will act to assist or oppose the “ additional” or 
velocity moment and will therefore modify the 
angular motion of the ship as deduced from the 
stationary axis condition. The non-tangential align- 
ment of the ship has a further effect on the form of 
the recovery path. The detector of angular dis- 
placement detects the departure of the ship’s longi- 
tudinal centre line from coincidence with the set 
course. It therefore measures in Fig. 9 not the 
angle a but the angle 8. Hence the magnitude of 
the restoring moment is governed by the tangential 
angle « diminished by some more or less fortuitous 
amount 9. Similarly the angular velocity detector 
is responsive to the rate of change of the angle 8 
that is to say to the rate of change of ths tangential 
angle « compounded with the rate of change of the 





angle 9. 
In these circumstances the form of the recovery 


path cannot be determined with any approach to 
exactitude. In practice we must be content with 
detecting the magnitude and rate of change of the 
angle 8 Fig. 9 and with applying to the ship restoring 
and additional moments proportional to these quan- 
tities as detected. In the absence of any knowledge 
concerning the angle ¢ and the tangential speed of 
the ship the precise form of the recovery path cannot 
be forecast. This procedure is justifiable because the 
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exact mathematical form of the recovery path is not 
a subject of any importance so long as it is proved 
by actual trial to be in the nature of a decaying 
oscillation. 

The “ source of force ” associated with the detector 
of angular displacement is, in the case of a ship, the 
rudder. The theoretical requirement that the restor- 
ing moment should be proportional to the angular 
displacement cannot be readily fulfilled because 
the turning moment applied to a ship by a deflected 
rudder is proportional not to the first power of the 
rudder defiection but more nearly to the square of 





the sine of the angle of deflection. This fact intro- 
duces an additional cause of discrepancy between 
theoretical forecasts and practical triai results. 

A certain amount of “ additional ’’ moment pro- 
portional to the angular velocity of the ship is eon- 
tributed by the resistance of the surrounding water 
to rotation of the hull about a vertical axis through 
the centre of gravity. In general however the moment 
so contributed is imsufficient to cause the oscillation 
to decay within an acceptably short period. The 
major portion of the additional moment might be 
supplied by coupling the angular velocity detector 
with a second rudder identical with, but acting com- 
pletely independently of, the first. It is quite unneces- 
sary both in practice and in theory to resort to this 
duplication of rudders. One rudder will serve both 
purposes if its deflection is at all times governed con- 
jointly by the indications of the two detectors. Under 
this method of working the actual deflection of the 
rudder at any instant may be considered as com- 
pounded of two parts one determined by the angular 
displacement detector and the other by the angular 
velocity detector. These two parts will alternately 
be of the same and opposite signs but so long as the 
actual rudder deflection is equal to their algebraic 
sum the single rudder will serve the same end as two 
independent, separately controlled rudders. 

It will be gathered from the immediately preceding 
paragraph that the additional force or moment 
required for the purposes of automatic control in 
general need not be in the nature of friction or viscous 
resistance. It is a force which need be in nowise 
different in its origin or nature from the restoring 
force. It is for that reason that so far as we have 
spoken of it as the “ additional” force and not as 
the ‘‘ damping ”’ force, a term which by its etymology 
and by common usage is associated with friction, 
fluid or otherwise. 

(To be continued.) 








Forth and Clyde Ship Canal. 


By M. RATCLIFFE BARNETT, M. Inst. C.E. 


C is now about a quarter of a century since the 
project for a Forth and Clyde Ship Canal was 
under serious consideration. The advent of the late 
war put an effective closure upon all discussion on the 
construction of such a canal and the financial straits 
of the country since then have precluded the reopening 
of the question. This scheme was brought before the 
meeting of the British Association held in Edinburgh 
in 1921, and in the following year it was strongly 
advocated by General Sir Ian Hamilton as a means 
of providing employment for ex-service men. “ It 
was the Kiel Canal,” he said, “ which denied the 
Baltic to our Grand Fleet during the war.” 

At a Committee which the Glasgow Corporation 
appointed to deal with the question of the Mid- 
Scotland Canal, it was admitted that the cost might 
appear to be very great, but it would be money well 
spent. Of all the countries that had canals, there 
could not be found one that spent money in this way 
that was not productive. Also that the canal would 
pass through a great industrial and mineral district, 
and should be considered the natural resultant of the 
establishment of the new naval base on the Forth. 
It did not seem creditable that a great naval base 
located on the most vulnerable side of the country 
should be isolated from the greatest shipbuilding and 
engineering area in the world on the opposite coast 
by a stretch of less than 30 miles of country which 
was quite suitable for the construction of a ship canal. 
In August of 1921 the Mid-Scotland Ship Canal Joint 
Committee brought to the notice of the Board of 
Trade figures to justify the construction of the canal 
from a traffic standpoint. In September of 1921 
the Lords Commissioners of the Admiralty issued a 
statement setting forth the strategical advantages of 
such a canal. At that period when the recollection of 
the many happenings during the late war were still 
fresh in one’s memory, the advisability of such a long- 
advocated scheme being carried out was therefore 
fairly well acknowledged. The cost at that time would 
have been abnormal, as prices were then at three 
times pre-war rates. The question was once more 
allowed to become: dormant. 

It was resuscitated at the Leicester Meetings of the 
British Association in 1934, when a ship canal from 
the Forth to the Clyde was again advocated as of 
national importance. Towards the end of this same 
year strong arguments were put before the Clyde 
Navigation Trust by Mr. J. Bruce Murray, LL.D., in 
favour of a barrage in the river Clyde and the con- 
struction of a Forth and Clydé Ship Canal. “It 
would provide for the Forth and Clyde towns and 
villages facilities that would, more than anything yet 
suggested, help to develop industries and prevent the 
drift southwards.” Early in 1935 Vice-Admiral 


Sir Barry E. Domville at the Royal United Service 
Institution and elsewhere strongly advocated the 
construction of a ship canal from the Clyde to the 
Forth in order to improve the strategic security of 
the United Kingdom. And in December, 1935, 





during a debate in the House of Commons, one of the 
Scottish Members of Parliament advocated as the 
most important scheme for the relief of unemployment 
the construction of the Mid-Scotland Ship Canal. 

It has also been recently suggested that the United - 
States of America may build the 172 miles long 
Nicaragua Canal at a cost of 140 million pounds, 
although they already possess the Panama Canal 
across this same Isthmus. 

In view of the above recital of the trend of events 
and opinions, the time seems propitious for the 
strenuous renewal of the advocacy of this most 
important national undertaking. Now that money 
has become so much cheaper, and there is some diffi- 
culty in finding an outlet for surplus capital, even 
at a low rate of interest, it appears to be an opportune 
time for once more considering in some detail the 
advisability as well as the feasibility of undertaking 
the construction of this important inter-communi- 
cation between the seas by which Great Britain is 
girded. At the beginning of this month Sir Alexander 
Gibb, in his Presidential Address to the Institution of 
Civil Engineers, in referring to the Mid-Scotland 
Ship Canal, said: ‘‘ It would have been worth a 
hundred million pounds to have had it during the 
Great War.” 

The development of inland navigation and the 
maintenance of existing canals has been very much 
neglected in Great Britain, whereas, on the Continent, 
ever-increasing importance has been attached to the 
utilisation of inland waterways. Belgium has been 
in the forefront in the provision of inland naviga- 
tion and has spent very many millions in the improve- 
ment of its canals and ports. The result has been that 
raw materials have been obtained and finished pro- 
ducts and exports sent to the seaports at minimum 
rates. Germany and Austro-Hungary have in the 
past also realised the importance of waterways in 
their respective countries. France has always grasped 
the great significance of waterways, and the French 
system of inter-communication by inland waterways 
is probably better than that of any other nation. 
It will be remembered that it was Ferdinand De 
Lesseps, a French engineer, who was responsible for 
the initiation of two of the most important canals 
in the world—the Suez Canal and the Panama Canal. 

China may possibly claim to be the pioneer in canal 
construction, as the Grand Canal of China, between 
Peking and Canton, a distance of 1000 miles, is 
supposed to have been begun in the seventh century 
and was completed about the end of the thirteenth 
century. England was one of the last nations to 
adopt the canal as a means of internal transportation. 
When, however, the Duke of Bridgewater, in 1755, 
brought forward and successfully completed the 
Bridgewater Canal between Marchester and Worsley, 
other similar works were undertaken, so that about 
3000 miles of inland canals were in use in Great 
Britain at the time when railway transport was first 
attempted. With the exception of the Caledonian 
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Canal, which was completed in 1823, none of the 
British canals were of such.dimensions as to be 
described as ship canals. The Manchester Ship Canal, 
which was completed in 1894, is the only other ship 
canal of any importance in this country, but although 
it can accommodate ships of large size, it cannot be 
described as a sea level canal, as it rises by the use 
of four locks to 60ft. above sea level. 


Table of Sea Level Ship Canals. 








j 
| Width, | Cost, 
No.| Canal. Date. |Length,| Depth, |T.W.L.,) £ 

| miles. | feet. | feet. | millions. 
1 | North Holland...) 1835 50 18} | 123 as 
2 | Suez ..-| 1869 | 99 30 300 20-0 
3 | Amsterdam ...| 1877 | 16} 23 |) «197 ute 
4 | Corinth bas 1393 | 4 26 | 120 3-0 
5 | Kaizer Wilhelm | 

| (Kiel) .... ...) 1895 | 61} 29} 220 8-0 
6 | Cronstadt | 1885 > 174 22 200 1-3 
7 | Bruges .| 1902 6} 26} 72 me 

| 








The most notable modern ship canal is the Panama 
Canal across the Isthmus which joins the North and 
South American Continents: It is 46 miles in length 
and. cost £80,000,000. This canal was begun by the 
French engineer, Ferdinand De Lesseps, but was 
later acquired and completed by the United States of 
America. As this is not a sea level canal, it is not 
included in the above table. A few years ago reference 
was made in the daily Press to two of the latest pro- 
jects in canal construction. On August 6th, 1932, it 
was noted that several of the British delegates to the 
Ottawa Conference were to be present at the opening 
of the Welland Canal. This is a ship canal, which 
cost £26,000,000. It forms “‘ an integral part of the 
great St. Lawrence Seaway Scheme.”’ The steamer 
‘** Lemoyne,” the largest grain carrier on the Great 
Lakes, was the first ship to pass through the canal 
lock. Again, on August 15th, 1932, reference was 
made in the daily Press to the New Moselle Canal, 
from Metz to Thionville, by which a length of 20 miles 
of waterway was made available for 300-ton lighters. 
It will therefore be evident that even in recent times 
other nations have been more venturous than Great 
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mile south of the latter place. The 'tenth mile would 
be at the village of Kelvinhead. For the next 7 miles 
the canal would be straight and would run in a 
south-westerly direction through the valley of the 
river Kelvin, passing a quarter of a mile to the north 
of Kirkintilloch. There would be about one mile of 
curve at this point and the line of the canal would 
continue to follow the course of the river Kelvin by 
long lengths of straight connected by large radius 
curves, keeping as nearly as possible in the centre of 
the Kelvin Valley. It would pass about a quarter of 
a mile south of Balmore village, where the twentieth 
mile would be reached. Thence it would pass not far 
from Killermount House, to the sharp bend in the 
river Kelvin below Garscube House. It would cross 
the line of that river at this point, and, leaving the 


Surface 


two miles the depth would gradually decrease to 
133ft. With the exception of two or three points 
this would be the ruling depth for the eight miles 
through the Kelvin Valley to the twenty-third mile. 
From this to the end of the canal at 27 miles the 
excavation would gradually decrease from 133ft. to 
43ft. at the Rothesay Dock. 

On the alternative line from the twenty-first to the 
twenty-fourth mile the depth would rise from 133ft. 
to a maximum of 193ft., continuing for the next 
24 miles in deep excavation and end at Erskine Ferry 
at a depth of 43ft. 

Although the depth of the excavation for the canal 
for about four miles in the centre may seem to be 
excessive, this is not an unusual depth, as in the case 
of the Culebra Cut on the Panama Canai, and in the 
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Kelvin Valley, deviate slightly northwards by a gentle 
curve of about a mile in length to the twenty-fifth 
mile. As the canal would leave the Kelvin Valley at 
this bend, it could be made to solve the problem of the 
flooding of the Kelvin Valley, as it would be made the 
regulator of the water flowing into that valley. The 
last two miles would be straight and running in a 
westerly direction the canal would enter the river 
Clyde at the Rothesay Dock. The total length of a 
canal constructed on the line described above would 
be 27 miles. 

An alternative line is shown on the sketch plan. 
This would leave the above line at the twenty-first 
mile and run by a long flat curve in a line somewhat 
further north as far as the twenty-sixth mile. From 






of Canal 























> ~ 
FE Es ¢ ; 
ss S> 
st ne | Top Water Level Bottom of Canai Datum 100’ Below Sea L. 5 
ss = j = 
£3 zs E 
@. CLYDE zg “< Kelvin Valiey i £ 
i CarronValley <¢ 3 
T = k coe FIRTH OF FORTH 
n as os ra 
1 1 | ig ? i 
i | } H bY. . 
23 ; ee ee es te fa a a a li Be a Be 
29 2 @ 


“THe ENGINEER” 


POSSIBLE ROUTE AND PROFILE 


Britain in the provision of inland waterways navigable 
to sea-going ships. 

The accompanying sketch will indicate the approxi- 
mate line and longitudinal section of a Forth and 
Clyde Canal by the shortest practicable route between 
the two Firths. This line has been fixed by reference 
to the contours shown on the Ordnance maps and 
would necessarily be subject to adjustment when a 
detailed survey of the route was undertaken. It 
will be quite sufficient, however, to demonstrate that 
there is no insurmountable difficulty in the construc- 
tion of a ship canal by the route shown in the sketch 
plan. 

The canal proper would commence at the point 
where the highway from the South to Stirling crosses 
the river Carron. This highway runs almost due north 
across the river at. the point of crossing’ and passes 
about one mile west of Grangemouth. The canal 
would run approximately west in a straight line 
through the valley of the river Carron to Larbert 
Junction, where it would cross:the railway imme- 
diately’ to the north of that junction. From that 
point it-would follow the valley of the Bonny Water, 
passing by large radius curves through Bonnybridge. 
It -would then: follow a lime midway between the 
Kelvin Valley Branch Railway and the Bonny Water, 
passing about a quarter of a mile south of Holland- 
bush, near which the highest point would be reached, 
the surface of the ground being 200ft. above the mean 
sea level. The line of the proposed canal would 
then lie between the Forth and Clyde Canal (being 
approximately parallel thereto) and the main road 
from Hollandbush to Kilsyth, passing about half a 





OF FORTH AND CLYDE CANAL 


that point it would continue in a straight line, passing 
to the north of Radnor Park and Dalmuir and enter 
the river Clyde near Old Kilpatrick Station at 
Erskine Ferry. The length of a canal on this alter- 
native line would be 29 miles. From the longitudinal 
section it will be seen that there would be greater 
depth of excavation at this end if the alternative line 
were adopted, but the two additional miles in the 
length of the canal might well be compensated for by 
the more favourable point of entry into the river at 
Erskine Ferry. Three and a-half miles of tortuous 
river channel would be avoided and part of the 
expense of deepening and improving this part of the 
river would be saved. From a land and buildings 
point of view the entry into the Clyde near Yoker 
would be much more expensive than that at Erskine 
Ferry and might well justify the additional length 
and deeper excavation involved by the longer route. 
There are other advantages appertaining to the 
longer route which would make the adoption of that 
line preferable. 

From the longitudinal section it will. be seen that 
for the first three miles the depth of the excavation 
for the proposed canal would_be from 43ft. to 53ft. 
This is on the assumption that the waterway of the 
canal would be 33ft. deep. For the next threé miles 
the depth would gradually increase from 53ft. to 
133ft. The next mile would average 133ft. depth of 
excavation. From the seventh to the ninth mile the 
depth would increase from 133ft. to 233ft., this 
depth of excavation continuing for about four miles. 
This is the maximum depth of excavation on the line 
selected and shown on the sketch plan. In the next 
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FORM OF SUGGESTED CANAL 


Corinth Canal this depth is exceeded. In the latter 
case the maximum depth reached 287ft. 

A transverse section is given showing the approxi- 
mate form of the canal in the deepest section. The 
right-hand side of this sketch shows the canal with 
sloping sides. On the left-hand side it is assumed that 
the excavation will be in sound rock. 

Speaking generally, the canal would be constructed 
with side slopes of 2}it. horizontal to lft. vertical. 
The waterway would be made 300ft. in width at top 
water level and there would be a uniform depth of 
33ft. of water along the whole length of the canal. 
The channel would be faced with heavy stone paving 
to a height of 10ft. above top water level. It will be 
seen from the transverse section that a line of railway 
and a roadway is d along each side of the 
canal at a level of about 10ft. above the waterway. 

Each end of the channel would be closed with the 
usual form of dock gates to retain the water level at 
a uniform depth of 33ft. There would also be con- 
structed at each end by means of a barrage across the 








THE CORINTH CANAL 

river @ commodious waiting or decanting basin, 
which would be large enough to accommodate the 
ships arriving at each end until high tide. At high 
tide these basins would be closed and the canal gates 
opened to allow of the traffic proceeding in both 
directions. Provision might also be made for vessels 
of smaller size and draught being passed into the 
canal at other times than high tide by the usual 
method of locks provided at each end. 

From the above description it will be seen that, in 
addition to a waterway for ships of the largest size, 
the canal basin would form the means of improving 
both railway and road transport from east to west by 
almost straight and level routes along both sides of 
the canal. These would afford easy access to the 
factories and industrial concerns which would 
inevitably be established along the route of the 
canal, as was the case in the Manchester Ship Canal. 
This would be a national and naval asset in view of 
the existing dockyards on the Forth, the naval base, 
and the great shipbuilding and engineering establish- 
ments on the Clyde. 

In a preliminary estimate of the cost an assumption 
is made that the slopes of the proposed canal would 
be 24ft. horizontal to lft. vertical. If rock were met 
with in the greater depths—-which is more than prob. 
able—of sufficiently strong nature to stand per- 
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manently at a steeper slope than the above, the 
saving in the cubic amount of the excavation resulting 
therefrom would go to counterbalance the additional 
cost per cubic yard of the rock excavation. The rock 
excavated might also be suitable for the stone facing 
of the water slopes of the canal and thus reduce the 
cost. Detailed surveys of the route and preliminary 
drawings of the work would be required before an 
accurate estimate of the cost could be given, but 
taking the known costs of several of the sea canals 
already constructed and making due allowance for 
altered prices and conditions, one would be justified 
in putting the cost of a sea level ship canal between the 
Forth and the Clyde at about £50,000,000. This does 
not appear to be too great a sum for this country to 
undertake in light of the fact that in the Dominion 
of Canada a sum of £26,000,000 has recently been 
spent upon a somewhat similar undertaking of two- 
thirds the length. Part of the cost of such an impor- 
tant and utilitarian project might well be met from 
the saving in the cost to the unemployment fund 
which would result from the inauguration of such a 
large scheme of public works. A very large number 
of those now out of employment would be absorhed, 





not only as labourers in the work of canal con- 
struction, but in the various trades involved in the 
provision of material, machinery, and plant required 
for such a large undertaking. Taking the capital cost 
at £50,000,000, it does not seem unreasonable to 
expect the National Government to the 
interest upon that amount during the time of con- 
struction and until the canal became a profit-earning 
undertaking. This at 3 per cent. would only be 
£1,500,000 per annum and at 5 per cent. would 
amount to £2,500,000 per annum. The very large 
reduction in the number of the unemployed would 
surely counterbalance this comparatively small 
amount of annual expenditure during the time of 
construction of this, the greatest, scheme of public 
works ever undertaken in this country. 

When the Manchester Ship Canal was completed, 
although it did not for many years become an 
economical success, it was indirectly of inestimable 
benefit to the city and trade of Manchester. How 
much more beneficial would a trans-sea waterway 
prove to be to a maritime people like that of these 
islands of the sea we will leave to the economic seer 
to visualise. 








Recent Research in 


Aircraft Structures. 


By D. WILLIAMS, B.Sc., A.M.1. Mech. E. 
No. I. 


UCH. of the research work carried out on aircraft 
structures, while primarily devoted to the needs 
of the specialist in aeronautical engineering, cannot 
fail to be of interest, and may be of use, to workers in 
other branches of structural engineering. Not infre- 
quently, however, the results of researches in a 
specialist field percolate only slowly to workers out- 
side that field, and the object of the present article is 
to bring to the notice of the latter some of those fruits 
of recent aeronautical structure research, with which 
they may be assumed to be unfamiliar. Only matter 
which is likely to be of general interest has been 
included, and in its discussion the object will be to 
present the various results with only as much detail 
as may be necessary to the demonstration of the 
fundamental notion in each case. 
In pursuance of this idea the following subjects 
will be dealt with :— 


§1. Tube of rectangular cross section under 
torque loads, ref. (1), (2), (3). 
§ 2. Tubes and channels subjected to bending 
without twisting, ref. (4), (5). 
§3. The Hardy-Cross method of solving rigid- 
jointed frame problems, ref. (6), (7). 
- §3-1. The original demonstration by Pro- 
fessor Hardy-Cross. 
§ 3-2. The Hardy-Cross method applied to 
the continuous beam, ref. (8), (9). 
§ 3-3. The Hardy-Cross principle in relation 
to the plane braced frame with rigid joints, 
ref. (10), (11). 
§ 4. The design of beams by Wagner’s tension 
field theory, ref. (12). 
§ 5. The synthesis and analysis of simply-stiff 
structures, ref. (13). 


In §1 it is shown that the material of a tube of 
rectangular cross section under pure torque is sub- 
jected not only to the expected shear stresses, but, 
for certain methods of torque application, also 
to considerable direct stresses. These direct 
stresses are often very local in their incidence, but 
are not on that account to be dismissed, since they 
must be considered as algebraically additive to any 
direct stresses already present from bending actions, 
and as such may therefore prove “ the last straw.” 

§ 2 deals with tubes and channels under bending 
and shear actions induced by the application of trans- 
verse loads. It is shown that if the transverse load is 
applied at a suitable point (where the “ flexural axis ” 
cuts the section) in relation to the cross section, the 
tube or channel bends about its neutral axis without 
any accompanying twist and is just as stiff as a 
symmetrical section of the same modulus. If the load 
is offset from that point and the section is one which 
is weak in torsion the stiffness is seriously diminished 
and large torsional shear stresses are induced. Where, 
therefore, channels are used as beams it is well to 
ensure that transverse loads are applied at the 
flexural axis. 

New methods of determining the stresses in stiff- 
jointed frames and the like are dealt with in § 3. They 
are based on the Hardy-Cross notion of introducing 
constraints at the joints and removing them system- 
atically. These methods should be labour-saving in 
all cases where that type of frame is employed, 
whether for bridge girders, roof trusses, or aeroplane 
fuselages. 

§ 4 gives a short account of Wagner’s tension-field 
theory. This appears to have applications wherever 
beams are designed for lightness, as it is a design 
method which ensures that every ounce of material 
takes its due share in load resistance. 





In § 5 some recent work on the conditions which 
govern the synthesis and analysis of simply-stiff 
structures is described. Work of this type, which 
helps an engineer to determine quickly whether a 
given structure is deficient, redundant, or simply- 
stiff, cannot fail to be of interest to engimeers in 
general, and on that account is included here. 


§ 1. TuBEs or RECTANGULAR Cross SECTION UNDER 
ToreqvurE Loans, Rer. (1), (2), (3). 


It is a well-known fact that, in general, when a 
tube that is free from axial constraint at its ends is 
subjected to equal and opposite end torques, a 
warping of all the tube cross sections takes place, so 
that end sections originally lying in a plane are dis- 
torted out of that plane. Fig. 1 shows the kind of 
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FIG. 1 


distortion which takes place, but a clearer demon- 
stration is at once obtained by twisting the outside 
shell of an ordinary matchbox between the fingers. 

When the ends of the box are free to distort in this 
way the stresses in its individual sides are pure shear 
stresses, the values of which are readily calculated 
by Batho’s well-known formula. The question arises, 
what stresses are introduced when one or both ends 
are forcibly prevented from warping and constrained 
to remain in the original plane. 

Clearly if the warped end A of Fig. 1 is to be forced 
back into the original plane defined by the mid-points 
of the free edges, longitudinal pulls must be applied 
at a and 6 and corresponding pushes at a’ and 0’, 
Such pulls and pushes may be visualised as couples 
applied to the four individual edges, which couples 
necessarily induce bending moments in the sides 4 
the tube. Thus in the case of a rectangular tube whic 
is built into a wall at one end and subjected to a torque 
at the other end, bending actions are to be expected 
in the sides of the tube in the neighbourhood of the 
wall. It is of interest to note, however, that such 
bending actions diminish rapidly and exponentially 
with distance from the encastré end, so that in a 
distance equal to about twice the width the bending 
moments are reduced to a tenth of their values at the 
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FIG. 2 


fixed end, and the remainder of the tube is practically 
unaffected by the axial constraint. 

The effect of a perfectly rigid constraint is very 
simply realised in practice when a tube B A B’ 
(Fig. 2) is subjected to equal torques in the same sense 
at its two free ends, and is equilibrated by a reaction 
torque at its mid-section A ; for it is clear from what 
has already been said that if the tube was cut through 





at A so as to form two separate tubes the warping of 
the resultant free ends at A would be precisely equal 
and opposite and therefore mutually eliminating 
when joined together, each end being in fact forced to 
lie in the central plane of symmetry. The sides A B 
and A B’ of the tube of Fig. 2 are in reality a rough 
representation of the two metal-covered wings of an 
aeroplane subjected to aerodynamic torques, the 
equilibrating central torque in that case being pro- 
vided by the reaction at the fuselage. 

Interesting distributions of bending moments are 
obtained when the torque is applied in distributed 
form or concentrated at points other than the free 
end. As an example, Fig. 3 shows the distribution 
of bending moments in the sides of a tube 100in. long 
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and with a rectangular section 2Uin. by 6in. (wall 
thicknesses 0-04in. and 1-5in. respectively) first when 
the torque is applied at the free end ; secondly, when 
it is applied at a distance midway between the ends ; 
and lastly, where it is uniformly distributed along the 
length of the tube. 

An important point to be noted is that, no matter 
what the shape of the tube cross section, the bending 
actions described above are practically absent if the 
section is such that its moment of inertia about two 
axes mutually at right angles is the same (or, in other 
words, if the ellipse of inertia of the section is a 
circle). Thus tubes of uniform thickness whose cross 
sections are circles, squares, or regular polygons 
are all immune from the effects described. Many 
other shapes of cross section can, however, also be 
immunised by judiciously varying the thickness of 
the sides. 

For instance, the rectangular cross section of Fig. 4 
can be made immune by making the moments of 
inertia about the axis AA and BB equal, i.e., by 


: a 
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Srress DISTRIBUTION IN THIN-WALLED TUBES 
AND CHANNELS SUBJECTED TO BENDING WITHOUT 
Twistinc,- Rer. (4), (5). 


Whatever the cross-sectional shape of a tube or 
channel, it is always possible to find a point either 
inside or outside the section at which a transverse 
load produces bending of the tube (or channel) 
unaccompanied by twist. Such a point may be said to 
lie on the “‘ flexural ” axis of the tube. We shall now 
consider the stresses that are produced when a trans- 
verse force is applied at a point on this flexural axis. 
So far as the longitudinal tension and compressive 
stresses are concerned a direct application of the 
standard formula 


§ 2. 
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I he ( 1 ) 
(where the symbols have their customary significance) . 
gives their magnitude at all points in the section. The 
shear stresses, however, are not obtained so directly, 
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and it is to the determination of the magnitude of 
these stresses and the position of the flexural axis 
that recent work has been directed. 

The method of obtaining the values of the shear 
stresses is rather simpler in the case of open tubes, 
such as channels, than in the case of closed tubes and 
will therefore be considered first. 

§ 2-1. Open Tubes.—¥or convenience take the con- 
crete case of a tube section in the form of a semi- 
cireular are as in Fig. 5, in which the neutral axis N N 
lies in the plane of symmetry. 

By the use of the equilibrium relation which obtams 
between direct and shear stress in thin walls in con- 
junction with relation (1) it is possible to deduce the 
difference between the magnitude of the shear stress 
at B and that at any other point in the are BC 
including the point C itself. The convenient fact that 
the shear stress at C is necessarily zero therefore 
enables the shear stress at every other point to be 
found. -At each point in the are the shear stress acts 





154 


THE ENGINEER 





Furs. 5, 1937 








in a direction tangential to the are as shown in Fig. 5. 
By symmetry the resultant of all the elements of 
shear is clearly a force parallel to the diameter C A 
in combination with a couple. From considerations 
of equilibrium this foree must be equal to the applied 
force F, and it follows that the point E at which the 
force F must be applied is at once found by equating 
its moment about any convenient point to the sum of 
the moments of all the elements of internal shear 
about the same point. 

In this particular instance the force F must be 














the magnitudes of the shear stresses at any two points 
in the periphery is known, but, unlike the previous 
ease, there is no convenient boundary condition by 
which to fix the stress at a particular point. To over- 
come this difficulty it is convenient to adopt the 
alternative and, from many points of view, the most 
satisfactory definition of ‘‘ flexural axis ’’ by which it 
is defined as the axis at which the application of a 
transverse load produces the least deflection. This in 
turn is equivalent to the statement that the beam, 
for a given transverse load, stores the minimum 
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applied at the pomt E, which lies at a distance 
(*=*)r outside the mid-point B of the arc. The 
corresponding distribution of shear stress is shown 
in Fig. 6. 

The formula for the shear stress in any uni- 
symmetrical open section is so simple that it may be 
quoted here. Referring to Fig. 7, the shear stress 

F rs 
(f= —5 J, 2d8+(Me 


where F is the total transverse shear force, s is the 
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peripheral distance measured from the neutral axis 
at A, x is the height above the neutral axis, and (f), 
the shear stress at A, which is given by the relation 


(fa= sie ds, 


8, being the peripheral distance between A and B. 
To find the position where the transverse load must 
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be applied so as to produce no twist of the section, 
take moments about any convenient point O. Then 


_ +4 
Fy=t -1 P (fs, 


where p is the perpendicular distance from O to the 
tangent at the peripheral element d s. 

§ 2-2. Closed Tubes.—For purposes of illustration 
consider the section shown in Fig. 8, where the open 
semi-circular arc of Fig. 5 has been closed by the 
vertical plate C A. Here again the difference between 








amount of strain energy when the load is applied at 
the flexural axis. Since the strain energy due to the 
direct tension and compression stresses is a constant 
amount for a given load, it is only necessary to con- 
sider the shear stress. The procedure, therefore, is 
to express the shear stress, and from this the strain 
energy, at every point in the section in terms of that 
obtaining at some convenient point, such as B of 
Fig. 8. On differentiating this strain energy with 
respect to the unknown assumed stress at B and 
equating the result to zero in accordance with 
Castigliano’s principle, we obtain an equation from 
which the stress at B is evaluated. The stress at 
every other point then follows at once, since the 
difference between the stress at B and that at any 
other point is known. The position of the flexural 
axis is found as before by equating the external 
moment of the applied force to the moments of the 
internal elements of shear right round the periphery. 





It is interesting to note in this particular cross 
section that, contrary to expectation, the point of 
zero shear stress is not the point ©, but the point D, 
where the radius O D makes an angle of 75 deg. with 
the neutral axis. The actual distribution of shear 
stress is shown in Fig. 9.. 

§ 2-3. Closed Tubes with Inner Partitions.—In the 
case of a closed tube with an inner partition, such as 
the rectangular tube of Fig. 10 with its partition C F, 
the determination of the stress is again based on 
assuming an unknown shear stress at A. The 
standard relation between end stress (assumed to be 
given by equation (1) ) and shear stress then gives the 
shear stress at all points along A B C up to C, where, 
in virtue of the fact that we do not know what pro- 
portion of the stress immediately to the right of C 
goes down the partition and what proportion goes 
straight on into the part C D, it is necessary to assume 
another unknown—the stress at the top of the 
partition, say. In terms of these two unknowns the 
stress is expressed at all points and the corresponding 
strain energy is this time differentiated with respect 
to two unknowns, to obtain equations for determining 
the values of both. Figs. 11 and 12 show respectively 
the distribution of shear stress produced by the same 
transverse force without, and with, a central partition. 
It is seen that the central partition in relieving the 
sides of shear also considerably reduces the shear 
stresses in the top and bottom panels. 

Although the method, of determiming the shear 
stress and the position of the flexural axis has only 
been discussed above in terms of the simplest types 
of cross section, it can be applied to a large variety of 
thin-walled cross sections, open or closed, and either 
with or without internal partitions. It is most 
readily applied, however, to the more practical cases 
where the neutral axis is an axis of symmetry and 
where changes in wall thickness round the periphery 
of the cross section, when present, are discontinuous 
rather than continuous. 

Regarding the order of wall thickness that may 
be considered to be included in the term “ thin wall,” 
it may be laid down that a fair degree of accuracy is 
obtainable by the method just discussed so long as 
the ratio of the wall thickness to the main dimensions 
of the section is not greater than that which obtains 
in a circular tube whose thickness is 5 per cent. of its 
diameter. 

(To be continued.) 








The Distribution 


of Heat Loss in 


Petrol Engines. 


By Professor 


by a previous article’ the view was put forward 
that in high-speed petrol engines the heat loss 
during the explosion-expansion stroke is far less 
than is generally supposed, and that of the heat given 
to the cooling water, amounting to some 25 per cent. 
of the heat of combustion, the greater proportion is 
given up at one spot, viz., the neighbourhood of the 
exhaust valve during the exhaust stroke. It will be 
agreed that this view, if correct, is of great practical 
interest in that it lays emphasis upon the burden 
which the exhaust valve has to carry, especially so 
when it is remembered that this large proportion of 
the heat of combustion has to be multiplied by the 
number of exhaust strokes per minute in order to 
obtain the heat flow into it per minute. 

Confining the attention to an engine of 4: din. 
bore running at 1500 r.p.m., the estimates given in 
the previous article for the explosion-expansion heat 


loss were | per cent. of the heat of combustion during 


explosion and 5 per cent. during expansion. These 
estimates were formed upon the basis of experience of 
explosion experiments and of the close approach to 
thermodynamic perfection of the high-speed engine. 

It will be useful to consider the distribution of 
these losses. This may be conveniently done upon 
the basis of an analysis given by Dr. D. R. Pye.” 
This analysis, which is given in Table II, relates to 
a poppet valve engine of compression ratio 5:1 
and bore 4-5in. running at 1500 r.p.m., the heat 
balance sheet for which is given in Table I. A 


Tastx I.—Heat Balance Sheet for Petrol Engine of Compression 
Ratio 5:1 and Bore 4-5in., Running at 1500 r.p.m. 


Per cent. 
Benk te: Eis pe » B15 
Heat to jacket cooling water 28-5 
Heat to exhaust, &c. ... .. 40-0 
100-0 


suggested analysis based upon the heat loss estimate 
of 1 per cent. during explosion and 5 per cent. during 
expansion is also given in Table II. 

Pye’s analysis (which implicitly assumes that the 
heat generated by piston friction is approximately 
balanced by radiation loss from the surface of the 





1 Tue Enainzer, December 25th, 1936, page 675. 
2 “The Internal Combustion Engine,” Clarendon Press 
(1931), page 232. 
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engine) is in accord with his view that the explosion- 
expansion heat loss amounts to 5 per cent. during 
explosion and 10 per cent. during expansion, but it 
would appear to be disproved by the Ricardo heat 


Tasie Il.—Distribution of Heat to Cooling Water. 


Pye. David 

(i) From cylinder head during explosion 4- 0-7 

(ii) From cylinder head during expansion 4-0 2-5 

(tii) From cylinder head during exhaust... 3-5 1-5 

(iv) From cylinder barrel duringexpansion 7-0 3-0 

(v) From cylinder barrel during exhaust 6-0 2-0 
(vi) From exhaust valve and passages 

GO ce Ge ie ae an ee 18-8 

Total BERR oh 28-5 

balance sheet given on the previous page of his book. 


This balance sheet, which is reproduced in Table II, 
relates to a sleeve valve engine of compression ratio 


Taste IIl.—Heat Balance Sheet for a Sleeve Valve Engine of 
Compression Ratio 4-3: 1 Running at 1500 r.p.m. Separate 
Cooling Water Supply to Cylinder Head and Barrel. 


Per cent. 
wisest’ te TEP.’ oS: . 29-4 
Heat to cylinder head ... 4-8 
Heat to cylinder barrel 16-7 
Heat to exhaust, &e. ... 49-1 
Total . 100-0 


4:3: 1 running at 1500 r.p.m., in which the cylinder 
head was separately cooled. According to Pye’s 
analysis the heat loss to the cylinder head, apart 
from that to the exhaust valve and the passages 
beyond, should be 4 per cent. during explosion plus 
4 per cent. during expansion plus 3-5 per cent. during 
exhaust. This totals 11-5 per cent. of the heat of 
combustion, Ricardo’s measured loss to the cylinder 
head, viz., 4-8 per cent., is less than half of this, in 
spite of the fact that the sleeve valve engine did not 
have a compact combustion chamber like the poppet 
valve engine, but consisted of a deep cone, par- 
ticularly well cooled, and therefore the proportion 
of ‘heat given up to it was greater than the normal. 
According to the suggested analysis in Table I, the 
heat loss to the cylinder head is 0-7 per cent. during 
explosion plus 2-5 per cent. during expansion plus 
1-5 per cent. during exhaust. This totals 4:7 per 
cent., and is in good agreement with Ricardo’s 
measurement of 4-8 per cent., having regard to the 
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greater surface area of the deep-coned combustion 
chamber. 

According to the suggested analysis, some 18-8 per 
cent, of the 28-5 per cent. of the heat of combustion 
given to the cooling water—that is, about two-thirds 
—enters by way of the exhaust valve and passages 
beyond. This is nearly five times as large as Pye’s 
estimate of 4 per cent., which is only about one- 
seventh of the heat given to the cooling water. 

That there is the very large heat loss to the exhaust 
valve and the passages beyond of the order indicated 
by the suggested analysis is confirmed by an analysis 
of the heat losses measured by Ricardo (Table LIT). 
The average exposed surface of the cylinder barrel 
during expansion and exhaust is less than the surface 
area of the deep-coned cylinder head, and, moreover, 
unlike the cylinder head, is not exposed to any appre- 
ciable. extent to the losion, indirectly 


through the piston. oes therefore from the cass 
loss during actual passage of the exhaust gases 
through the exhaust ports and (which were 


situated round the cylinder barrel) the heat loss to 
the cylinder barrel during ion and exhaust 
must be less than that lost to the cylinder head, 
which was measured at 4:8 per cent. Probably a 
reasonable estimate of the loss to the cylinder barrel 
would be 4-5 per cent., and the heat loss during the 
passage of the exhaust gases through the exhaust 
ports and passages is therefore of the order of 
(16-7--4-5==) 12-2 per cent. This would appear to 
co very y the estimated loss of 
18-8 per cent. to the exhaust valve and the passages 
beyond in the case of the poppet valve engine, for 
in the sleeve valve engine the length of the water- 
cooled passage outside the exhaust ports was very 
much shorter than in the poppet valve engine, and 
there was probably much less metal surface in the 
path of the issuing gases. 

The bearing of this analysis upon design will be 
obvious. 

THe Errecr oF SPEED Uprpon Heart Loss. 

As is well known, the indicated thermal efficiency 
is affected only by that part of the total heat to the 
cooling water which is lost during the explosion- 
expansion stroke. All modern literature relating to 
the internal combustion engine seems to suggest that 
this part of the heat loss does not vary much with 
engine speed. There is much apparent justification 
for this view. In the first place, all tests, whether of 
low-speed gas engines or of high-speed petrol engines, 
show heat losses to the cooling water within the narrow 
limits of 25 to 35 per cent. of the heat of combustion. 
Again, it is argued that as turbulence increases with 
engine speed, the rate of heat loss increases with speed 
and therefore that the shortening of the time of 
contact between the hot gases and the cylinder walls 
with increase of speed is not so important as would 
at first sight appear. 

The first of these may be conveniently considered 
in, the light of the data given in Table IV, in which 
heat balance sheets for a slow-speed gas engine and 


TasLe IV.—-Heat Balance Sheets for a Slow-epeed Gas Engine 
and for a High-speed Petrol Engine. 


Slow-speed High-speed 
gas engine. petrol engine. 
Heat to L.H.P....  .. eS kis 31-5 
Heat to cooling water : 
(i) During explosion and 
expansion in. ae = 6 
(ii) During exhaust 7 34 ... 22:5 28-6 
Heat to exhaust, &c. 33 40-0 
Total ... 100 100-0 
for a high-speed petrol engine are given. The gas 


engine balance sheet is taken from Hopkinson’s 
* strong ’’ mixture tests with an engine of compres- 
sion ratio 6:37: 1 and cylinder diameter 11-5in., 
running at 180 r.p.m.* The petrol engine balance 
sheet is the same as that given in Table I, but the 
division of the cooling water heat is based upon the 
explosion-expansion heat loss estimate of 1 per cent. 
during explosion and 5 per cent. during expansion. 
It will be seen that in the case of the gas engine 
Hopkinson showed that of the heat to the cooling 
water, amounting to 34 per cent. of the heat of com- 
bustion, as much as 27 per cent. was lost during 
explosion-expansion. Whereas in the petrol engine 
it is suggested that of the 28-5 per cent. of the heat 
of combustion absorbed by the cooling water, only 
6 per cent. was lost during explosion-expansion. 

These figures may seem strange at first sight, but 
it can be easily shown that they are strictly in accord 
with thermodynamic analysis. The ideal calculated 
efficiency for Hopkinson’s engine when running on 
the “‘ strong ’’ mixture is 41-1 per cent., so that the 
defect of the measured efficiency below the calculated— 
a defect which has to be accounted for mainly in terms 
of explosion-expansion heat loss—was as much as 
(41-1—33=) 8-1 per cent. of the heat of combus- 
tion. In the case of the petrol engine, the ideal calcu- 
lated efficiency is approximately 34-5 per cent., so 
that the defect of the measured efficiency below the 
calculated is only (34-5—31+5=) 3 per cent. 

The opposite effects upon the explosion-expansion 
heat loss of increasing turbulence and shortening of 
time with increase of engine speed have been dis- 
cussed in the previous article. It was shown that 
cylinder turbulence (by which is meant the tur- 





3 “ Proe.,” I. Mech. E., page 417 (1908). 





bulence resulting from rapid entry of the fuel charge 
into the cylinder) constitutes only a small portion of 
the turbulence after explosion, provided that the 
explosion is a rapid one. Under these circumstances 
the rate of heat loss does not increase in proportion 
to cylinder turbulence, and the explosion-expansion 
heat loss per stroke will therefore decrease as the engine 
speed increases. With avery rapidly burning mixture 
such as a strong hydrogen-air mixture, the explosion- 
expansion heat loss would, it is believed, be almost 
directly proportional to the time taken to perform 
the stroke. 

The slow-speed gas engine tests of Gibson and 
Walker,’ in which the speed was varied between 
150 and 250 r.p.m., show that the explosion-expan- 
sion heat loss is roughly independent of the speed— 
but in these tests the fuel mixture was a gentle burn- 
ing one. The fuel employed was coal gas, not very 
rich in hydrogen and containing the very large pro- 
portion of 13-1 per cent. of nitrogen. With such a 
mixture the turbulence induced by combustion in the 
surface layers would by no means overwhelm the 
cylinder turbulence. As will be clear from what has 
been said above, it is thought that quite different 
results would have been obtained had the fuel mixture 
consisted of a strong mixture of hydrogen and air. 

Some interesting experiments by Ricardo® should 
be mentioned in connection with the of 
explosion-expansion heat loss in relation to cylinder } i 
turbulence. In these experiments, summarised in 
Table V, the cylinder turbulence was increased very 


Tastes V.—Effect of Turbulence upon Indicated Thermal Efficiency. 


Mean velocity Indicated thermal Ignition advance for 
through inlet ports, efficiency, pressure 
per sec. per cent. before top centre. 
120 32-1 Soe 
260 32-2 i; 


greatly, but the engine speed was kept constant. It 
will be seen that while increased cylinder turbulence 
greatly speeded up the explosion (as is indicated by 
the spark advance) its effect upon indicated thermal 
efficiency was not noticeable. 

The aim of the above discussion has been to 
show that the. explosion-expansion heat loss may 
vary considerably with speed, and it remains to see 
what quantitative information may be derived from 
speed variation tests. 

It is well known that the indicated thermal 
efficiency of petrol engines increases only very 
little with increase in engine speed when the speed 
range is from 1000 r.p.m. upwards. This is shown 
in tests by Ricardo® and Burstall.’? It will be clear 
that the main reason for this is that above 1000 r.p.m. 
the heat losses during explosion-expansion are small. 

Burstall extended his tests to speeds so low as 
300 r.p.m., and it is believed that they are the only 
tests in which such a wide range of speed as from 
300 r.p.m. to 2000 r.p.m. was covered in a single 
engine. The tests are of interest in that motor car 
engines have frequently to funetion at low speeds 
at full throttle. They showed that the indicated 
thermal efficiency increased from 25-8 per cent. 
at 300 r.p.m. to 31-5 per cent, at 1000 r. , and to 
32-9 per cent. at 2000 rp.m. The ignition advance 
was suitably adjusted at all speeds, but great caution 
has been displayed in accepting them on account 
of the fact that the valve setting was not suitable 
for low speeds and also because the mixture com- 
position within the cylinder tends to somewhat 
with speed. In view of the well-known tests of 
Ricardo at various throttle openings it is not thought 
that slightly varying mixture composition within 
the cylinder will affect the results greatly as long as 
the spark advance is kept suitably adjusted; but 
there is no doubt that the efficiencies at low speeds 
will be considerably affected by unsuitable valve 
setting. Making a generous allowance for this an 
attempt has been made to find rough estimates of 
the explosion-expansion heat loss at different speeds. 
These estimates are given in Table VI. It will be 


TasLe VI.—Burstall’s Speed Variation Tests with an Engine of 
Compression Ratio &:1 and Bore 4-5in., Running on Coal 
Gas. Ideal Calculated Efficiency A pproximattly 35 Per Cent. 


| 




















Defect in _— due to Estimated 
— Pasely foo 7 Th “8 —.. 
R.p.m. oe : loss per 
come | tion aaa in- expansion, Total. | cent. heat of 
| complete | heat loss. | | combustion. 
combustion. ; 
300; 25-8 | 3 6-2 9-2 20 
600, 29-8 | 2 3-2 5-2 il 
1200, 32-1 | 1 1-9 2-9 | 6 
2000 | 32-9 | 1 1-1 2-1 4 


seen that they increase rapidly as the speed is 
decreased. A substantial part of the increase is 
due to increased radiation loss from the exploded 
gases as a result of the much longer time available 
for the gases to radiate. The estimate of 20 per cent. 
at 300 r.p.m. compares very satisfactorily with 
Hopkinson’s measurement of 27 per cent. (see 





4 “ Proe.,” I. Mech. E., page 363 (1915). 

5 “ Engines of High Output,’’ Macdonald and Evans (1926), 
page 93. 

® “The High-speed Internal Combustion Engine,”’ Blackie 
and Son (1931), page 77. 

7 “ Proc.,” Inst. Automobile Engineers, page 649 (1925). 





Table IV) for a gas engine running upon a less strong 
mixture at 180 r.p.m. and with a cylinder diameter 
some 2-5 times that of the petrol engine. 

The high-speed engine is an efficient engine just 
because it runs at high speed—because, in other words, 
the time of contact between the hot flame gases 
and the cylinder walls during explosion-expansion 
is small. This is a common sense point of view, but 
it has tended to become obscured by a considerable 
volume of inconclusive qualitative reasoning. 








Efficiency of the Locomotive 


Furnace.* 
By P. LEWIS-DALE, Ph.D., F.LC. 


In view of the great importance of locomotive fuel 
economy a small committee was appointed in 1930 
to consider inter alia the combustion process in locomotive 
boilers and the possibility of effecting economy in. fuel. 
The committee quickly formed the opinion that the 
existing knowledge of the combustion process in the 
locomotive boiler under running conditions was inadequate 
and proposed an extensive investigation into the subject. 


Rave oF vanaepeneasal 


The rate of combustion in fired furnace 
is related very closely to ia anes of and the latter 
a tay elinehwied eolite-oenmman ian in a hand- 


fred famnase of a-atationstginilier tho Geltg sid dratight 
can be so controlled as to be méasurable. In a locomotive 
furnace the rate of combustion at any time is not, except 
accidentally, the rate of at that time. Again, 


0° | locomotives are almost invariably hand fired at irregular 


intervals, depending on the state of the fire as judged 
by the fireman. Such mechanical stokers as have been 
tried on locomotives of usual patterns have not generally 
been regarded. with favour. 


Unsurnt CARBon. 


It was decided that this should be estimated by adding 
oxygen or air to the gas, of which the carbon dioxide 
content was known, estimating the carbon dioxide in the 
diluted gas, passing the mixture of air and gas still carrying 
unburnt particles through a furnace heated to 950 deg. 
Cent., and estimating the carbon dioxide in the resulting 
gas. "It is clear that the three analyses provide data for 
calculating the unburnt carbon. 

GENERAL. 

Except for the estimation of unburnt carbon, so far 
there is nothing new in principle. It was decided to try 
present results in the following form :— 

Total Calories in Coal.— 

Loss in dry exhaust gases. 

Loss in evaporation and heating water from fuel 
and air. 

Loss in carbon monoxide formation. 

Loss in unburnt carbon. 

Loss in unburnt hydrogen. 

Loss due to radiation, &c. 

The loss due to presence of hydro-carbons in the exhaust 
gases is not enumerated. A portion is included in the loss 
due to unburnt carbon, and it is found by chemical 
analysis that, generally, the hydro-carbon content is 
very small relatively to the coal consumed. 

The determination of these required, in addition to 
what has already been indicated, analysis of the coal 
used, weighing, and analysis of the ashpan ashes, and 
many temperature measurements which are enumerated 
in the next section. 

Measurements were made of the coal used and of the 
water supplied to the boiler. 

The gases are drawn from a point about 15in..in front 
of the smoke-box tube plate. Originally only one sample 
was so drawn and divided into two streams outside the 
smoke-box, but ultimately two sampling tubes, the ends 
of which were close together in the smoke-box, were found 
better and more convenient. The gas in both tubes is 
drawn by a common ejector. One stream is sampled 
by means of a side tube and analysed for CO,, CO, O,, 
H,. The other stream passes through the furnace, but 
is mixed with air from the air inlet before doing so. Also, 
between the air inlet and the furnace a sample of the 
diluted gas is drawn off through another side tube. After 
the gas is “‘ combusted” it is sampled through a third 
side tube. The sample in each side tube is drawn by 
the suction of steam ejectors to the observation car 
behind the engine. 

In addition to the temperature indicators and the 
apparatus for analysis the instrument car was furnished 
with a table over which paper from a reel passed at a 
rate determined by the speed of the train. A pen recorded 
intervals of fifteen seconds on the paper, so that the 

speed was known at any required time. The table also 

carried pens actuated by electric ‘‘ pushes ” for recording 
the time each shovelful of coal was fired and the time at 
which water was taken. On this paper, too, the observer 
noted from time to time the exact location of the train 
(see Fig. 2). 

The exact measurement of water presented some 
difficulty, and several devices were employed to attain 
greater accuracy. Duplicate measurements were made 
on the tender and in the ear, the means of measurement 
being the pressure due to the height of the water in the 
tender tank. 

Provision was made for the following temperature 
measurements by thermo-couples, the leads from which 
were brought back to the instrument in the car :— 


At three positions along the tubes. 

At two positions in the smoke-box. 

In the exhaust steam chest. 

In the superheater header. 

In three positions along the superheater smoke tubes. 
At four points on the barrel wrapper plates. 





* From a paper entitled ‘‘Some Measurements by Gas 
Analysis of the Efficiency of the Locomotive Furnace,” read at 
the Institute of Fuel on November 25th, 1936. 
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This accounts for fourteen thermo-couples and con- 
nections, but in fact twelve only were used in any one 
series of experiments. 

Other connections between the engine and the car were, 
in addition to the usual train connections : 


Speaking tube to the front of the engine. 
Electric bell to the front of engine, 

Wire carrying current to the front of engine. 
Electric bell to footplate. 

Speaking tube to footplate. 


At the front of the engine a panel was provided for 
reading the pressures in the fire-box (two positions), in 
the smoke-box, and in the ashpan (front and back). The 
main sampling injector was also controlled at the front 





the very small amount of carbon in the “‘ ashes”’ taken 
from the combustion tube after many hours’ working, 
the carbon being chiefly at the ends of the tube, the minute 
quantity of carbon collected in the dust trap and filter 
on pipe line C, and the weight of ash in the tube compared 
with the estimated quantity of gas which had passed 
through it. Finally, the weight of unburnt carbon for a 
whole trip agrees very well with that estimated by an 
independent approximate method described in a note at 
the end of this paper. 

All the instruments for gas analysis were standardised 
and checked by the passage of gas of known composition, 
special attention being given to those used for carbon 
dioxide in the gas before and after passing through the 
combustion furnace. It is of importance that these two 











For the gas after combustion (pipe line C) : 
Carbon dioxide. 


Temperatures are read every minute if possible, but when 
twelve thermo-couples are used it is impracticable to read 
indications for each at less than two-minute intervals. 

All the time the pen on the moving paper on the table 
is recording quarter-minutes, and when the engine is 
being fired shovels of coal are recorded on the paper by a 
pen operated by a bell push on the footplate of the engine— 
one stroke for each shovelful. The operator at-the table 
also from time to time writes on the paper the exact 
time and location. The time of taking water at the water 
troughs is recorded in the same way as for coal, but the 
amount taken is determined by measuring the amount 





Fic. 1 
and Soot Filters. 


of the engine, as was the furnace in which the unburnt 
carbon was consumed. A suitable shelter was constructed 
to house the apparatus and observers at the front of the 
engine. 

The detailed “ lay-out * was modified on the different 
engines tested, the modifications being due chiefly to the 
space available. For this reason, it is not possible to give 
in great detail an arrangement which could be applied 
to every engine, but the photographs reproduced in 
Fig. | and Figs. 7, 8, and 9, page 160, show the salient 
features which, with modifications, can be applied generally. 

The arrangements in the observation car are shown 
in Fig. 2. In another compartment there was a modified 
Haldane apparatus for gas analysis and a “ wet and dry ” 
hygrometer—see Fig. 3. 

Figs. 2 and 10 are photographs of the interior of the 
instrument compartment, Fig. 2 showing chiefly the 
table for recording speed, location, coal and water con- 
sumed, &c., though in the background the multiple-point 
temperature indicator is seen and on the right the gas 
analysis panel. 

Fig. 10 shows the gas analysis panel in greater detail ; 
the top indicator (left) is a two (or more) point indicator 
for carbon dioxide, the top (right) is for oxygen, the lower 
(left) for carbon dioxide and the lower (right) for carbon 
monoxide. More recently a hydrogen meter and indicator 
has been added. 

That the pipe lines should be free from leakage is of 
primary importance, and consideration of the conditions 
shows that this is not easy. From the intake in the 
smoke-box to the instruments in the car each pipe line is 
about 70ft. long and has at least thirty joints; each has 
three flexible portions and is provided with three water 
traps which are emptied after each trip ; at the instrument 
end there are at least three cocks on each line for con- 
trolling the flow of gas and for taking samples for chemical 
analysis. The whole arrangement is subject to the vibra- 
tion of the engine travelling at speeds up to about 80 m.p.h. 
Experience showed several ways in which the original 
pipe lines could be improved, although they had undergone 
fairly severe tests whilst the engine was stationary. 


METHODS OF EXPERIMENT. 


Before the trials were started many experiments were 
carried out to test the validity of the methods and the 
reliability of the instruments. 

It is believed that this was the first attempt to measure 
the unburnt carbon. It was essential to prove the effec- 
tiveness of the furnace and it was found that when the 
furnace was at 950 deg. Cent. to 1000 deg. Cent. particles 
up to tin. were burned almost as soon as the gas carrying 
them had passed through the tube. Even larger particles, 
stopped by the baffles, did not cause by the delayed com- 
bustion any considerable lag in the readings. A further 
question was whether the gas drawn through the furnace 
branch carried with it the appropriate amount of unburnt 
carbon. In the early experiments the smoke-box was fitted 
with a small window, through which the incandescent 
particles were observed. Several observers were satisfied 
that, of the discrete particles, only those which were 
opposite the ends of the sampling tubes actually entered 
them, all other such particles having sufficient momentum 
to maintain their path outside the tubes. Probably some 
of the very light particles such as are present in the smoke 
were drawn preferentially into the sampling tubes, but as 
the total arnount of unburnt carbon, even in black smoke, 
is very small relative to the carbon consumed, the error 
thus introduced can be neglected. 

There is not much likelihood of too little carbon being 
drawn into the sampling tube, for the “ pull” of the 
ejector is necessarily greater than that of the draught 
due to the smoke stack and blast pipe. Further evidence 
of the reliability of the method were the variations in the 
amounts indicated during heavy and during light working, 


Arrangement of Sampling Pipes, Showing Combustion Furnace, Water Traps, 





Fic. 2-——General View in Instrument Car, Showing Instrument Table, Gas Analysis 


Panel, Thermo-couple Indicator, &c. 


instruments shall record the carbon dioxide correctly, 
but of far greater moment that for each possible mixture 
of gases they shall record the same figure as one another 
at the same time. This was proved and often checked 
by passing portions of the same stream of gas of changing 
composition through the two instruments simultaneously. 
The reason for this requirement is that the difference 
between the readings is usually small, but may represent 
a considerable percentage of unburnt carbon. 

The thermo-couples were standardised against a standard 
pyrometer. 

The pipe lines were tested for leakage by being blanked 
off and evacuated to lower pressure than would be experi- 
enced in course of the experiments. 

An actual day’s experiments begin with the lighting of 
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Fic. 3—Gas Analysis Apparatus. 


tie furnace, whieh has to be started about 14 hour before 
actual estimations can be made. Then all the pipe lines 
are tested for leakage and the ejectors and the instruments 
are examined to see they are in proper working order. 
The coal has been weighed on to the tender the previous 
day and a sample taken for analysis; it is examined to 
make sure none has been used in firing up the engine. 
Sometimes it is necessary for accumulator cells to be 
changed, arrangements having been made previously. 
When the engine is on the train and ready to start the 
readings begin and from then onwards at one-minute 
intervals the following readings are made :— 
For the original gas (pipe line A) : 
Carbon dioxide. 
Carbon monoxide, 
Hydrogen. 
Oxygen. 
For the diluted gas (pipe line B) : 
Carbon. dioxide. 





in the tender before and after travelling over the troughs. 

From time to time samples of each stream of gas are 
taken for chemical analysis, this being done to guard 
against errors of every kind, and more particularly against 
the error (noticed on occasions) introduced by the “ stick- 
ing *’ of the indicator needles. 

The “ wet and dry * bulb hygrometer is read at fifteen- 
minute intervals, it having been found that the variations 
do not often warrant more frequent readings. If, in very 
changeable weather, such readings appeared desirable 
they would be made. 

At the front of the engine frequent readings (two-minute 
intervals) are made of the pressures at the positions 
indicated earlier in the paper. On the footplate an 
observer communicates to the car details of the firing, 
records boiler pressure and any particulars directly affect- 
ing combustion, such as opening of the fire-box door and 
alteration of the dampers. He records the use made of 
the regulator and any other conditions which may con- 
ceivably be of use when the results of the experiments 
are considered. He notes also particulars of slacks, 
whether scheduled or signalled, and every incident of any 
kind indicating abnormal or faulty working. 

When the trip is finished the water in the tender is 
measured; the steam to the ejectors shut off and the 
apparatus left ready for next day. Then chemical analysis 
is made of the samples of gas taken, the coal weighed off 
the tender, the smoke-box ashes weighed and sampled, 
and the ashes from the ashpan weighed and sampled. 

It will be realised that such a trip as is described entails 
considerable expense. There are necessarily two operators 
at the front of the engine, one on the footplate and in 
the car, two for the analytical instruments, one for the 
temperature indicator, one attending to the table for 
recording speed, &c., and another doing various work in 
connection with water measurements, taking samples of 
gas, reading the hygrometer, and relieving in turn the 
observers who often find it necessary to make slight 
adjustments to the apparatus in the car. The terminal 
work, too, is heavy and in some instances still another 
assistant is required. Thus at least eight assistants are 
occupied for a full day for each trip ; there is extra work 
for weighing and special handling of the coal, smoke-box 
char, and ashes. In addition, there is the cost of analysis 
of the coal and ashes and of the examination of the figures 
obtained to see whether they reveal a successful trip. 
This has been written to emphasise the importance of 
doing everything possible to avoid faults and inaccuracies 
of all kinds. 


INFORMATION OBTAINED AND Its USE. 


At the end of the trip there is available for any instant 
the amount of carbon dioxide, carbon monoxide, hydrogen, 
and unburnt carbon associated with unit volume of exhaust 
gas, or, if preferred, with unit volume of air supplied. By 
fairly simple calculation the weight of gas per pound of 
carbon can be obtained and, from the analysis of the coal, 
the weight of gas per pound of coal. The loss of heat due 
to formation of carbon monoxide can be calculated as can 
that due to unburnt carbon and hydrogen. We have also 
the temperature of the exhaust gases, the water in the coal. 
the water in the air, the water formed by combustion of 
the hydrogen in the coal giving all the necessary data for 
calculating the heat carried away in the exhaust gases. 
For many trips the loss by radiation and convection was 
estimated from various data, including measurement of the 
temperature of the outside of the boiler wrapper plates. 
This showed such loss to be of the order of 3 to 4 per cent. 
and that only about one-third of it was from the boiler 
barrel. To effect saving in radiation the obvious pro- 
cedure is better insulation of the barrel ; but since the loss 
here is so small the errors of experiment under running 
conditions would be comparable with differences between 
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the radiations using two methods of insulation and so the 
measurements were discontinued. 
The results so far are thus expressed :— 
Calories in Original Coal. 
Cale., 
per cent. 

Losses in dry gases satnale: tennne 

Losses in aqueous vapour onal ¥ 

pe through formation of carbon monoxide ... 

Loss through unburnt carbon... 
Loss through unburnt hydrogen 
Loss through radiation, &e. ae 


Total losses... ... «.. 
Available for steam raising 


This percentage is the furnace efficiency, but by itself it 
obviously is not a measure of the work which the steam 
is capable of doing. However, since in a given engine, if 
the conditions laid down are that steam must be supplied 
at a given pressure, superheated to a stated temperature 
and at a rate between given minimum and maximum, 
then the percentage energy available is a very valuable 
figure; and here we can appreciate the advantage of 
being able to assess the efficiency at a given instant or 
over a very short period of time. On the trip between 
Crewe and Carlisle the maximum demand on the engine 
is during the ascent of Shap, and another very marked 
demand is whilst ascending Grayrigg. The ascent of 
Shap Fell is well known to railway travellers, but probably 
what has gone before is not generally appreciated. Many 
engines would make much easier work of ascending Shap 
were it not for their previous efforts whilst climbing 
Grayrigg. Hest Bank is practically at sea level, Miln- 
thorpe, 11 miles further on, is 110ft. above sea level. 
Thence for 13 miles to Grayrigg there is an ascent of 500ft. 
with a maximum gradient of 1 in 104, the average being 
1 in 140. Then there is a drop of 37ft. (with slight inter- 
mediate rise) in about 5 miles to Tebay, whence the rise 
to Shap is 275ft. in 5 miles, an average gradient of | in 90 
and a maximum gradient of 1 in 75. It will be appreciated 
that the furnace and boiler have not had very much time 
to recover from the effects of the previous hard working 
and often the ascent of Shap is started with the furnace 
hardly in ideal condition. 

It is clearly worth while being able to answer for a 
particular engine or class of engine the following questions : 


1. What was the boiler pressure ? 
2. What was the superheat temperature ? 
3. What was the furnace efficiency ? 


under these conditions of maximum demand. 

The readings made provide answers to the questions. 
The point following logically on this is the question of 
how low the furnace efficiency may economically be 
allowed to fall rather than that there should be any fall 
in boiler pressure or superheat temperature. Here it 
need only be said that, given the permissive fall in pressure 
and superheat temperature, the measurement of the 
furnace efficiency by the method outlined furnishes a 
useful means of comparison of the behaviours of two or 
more locomotives under the same conditions. 

The method may obviously be used to determine the 
effect of any one variation, other conditions remaining 
substantially the same. Thus the fire-grate, boiler barrel, 
tubes, superheater elements, &c., may be varied in turn 
and the alteration in efficiency determined directly pro- 
vided the steam rendered available is capable of doing the 
same work. Among the more important variations, the 
effect of which can be assessed, are kind of coal used and 
method of firing; both have been studied in some of the 
experiments. 


EVALUATION OF RESULTS. 


This paper concerns chiefly the methods employed and 
is not intended to supply actual data for any one engine, 
nor to compare the results for engines of two or more 
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classes. till, the merits or demerits of the method cannot 
be judged unless evidence is furnished of information 
actually obtained with some characteristic 

Further, a discussion of some of the results will supply 
confirmation of the validity of the methods. 

Fig. 4 shows the graphs for carbon dioxide in the gas 
on different days for the same engine using the same coal 
fired in the same way with the same load, and for similar 
journeys ; it so happened there was very little difference 
in the weather. Having regard to the fact that under 
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running conditions it is extremely unlikely that the 
circumstances at any instants to be compared are exactly 
similar, the likeness of the two graphs is remarkable, 





and furnished good primd-facie evidence that the estima- 
tion is accurate. This is perhaps even more evident 
when the graph in Fig. 5 is considered. This was for the 
same journey and the same engine, but for different coal. 
In Figs. 4 and 5 averages have been taken for ten 
one-minute readings in order to avoid very frequent 
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crossings of the two graphs, and the figures are intended 
only to illustrate the general likeness of the graphs. 

Fig. 6 shows actual carbon dioxide readings taken at 
one-minute intervals. 

Tables I and II give a few typical results, that headed 
“* Preston—Lancaster ” being for 15} miles of relatively 


Taste J.—Preston-Lancaster. 





| Mar. 25th, April 8th, 











| April 10th, 
Date. 1935. 1935. 1935. 
No. of shovels - 7s Various 6 12 
Train load, tons . eal dest Oe 367 345 
Composition of ‘gases in 
nse 1 i : 
Carbon dioxide 14-0 13-8 11-4 
Oxygen ... are 3-0 4-3 5-3 
Carbon monoxide srk 0-09 0-47 0-09 
Hydrogen aco aa 0-02 0-11 0-02 
Wa oie ek een sae 6-6 6-0 5-0 
Losses : 
A. Incomplete combustion 
Unburnt carbon . 9-6 4-0 4-9 
Carbon monoxide for- 
mation ‘ aa 0-3 1-5 0-4 
Unburnt hydrogen 0-1 0-4 0-1 
B. Radiation, &e, ... 4-0 4-0 4-0 
C. Heat in exhaust gases 
Dry gas... . 11-4 12-9 16-3 
Steam (from ‘hydrogen 
in coal and water in 
coalandair) ..._ ... | ee 5-1 5-6 
Total loss 30-6 | 27-9 31-3 
Heat available for steam 
raising eae | 69-4 72-1 68-7 





Tasie II.—Shap. 

















Mar. 25th, | April 8th, | April 10th, 
Date. 1935. 1935. | 1935. 
No. of shovels - fring Various 6 ae 
Train load, tons . ee 367 367 345 
Composition of ‘gases in 
smoke-box : 
Carbon dioxide 14-7 11-8 9-4 
Oxygen ... ce 2-3 5-4 7-6 
Carbon monoxide ... 0-0 0-22 0-06 
gaa 0-0 0-06 0-02 
Water S 8-0 5-6 4-6 
A. lassuighitestatbuntion 
Unburnt carbon . 5 11-2 12-0 
Carbon monoxide for- 
mation ... =e ~ 0-9 0-3 
és hoe hydrogen -— 0-2 0-1 
. Radiation, &c. asp , 4-0 4-0 4-0 
c: Heat in exhaust gases 
Dry gas 10-7 14-5 18-5 
Steam (from. hydrogen 
in coal and water in 
coal and air) 5-2 5-2 5-8 
Total loss 39-4 36-0 40-7 
Heat available for steam’ | 
raising ... . 60-6 64-0 | 59-3 


! 





level line, and that headed “‘ Shap ”’ for 4} miles between 
Tebay and Shap Summit, where the gradient is 1 in 75. 

The following table gives the average losses for a 
successful complete run, Crewe to Carlisle :— 


Per cent. 
Heat in dry exhaust gases ... .. ~ 41-7 
Heat in moisture in exhaust gases 5-4 
Carbon unburnt ... . 5-1 
Formation of carbon monoxide . 0-4 
Unburnt hydrogen ee 0-1 
Radiation, &c. 4-0 
Heat available for steam raising 73-3 


The following table is worked out from a single set of 
readings at an instant during the ascent of Shap :— 


Per cent. 
Heat in dry exhaust gases... ... ... ... ... 12-4 
Heat in moisture in exhaust gases . 8-4 
Carbon unburnt ... 26-5 
Formation of carbon monoxide . 1-0 
Unburnt hydrogen gaat hs 0-2 
Radiation, &e. . g 4-0 
Heat available for steam raising 50-5 


and, lastly, this is for a Lon of forty minutes whilst 
the engine was working badly for several reasons— 
heavy ioad, heavy gradient, ~' Seo rails, and a bad 
fire, the last being due possibly to a little bad coal, possibly 
to bad firing and consequent formation of clinker :— 


Per cout. 
Heat in dry exhaust gases... . 
Heat in moisture in exhaust gases 
Carbon unburnt ... ... 
Formation of earbon monoxide . 
Hydrogen unburnt ar 
Radiation, &c. 
Heat available for steam raising 


The load in this case was heavy, but wall “within the 
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normal capacity of the . The main object of 
including these results is to show that the method gives 
@ quantitative measure of part of what is usually called 
“ bad steaming.” 

The term “ furnace efficiency ” has already been defined 
as the ratio of heat available for steam raising to the heat 
resulting from the complete combustion of the coal. The 
“boiler efficiency ’’ has not been determined exactly 
in the experiments ; it is the ratio of the total heat units 
in the steam to the heat units which could be liberated 
by the complete combustion of the coal in producing 
steam. The approximate “ boiler efficiencies ’’ calculated 
from the water consumed and the temperatures of the 
steam agreed reasonably well with the “ furnace 
efficiencies.”’ 

The following observations of general character were 
— made directly or have been deduced from the 
results : 


(1) The furnace efficiency falls considerably when the 
locomotive is called upon to work near the limit of its 
capacity. 

(2) For most efficient furnace efficiency, the excess air 
should be at least 20 per cent. of the total exhaust gases. 
It should not be very much higher than 20 per cent., but 
a greater excess is better than a less excess. 

(3) With 20 to 24 per cent. excess air, the carbon 
monoxide can be and should be kept within reasonable 
limits. Provided the excess air admitted is within these 
limits, the formation of carbon monoxide is largely 
controlled by proper firing. 

(4) In the first experiments, the firing practice was to 
put about twelve shovels (about 120 lb.) of coal on to 
the fire one after the other, but later the general practice 
was to put on six shovels of coal in succession ; in either 
case the firehole door remained open during the time 
It is clear that more secondary air (and less 
primary air) enters the combustion chamber when the 
firehole door is open, but the total amount of secondary 
air so admitted does not vary much whether the door is 
open for one series of twelve shovels or two series of six 
shovels each. The points of importance are the increased 
cooling in the longer period for twelve shovels and the 
presence of a larger quantity of carbon. The expected 
result is, of course, increased carbon monoxide, and after 
practically every separate firing there was an appreciable 
‘kick’? on the carbon monoxide indicator, this being 
greater when twelve shovels were fired in quick succession. 
This “ kick ’’ was very often of the order of 0-7 per cent., 
and in some cases amounted to 3 per cent., or even greater, 
increase in carbon monoxide, and there is thus a loss of 
approximately 5 to 18 per cent. of the energy in the fuel. 
although these high losses from this cause operate only 
for very short periods. 

It is considered that the observations made indicate 
that, other things being equal, the loss due to carbon 
monoxide is less when six shovels are fired. They also 
point to the probability that controlled continuous firing 
would further diminish the loss due to carbon monoxide. 
The direct loss from the admission of a large quantity of 
cold air is of some moment, although of less importance 
than the carbon monoxide loss. Such direct loss would 
also be obviated if it were possible to fire by mechanical 
means without opening and closing the firehole door. 
A certain amount of secondary air is necessary, at any 
rate at times, but this should be controlled by dampers 
and not be subject to the violent fluctuations imposed by 
the opening of the firehole door. 

This emphasises the importance of the method of 
firing being as efficient as is practicable under the difficult 
conditions inseparable from locomotive running. 

(5) The facts recorded in the preceding paragraphs 
indicate the necessity for consideration of the means of 
supplying the required secondary air. As has been 
stated, present practice is for the ‘secondary air to enter 
through the firehole door, which, either by instruction to, 
or at the direction of, the driver, is often left partly open. 
A deflector plate is provided to cause such air to tend to 
descen@ to the fire bed. Consideration of the conditions 
and observations both show that it is unlikely that much 
of the secondary air reaches the zone immediately above 
the glowing coal. The ideal place to furnish secondary 
air is immediately above the fire bed—that is, in the 
hottest gaseous zone—and it is suggested it would be 
worth while to experiment with secondary air so supplied. 

(6) It has been stated at times that a very important 
source of smoke-box char was slack or fine coal which was 
drawn directly from the shovel through the smoke tubes. 
This may be a contributory cause, but the results obtained 
show that the heaviest losses occur when the engine is work- 
ing most heavily. Thus, whilst the loss of energy due to 
unburnt carbon for the complete trip—Crewe to Carlisle 
—was of the order of 5 per cent. of the energy derivable 
from the complete combustion of the coal used, the 
corresponding loss whilst ascending Shap was up to 
about 30 per cent., and that for long distances on the 
level was hardly noticeable. It should be recorded that 
the increase of firing during the ascent of Shap Fell is 
relatively small. Again, the loss due to unburnt coal was 
not much less when previously broken graded coal, free 
from slack and dust, was used. 

(7) The experiments have indicated that of the thermal 
units liberated by the complete combustion of coal, 
between 70 and 75 per cent. are available for steam 
raising in the modern locomotive engaged on heavy 
passenger working on a moderately difficult run. The 
higher figure is attained by the more powerful engine 
working well within its capacity. The heat in the smoke- 
box represents about 15 per cent. loss, and, taking 
this as unavoidable, the 70 and 75 per cent. efficiencies 
mentioned above become 82 and 88 per cent. of the 
total heat not lost in the gases emitted through the 
smokestack. 

SuMMaRY. 

The paper describes a method of assessing the furnace 
efficiency of a locomotive continuously or nearly so. It 
is claimed that the results attained are of a high degree 
of accuracy. For the first time an estimate has been made 
of the amount of unburnt carbon emitted with the smoke- 
box gases during work under service conditions. Sugges- 
tions have been made with regard to. means by which 
efficiency might be increased. 

Reference has been made to the necessity of supplying 
the steam in such amount and condition that it can 
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perform the work required, but although investigation has 
been made into the capacity for work of the steam pro- 
duced, the results are not recorded in this paper, which 
is limited as strictly as possible to the determination of 
the efficiency of the furnace itself. 
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“ erew ” on the experimental journeys. 

Finally, he wishes to thank the London, Midland and 
Scottish Railway Company for permission to read the 
paper and for approving its publication. 








Lloyd’s Register of Shipping. 





ANNUAL SUMMARY. 

Tue statistics issued by Lloyd’s Register of Shipping of 
merchant vessels launched during the year 1936 show 
large increases, both at home and abroad, in the output of 
the shipbuilding industry, the total being about 816,000 
tons, or 62-7 per cent. greater than that for the previous 
year. 

Particulars of Output—Excluding ships of less than 100 
tons gross, there were launched in the world, excluding 
Russia, for which country no figures are available, 
999 vessels of 2,117,924 tons gross, of which 856,257 tons 
were from berths in Great Britain and Ireland, and 
1,261,867 tons abroad. The output in Great Britain and 
Ireland represents 40-4 per cent. of the total, as compared 
with 38-3 per cent. in 1935, 47-5 per cent. in 1934, 27-2 per 
cent. in 1933, 25-8 per cent. in 1932, 31-1 per cent. for 
1931, and 51-2 per cent. for 1930. The output of the 
other leading countries is as follows :— 


Tons. 
Germany .-- 379,981 
Japan ... . 294,861 
Sweden POs te aa 154,044 
United States of America 111,885 
ee a ars, ke Hei «. 97,637 
NAMI geoph cadens nk Soeac Serene ptt 


The actual increase in the world output, as compared 
with that for 1935, amounts to 815,844 tons. In Great 
Britain and Ireland there has been the notable increase 
of 357,246 tons, or 71-6 per cent., in the tonnage launched, 
while abroad the increase amounts to 458,598 tons. 

In Great Britain and Ireland, thirty-eight vessels of 
93,302 tons were launched for owners residing abroad, 
equal to 10-9 per cent. of the total output. Twenty-two 
of these vessels, of 57,456 tons, will be registered in the 
British Dominions overseas. 

Among the principal shipbuilding countries abroad, 
the tonnage launched for registration under other flags 
was as follows :—Germany, sixty vessels of 199,742 tons ; 
Sweden, twenty-three of 139,795 tons; Denmark, fifteen 
of 59,706 tons; Japan, thirteen of 9690 tons; and 
Holland, nine of 3799 tons. 

The world launches for the year include 113 vessels of 
over 6000 tons each, of which nineteen are of between 
10,000 and 15,000 tons, and seven of 15,000 tons and 
upwards. 

The following are the largest vessels launchedgduring 
1936 :— 


| Tons. | Built in. 





Twin-screw— i 
Turbime steamer ... “‘ Orcades ™ ... «++ 23,400) Gt. Britain 
Reciprocating and i | 

turbine whale oil 
“ Terje Viken ” .--| 20,638 Germany 


factory ... 
Single-screw— 
Motor whale oil 
factory ... .  “Nisshin Maru” _ ...| 16,764) Japan 
Twin-screw— 
Turbine steamer ... “‘ Pretoria ” ‘ ...| 16,662} Germany 
Turbine steamer ... “ Windhuk” ... .../ 16,000) Z 
Motorship ... “ Dunottar Castle ”’ .... 15,007 Ireland 
Motorship .../ * Dunvegan Castle” | 15,007) <A 
Turbine steamer ...| “" Awatea ” .-  ++«| 13,482) Gt. Britain 





The total tonnage of steamers launched in the world 
is 877,746 tons, of which 442,366 tons, 50-4 per cent., 
were launched in Great Britain and Ireland, and 435,380 
tons, 49-6 per cent., in countries abroad. 

The total tonnage of motorships launched in the world 
is 1,202,476 tons. Of these, 403,004 tons, or 33-9 per cent., 
were launched in Great Britain and Ireland, and 794,472 
tons, 66-1 per cent., in countries abroad. 

During the year there were launched thirty-five vessels 
of 244,914 tons which are to be fitted with geared steam 
turbines. In addition, there were launched ninety-seven 
vessels of 267,234 tons, with a combination of steam 
reciprocating engines and low-pressure turbines, including 
one, of 5888 tons, launched at Belfast, in which electric 
power is also utilised. In Great Britain and Ireland there 
were launched eleven turbine vessels, all geared, of 
72,830 tons, and twenty-eight vessels of 134,232 tons with 
a combination of steam reciprocating engines and low- 
pressure turbines. 

During the year eighty-seven steam and motor oil 
tankers of 667,794 tons, excluding vessels of less than 
1000 tons, were launched, of which twenty of 148,797 tons 
were built in Great Britain and Ireland. Of the eighty- 
seven tankers seventy-three of 559,690 tons are motor- 
ships. 

Of the steam tonnage launched in the world—877,746 
tons—upwards of 300,000 tons are steamers fitted to burn 
oil fuel under the boilers, so that of the world tonnage 





launched during 1936 approximately 27 per cent. is exclu- 
sively dependent on coal for propulsion. 

Progress of Shipbuilding during the Year.—Lioyd’s 
Register Quarterly Returns show that at the opening of 
the year 1936 the tonnage being built throughout the world 
was 1,543,153 tons. At the end of ‘March there was an 
increase of about 277,000 tons, and further substantial 
additions were recorded in subsequent quarters. At the 
end of December the total, was 2,251,221 tons, showing the 
large increase of 708,068 tons, as compared with December, 
1935. The figures for Great Britain and Ireland for the 
same dates show an increase of 220,556 tons, nearly 30 per 
cent., at December, 1936. 

At the beginning of 1937 six countries had more than 
100,000 tons of shipping under construction, viz.:—Great 
Britain and Ireland, 963,642 tons; Germany, 408,465 
tons; Japan, 203,146 tons; Holland, 150,850 tons; 
Sweden, 123,796 tons; and the United States of America, 
110,356 tons. Next in order were :—Denmark, 75,950 
tons; and France, 66,876 tons. 

In view of the fact that the amount of tonnage laid down 
during 1936, as shown in Lloyd’s Register Quarterly 
Returns, has exceeded by 622,000 tons that launched during 
the year, and taking into account the substantial volume 
of tonnage for which orders have been in recent 
months, there is good reason to anticipate that the renewal 
of activity in the shipbuilding industry throughout. the 
world is likely to be maintined in the immediate future, 

Vessels Classed by Lloyd's Register—-Of the merchant 
vessels launched during 1936, 401 of 1,308,013 tons, of which 
261 vessels of 744,272 tons in Great Britain and Ireland 
and 140 of 563,741 tons abroad, were being built under the 
survey of the Society with a view to classification in 
Lloyd’s Register Book. 

Attention is drawn to the line in the diagram reproduced 
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collision likewise jum; off leaving the regulator full 
open. Actually no collision occurred because the driver 
of the second engine managed to board the freight train 
engine and close the regulator,. Meanwhile his own engine 
propelling its eight wagons proceeded towards Bath 
unattended. At Midford 5} miles farther on the wagons 
were derailed and wrecked the local signal-box. The 
engine however kept the rails and travelled a further three 
miles before it was derailed. No one was hurt in this 
series of mishaps. Reporting upon the accident Lt.-Col. 
Woodhouse said that the morale of enginemen was such 
that the contingency of an engine running away unattended 
with the regulator open was very remote. He did not 
therefore vonsider it necessary to suggest that precautions 
should be taken against the recurrence of such an accident 
as that which was the subject of his report.... Perhaps 
the most remarkable feature of each of these two accidents 
was the fact that no one was injured in them although 
the circumstances required to promote a major catastrophe 
were present in each case. 








THE BRITISH COMPRESSED AIR SOCIETY. 


On Wednesday, January 27th, the British Compressed 
Air Society held a dinner at the Holborn Restaurant, 
London, with Mr. E. Lacy-Hulbert in the chair. This 
Society is a young one, being now only in its eighth year, 
and its membership is restricted to British manufacturers 
of air compressors and pneumatic machines. Its formation 
arose out of meetings arranged by the Board of Trade in 
1929, the purpose of which was to develop the use of 
British-made tools, especially in overseas markets. In 
December of that year, as a direct consequence of the 
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NEW VESSELS CLASSED BY LLOYD'S REGISTER SINCE 1901 


herewith showing the tonnage of new vessels classed by 
Lloyd’s Register during each calendar year for the last 
thirty-four years. A notable feature disclosed by these 
figures is that the average tonnage of new vessels classed 
by the Society for that long period (1903-36) amounts 
to 1,538,177 tons per annum. 








SIXTY YEARS AGO. 


A REPORT to the Board of Trade by Colonel Hutchinson 
which we summarised in our issue of February 9th, 1877, 
described an accident which is fortunately of a type rare 
in the railway world, although quite recently it has had 
its counterpart. On December 8th, 1876, a light engine 
was standing at the Hawkhill coaling stage about a mile 
from Ayr Station. It was in charge of two men who were 
coaling it in the absence of the driver and fireman. After 
it had been coaled one of the men wished to move the 
engine a few feet backward and for that purpose attempted 
to open the regulator valve. As he was doing so however 
the fulerum stud of the regulator lever broke off and the 
valve flew completely open. The men made ineffectual 
attempts to close the valve but failing to do so they 
became frightened and jumped off the footplate leaving 
the engine in full backward gear, and with the valve full 
open, to run unattended towards the junction of the 
Hawkhill siding with the main line. The signalman at 
the junction realised too late that there was no one on the 
engine and allowed it to enter the main line to Ayr along 
which a passenger train had passed about five minutes 
previously. This train was standing at Ayr Station but 
fortunately all the passengers had left it before the light 
engine dashed into it. Its engine was returning to it 
after having taken in water. The coaches were caught 
between the two engines and were —— up, three of 
them being knocked on to the station platform and through 
the verandah roof. No one was hurt.... On July 29th, 
1936, a freight train overran its signal near Radstock on 
the Somerset and Dorset Joint Railway. Ahead of it 
was an engine propelling eight empty wagons. Fearing a 
collision the driver and fireman of the freight train jumped 
from their footplate leaving the regulator Bong open. 
The driver and fireman of the engine ahead fearing a 








meetings, a deputation of manufacturers met the Lord 
Privy Seal, Mr. J. H. Thomas, who recommended very 
strongly that the manufacturers should take concerted 
action. Trade Commissioners overseas, he considered, 
would be able to do more for an organised industry. The 
outcome of this activity was a first meeting of the Society 
in January, 1930, at which the rules were decided upon 
and the object of the Society summarised as “ To promote 
and safeguard by all lawful means the interests of British 
Air Compressor, Pneumatic Tool, and Pneumatic Appliance 
Manufacturers in Great Britain in relation to their trade 
and to consider all questions connected therewith, except 
relationship between employers and employees.’’ In the 
seven years of its life the Society has done much very 
useful work, taking action to guard the interests of its 
members in numerous ways and particularly in relation 
to the importation of foreign goods into this country and 
to the export of products to other countries. One of its 
earliest acts was to issue a publication entitled “ Com- 
pressed Air Terms and Standards,” now, we understand, 
in course of revision, which by ising terms and 
conditions of testing, &c., has done much to avoid con- 
fusion. The Society has been consulted by the B.S8.I. in 
regard to various standards. It is encouraging to the 
Society that its membership has shown a steady increase, 
and the dinner to which we have already referred is a sign 
that the Society now feels firmly rooted. The function was 
a very enjoyable one, at which Mr. J. H. Jones, of the 

ment of Overseas Trade, p the toast of 
“The British Compressed Air Industry,” to which Mr. 
Charles Pike replied. Mr. William Reavell proposed and 
Major P. J. Cowan responded to the toast of ““ The Guests.’ 
The toast of ‘“‘ The Chairman,” proposed by Mr. Dunkerton 
and seconded by Mr. Quertier, was a happy afterthought, 
not provided for in the programme. Mr. Lacy-Hulbert, 
in teply, pointed out that the dinner was not yet an annual 
one. Next year’s, if held, as he felt sure it would be, would 
be the first annual dinner. 








TELEPHONES IN Moscow.—It is planned to convert 
the whole of the telephone system in Moscow to automatic 
exchanges during the current year. The present manual 
exchanges will be replaced by five automatic exchanges, 
each having 10,000 lines. 
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Rail and Road. 





Moscow UNDERGROUND Ratwway.—This year the 
second section of the Moscow Underground Railway will 
be. completed and it has been decided to start. work on the 
third section before the end of 1937.. This third section, 
for which 50,000,000 roubles has been allotted, will be a 
double track some 6 miles long between Tagansk- -square 
— neon sage The work is to be completed by the 
end 0 


AUSTRALIAN « Rimwirs—According to the recently 


cod Commonwealth Railways for the year 

ne 30th, bok = @ was a considerable improve- 
iat in the the 2 ah: vmypem Railway and 
the surplus re iture was 
£45,232. On the — ilway the deficit 


was reduced to £37 438, and the North Australian 
Railway showed a deficit of £7972 corapared with £3711 
the previous year. 

New Type or Rartcar.—A new t of oil-engined 
railear, capable of ot re a “tail” > Toad of either pas- 
senger or goods Mae xe i 60 tons weight and of doing 
light ak rai work, has built for the Great Western 
Railway Company. The underframe of the new car has 
been fitted with buffing and draw gear of the same pattern 
as on ordinary train vehicles. The controls are 
duplicated to enable trailing vehicles to be attached to 
whichever end is desired. Driven by two 130 H.P. heavy 
oil engines, the railcar has seating accommodation for 
forty-nine passengers. It is —. to be put into service 
on the Lambourne Valley branch line. 


Rattway CENTENARIES.—We have received from the 


London, Midland and Scottish Railway y par 
ticulars of a number of centenaries which in 1937. 
The first section of the London and Railway 


from Euston to Boxmoor was opened on July 20th, 1837, 
and that from Boxmoor to on October 16th, 1837. The 


was 
1838. Twotking Yas tide oo. daly 30th, 


8 apparatus was tried out over a 1 
ioe are: Euston pan Camden Town. The | 
Junction Railwa throughout from Bir- 
mingham to Woduunarte July 4th, 1837. 

FRENCH StREAMLINED Locomotive.—In October, 1936, 
the Northern ee into service one of 


ite pag ,v ae ae streamlined. 
A to Railway Gazette, ading dimensions 
of this four-cylinder are :—H.P. cylinders, 


l7%in. by 26in.; LP. i 24, in. a 27% in.; 
coupled wheels ‘diameter, . 2Hin.; iler pressure, 
246 lb. per square ineh ; weight in working order, 103 tons. 
Before the engine vas. streamlined a series of tests was 
carried out, and made after streamlin' 
showed an increase of power of 120 H.P. at 74} m.p.h. 
and 200 H.P. at 93 m.p.h. At these there was a 
respective fuel saving of 1 kilo. and 1-34 kilo. per kilo- 
metre, 

Loupsprakers at L.MS8. Srations.—The Loud- 
speakers installed at a number of London, Midland and 
Scottish stations for the directing and marshalling of 
crowds have proved so successful that the company is 
to extend the system. Orders have been given for instal- 
lations to be provided at Holyhead, Fleetwood, and 
Llandudno Sunstion, while consideration is being given 
to the provision of similar i at numerous other 
stations, including Chester, | Leicester, Manchester 
(London-road . and 1 Victoria), Preston, and Sheffield. 
insta a also contemplated at etiey and 
Longaight. At ‘t both of these stations heavy traffic is 

occasionally in connection with sports meetings 
mer other special events. 

Exrra-Lone .Rats.—One hundred tons of steel rails, 
each 120ft. in length, have just been rolled for the London 
and North-Eastern_Railway at the works of the Skinnin- 
grove Iron Company, Saltburn, Yorks. They are believed 
to be the longest rails ever ced in one piece in any 
part of the world. Each which is of the 100 Ib. per 
yard standard section, over 1? tons. The rails 
are to be laid in the L.N.E.R. main line at Holme, south 
of Peterborough, at a point where age as the 
‘* Silver Jubilee ’’ regularly travel at They are 
being introduced e rd tay of ‘ns plan to do 
away with as many as poasible of t i in the track, 
and so to improve the running of the tania, both by making 
smoother travel and lessening noise. 


Rattways snp Srerv.—During the t few years 
there has been considerable A y! 
industry, and the railway com 
it by the construction of 
accommodation, &c., and 
train services. In 1935, 9 ion tons of iron ore, 3,622,000 
tons of blooms, billets, and ingots, 4,384,000 tons of iron 
and steel serap, 6,826,000 tons of manufactured iron and 
steel, and 2,822,000 tons of pig iron were conveyed by 
rail, making a total of approximately 27,000,000 tons. 

FoR ei ony 


we ki 
vehi 


t pace with 
terminal 


ot addition to transport facilities, the oe 

re oo Raggy apts of the iron and steel 
induglal More than 1200 miles of track 
are ri ok geolh something like 200,000 tons of 
steel Sieams aoa bought nt for this purpose. The increasing use 


of steel sleepers is also an important feature. 


Turkisa Ramways,—In report on the economic 

Bad yore nets conditions in , Colonel H. Woods 

ys that in the course of the Budget debate the Minister 

of Public Works stated that ag evn the line which is 

being built from ane wards Z construction 
year transport of c 

by rail to the centre of P Anakells. The continuation of 


the line towards will entail the piercing of a 
great fe wont of 6 6 the work would be completed 
in 1987. that the Sivas—Erzeroum line 

will be finished in line from Sivas will reach 


Divrik in 1937 oT Erzincan in 1938, and a branch line 
from the Sivas—Erzeroum line to Malatya will be finished 
in 1937. There are 920 kiloms. of railways under con- 
struction and a further 70 kiloms. from Fylios to Zon- 
guidak and Eregli have been authorised. 


ining | cation of the Appleby steel 


t in the steel | was 


the Mekong of freight | i 





Miscellanea. 


New York Water Suprity.—Work is shortly to begin 
on the construction of the Delaware aqueduct for the 
extension of New York’s water supply. This 273 million 
dollar project involves the construction of an 85 miles’ 
long tunnel and three reservoirs in Catskill Mountains. 


Perrot Propvetion at Briinesam.—During 1936 
about 112,000 tons of petrol were produced at the Billing- 
ham hydrogenation soa, according to the Secretary of 
Mines; 100,000 tons of coal were treated and about 
325,000 tons were used for other purposes. The plant 
has now been in operation since June, 1935. 


DisTRESSED coos se a Rp oe ag 
pid to a question in the House mmons recently, 
Lord of the Admiralty said that the total value 
r. contracts placed by the Admiralty direct with private 
trade in the t financial year up to December 31st 
amounted to Sg ne en ee ee ee 


Pp in 
£20,387,800. These figures di 

authorised for = by his Majesty’s ships and 
naval establishments 


TELEPHONE ‘aniline with SHIPS aT ener = 





3 sslophad dorvias bobpoue San Wiadicibe aakaina tl 


Trow One IN THE UniTep StatTEs.— to an 


exclusive of ore that contained 5 per cent. or ears 

nese in the natural state, is ott 8,000 gross 
tons, an increase of 59 per cent. over the ey 
in 1935. Production in 1936 was the aingok tome 
when 58,408,664 tons were mined. The ore 

the mines in 1936 is estimated at 5,300,000 gms tons, 
valued at 130,775,000 dollars, an increase of 

in , qneate at of 57 per cent. in total value cubeind 


ScunrHorrs Steet Works Devetorpment.—the chair- 
man of the United Steel Companies, Ltd., Sir Walter 


Ht 


Benton Jones, recently announced that the y is 
to three and a-half million the next 
of the 


pounds, 
few years, on new plant at the by W 
Scunthorpe branch. It is nea ie build a 
new iron ee eee wor next ae erty 
Works, which will include four new blast-furnaedés, dupli- 
plant, new coke ovens, a new 
sintering plant, and new gasholder. When the full 
is completed the annual capacity of the 


will be 1 Toh ben sone Of he nn cca oo ab etone 


Buast-FURNACE Derposir RemovaL.—A note in the 
Iron Age describes the removal of a “scab” or fused 
deposit, 8ft. thick and from 12ft. to 15ft. long, from the 
inner lining of a blast-furnace by blasting it away with 


spac 

4ft. apart were burned through the steel jacket. In order 
to permit plugging the holes, short lengths of 3in. threaded 
pipe were electrically welded to the jacket. Holes 5ft. 
deep were then drilled through the brick _s into the 
scab. The holes were enlarged slightly by forcing a lin. 
pipe in and out in the holes, in order to place the dynamite 
charge in as short a time as possible. As the furnace 
hot, he chee SO wets fred eae ee ae 
possible all firing connections were made before 
charges were placed in the holes. The “ scab” 

successfully removed without to the 
beyond the drill holes through the steel jacket and the 
brick lining. 

Cast Irow—In his paper on cast iron and its a 
tion in enginee given recently before the 
of Engineers and Shipbuilders in Seotland, Mr. A. pe 
said: It is only within the last few years that the heat 
treatment of cast iron has been this 
it was gene! rally stated in all text-books that 
annealing cast iron invariably ruined it. It is now } oreo 
knowledge that certain types of cast iron are not 
rated by heat treatment, but consid ved. 
Up to about seven years ago the 


The castings, annealed, quenched in oil or water or tem- 
pered, are finding eattanve applications in many direc- 
tions, such as roller bearings, gears, dies, cylinder, and 
pump liners, &c. 
Metat DEGREASING BY Sone —In the discussion 
of a psiake- tal on the prior to vitreous 
ling by Dr. Rm Hoc poe the Sia testcase of 
Feeeus Enamellers, Mr . E. A. Johnson said that since 
he had used alkaline cleaner in addition to 


the proportion of rejects had been very much than. 
previously. With 35cwt. of a alkaline 
cleaner and 240 gallons of tri "i one could 


operate the number of units required for 
and could reckon on really efficient output. On the 
other hand, he said, by using tri alone, one 
might lose more than £70 worth of materials, due to the 
presence of grease or dirt. The only manner in which he 
had been able to deal with graphite on castings was to 
use, first, an alkaline bath, then trichlorethylene degreas- 
ing, and then a pickling. Dr. Hood, replying to this 
other points, said that where there was an acid Pickling 
directly follo the trichlorethylene d 

van nut Se xperience, to adopt 
cleaning as well as the trichlorethylene process, prs a 
that might be necessary for particular reasons in particular 
works. But a combination of the two methods usually 
gave 100 per cent. results, with considerable economic 
advantage over the use of either method separately. 


a7 





Air and Water. 





SHIPBUILDING IN GERMANY.—German shipyards have 
orders in hand for 246 ships with a total tonnage of 977,230. 
Of these, 80, with a total tonnage of 528,600, are for foreign 
owners, and it is said that many of them are for this 
country. 

New Dry Dock rm Mancavria.—A dry dock with a 
capacity for ships up to 10,000 tons is to be built, at a 
cost of about 5,000,000 yen, for the South Manchuria 
Railway Company. The dock will be at Kanseishi on 
Dairen Bay. 


Crry or Loypow Arkrort.—It was recently stated by 
Mr. F. Rowland that the City of London is negotiating 
for the acquisition of land near Ilford for the construction 
of its airport. The scheme will entail the expenditure of 
about £600,000. 

Atrport Frxrs.—At a recent conference of the Aero- 
drome Owners’ Associstion general approval was given 
to a scheme for the laying down of standard scales of fees 
for the use of aerodromes by commercial aircraft throug!- 
out the country. 

Turkish SHIPBUILDING ProcEamMeE.—It is reported 
Se ae ee eee ae Sa on Sree 
na ipbuilding programme. According to statements, 
orders have been placed for two 8000-ton eruisers, four 
minelayers, four destroyers, and four submarines. 

PoLisH SHIPBUILDING —For the p of ete 
“| unemployment, a four years’ shi eboikiae pehaeinm 


service | has been com in Poland. It vaatoies the matinetion 


of two motor liners of about 10,000 tons, four cargo ships, 


five tramp steamers, and two coastal steamships. 


Rew ur SHIPPING. According to the return issued by 

Chamber of on J. Ist last there were 

121 shi thips with e total tonnage of 212,496 laid up in the 

piete:at the United Kingdom. This represents a decline 
ore? 223,151 tons, as compared with January Ist, 1936. 

Max Scuemse.—The Australian ?rime 

Minister has gp rag he that, except for minor details 

which will * not affect the principle, Great Britain has 

to the Australian air mail It is expected 


New Armcrart Facrory.—Plans have been submitted 
to the Dumbarton Court by Blackburn Aircraft, Ltd., for 
the erection of a new aircraft factory at Dumbarton. It 
will be built on a site known as Barge Park, adjacent to 
the shipyard of William Denny and Brothers, Ltd. The 
works will cover an area of about 800ft. by 360ft. and will 
have a slipway down to the river Clyde. 


luncheon which followed the launch of the coastal sloop 
“ Sheldrake,” Sir John E. Thornycroft announced that 
the North Yard in the Woolston Works of John I. Thorny- 
croft and Co., Ltd., which has been closed for some years, 
is to be ‘This step is being taken in view of the 
number of contracts the firm has on hand and in anticipa- 
tion of further orders. 

AustTraLian Arr Force.—The Australian Government 
has ordered forty “‘ N.A. 16 ”’ maciiines of American type. 
to be built at the new near Port Melbourne. 
Referring to this order, the Minister of Defence recently 
said that the two chief reasons for this choice were that 
American machines were found to be more suitable than 
British to the requirements of the Australian Air Force 
and that the Commonwealth Aireraft Corporation was 
backed by much American capital. 


Suuprixe Losses.—The returns of the Liverpool Under- 
writers’ Association show that during last December, of 
—- ships which were totally lost, three were motor 

aggregating 14,201 tons, and fifteen were steam- 
ships totalling 57,754 tons gross. The partial losses 
numbered 713. The total losses during the whole year of 
1936 comprise 16 motor vessels of 42,527 tons and 131 
steamships of 313,583 tons, compared with 11 motor . 
vessels of 22,094 tons and 100 steamships of 243,379 tons 
in 1935. 

MaRiInE ENGINEERING IN Dunper. —The last remaining 
marine engineering establishment in Dundee, | the Lily- 
bank Foundry, has been closed down. to the 
Journal of Commerce, the foundry was first used to build 
by the firm of Peerce Brothers in 1882, and 


marine 
” | has belonged to the Caledon Shi and ing 
Company, Ltd., since 1896. were built 
in 1932 for the Limerick Steamship *s “‘ Kyle- 
clare.” down of the foundry 


The gyno for the 
are its distance from the and the fact that a 
good deal of the equipment is out of date. 

CiypE ArRo-ENGINE Factory.—According to rts, 
the Scottish Aircraft and Engineering Company, , has 
completed negotiations for the purchase of the Wolseley 
aero-engine business agg Aes the whole of the plant at Bir- 
mingham. Included in the arrangements was an under- 
standing that the whole of the business should be trans- 
have therefore 
decided to build a modern works on the Clyde, where 
skilled labour its can be satisfied without dis- 
turbance of the existing agg balance in the en 
industry. A new company, Clyde Aero Engine Com 
pany Ltd., has been formed: to build the Wolseley range 
of aero-engines from 250 to 500 H.P. 


Port or Lonpon’s Surprinc.—During last year 
pea pase wed net tons of shipping used the Port 
of London, com with 59,762,150 net registered tons 
during 1935. constitutes a record for all time, and 


is an increase of 4 per cent. over the record 
reached in 1935. Last year a large number of newly con- 
structed vessels were put into commission gehen opt 
between London and various parts of the and the 
trade. pea mapas new freight and 
liners were added to 8 shipping 
levies Tie Beard of Teaks's peat mg for 
shipping that used the principal ports of the United 
Kingdom during 1936 are :—London, 62,168,833 net 
registered tons; Live 1, 34,304,609 ; Southampton, 
25,712,142 ; Hull, 11,902,421 ; Manchester, 7,775,720 ; 
and Bristol, 7,321,802 net registered tons. 
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APPARATUS FOR LOCOMOTIVE BOILER GAS ANALYSIS 
(For description see page 155.) 
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FIG. 7—BURNERS, BLOWER AND CONTROL FOR COMBUSTION FURNACE FIG. 8-GROUP OF PRESSURE GAUGES 
FIG. 9-ARRANGEMENT OF SAMPLING PIPES FIG. 10—-GAS ANALYSIS PANEL 
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Pencil Portrait No. 10. 


We give to-day a Peneil Portrait of Sir Robert 
Hadfield, Bt., P.RS., well known as the Chairman of 
Hadfields Ltd., the inventor of manganese steel, a 
metallurgist with an international reputation, and the 
author of many papers and pamphlets on technical 
and historical subjects. 








THE PROGRESS OF REARMAMENT. 


It is probably true to say that no other question 
is so seriously oceupying the public mind at the 
present time as that of the progress which is 
being made with the Government's rearmament 
plan. Most thoughtful people in the country have 
become convinced by the inexorable march of 
events abroad that the surest bulwark against 
war in Europe is a well-armed, united, and resolute 
British commonwealth. It is futile to lay plans 
for the future, based on the happily unmistakable 
evidence of returning prosperity, unless and until 
we can feel reasonably sure that the economic 
structure we propose to build up will not suddenly 
be overthrown and wrecked by a new world 
convulsion. Yet all our undertakings must con- 
tinue to be overshadowed by uncertainty as long 
as the national defences remain incomplete. Little 
more than a year has passed since the Govern- 
ment embarked on its gigantic task of repairing 
the ravages in our sea, air, and land armaments 
caused by prolonged neglect. The Prime Minister 
has explained why he and his colleagues deliberately 
delayed beginning the of rearmament 
until the eleventh hour, despite their full conscious- 
ness of what was happening abroad. We are not 
now concerned with Mr. Baldwin’s explanation. 
The burning question is whether the Government, 
having made a belated start, is utilising wisely 
and to the utmost extent possible the resources 





at its disposal for rebuilding our dilapidated 
defences. Parliament, with the full backing of 
public opinion, is prepared to give the Govem- 
ment what is virtually a blank cheque to cover the 
cost of rearmament. Industrialists throughout 
the country are ready to play their part in the 
great national task, and organised labour is pre- 
pared to co-operate in a patriotic spirit. All this 
is to the good, and given adequate time we may 
hope eventually to witness such a restoration of 
our combatant power as should give pause to any 
would-be breaker of.the peace. But time is the 
very essence of the problem. With world affairs 
iv their present state it is literally true to say that 
every day counts. In these circumstances the 
country would welcome, and, indeed, is entitled 
to have, a positive assurance that the wisest and 
most economic use is being made of the national 
resources, that neither time nor effort is being 
wasted, and, above all, that the whole process 
of rearmament is proceeding on a clear-cut plan 
in which the most urgent requirements of the 
three fighting Services have been decided and 
co-ordinated. 

We must confess that we find no such assurance 
in the speeches made during recent months by 
representatives of the Ministries concerned. Si 
Thomas Inskip, who in his capacity as Minister 
for the Co-ordination of Defence not only bears 
the heaviest burden, but is in the best position to 
know what is going on, has said a good deal without 
telling us very much. While we recognise the 
difficulty, even the danger, of being too outspoken 
on a subject so delicate as that of our readiness 
for war at a given moment, we still feel that 
Ministers would be well advised to take the nation 
more into their confidence. Extreme reticence 
is liable to lull the country into a false security. 
It will certainly not deceive the foreign Powers 
who are most interested in the state of our defences, 
and whose Intelligence agents are, no doubt, 
constantly endeavouring to pry behind the curtain 
of official secrecy with varying degrees of success. 
Rightly or wrongly, albeit very naturally, the 
average citizen is most interested in the ‘growth 
of the Royal Air Force and the correlated system 
of ground anti-aircraft defence. Realising that 
his own home will be liable to bombardment m 
the event of war, he is justified in asking what 
steps are being taken to ward off, or at least to 
minimise, this very real danger. It is, in our view, 
pure nonsense to argue that Britain’s power to 
retaliate with equal weight in the event of air 
raids on this country would not constitute a 
real deterrent to this form of aggression. The 
argument implies that Continental populations 
are less likely than our own people to be intimidated 
by air attack—in other words, that they have 
stronger nerves and greater courage. This libel 
on the British people is flatly disproved by the 
experiences of twenty years ago. When, after 
culpable hesitation and delay by the higher com- 
mand, the British Air Force began to strike back 
at the Rhineland cities, partly for military reasons 
and partly as a reprisal for the indiscriminate 
raids on this country, the effects were dramatic 
and far-reaching. In every Rhenish munitions 
factory the curve of production descended steeply ; 
numerous anti-aircraft units were hurriedly with- 
drawn from the Western front, and even in the 
strictly censored German Press the magnitude 
of the popular outery was plainly reflected. We 
are convinced, therefore, that the possession of a 
fleet of air bombers, as numerous and efficient as 
those of any potential foe, would be the surest 
safeguard against that form of warfare which the 
civil population has been encouraged most to 
dread, especially if the world were told plainly 
that no false sentimentalism would be allowed 
to check the ruthless employment of the British 
Air Force as an instrument of retaliation. The 
two Services which are making the heaviest 
demands on industry are, of course, the Navy 
and the Air Force. That being so, has the Govern- 
ment decided which is to have priority over the 
other, and is that decision being loyally observed 
by the respective parties? These are not idle 
questions. It is common knowledge that in 
one important respect the two Services named 
are working independently. The Navy, being 
seriously short of artificers, is doing its utmost to 
attract. new entries, on whom the. Air Force has 
rival claims. It seems to us wrong that there 
should be this inter Service competition in the 
sphere of man-power. Again, there is the question 
of the future control of the Fleet Air Arm. While 
we are not satisfied that the Admiralty has 
established its case for independent adminisira- 
tion, the present system under. which aircraft 





are controlled by the Admiralty when afloat and 
by the Air Ministry when ashore is too Gilbertian 
to command respect. The provision of new 
machines and equipment for the Fleet Air Arm 
entails prolonged and time-wasting negotiations 
between the two Departments, and, finally, it 
is notorious that young naval officers are loth to 
volunteer for service in a branch which is hedged 
about with incredible anomalies of rank and 
seniority. Be the reasons what they may, the 
backward state of British naval aviation is only 
too obvious. [It is officially stated that the Fleet 
Air Arm now comprises a total of 217 first-line 
machines, as compared with more than 1000 in 
the American naval air service and 800 in the 
Japanese. Turning to the broader aspect of air 
defence, there are persistent rumours of delay in 
the production of engines and other material, 
rumours which have not been definitely denied. 
There is, we fear, no doubt that the air rearmament 
programme is already behind schedule, and in 
our judgment the national interest would be 
served best by a reasonably frank Government 
statement on the actual position. 

Practically all the trades affected by the 
armaments programme report a dearth of skilled 


Sir | labour, and unless adequate measures are being 


taken to make good the deficit the entire pro- 
gramme must inevitably be delayed. An official 
announcement on those measures should be made 
in Parliament, where, if found wanting, they 
could be subjected to constructive criticism. 
It cannot be too strongly emphasised that rearma- 
mept is not the concern of the Government 
alone, but of the whole nation. Meanwhile, the 
country is anxious to learn what progress, if any. 
has been achieved in co-ordinating the three 
Services with regard both to strategy and supply. 
The information which reaches us on this point 
is not reassuring. In the White Paper on the 
vulnerability of capital ships to air attack, circu- 
lated last November, there were disturbing hints 
that the Naval and Air staffs are, or were until 
recently, still wotking in water-tight compart- 
ments. THE ENGINEER has consistently supported 
the Admiralty’s view that capital ships are 
necessary, but we ourselves should welcome 
evidence that the senior officers of the Navy 
appreciate the modifications in national defence 
strategy which must, nolens volens, be made in 
consequence of the threat of air attack. Plans are 
reported to be in train for organising a new battle 
fleet for the Pacific when the Singapore base is 
ready, and there are other indications of a tendency 
to make naval strength the chief objective of 
rearmament. That the rebuilding of the Fleet is 
imperatively necessary we do not dispute; but 
we maintain that a one-Power standard of air 
strength is equally essential for national security. 
Should it be discovered that the expansion of the 
Air Force is being hampered in any way by the 
overriding claims of an. older service, public 
opinion will protest in the strongest terms. It 
was mainly with a view to the elimination of 
inter-Service competition for the ‘loaves and 
fishes ’’ of popular favour that a Minister for the 
Co-ordination of Defence was appointed. The 
country awaits an account of his stewardship with 
interest, not wholly free from misgiving. 


The Forty Hours’ Week in France. 


Hap there been any practical possibility of 
unifying the hours of labour to a maximum of 
forty a week it might have been accomplished 
already through the International Labour Bureau 
at Geneva, which has worked strenuously to 
bring about that reform. The reasoned objec- 
tions of employers to a universal application 
of the forty hours’ week, and the refusal of most 
Governments to entertain it, appeared to have 
settled the fate of a proposal that bristles with 
difficulties It had been supported at Geneva 
by the French Government, subject to its being 
adopted by other countries. Now the French 
Popular Front Government is putting the short 
working week into operation as part of the Socialist 
labour programme, and, for the first time, we are 
in the presence of difficulties actually encountered 
in carrying out the reform, and can observe the 
effect it is likely to have on the country’s industrial 
future. The only reasons offered for the general 
application of the reform are that it will provide 
men with more leisure and will remove unemploy- 
ment. The men would never have clamoured 
for the forty hours’ week if they were not assured 
of the same total amount of pay as they received 
for forty-eight hours. Nor would they have been 
particularly concerned with obtaining a five days’ 
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working week if they were interested in their 
occupation. It may be noted that the agitation 
originated in factories where specialised labour 
and machine hands are always engaged on par- 
ticular jobs, and are usually incapable of doing 
anything else. Monotony and lack of interest 
may lie at the bottom of the movement. As 
nothing can be done in France without legislation, 
laws intended to satisfy a certain class of workers 
must apply to all classes, with the result that in 
the engineering and metallurgical industries, as 
in all other trades and occupations, the law is 
being enforced on medium and small makers 
who constitute the vast majority and provide 
employment for a far greater aggregate number 
of hands than those firms whose mass production 
methods brought into industry a new class of 
workers with a new mentality. 

If the opportuneness of a law can be judged 
by the facility with which it is put into opera- 
tion the “forty hours” law in France must 
be regarded as amongst the least desirable. 
A commission was appointed to examine 
objections brought against the Jaw by differ- 
ent industries, not one of which approved of it, 
and in every case claims were made for partial 
exemption and for a gradual application of the 
measure in order to enable employers to adapt 
themselves to the new conditions of working. 
Concessions made to them are small and wholly 
inadequate. The law has already been imposed 
on a number of industries, including mining, 
building, and engineering. It has been in opera- 
tion in mines for three months, and in other 
industries since the beginning of the year. After 
so short an experience it is hardly possible to 
pass judgment on the new measure, but so far as 
it has gone the results are significant. The chief 
claim for the short week was that it would provide 
a remedy for unemployment, as if unemployment 
were @ permaneft problem and would not dis- 
appear under normal conditions of industrial 
activity. The number of men without work in 
France is stated to be about’ 400,000, a large 
proportion of whom deserted rural occupations 
to find employment in factories as specialised 
labourers. In the engineering and iron and steel 
trades there is a shortage of skilled hands, which 
it has not been possible to make good from the 
ranks of the unemployed. The number of men 
recuperated is extremely small. Unemployed 
men were sent to the mines and quarries, but very 
few of them remained there. The short week has 
done little for the unemployed, who have 
generally no particular trade. It has complicated 
the problem of skilled labour and lessened pro- 
duction, which has declined not only in consequence 
of the fewer hours worked, but also of a diminished 
efficiency arising cut of a psychological change 
in the men’s attitude towards their work. The 
social change is profound. Evidences of a con- 
traction of national production are causing grave 
concern in France. Among the smaller makers 
the situation is precarious. The great majority 
of them have not the facilities for employing 
more men, and their production is consequently 
reduced and the cost increased by the 20 per cent. 
advance in wages represented by the forty hours’ 
week without reduction of pay. This affects 
quality production in which wages are the great 
item in costs. Hence, the result of the forty 
hours’ week has been to lessen production and 
increase costs and prices, and thereby place 
manufacturers at a disadvantage as compared 
with those in other countries. The general secre- 
tary of the Confédération Générale du Travail 
replied to the obviously safe prediction that the 
short week would put France in a state of industrial 
inferiority, by ing that workers elsewhere 
would necessarily follow the lead given to them. 
If the French experience has so far proved any- 
thing it is the improbability of the lead being taken 
by other countries. It has shown the difficulty 
and danger of enforcing a low maximum number 
of working hours under all industrial ‘conditions, 
and to the serious economic drawbacks inherent 
to such compulsion in one country are added wide 
variations of living standards amongst different 
nations, as well as the refusal of some of them to 
limit working hours at a particularly disquieting 
time like the present. 

One of the most striking anomalies of the forty 
hours’ week is its application to the French 
railways, which took effect on January 25th. 
As the railways are worked under concessions 
from the State, the companies are unable to 
resist State pressure whenever it may appear 
detrimental to the interests of the railways as 
well as of the country. Consequently, they gave 





way after obtaining some concession in the dis- 
tribution of hours to provide for fluctuations of 
sexvice requirements. Owing to the great variety 
of services the nature of work and the impossibility 
of taking some men off their jobs when they have 
completed the number of hours fixed by law, an 
extremely intricate system of working has been 
devised to insure that no man exceeds an 
average of forty hours a week, and the task of 
adjusting the work and straightening out difficulties 
devolves upon a central and a regional committee, 
each composed of four representatives, two 
appointed by the railway companies and two by 
the men. The whole complicated arrangement 
is detailed in a dozen fairly large size pages of the 


French official journal. The wonder is how it 
can work. This reduction in the hours of railway- 
men will necessarily have the effect of increasing 
the number of men employed, the additional 
minimum number being estimated at 60,000, and 
the extra cost will fall upon the country, which 
has to bear the load of the railway deficit. Some 
employers fear that they ee suffer from a deple- 
tion of their own men, such as happened when 
private firms found their skilled hands migrating 
to the State arsenals and factories. One thing 
certain is that the forty hours’ week and other 
social measures are forcing upon employers an 
economy of labour by a new reorganisation of 





production. 








Electricity Supply 


in Great Britain. 


——___—@——————— 


REPORT on the supply of electricity in Great 
Britain has recently been issued by the organisa- 

tion known ‘as P.E.P. (Political and Economic 
Planning), of 16, Queen Anne’s-gate, London, 8.W.1. 
It. contains a survey of present-day problems of the 
industry, with posals for reorganisation of elec- 
tricity distribution, and it is the result of more than 
two years’ investigation. Specialists in different 
aspects of the electricity supply problem were invited 
to survey it from their various angles and to present 
an agreed view of the industry as its stands, together 
with pro) for future development. 
As the report is the result of a study of the 
distribution side of business, the findings set 
forth in the McGowan report are naturally 


included, as well as the proposals put forward by | pro 


‘“* P.E.P,” which constitute one of the most interest- 
ing features of the publication. 

To a large extent the conclusions and proposals of 
the McGowan Committee on Electricity Distribution 
coincide with the P.E.P. view. Both reject national- 
isation as a solution of the problem at the present 
stage and prefer to proceed by the method of overhaul 
and consolidation and more efficient grouping of 
existing undertakings on a regional basis. The 
McGowan Committee, accepting as a principle that 
larger undertakings are the remedy for present dis- 
tribution difficulties, contemplates schemes of 
amalgamation under which the larger undertakings 
would absorb the smaller undertakings having sales 
under ten million units per annum. The P.E.P., on 
the other hand, suggests that the first step should be 
to find the relative efficiencies of different under- 
takings. It may happen, the report states, that an 
undertaking of moderate size may be found to be 
highly efficient and a very large neighbouring under- 
taking relatively inefficient. The usual tendency in 
any amalgamation is for the larger and more powerful 
unit to dominate the new combine, but size alone, it is 
argued, should not create the right to control manage- 
ment and operation or the right to determine stan- 
dards and methods or development policy. 

While the McGowan Committee would make com- 
pulsory the absorption of all undertakings selling less 
than ten million units a year, the P.E.P. does not 
advocate the setting of any limit, which must in the 
nature of the case be entirely arbitrary. As a matter 
of convenience in minimising inquiries and appeals, the 
proposal to apply a ten million units limit may have" 
practical advantages, but P.E.P. does not accept 
it as a basis for reorganisation itself, and challenges the 
assumption that all undertakings selling less than this 
quantity of units are necessarily inefficient as self- 
contained members of the electricity supply system. 
It may be found necessary, the P.E.P. report states, 
to split up over-large undertakings into smaller, more 
compact, and more efficient units. 

As long as supply undertakings adopt the policy of 
limiting service to areas which afford an immediate 
profitable return on capital expenditure involved, 
without reference to the yield from operation in 
contiguous areas or the yield from the entire area of 
the undertaking, the possibility of realising higher 
efficiencies and more complete development of elec- 
tricity through amalgamation or fusion of under- 
takings or areas will remain illusory. In the opinion 
of those who were responsible for P.E.P. report, 


ings may be either too small or too large for | pani 


efficient operation. The limits at either end of the 
scale are at present unknown, but it is evident that 
large-scale undertakings have both advantages and 
disadvantages, and full examination of the latter and 
their causes is desirable in planning to set up new units 
if operating inefficiencies are to be avoided. 
Differences of opinion also exist on the part of 
the two parties concerned with regard to the best 
method of promoting development. In both 
cases it is proposed to strengthen the existing 
powers of the Electricity Commissioners, The 
McGowan Committee contemplates a very large 
amplification of their functions, but the P.E.P. 
would distinguish between (a) regulatory and judicial 
functions appropriate to the Commission with certain 





increased powers, and (6) promotional and construc- 
tional functions to be exercised by a new body, the 
‘** Electrical Development Authority.” If all the 
proposals of the MeGowan Committee with regard to 
the Commission were adopted it would be necessary 
that the status, constitution, and organisation of that 
body should be recast in a new mould. The MeGowan 
proposals would convert a judicial body into a body 
partly judicial and partly executive, which is con- 
sidered to be unsound. If notwithstanding it is 
adopted, the Commission should be removed from 
the present restrictions of Treasury control and be 
given the flexibility and managerial freedom possesse«! 
by the C.E.B. 

An Electrical Development Authority, such as that 
posed, would, it is believed, strengthen present 
development activities and enable long period 
planned development policies to be devised and their 
liabilities and initial burdens,to be spread. The 
proposed body would have the advantages of national 
status and would cover a full range of activities in 
furthering the interests of the electricity supply . 
industry through research. publicity, economic and 
marketing studies, and the testing and approving of 
consumers’ equipments. 

In accordance with the McGowan Committee’s 
recommendations for dealing with power com- 
panies, those companies are most likely to 
be retained under area schemes and be con- 
solidated by amalgamation of distribution under- 
takings with the power company. After the transfer 
to power companies of small undertakings in the 
Power Act area, the consolidated power company 
resulting is to be subject to certain measures of 
financial control. It is contemplated that power 
companies should absorb the small local authority 

ings within their areas and remain as power 
companies for not more than fifty years, but while 
it is true that there are in certain parts of the country 
very small local authority undertakings lacking capital 
for development, this proposal, the P.E.P. report 
points out, raises an important issue. If a private 
enterprise, operating in the field of public utility 
service, is to have powers to take over local authority 
undertakings, to what extent does public interest 
require that this process of absorption should result 
in the formation of a public or semi-public body ? 

The small number of twelve holding companies 
controls 166 supply undertakings, representing £74-4 
millions of capital, and serving more than 1-25 
million consumers, with a total of 2232 million 
units sold. In the light of this concentration 
of control, P.E.P. holds that these finance 
companies are inadequately supervised in view 
of their economic weight and their possibilities 
of abuse. The McGowan Committee proposes 
that (1) accounts of holding companies control- 
ling operating companies should be subject to 
official audit, and that (2) at inquiries on maximum 
prices of a subsidiary,-account is to be taken of the 
profits of the holding company in dealings with this 
subsidiary. 

A more strict and detailed control is advocated 
by P.E.P., details of which are given in another 
section of the Report. Some of the recommendations 
are that there should be compulsory publication of 
details regarding financial operations of holding com- 
ies. The accounts of holding companies should be 
audited by auditors appointed by the Commissioners. 
Exchange between one ary twp and another of shares 
which are not represented by productive assets and 
equivalent value should be prohibited, the deter- 
mination of this value being left in the hands of the 
Electricity Commission. The issue of capital by 
holding companies without the specific approval of 
the Electricity Commission should be prohibited. 
The operating ies controlled by a holding 
company should prepare rate financial statements 
subject to examination by Government auditors 
appointed by the Electricity Commission. 

e McGowan Committee proposes two different 
bases for the purchase of the two types of under- 
takings, local authority and company. In the case 
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of the former the basis is to be the fair value of assets, 
i.¢., cost less depreciation, no addition being made in 
respect of contributions from the rates in the previous 
years or the expectation of future contributions to 
the rates ; in the case of the latter, the basis is to be 
the fair value of the assets with the addition of com- 
pensation for loss of profits, i.e., for goodwill. The 
effect of these proposals is shown to be two-fold. 
They give the private undertaking an advantage over 
the local authority in the basis of compensation per- 
missible and they suggest that the cheaper way of 
carrying out amalgamations is to buy local authority 
undertakings in preference to the privately owned 
undertakings. 

Compensation of the nature involved presupposes 
sound and public spirited financial policies, for the 
test of efficient public service is not the amount of 
profits made. If the theory of compensation in pro- 
portion to profits lost were followed to its logical 
conclusion, then those companies which have been 
‘ profiteering” at the expense of the public would 
receive compensation in proportion to the success of 
their exploitation policy. While the Committee 
requires certain limitations on future profits to be 
taken into account, P.E.P. regards the proposals 
as too liberal. As a minimum, it considers that 
both the cost and book value of the physical assets 
and the determination of the amount of past and pros- 
pective profits should be closely investigated by 
independent accountants, particular care being taken 
to eliminate any inflation of either. 

The McGowan Report suggests that local authorities 
should assist a local supply undertaking in cirewm- 
stances where uneconomic returns are obtained from 
an extension into rural zones. The Report states 
that “where the amount of revenue to be obtained 
from an extension is insufficient to show an economic 
return, we have come to the conclusion that there 
might in certain cases be ground for authorising the 
local authority concerned to associate themselves 
with a guarantee of revenue to bring it up to a reason- 
able level.’’ For this purpose they should, if called 
upon to implement such guarantee, be entitled to 
charge it to the rates of the particular area con- 
cerned. P.E.P. suggests, however, that as far as the 
principle of local authority assistance is concerned, 
instead of obtaining a guarantee of revenue from the 
authority it would be preferable to grant direct relief 
of rates for a limited period. The local authority is 
responsible for rating the property of a supply under- 
taking and since many extensions into rural areas 
do not pay for the first three or even five years, 
exemption from rates for those numbers of years 
would be a valuable help. This form of assistance at 
the beginning of an extension has the advantage of 
removing a charge on revenue initially with favour 
able reactions on the level of tariff which may be set. 

The report, which is published at 6s. net in paper 
boards and 8s. 6d. net cloth bound, covers many other 
aspects of the electricity supply problem. It is 
composed of 171 pages, and contains many tables of 
statistics of interest to those associated in one way or 
another with the electricity supply business. 








New Year Honours. 


In the official] list of New Year Honours bestowed 
by the King, which was published on Monday, 
February Ist, the following names appear :—Lord 
Greenwood, the chairman of Dorman, Long and Co., 
Ltd., becomes a Viscount in recognition of his public 
services; Sir Harry McGowan, the chairman of 
Imperial Chemical Industries, Ltd., becomes a 
Baron ; and Sir Percy Malcolm Stewart, lately Com- 
missioner for the Special Areas of England and Wales, 
a Baronet. Knighthoods are conferred upon Mr. 
John Arthur Aiton, of Aiton and Co., Ltd., Derby ; 
and Mr. Amos Lowery Ayre, a Past-President of the 
National Confederation of Employers’ Organisations ; 
Provost William Biggart Lang, President of the 
Machine Tool Trades Association; and _ Lieut.- 
Colonel Albert George Lee, the Engineer-in-Chief, 
Engineering Department, General Post Office. In 
the Order of the Bath, Engineer Rear-Admiral 
Edward Leopold Dyke Acland is made a C.B., 
Military Division; and like honours are bestowed 
upon Major-General Dudley Stewart Collins, Director 
of Fortifications and Works, the War Office, and Major- 
General Herbert Stuart. Gaskell, Engineer-in-Chief, 
Headquarters Staff, India ; while in the Civil Division 
Mr. Henry Thomas Tizard, F.R.S., Rector of the 
Imperial College of Science and Technology, is made 
K.C.B.; and the C.B. is conferred upon Mr. Stanley 
Vernon Goodall (Director of Naval Construction, The 
Admiralty), Mr. Arthur Henry Hall (Chief Superin- 
tendent of the Royal Aircraft Establishment, Farn- 
borough), Mr. Frederick Charles Cook, M. Inst. C.E. 
(Chief Engineer, Roads Department, Ministry of 
Transport), and Mr. Frank Mark Lindley (Comp- 
troller-General of Patents, Designs, and Trade Marks, 
and Comptroller of the Industrial Property Depart- 
ment, Board of Trade)., In the Order of the British 
Empire, the Hon. Herbert: Sidney Hudd, Commis- 
sioner of Public Works, Minister of Railways and 
Minister of Marine, Southern Australia, is made 
K.B.E. The C.S.I. of the Order of the Star of India 
is conferred upon Mr. ‘Frederick Anderson, Chief 
Engineer, Irrigation Branch, United Provinces, and 








Mr. Thomas Bailey Tate, Chief Engineer, Irrigation 
Branch, Punjab ; while Mr. David Penman, M.I.M.E., 
Chief Inspector of Mines in Itidia, is awarded th 

C.LE. Further honours in the Order of the Britis 

Empire include the C.B.E., Civil Division, conferred 
upon Mr. Clement Gillman, Chief Engineer of Rail- 
ways, Tanganyika Territory; Mr. Arthur Edward 
Hamp, M. Inst. C.E., Chief Engineer, Kenya and 
Uganda Railways and Harbours; and Mr. Henry 
Angley Lewis-Dale, M. Inst..C.E., M.I. Mech. E., 
Deputy Director of Works and Buildings, the Air 
Ministry. 








Literature. 


Elements of Practical Aerodynamics. By Professor 
BrapLey Jones. New York: John Wiley and 
Sons. 1936. Price 12s, 6d. 


In the preface to this book Professor Bradley Jones 
says that it was written as a textbook for use in the 
classroom and is different in character from a reference 
book for practising engineers. Amongst the primary 
considerations for a textbook are conciseness and 
simplicity, and Professor Jones’s work is good, when 
judged from this standpoint. Moreover, it is 
pleasantly written and will stimulate interest in the 
student to go on to advanced treatises on the subject. 
However, many books which are written primarily 
as textbooks are also useful for reference or for giving 
introductions to scientists and engineers not engaged 
in the particular type of work with which the books 
deal; the volumes on mechanics by the late Sir 
Horace Lamb are examples. But, as Professor Jones 
does not claim this as one of his objects, it is sufficient 
to note in passing that his book will not serve such a 
dual purpose, as many of the statements in it are 
loose and might mislead a hasty reader. 

The book covers the whole field of aerodynamics, 
including, in addition to the usual contents, intro- 
ductory chapters on instruments, meteorology, and 
aerostatics. Large numbers of elementary examples 
for working in the classroom are given and should be 
useful to lecturers ; the majority of these examples 
involve only the substitution of numerical values 
in formule given previously in the text and the addi- 
tion of a few of greater difficulty would have been an 
improvement. 

Turning now to a more detailed examination of the 
contents, there are many points to criticise. The 
paragraph and diagrams on pages 26-28 illustrating 
the air flow and forces on an aerofoil suggest that 
some particles of air hit the surface with a bang, giving 
a positive pressure, while others move along the 
surface, producing a suction, instead of presenting a 
correct picture of the whole field of flow, from which, 
in conjunction with Bernoulli’s equation, the character 
of the lift force may be deduced; this conception 
that the field of flow is divisible into independent 
sections runs through the book. The chapter on 
aerofoils starts with experimental results for aerofoils 
of aspect ratio 6 and formule are given for the effect of 
changing to other ratios, including infinity; if, 
however, it were pointed out that the flow round a 
wing is three-dimensional, and it was therefore easier 
to consider first the aerofoil in two-dimensional flow, 
and then turn to the more difficult problem, a much 
clearer conception of the relations between the forces 
and the air flow would result. In the section on 
induced drag it is stated : ‘‘ It has been proved mathe- 
matically that the downward momentum in unit time 
is equal to one-half the lift,” which statement is 
apparently at variance with Newton’s second law. 
It gives the right answer, but it must be very con- 
fusing to the student, who is not told that half the 
downwash is communicated ahead of the aerofoil and 
half behind. Again, on page 160, it is stated : “‘ The 
drag of an aeroplane in level flight at any one air 
speed varies directly with air density’’; this is 
wrong, since the induced drag is inversely propor- 
tional to the density. There are other misstatements 
such as these, but sufficient examples have been given 
to indicate the risks which may be run if this book is 
used as a guide, instead of as an introduction and 
incentive to further reading. 


SHORT NOTICES. 


Small Four-stroke Aero-engines. By C. F. Caunter. 
London: Sir Isaac Pitman and Sons, Ltd. Price 6s.— 
This book, one of the Aeronautical Engineering Series 
forms a companion volume to “ Light Aero-engines and 
Small Two-stroke Aero-engines’’ by the same author. 
An excellent review of what is being done in a field of 
engineering which, if by no means new, has only recently 
been considerably revived is presented, and the author 
is to be commended on having made the review exceedingly 
comprehensive, very few engines within his range having 
been left out. The description of the various types and 
of individual units is detailed, and especially commendable 
is the appendix giving particulars of the engines in tabular 
form, The book has presumably been written largely as a 
guide to the potential buyer of a light aeroplane, since 
for this purpose it is most suitable. As a guide to the 
novice in the care and maintenance of aero-engines, 
whatever their horse-power output may be, the chapters 
on the subject are scarcely comprehensive enough, and 
that on the methods of carrying out overhauls scarcely 
does more than mention the items needing attention. 
As a guide to the ground engineer of an aerodrome in 





the differences of procedure necessary with the small 
engines as distinct from the more normal type, the 
information provided seems somewhat elementary, and 
instfficient detail.as to stresses, temperatures, and life 
of , is given. The book should prove a reliable 

to possible purchasers, and since the author pre- 
sumes that they will have a good mechanical knowledge 
of car maintenance, should help them to know when to 
consult the ground engineer. 





Printing Metals, London: Fry's Metal Foundries, 
Ltd., Tandem Works, S.W.19. Price not given.—The 
number of people interested in the subject of printing 
metals is comewhat limited, and a great demand for this 
little bools cannot be expected. This fact has not deterred 
its producers in the least, for they have obviously taken a 
great dea] of trouble in compiling an interesting and useful 
treatise on type metals. With its wide experience extend- 
ing over so many years, this company is well qualified 
to write authoritatively upon the subject, and the book 
will be of much assistance to students and is full of 
valuable information to all concerned with type founding. 
Opening with a brief historical sketch it then summarises 
the physical requirements and properties of printing 
metals, and discusses the lead antimony-tin alloys. The 
main part of the book comprises a chapter on the constitu- 
tion and physical structure of printing metals in which 
their metallurgy is dealt with in a somewhat advanced 
and yet not too scientific manner. This section contains 
a number of diagrams, and concludes with fifteen excellent 
micro structure photographs of typical printing metals. 
Then come a number of brief chapters on various printing 
metals, their qualities, melting, &c. The contents of 
these latter chapters will not be unfamiliar to most of 
the older men connected with type founding, but they 
will be of much use to many of the younger men. 





Manual of Power Transmission. Edited by E. L. 
Parry, F.R.S.A. London: Trade and Technical Press, 
Ltd., 65, Chancery-lane, E.C.4. Price 12s. 6d. net.— 
This book has been produced under the supervision of 
the Editor of Power Transmission, and is the outcome of 
the research work and accumulated experience of the 
technical staff of that journal. It is, so far as we know, the 
only book of its kind published in this country which 
goes so completely into the subject of power transmission 
in all its forms. Divided into separate sections, it deals 
with bearings, beltings and belt jointing, chain drives, 
compressed air, couplings and clutches, gears, hydraulics, 
pulleys, rope drives, shafting, V belts and ropes, and 
concludes with a miscellaneous section containing useful 
information and tables. In view of the great increase in 
the use of fractional H.P. motors, we are rather surprised 
that no attention is paid to small belting, gut bands, 
helical spring bands, and similar products. To enable 
information to be quickly and easily traced the beginning 
of each section is indicated by a glazed tab. The book 
has been prepared by experts who have dealt with the 
subjects in a concise, practical manner, and it will be 
found very useful by all engineers concerned with power 
transmission. 
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The Pianning of Modern Buildings : No. 1, Town Hails. 
By A. Calveley Cotton, A.R.I.B.A, London: Archi- 
tectural Press, 9, Queen Anne’s-gate, S.W.1. Price 6s. net. 

Inspection of Aircraft After Overhaul, “ B” Licence. 
Third edition. By S. J. Norton. London: Sir Isaac 
Pitman and Sons, Ltd., Parker-street, W.C.2. Price 
3s. 6d. net. 

Qutdoor High-Voltage Switchgear. By R. W. Todd, 
A.M.I.E.E., and W. H. Thompson, A.M.I.E.E. London : 
Sir Isaac Pitman and Sons, Ltd., Parker-street, W.C.2. 
Price 42s. net. 

Airplane and Engine Maintenance for the Airplane 
Mechanic. By D. J. Brimm, B.A., and H. E. Boggess. 
London: Sir Isaac Pitman and Sons, Ltd., Parker-street; 
W.C.2. Price 7s. 6d. net. 








By H. F. P. 
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Tue Western Etecrric MrrropHonic System.—On 
Monday, February Ist, the Western Electric Company, 
Ltd., gave a demonstration of its new Mirrophonic system 
of sound reproduction for talking films. In this system 
new amplifiers of advanced design are incorporated and 
the new “‘ Di-phonic ” loudspeaker system, which employs 
a cellular horn and low-frequency unit, is used. A new 
device, known as the “‘ Harmonic Suppressor,” is used to 
maintain automatically the amplifier at constant quality, 
free from distortion, over an extensive range. The 
** Di-phonic ” loudspeaker is a two-way loudspeaker com- 
bination, which employs a low-frequency combination of 
baffle and dynamic speakers of the cone type for reproduc- 
tion of frequencies bélow 300 cycles, and a multi-cellular 
horn system with dynamic*units for the reproduction of 
frequencies over 300 cycles. At the demonstration, 
excerpts from a number of standard films were shown and 
we were impressed by the excellence and truth of repro- 
duction. 
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Letters to 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


—_—_-_—_- > ----—---- 


RAILWAY ELECTRIFICATION. 


Sre,—After an unavoidable delay may I be permitted 
to reply as briefly as possible to some of the points raised 
by your correspondents Messrs. Rettie, Johnston, and 
“* Selec,” whose letters appeared in the later December 
issues of THE ENGINEER criticising my comments upon 
the question of suburban railway electrification in Britain. 
In the first place, the table given by Mr. Johnston showing 
the haulage costs per train mile of the Southern steam 
and electric trains is not a fair comparison because of 
the total cost of electric traction some 65 per cent. repre- 
sents capital charges, whilst running costs account for 
only 35 per cent. With steam traction, on the other 
hand, the figures are 90 per cent. running costs and 10 per 
cent. capital charges. ingly, when an adjustment 
is made on this basis (as it should be) the figures adduced 
by Mr. Johnston become 31-6d. for electric trains and 
27-5d. for steam trains. Furthermore, Mr. Johnston’s 
estimate of economy over steam services of like frequency 
is entirely conjectural in the case of the Southern, because 
(a) the railway has never published any true “net” 
figures of electrical working and apparently does not 
know within wide limits what these are, and (b) the sum 
of £16,000,000 stated to have been spent on electrification 
is exclusive of very large outlays incurred in carrying 
out signalling improvements, alterations to track lay-out, 
and station rebuilding, all of which have rendered the 
operation of intensive passenger services possible, and 
which should legitimately be regarded as part and parcel 
of the electrification scheme. Again, if the savings are 
of the magnitude Mr. Johnston and others would have 
us believe, how is the extreme reluctance of the L.N.E.R. 
to proceed with the electrification of the old Great Eastern 
suburban lines out of Liverpool-street to be explained ? 
We have Mr. William Whitelaw’s statement to the effect 
that the company saw no likelihood of an adequate return 
from the conversion of these routes and it was only after 
the granting of what in effect was a Government subsidy 
that it was decided to proceed with the electrification 
of a portion of the suburban system at enormous cost. 

Your correspondent’s views are certainly not borne 
out in the case of the Manchester, South Junction and 
Altrincham line, a small “joint” und serving 
certain South Manchester suburbs which was electrified 
in 1930. 

The net receipts during the last year of steam operation 
were £69,768, and after four years of electric traction 
amounted in 1934 to only £58,614, although in the mean- 
time the train service had been intensified by 50 per cent. 
and the number of passengers carried had risen by 36 per 
cent. due to extensive building schemes in the South 
Manchester district. 

Admittedly, the net figures contain items not incidental 
to electric traction, and also the goods traffic receipts 
fell by £8000 during the above period; but after taking 
these factors into consideration the financial results are 
not such as to warrant the conversion being termed beyond 
doubt an unqualified success. Certain it is that nothing 
like a 10 per cent. return on the electrification capital 
(£500,000) has been obtained. I quite agree with “‘ Selec ” 
that the Southern steam services were no worse than 
many provided by other railways, but I feel it necessary 
to point out that they were exceedingly inferior to many 
steam suburban services operating to-day in the London 
area. 

I refer in particular to the trains provided by the 
Great Western and on certain routes of the L.N.E.R., 
which, as regards comfort, rapidity of acceleration, and 
smoothness of riding are equal to any provided by the 
Southern. It is futile to argue that in these cases no 
increase in the number of passengers carried has taken 
place comparable with the electric services in South 
London, or that passengers will not travel by them because 
they are hauled by steam locomotives. 

Mr. Johnston seeks to explain away the case I gave 
in my last communication of Welwyn Garden City traffic, 
but I can assure him that the figures are only typical of 
what is taking place generally when steam services are 
modernised. It is quite possible to provide a satisfactory 
intensive steam service of trains, but it is also equally 
impossible to obtain results if methods of operating are 
not up to date, and it is unfortunately true that many 
are not, though this fact does not prove that electrification 
is the sole remedy. 

Let us consider the case of the Brighton electrification 
again for a moment. 

The express trains take exactly the same time for the 
journey between London and Brighton as did the steam 
trains, whilst some of the electric stopping trains take 
even longer, the riding is much less smooth owing to 
the uneven distribution of weight, and on winter days 
the coaches are like refrigerators. 

The only advantage is that under conditions of electrical 
working twice the number of trains have been provided. 
Are we seriously expected to believe that if a similar 
even-interval intensive service of steam trains had been 
provided there would not have been a similar increase 
in the number of passengers carried ? It must also be 
remembered that concurrently with the electrification 
of the Brighton line exceptionally cheap tickets became 
available to induce persons to travel during “‘ off-peak ” 
hours which facilities were non-existent under steam 





traction. The superior accelerative powers of multiple- 
unit trains is often brought forward as a trump card, 
but again I strongly suspect that this aspect has been 
more than done to death by electrical protagonists. 

Some few years ago the Tyneside electric lines were 
operated one Sunday by steam trains to allow of altera- 
tions being made to a bridge between Central and Manors 
stations. The steam trains were hauled by a very ineffi- 
cient type of 4-4-4 three-cylinder side-tank locomotive, 
probably the most sluggish engines which could have been 
chosen for the work, and they were allowed eight minutes 
extra to complete the circular journey from Newcastle 
Central to Tynemouth and back. I was fortunately able 
to clock a run round the circuit and found that the net 
time was within one minute of that taken by the electric 
trains, and it was necessary to wait five minutes in Whitley 
Bay and three minutes in Monkseaton station to adhere 
to the schedule. 

When the same thing occurred a few months ago during 
the week, the steam trains worked to the electrie schedule, 
and many passengers commented favourably upon the 
comfort of the steam-heated coaches, the weather at 
that time being cold and wet. It must also be noted that 
when a line is electrified the quickest acting brakes are 
used, roller bearings in many cases are employed, and 
every effort is made to keep down the tare weight of the 
coaches. These factors evidently do not oceasion any 
anxiety when steam trains are operated. 

I would recommend Mr. Johnston and “ Selec” when 
next they are in Paris to make a journey on the steam 
suburban push-and-pull trains of the Eastern Railway, 
when I think they will realise more adequately what it is 
possible to do by means of steam and how far short many of 
the steam suburban lines of this country are in this 
respect. 

Before concluding this somewhat lengthy communica- 
tion may I refer to Mr. Johnston’s criticism of my sugges- 
tion that additional percentage returns on electrification 
obtained by the Southern should be computed in relation 
to the total capital sunk in the electrified sections ? 

I consider that the attitude is justifiable because, 
decidedly, I cannot agree that the increased earnings are 
due to electrification alone and have already given concrete 
instances where steam-operated lines in the vicinity of 
London have yielded equally striking figures. 

Let us compare, for example, the steam-hauled traffic 
from Welwyn Garden City with the electric-hauled service 
of the Southern from Hayes : 








A. B. 
Welwyn Garden City, Hayes, 
L.N.E.R. S.R. 
Period... . 1921-1935 . 1925-1934 
I in passengers 377,520 ... 155,559 
Percentage increase ... 2,000-2 . 711 


Here we have a case where development has actually 
taken place at a quicker rate on a steam-hauled line than 
on one which has been electrified, so that it seems quite 
in order to object to the whole of the increased traffic 
results obtained subsequent to electrification being 
credited to electric working only. Can Mr. Johnston or 
“ Selec ” prove that a modernised steam service of equal 
frequency with the electric trains would not yield similar 
traffic returns ? I think not. I do not hold the view that 
the somewhat better gross passenger receipt figures over 
the last five years obtained by the Southern in comparison 
with the three other British railway systems can be taken 
as justification of this undertaking’s electrification 
policy. The Southern is fortunate in that its lines do not 
serve large industrial areas suffering from the effect of 
a long trade depression and a population which cannot 
afford the luxury of frequent train rides. Now that trade 
is on the up grade once more the difference in passenger 
receipts is disappearing, and he is a bold man who asserts 
that had the network of railway lines in Lancashire and 
Yorkshire, or around Glasgow, been electrified this 
hiatus would never have occurred. B. Ricowarpson. 

Newcastle-upon-Tyne, January 23rd. 

[This very interesting discussion must now come to 
anend. We are having it summed up and hope to publish 
an article on it in a few weeks. In the meantime, we desire 
to thank our correspondents for the full, fair and able 
manner in which they have presented their arguments.— 
Ep., THE E.] 


LOCOMOTIVE BOILERS. 


Str,—Might I venture to question certain lines of argu- 
ment pursued in your two recent leading articles on the 
steam locomotive boiler ? 

First, you say that no gain is to be expected from reduc- 
ing very considerably the size and weight of the boiler, 
upless part of the power be applied by steam-electric 
transmission to the axles of some of the vehicles hauled, 
this being so because of the necessity of having adequate 
adhesion between the driving wheels and the rails. But 
surely the obvious move, if the size and weight of the 
boiler can be very considerably reduced, is to make the 
locomotive tender an integral part of the locomotive 
itself, a considerable reduction in the weight and length 
of the complete locomotive unit thus being effected. A 





more advanced step still would be to incorporate a con- 
denser in the one frame of the complete locomotive 
unit. It is true that the capital cost per ton of such 
units would be considerably greater than in the case 
of present standard designs. On the other hand, such 
units would offer a great saving due to reduced fuel 
consumption, especially in the case of the condensing 
locomotive, which would also achieve a further saving 
due to reduced water consumption and boiler maintenance. 
Secondly, you say that the extremely compact form 
of oil-fired locomotive boiler, of ‘ Sulzer” type, which 
has recently been developed in America, is not applicable 
to coal firing. This is certainly true directly. However, 
it would appear that there are many alternative designs 
which might be said to lie half-way between the normal 
locomotive boiler and the ‘very compact boilers just 
quoted, which designs would give with coal firing a 
higher efficiency than is obtained with present standard 
designs. For instance, why not a retort stoker, water- 
tube furnace walls, superheater, economiser, and air 
heater ? The boiler drum might be vertical and of fairly 
large size, so that automatic control would be considerably 
simplified, and, in fact, manual contro] might be employed 
to maintain correct water level and boiler pressure, this 
being assisted by a variable-speed auxiliary set, including 
feed pump, forced draught fan, and coal feeder, all driven 
at constant speed ratio. A. H. Warne. 
Billingham, January 26th. 





Sim,—The leading article on the locomotive boiler in 
your issue of January 22nd, 1937, is most interesting, but 
I think a little complacent. 

It would appear that the water-tube boiler of ‘‘ No. 
10,000 ”’ is to be removed because its efficiency falls below 
the rather high figure of 75-80 per cent, you quote for 
the conventional type boiler. 

It has to be borne in mind, however, that in this case the 
water-tube boiler was generating at a pressure over 200 lb. 
per square inch higher than the conventional type boiler, 
and, other things being equal, this would reduce the 
efficiency. Also, the boiler was artificially cooled by 
drawing air for combustion over the external surface. 
Does the increased efficiency of combustion due to the air 
being preheated in this manner compensate, or more than 
compensate, for the lowering,of the boiler temperature 
due to the heat extracted from its surface ? 

It is conceivable, however, that a high-pressure water- 
tube boiler, having a thermal efficiency similar or even 
slightly less than the conventional type, might prove a 
successful rival if it could dispense with the 1000 or so 
stays of the conventional boiler, and thus cut out the 
frequent and costly maintenance required by this type. 

Another point is the boiler in question was bulkier and 
presumably heavier than its conventional counterpart, 
since it required a further pair of carrying wheels. Since 
the volume of steam at the higher pressure is less, all the 
heating surfaces in a water-tube boiler can be of a good 
form for resisting internal pressure ; few or no stays are 
required ; are we not entitled to expect, or at least to hope, 
that a water-tube boiler may be designed at least as com- 
pact and rather lighter than a conventional locomotive 
boiler of equal power ? 

You suggest that this was a boiler experiment pure and 
simple. It seems to me that it was to try the economics of 
high-pressure steam (from which the engine and not the 
boiler benefits), and it was thought that a conventional 
boiler was not suitable for the pressure chosen. 

In regard to the argument that of the locomotives in 
use to-day a preponderating proportion use the con- 
ventional type boiler ; this is, of course, quite true. Ihave 
no doubt, however, that some time during the first decade 
of this century the superheater locomotive was in a 
similar minority, but it is not now looked upon as 
a “ freak.” 


Bolton, January 31st. J. W.C. 





WHAT'S WRONG ? 

Srm,—A leading article in a recent issue put forward the 
view that the supply of young engineers, of sufficient 
character, general ability, and breadth of outlook to follow 
in the footsteps of those at present directing industry and 
engineering, is short of the demand. I would beg leave to 
make two observations on the subject. 

Firstly, why do many young engineers lack these 
qualities ? I would suggest that it is because of the 
intensive specialisation that is current to-day; a young 
engineer who spends his entire working hours on the 
details of motor starters or oil switches has no opportunity 
to cultivate a broad outlook. It is remarkable how lost a 
cable expert often is, for example, in a power or sub- 
station. 

Secondly, is the supply of competent men as small as 
is supposed ? Selection committees, even when filling 
senior administrative posts, usually choose the man with 
the greatest knowledge of the branch of engineering con- 
cerned, and then complain of his narrow outlook. I know 
of two recent cases of this method of selection. 

Employers pay the piper and can call the tune; if, 
when selecting engineers, they would pay less attention to 
length of experience of details and more to general 
education, character, and administrative ability, they 
would find that the men they required were available. 
Experience in other fields teaches the same lesson ; 
Government departments and big businesses are finding 
they are better served by a man with a second-class honours 
degree than by a “ First,”” whose nose has never left the 
grindstone. 

H. A. Tuson, A.M.1.E.E., Assoc. M.I. Mech. B. 

January 28th. 
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A Wattless Current Output Limiter. 


AN ingenious piece of apparatus for use in conjunction 
with condensers for power factor correction has been 
invented by Dr. Walter Stern. of Londex, Ltd., of Bretten- 
ham House, Lancaster-place, Strand, W.C.2. Its object is 
to vary the number of condenser units in service according 
to load conditions in a simple and satisfactory manner. 
As the lagging current increases, more condenser units are 
brought into action, thus reducing this current in the 
system and the additional.charges it entails where con- 
sumers are rewarded for a good power factor by a bonus. 
If, on the other hand, the current leads some of the con- 
densers are automatically cut out of circuit and the 
adverse effects of wattless current are again avoided. 


Wattless Current 


Metering System 
cicust ed Contactors 
z Z : 





Machinery Marketing and Money 
Making.* 
Mr. D. A. BREMNER. 


So far as invention, design, and production are con- 
cerned, I think we may safely assume that the British 
machinery industry is efficient within the limits imposed 
by the volume and regularity of the demand for its 
products. 

These factors, the average volume of demand and 
regularity of the demand for the products of the industry, 
largely determine the cost of production. Regularity of 
output enables you economically to plan your processing 
through the works and if you have a large enough output 


Motors 


ré 





UV 


1 


a4 


Condensers 
Jy 




















Mercury 
Switches 


<= 


\ 
Camshaft 


~ 
‘The Enciveer 


FIG. 1—-DETAILS OF WATTLESS CURRENT OUTPUT LIMITER 


Lagging and leading currents both preclude the use of 
transformers and lines to the best advantage and in the 
latter case the rise in voltage which the current is apt to 
produce may involve damage to lamps and apparatus. 

To ensure that the requisite number of condensers are 
always brought into action to maintain the power factor 
at unity or at some other predetermined value, this simple 
apparatus, known as the wattless output limiter, has been 
designed and patented by Dr. Stern. As shown in Fig. 1, 
it consists of a reactive metering (kVAh) system which 
drives a system of cams for the operation of as many 
mercury switches as there are condensers to. be controlled. 
When the current is lagging the metering system revolves 
in a clockwise direction and in an anti-clockwise direction 
when it is leading. When the power factor is unity it is 
stationary. The greater the lagging current becomes the 


quicker are the mercury switches tilted in succession and 
the requisite number of condensers are rapidly brought 
by 


into action contactors energised by the mercury 
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you can afford to enter into the capital mvestments 
required to equip your works with the most up-to-date 
machinery and plant. 

These are, therefore, two very important limits, within 
which we will assume for the purpose of argument that 
the British machinery manufacturer is efficient. Having 
produced his machinery his first problem is to market it, 
and that is becoming more and more difficult under the 
old orthodox system in which most of us were born and 
bred, because of the very large number of world changes 
which have been brought into the marketing problem 
during recent years. We are beginning to doubt whether 
the old system is the best possible under the new con- 
ditions. 

I am thinking of a long period of years, not merely of the 
last few years or next year, because you can p no 
reliance on the permanence of the present prosperity. It 
may not be long before you find yourselves back in the 
jungle fighting the same old fight in tne home market and 

















inside and confidential information, and I am shocked at 
the extent to which it is customary for the vital particulars 
of competitive tenders to become known to most, if not 
all, of the competing tenderers within a few hours of the 
tenders having been submitted. It has come to be regarded 
as the natural course of events in spite of the fact that 
such information ean only become known through a 
breach of confidence on the part of somebody. It is usual 
for a tender or a quotation to be followed up by a personal 
call, and some of the conversations which then take place 
between the representatives of the buyer and the seller 
do not appear to err on the side of reticence and discretion. 
The seller's representative may come away feeling that 
he has been specially favoured with information, which 
may or may not, but sometimes does, result in a revision 
of his tender. He does not know, nowever, as I do, that 
his competitors have been similarly favoured, and that in 
many cases the result of all the clever tactics, diplomacy, 
and “ confidential” conversations is that the tenderers 
are just as they were relatively. though probably all on the 
lower price level. 

My personal opinion is that the purchasers and thew 
agents adopt these tactics in order to take advantage of 
the known weakness of the sellers. Again expressing only 
my own personal opinion, it is that the practice and pro- 
cedure of buying and selling machinery stand in real need 
of reform, and I feel sure that by intelligent co-operation 
the machinery manufacturers could themselves accom- 
plish a great deal in this direction. So much for one of the 
first. difficulties that you come up against in marketing 
your machinery at home. 

What is the next difficulty ? Whilst you are an efficient 
producer and have a more than average volume of output 
of the particular class of machinery you manufacture, you 
find that you have competitors who are quoting, not 24 per 
cent. or 5 per cent., but even from 15 per cent. up to 25 per 
cent., below your prices. In some cases they are quoting 
prices which will do little more than pay for bare labour 
and materials. That is a most unhealthy state of affairs. 


Cut-THROAT COMPETITION. 


Then you have another trouble which it is most difficult 
to criticise. One does not want to criticise it, and you will 
see the drift of my remarks. A firm happens to have on 
the average an exceptionally good demand for. their 
particular product. They are very efficient, they have 
had no difficulties about finance, they have been able to 
equip themselves to the last word in productive machinery 
and talent, and they heavily cut the prices against the 
average firms in the business. That is perfectly human and 
reasonable from their point of view, but one kas to con- 
sider what is the effect going to be on their particular 
trade asa whole. We all know that, no matter how efficient 
a firm may be, they never get 100 per cent. of the orders 
that are put into the market. Some of the others, on 
account of the particular conditions of their product, must 
survive. That is one end of the scale. You have at the 
other end of the scale firms who are neither efficient nor 
financially sound, who manage for a short period to 
demoralise the whole of the trade by putting machinery 
on the market at prices which no businesslike and efficient 
producer can consider. So long as you are all selfish indi- 
vidual entities, unco-ordinated in any way, simply playing 
a purely selfish game, this state of things which I have 
described will continue. 





Fics. 2, 3, AND 4—WATTLESS OUTPUT LIMITER FOR FOUR CONDENSERS; ASSEMBLIES FOR INDOOR AND OUTDOOR USE: INSTALLATION FOR FOUR CONDENSERS 


switches. As soon as unity power factor or some other pre- 
determined power factor is obtained the system comes to 
rest and remains at rest until lagging or leading current 
demands another change, when the metering system 
revolves in one direction or the other, quickly or slowly, 
according to requirements. Hunting is avoided by a 
“start retarder,’ which prevents response to slight 
changes in load and permits fine or rough regulation. The 
illustration Fig. 2 shows a wattless output limiter for four 
condensers, one of which is switched in; whilst Fig. 1 
shows the apparatus applied to six condensers. Each 
mercury switch controls a contactor in circuit with a 
condenser. The illustration Fig. 3 shows on the left 
the complete assembly of the apparatus with contactors 
and condensers and on the right a small ironclad outdoor 
assembly for the improved utilisation of overloaded cables. 

Another outdoor installation with four contactors and 
condensers, designed to maintain the voltage constant in 
addition to regulating the power factor, is shown in Fig. 4. 
As the metering system is the fundamental part of the 
apparatus, and as its construction is simple and robust the 
apparatus is suitable for use on consumers’ premises as 
well as in sub-stations. This wattless output limiter is 
said to have had the effect of greatly increasing the use of 
condensers for power factor correction. 








Russian TrAnsport.—In October, 1936, the total 
length of railways in the U.S.S.R. was 85,099 kiloms., and 
ing of the year 22,148 locomotives, 590,843 


at the beginnin, 
trucks, and 32,928 passenger carriages were in service. 





in the export markets, trying to sell your machinery very 
often at prices far below its fair economic value. 

At the present time you may feel a little indifferent to 
the subject of my address: your trouble at present is to 
satisfy the demands made upon you, not only with regard 
to price, because that is a secondary consideration for 
the time being, but you are finding it extremely difficult 
to meet the delivery requirements of your customers. 
You say “‘ We have got more work offering now than we 
can take, and we are getting good prices.” 

Whilst one does not for a moment wish to discourage 
the enjoyment of the present recovery of a degree of 
prosperity, let it not hide from you the fact that in the 
comparatively near future you may have to meet severe 
cut-throat competition, not only in the export market, 
but in your own home market. What are you going to do 
about it ? 

You have for a long time been living in the demoralising 
atmosphere of a buyers’ market. What has that led to ? 
It has led to cut-throat competition, to lobbying, and to 
more or less dishonourable methods of trying to find out 
what prices your competitors have quoted and the leading 
particulars of their tenders. The demoralisation has not 
been confined to the machinery manufacturers. They are 
largely the victims of a pernicious system for which the 
purchasers and those who advise them are largely 
responsible. 

TENDERS AND SECRECY. 
In my official position I am the repository of much 


* The British Engineers’ Association, Monthly Luncheon 
Meeting, London, January 12th. 








I am suggesting, taking the home market first, that the 
time has come when the machinery manufacturers of this 
country should realise that there must be some modus 
vivend: arrived at, which is somewhere between abso- 
lutely free individualism and what we would call that 
hateful thing, disciplined regimentation. There is some- 
thing in between. Some branches of manufacture and 
manufacturers have béen elightened and far-sighted enough 
to take action on these lines—to get together and exchange 
views and aspirations freely. They have conveyed to 
each other information of particular cases of the unfair 
treatment of their trade, for example, by purchasers or 
the unfair competition of one of themselves. They talk 
these matters over around the table. There are some 
groups of manufacturers which have been organised for a 
long enough time to form some reasonable opinion as to 
their workability and value to the trade. 

I counsel all of you to give very careful consideration to 
the desirability of weighing these new requirements in 
your minds and deciding whether you are or are not going 
to support any effort which may be made in this direction. 
Somebody always has to give the lead. I ask you whether 
you are going to support this idea in a whole-hearted way 
and examine for yourselves what can be done by way of 
organisation to counteract some of those evil influences 
which result in machinery very often having to be sold 
at something considerably below its fair economic value. 

You can secure a fair profitable price without hurting 
the buyer and user of the machine. Take the man who 
buys @ machine which has a lifetime, allowing for obso- 
leseence, of ten years. What does it matter to him whether 
he pays £500 or £575, when you think what the output of 
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that machine is during those ten years of life? Spread 
over the units of its output it isa mere bagatelle, and you 
are making a gift to the purchaser which is of little value 
to him and leaves you poor indeed. 

You should not make these sacrifices. You should try 
to avoid making these needless gifts to purchasers, which 
play an insignificant part in the ultimate economic results. 
That does not mean that you are to get together to devise 
a new form of banditry to extract an uneconomic price for 
your goods from the unfortunate purchaser. And this 
is what I always tell those who come to me for advice— 
that so long as you can show that efficient production 
reaps nothing more than what to any reasonable mind is 
a fair economic reward in the difference between selling 
price and cost of production, you can look the whole world 
in the face. Reliance on secrecy is unnecessary, and this 
is fortunate because it is quite unattainable in any event. 


Tue Export MARKET. 


Now let us take the export market. If you go to the 
export markets to-day, what do you find? You find 
that you are up against the competition of some producers 
whose economic conditions cannot be paralleled in this 
country. And we do not want them to be. I refer to 
the standard of life of the people who produce their 
machinery. 

You find that you are in competition with Government- 
subsidised production. You are faced with the baffling 
obstacles of tariffs, which are sometimes fantastically 
devised. Then you have quotas, which are largely a 
means of defeating the most-favoured-nation clause. 
This clause, as affecting our overseas trade, is a clause 
which will have to receive the most serious consideration 
of all of us. It is a slow job convincing H.M. Government 
with regard to some of its repercussions on the trade of 
this country. 

The time has come, I suggest, when, in spite of some of 
the pundits, far more consideration or far more weight 
rather should be given by H.M. Government to the 
selection of the kinds of goods we are going to export. 

This country can only live on high-class industry. We 
can only support our people on the standard of life to 
which they believe themselves entitled by exporting the 
higher products of manufacturing industry. The question 
is what kinds of things should be exported in exchange for 
those things which we must import. The quality of industry 
is one of the things which should receive more careful 
attention than it has received in this country up 
to date. 

For many years Germany has been alive to this con- 
sideration. The Germans are thoroughly alive to the 
importance of exporting a maximum amount of material 
raised to its highest value by the application of highly 
skilled brains and hands. When they get other countries, 
as, for example, the Balkan States and Greece, com- 
mercially by the throat, they insist on their importing the 
kind of goods Germany wants to export, and these are 
mainly goods of a highly manufactured character. 

In my opinion, we require to make far more use in our 
trade negotiations firstly of the enormous value of our 
market to foreign countries. So much is that the case 
that you might almost say in regard to certain countries 
that our market is indispensable. There is one of our 
great bargaining weapons. Some of us, rightly or 
wrongly, have come to the conclusion that the enormous 
value of our market has not been uséd as ably in the 
national interest as it would have been used, for example, 
by Germany or Italy. We cannot impress too strongly on 
H.M. Government that we have to use every weapon at 
our command, and cannot afford to indulge im gentle- 
manly gestures of what may be called one-sided inter- 
national sportsmanship. 

Do not imagine that any nation is going to give you 
anything as an act of grace. All they will give you is 
what you can make it worth their while to give you, 
because if they do not give it they will lose something 
more valuable to them. 

We therefore as an engineering industry should give 
strong support to every effort made to influence H.M. 
Government to take off the gloves and to abandon the 
idea that by setting a creditable and meritorious example 
they will win the rest of the world away from following a 
national economic policy. 

What we have to do now, in my opinion, and in the 
opinion of far more authoritative thinbuny than I am, is 
to consider the desirability in many cases of entering into 
bi-lateral agreements whereby we will take so much from 
a given country and say “‘ We are willing to buy these 
goods from you, but you must accept payment in our goods 
of exchange which are chiefly manufactured goods, and 
we claim to have some voice in selecting the cl of 
goods which we are going to export to you. We are not 
going to have you taking payment entirely in goods which 
do not afford a sufficient proportion of employment to our 
skilled workpeople in our manufacturing industries.” 

So long as we are content to export the commoner 
goods, we shall be unable to hold our own in the markets 
of the world, because other nations can make that class of 
stuff, and can beat us in price to such an extent that they 
will have the better chance of getting business. 

Not only in respect of the home market, but of the 
export market, there should be consultation and something 
in the nature of an agreed policy between the great leaders 
of such an industry as the engineering industry. 

The export market is a more difficult proposition than 
the home market, but that is all the more reason why we 
should make a start. At the Grand Council of the Federa- 
tion of British Industries yesterday afternoon, it was pro- 
posed that an organised effort should be made by the 
principal industries to get into contact with their opposite 
numbers in Germany. There is much evidence to show 
that Germany is very nearly coming to the end of her 
ability to part with her goods at less than their economic 
price. That gives us an opening. There is reason to 
believe that they are not wholly indisposed to confer with 
some of their foreign competitors for the purpose of coming 
to some understanding whereby this suicidal policy may 
be abandoned. The report of the Treaties and Foreign 
telations Committee was before the Grand Council of 
the F.B.I. yesterday. The suggestion is made that Mr 
Ramsden, head of the foreign section. and Mr. Glenday, 
their economist, should pay a visit to Germany for the 
purpose of renewing contacts and establishing new con- 
tacts in German industrial circles for the purpose of 








surveying and preparing the ground with a view to arrang- 
ing for consultation and possibly negotiations between 
representatives of our organised industries and their 
opposite numbers in Germany. That, it is thought, might 
be the most feasible way of getting rid of these German 
subsidies. It may be optimistic-——-we don’t know—but 
there is a move in that direction, and Germany is only 
one outstanding case. It would, however, be a very good 
test case. 

In March, 1936, we ourselves wrote to the Wirtschafts- 
gruppe Maschinenbau and appealed to them to consider 
the desirability of abandoning the policy of quite need- 
lessly degrading the price level of machinery in various 
countries of the world. 

We gave as our reason the fact that we had accumulated 
a mass of data which showed that Germany was selling 
machinery at prices ranging from 20 to 45 per cent. below 
the British prices quoted by efficient manufacturers in 
this country. We pointed out that it was a suicidal and 
quite unnecessary thing to cut 20 to 45 per cent. below 
your competitor when you could get an order by a 10 per 
cent. cut without so thoroughly degrading the price level, 
and we hoped that we might have some further communica- 
tion with them on the subject, but we received ‘no reply. 
To-day, I am told, they are in a more chastened mood, 
and we shall hear when the F.B.I. delegation comes back 
how far they are responsive to any proposition. of this 
character. 

I will conclude by saying that I have tried to bring 
before you a number of reasons why there should be some 
new thinking, a greater disposition to co-operate with 
one’s fellows, and I hope that when that is realised and 
when that objective is sought, those concerned may com- 
municate with us, and we will do everything in our power 
to advise and assist them. 








Pneumatic Coal Handling Plant. 


THERE has recently been installed by the Southern 
Oil Company, Ltd., of Trafford Park, Manchester, a 
pneumatic handling plant for the discharge of coal from 
canal barges and railway wagons, and its delivery to two 
overhead bunkers in the boiler houses. The new plant 
which has been constructed by Henry Simon, Ltd., of 
Cheadle Heath, Stockport, supersedes the old method of 
delivering coal to the boiler house im trucks. It will 
unload at the rate of 18 tons per hour from barges on the 
Bridgewater Canal adjoining the works. From the rail- 
way at the front of the works, approximately 120ft. away, 


service valve maintains the water supply. The pump, 
which is also illustrated, is a size 10a ‘‘ Simon ” double- 
acting reciprocating type, driven by a D.C. motor of 
30 H.P. The D.C. supply allows the speed to be varied 
to suit the class of coal and the quantity required per 
hour, The tipper, dust seal, and the two worm conveyors 
are driven by one 5 H.P, motor, which is controlled from 
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DOUBLE-ACTING AIR PUMP 


the pump house. The plant has now been taken over by 
the Southern Oil Company. Both sections have been 
tested, and we understand that the guaranteed capacities 
were satisfactorily attained. 








BRITISH STANDARDS INSTITUTION. 
All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. 





DENSITY HYDROMETERS. 
No. 718—1936. The committee entrusted with the 


preparation of standard specifications for hydrometers 
found that there are in common use a large variety of 











PIPE BOOM AND 


the capacity is 14 tons per hour. These figures apply 
when the nozzle is kept fully fed. The contract also 
ineluded the construction of two steel bunkers, one in the 
existing boiler house and one in a new boiler. house. They 
are of 75 and 40 tons capacity respectively, and are built 
with supporting framework, valves and spouts, weather 
covering, tipper house, pipe boom support and filter 
support, all combined. The suction plant is mounted 
above the bunker structure and includes a receiver and 
cyclone, complete with tipper and dust seal. The tipper 
is a standard “Simon” type, specially constructed to 
prevent stoppages which might be caused by any foreign 
matter in the coal. From the tipper the coal and dust are 
delivered to two 12in. worm conveyors, one over each 
bunker. These conveyors are driven by Renold chains 
and gearing, and provided*with clutches so that either 
conveyor can be used independently. Suitable outlets 
are provided for feeding to the bunkers. The pipe boom 
over the canal, illustrated in an accompanying engraving, 
is carried in front of the bunkers. It is of the swivelling 
and telescoping type to facilitate the easy discharge of 
coal from the barges. The nozzle can be adjusted by 
the operator without moving from his position. The 
boom can be slewed round inside the firm’s property when 
not in use. The pipe line for discharging from the railway 
passes over the roof of the new boiler house. The air filter 
is built into the pipe boom framework. It consists of a 
cast iron casing containing a layer of coke and wood wool, 
and fitted with water sprays. A sludge tank with ball 











BUNKER STRUCTURE 


hydrometers, and came to the conclusion that any attempt 
to standardise hydrometers type by type would tend 
towards perpetuating a state of quite unnecessary con- 
fusion rather than towards achieving simplicity and 
uniformity. They were therefore driven to consider the 
whole question of hydrometers and hydrometry from first 
principles. The committee adopted the view that the true 
function of a hydrometer is the determination of density 
and that the correlation of density and entage com- 
position, or other property directly related to density, can 
best carried out by means of appropriate, tables. 
The hydrometers and tables together then provide a 
simple logical system of hydrometry of very wide applica- 
tion. The committee, therefore, has concentrated its 
activities on providing a standard specification for density 
hydrometers and on compiling appropriate tables for use 
with such hydrometers. The hydrometers are adjusted 
to indicate density—mass per unit volume—in grammes 
per millimetre at 20 deg. Cent. Tables giving, over a 
temperature range generally from 10 deg. Cent. to 40 deg. 
Cent., the density and composition of a number of liquids, 
including sugar solutions, sodium chloride solutions, 
caustic soda solutions, sulphuric acid, hydrochloric acid, 
and nitric acid, are in course of preparation and will be 
published separately, price 3s. $d. post free in Great Britain 
and Treland. 
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Junkers Heavy-Oil Aero-Engines.* 
By Dr.-Ing. J. GASTERSTADT, 


WuEN in 1929 Professor Junkers made public the trend 
of his research work on Diesel engines for aircraft in a 
lecture before the Wissenschaftliche Gesellschaft fiir 
Luftfahrt, the first promising flights had just been success- 
fully carried out at Dessau. A new stage in aero-engine 
development in which interest had already been shown by 





aeronautical circles had begun. Those controlling civil 
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aviation were particularly interested in an economic aero- 
ine with a low fuel consumption and the minimum of 

isk of outbreak of fire, and they saw a great future 
for the aircraft oil engine. It was thanks to the active 
support and co-operation of the Deutsche Lufthansa 
that it was possible in 1932 to put the first Junkers heavy- 
oil engine—a ‘‘ Jumo 204 ”—ainto operation on a regular 
air service. In spite of temporary setbacks this new 
departure has been developed from year to year, until 
to-day over 2000 flying hours are being flown every 
month by Diesel engines. Notwithstanding this extensive 
pioneer work, the problem of the heavy oil aero-engine is 
by no means solved. A number of promising attempts, 
for example, the Packard engine in America and others, 
have remained undeveloped. There has been an increase 
in recent years in the number of experts who believe that 
the oil engine has no future for aircraft. Such opinions 








in the air as it has done in all branches of modern road 
transport. The future development is naturally not con- 
fined to the Junkers engine in its present form as a six- 
cylinder-in-line unit. On the contrary, constructional 
development in a new direction is envisaged which will lead 
to lighter and more efficient engines, 

The following remarks are intended to show the con- 
siderable progress in the direction of producing a light aero- 
oil-engine which has been made by the firm of Junkers 
during the last five years, since the engine was first adopted 
for use in aircraft. In the meantime, two further units 
of similar constructional characteristics have been added 
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Fic. 1—Diagram showing Cycle of Operations of Junkers Heavy-Oil Aero-engine. 


to the original ‘“* Jumo 204 ’”’ which was an engine of about 
28 litres cylinder capacity. They are :-— 

(1) The now well-known “‘ Jumo 205,” with a capa- 
city of 17 litres. 

(2) The ““Jumo 206” which is now in course of 
development with a cylinder capacity of 25 litres. 
This engine will be much smaller than the ‘ Jumo 
204,” particularly in depth, and lighter in weight, 
with much higher efficiency. It is intended that the 
** 206” shall replace the “‘ 204.” 


Before dealing with the differences in and effi- 
ciency of the three types, I should like to illustrate by 
means of two diagrams the fact that all three engines are 
designed on the same working and structural principles. 
Fig. 1 shows the working —— The engines utilise 
the two-stroke cycle, and the two opposed pistons in the 





(6) The very light, elastic steel cylinder liners with 
the two long op pistons. 
(c) The forward position 
by the use of two ' 
(d) The vibration damper incorporated in the elastic 
air screw drive. 
(e) The scavenge air blower, which also provides 
a degree of supercharge. 
(f) The injection pumps on both sides of the com- 
bustion chamber of each cylinder. 
Once the six-cylinder-in-line opposed-piston engine 
had been decided upon a very Peefal unit had been 
created in which the weight per litre of cylinder capacity 
was fixed within comparatively close limits. A com- 
parison of the three types shows that, in spite of consider- 
able differences in the main dimensions and a progressive 


of the gearing, necessitated 
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FiG. 3—Comparative Indicator Diagrams for Oil and Petrol 
Engines. 


development of all the structural parts, the weight per 
litre of cylinder capacity has remained almost unchanged. 
On the other hand, the weight per unit of power has been 
very considerably reduced, 7.e., from 0-95 kilos. per H.P., 
or 2-09 Ib. per H.P., in the case of the “ Jumo 204” to 
0-63 kilos. per H.P., or 1-39 Ib. per H.P. for the “ Jumo 
206,” a reduction of about 35 per cent. This reduction in 
specific weight has been effected chiefly by raising the 
power output per litre of cylinder capacity. The 28 H.P. 
per litre obtained for the “ Jumo 204 ” has been increased 
to 42 H.P. per litre for the “ Jumo 205 ” and “ Jumo 206,” 
and results recently obtained on a single-cylinder experi- 
mental unit indicate that an output of between 45 and 
50 H.P. per litre can be expected. The most important 
modification which has made this increase in power output 
possible was the reduction of the stroke to bore ratio, 
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have been based on the rapid development of the — 
engine in respect of redu specific weight and specific 
fuel consumption, which has been made possible by the 
introduction of high octane fuels. The fuel consumptions 
obtained with petrol engines designed for very high octane 
fuels have approached those obtainable with a heavy-oil 
engine. While in other countries there has been a lack of 
enthusiasm and disappointment in the performance of 
oil engines, a definite and unswerving line of development 
has been followed in Germany. forts have primarily 
been devoted to adopting the — for the purposes for 
which the Diesel system had obvious advantages, 1.e., 
for civil aviation, particularly for long-distance services. 
We are confident that the heavy-oil engine will assert itself 





* Paper read before the Lillienthal-Gesellachaft fur Luftfahrt, 
Berlin, October 13th, 1936. 





Fic, 2—Cross Section through *‘Jumo 205” Engine. 


cylinder control the intake of scaverging air, and the 
expulsion of the exhaust through appropriate ports 
in the cylinder wall. A high degree of swirl is imparted to 
the incoming air by means of a tangential inclination of 
the scavenging ports and scavenging holes. This swirl is 
preserved as the pistons come together and results in 
excellent mixing of the fuel and air when the fuel is injected 
at the end of the compression stroke through four sym- 
metrically arranged nozzles. This system, without sleeves 
or valves, has great possibilities from the point of view of 
high-speed running, and it is certain that the present 
engine speeds of between 1500 and 2500 r.p.m. can be 
increased to between 3000 and 4000 r.p.m. From Fig. 2 
the following outstanding features of the construction of 
the ‘‘ Jumo 205 ”’ may be noticed :— 


(a) The high, very rigid but also heavy crank case. 





which allowed an increase in engine speed without raising 
the piston speed. Progressive steps in this direction are 
shown by the following figures :— 

Stroke to bore ratio. 
Pee aks *5:1 


“Jumo 204” 3 
“ Jumo 205” 3°0:1 
*Jumo 206" 2-5:1 


While the reduction in stroke was an important factor 
in increasing engine speed it was necessary at the same 
time to try to increase the power output by increasing 
the brake mean effective pressure. Progress along both 
lines called for a thorough development in the design 
of the engine and an extensive control of the combustion 
process. How this was tackled and the manner in which 
difficulties were overcome I should like to illustrate with a 
few examples. The first problem which can be dealt with 
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briefly was to find out whether increasing the gas pressures 
resulted in a considerably greater load on the power unit 
generally. ‘The two indicator diagrams reproduced in 
Fig. 3 give a clear idea of the absolute gas pressure in a 
two-stroke oil engine, and for comparison the results 
obtained with a modern petrol engine of the same power 
output (approximately 40 H.P. per litre). The entirely 
different compression curve obtained with the oil engine is 
clearly shown. The more rapid,,and over 50 per cent. 
higher, rise in pressure in the two-stroke oil-engine requires 
a very much stronger unit and a correspondingly greater 
weight as compared with the petrol engine. Nevertheless, 
we led by i ing the size of our cylinders in 
maintaining a constant maximum pressure, and at the 
same time obtaining a high mean effective pressure, 
thereby avoiding the necessity for further strengthening 
the power unit. It will readily be appreciated that the 
high gas pressures, and the rapid pressure rise in the 
cylinder, also result in a correspondingly greater tendency 
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Fic. 4—Fuel Consumptions and Engine Outputs. 


to vibration of the power unit. We are to-day in a position 
to control these vibrations throughout the entire range of 
engine speed. The most dangerous vibration is adequately 
dealt with by the use of a very elastic airscrew shaft, and 
the remaining vibrations are reduced to a negligible 
quantity by the use of a damper. 

Now, with regard to the scavenging and 
processes, the first essential for complete combustion 
in the cylinder is the introduction of a charge of pure 
air of the greatest possible density, i.e., at low tempera- 
ture and high pressure. When we changed over to 
short-stroke high-speed engines the scavenging effect 
was at first adversely affected, and added consider- 
ably to the amount of work which had to be done by 
the scavenging air. A lot of experimental work was 
necessary to correct this defect, but we were assisted 
by the knowledge that the high degree of swirl of the 
scavenging air which was necessary for the formation 
of the combustion mixture was at the same time an 
obstacle to the complete expulsion of the exhaust gases. 
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Fic. 5—The Influence of Speed on Cylinder Pressure. 


As a result of this swirl the colder and heavier fresh air 
tended to be thrown outwards, leaving a core of warm 
exhaust gases in the centre of the cylinder. With a short 
stroke, i.e., with a greater cylinder diameter, this effect 
was particularly noticeable. We therefore altered the 
direction of the individual scavenging ports so that those 
ports which were open last on the downstroke of the 
scavenging piston could project an air blast into the centre 
of the cylinder and thus expel the remaining exhaust 
gases. The results were surprisingly good. We succeeded 
after a certain amount of experiment in reducing con- 


values correspond to a brake mean effective pressure of 
between 16 and 19 atmospheres, or 230 Ib. to 270 Ib. per 
square inch, for a four-stroke cycle. Work on the improve- 
ment of the efficiency of the supercharger itself was 
equally successful. The supercharger itself in connection 
with high-altitude flying may be referred to later, but 
here attention may be drawn to the very great influence 





of the efficiency of the supercharger on the useful engine 
power shown in Fig. 4. With an inerease in the 
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bustion (see Fig, 6). The pressure in the pipe to the 
nozzle the pressure in the cylinder are recorded on 
the same chart, and the extraordinarily clean cut-off 
and almost vibration-free operation of the injection 
pump can be seen. About 10 deg. of crank angle after 
injection the pressure in the cylinder increases, due to 
combustion. This delay, known, as ignition lag, occupies 
about two-thirds of the total injection time on the diagram 
with a full charge. Our recent experience has shown 
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efficiency of the supercharger, it will be seen that 
the power output is doubled; firstly, by a reduction 
in the power required to drive the supercharger, 
and secondly, in an increase in the engine efficiency 
with the lowering of the temperature of the mgoing 
air. An increase in the supercharger efficiency means 
less heating of the air, resulting ina denser charge to 
the cylinders and a greater power output for the same 
amount of fuel. The pressure of the air charge in the 
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Fic. 7—Fuel Injection Pump. 


cylinder as well as its temperature plays a very important 
part in controlling the weight of charge, and therefore 
the power output of the engine. Experiments show that 
by careful timing, even in the case of fast-running engines, 
it is ible to charge the cylinder almost up to a pressure 
equal to that of the scavenge air. Fig. 5 shows the 
relation between compression pressure and scavenge 
pressure for various engine speeds. The compression 
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Fic. 8-—Cross Section of Pistons. 





siderably the amount of scavenging air necessary for 
efficient combustion. Whilst the “Jumo 204” and 
**Jumo 205” required a volume of scavenging air equal 
to approximately 1-6 times the cylinder capacity, the 
amount of scavenging air required for the ““Jumo 206” 
with the above-mentioned arrangement of ports was 
reduced to 1-3 times the cylinder capacity. It was there- 


fore possible to increase the brake mean effective pressure 
from 7 to 8 atmospheres (100 Tb. to 115 tb. per square 
inch) without increasing the specific fuel consumption. 
With the experimental single-cylinder unit an increase of 


pressure may be accurately measured if, for example, 
fuel injection to any one cylinder is temporarily cut off. 
It will be seen from the maximum ignition pressure 
curve with full fuel charge that in spite.of an increased 
load there is very little increase in compression pressure 
when running at high speed, a fact which is very useful 
in selecting the ignition pressure for high-speed running. 
With the use of a quartz indicator it is possible to follow 
the pressure variation during injection and the actual 
combustion process. This original pressure di 
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output of 20 per cent. was recently obtained. 


gives an idea of the relation between injection and com- 
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Fic. 6—Cylinder and Injection Pump Pressures. 


that retarded injection is desirable, as during the injection 
period the process of mixing the fuel with the swirling 
air takes place. It is for this reason that we did not 
obtain particularly results from the use of special 
Diesel fuels of cularly good ignition quality, i.c., 
with a high cetene value, whereas commercial gas oils, 
such as that used by the Deutsche Lufthansa, with an 
ignition value of between 50 and 70 cetene number 
gave good results. 

Fig. 7 shows the Junkers injection pump referred 
to above, which injects the whole of the fuel charge 
into the cylinder at a pressure of 550 atmospheres, or 
7800 lb. per square inch, in less than one-thousandth 
of a second just before top dead centre. In building this 
unit we aimed at ing all movable parts as robust 
as possible, in view of the high injection pressures of the 
two-stroke high- engine, at the same time reducing 
the size of the pump, drive, and accessories to the smallest 
possible amount, in view of their position immediately in 
front of the combustion chamber. The fact that in flying 
service the pumps require no attention, and it is not 
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FIGS. 9 AND 9A—Liner and Liner and Cooling Water Tem- 
perature. 


uncommon to run for 600 to 800 hours between overhauls, 
is due not only to their design, but to the ever-increasing 
precision in their manufacture. The Junkers pump has 
given satisfactory results at engine speeds over 50 per 
cent. higher than the present rated speeds. 

I now come to the problem of temperature variations 
in the combustion chamber, particularly in the pistons. 
The difficulty of controlling the heat flow was only solved 
after we had developed a means for completely preventing 
the gases from blowing past the pistons despite the high 
combustion processes in the high-speed two-stroke engine. 
Ordinary piston. rings were quite useless, and after many 
failures and experiments the solution was eventually 
found by attaching an unbroken and loosely fitting 
thin ring at the extreme end of the piston head between 
the special auxiliary piston crown known as the heat- 
protection plate and the actual body of the piston. 
Under pressure from the gases the ring is forced tightly 
against both the piston and the sides of the cylinder wall 
and forms a very effective seal. It is so closely fitted 
that there is just room at normal working temperatures 
for a thin film of oil between the piston crown and the 
cylinder walls. It has been found that the ring cannot 
be shifted from its position, even with the highest gas 
pressures encountered—-see Fig. 8. ; 

It may well be asked how such a ring, fitted with such 
a small clearance, continues to function in conjunction 
with a piston operating at high temperatures without 
seizure. I must confine my reply to saying that the 
very small radial thickness of the ring is of decisive 
importance in retaining its predetermined diameter, 
and that the physical and metallurgical requirements 
for the ring material are now known. The effectiveness 
of the pressure ring is, however, impaired if there are 
any large or irregular variations in the cylinder diameter 
when the engine is running. The actual temperatures 
in the cylinder wall have been measured by means of 
thermo-couples, and Figs. 9 and 94 show the temperatures 
recorded under full-load conditions. It must be acknow- 





ledged that despite an apparently careful circulation 
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of the cooling water the temperature of the cylinder 


wall in the proximity of the clearance space, i.e., of the 
actual combustion space, is well over 200 deg. Cent., 
whilst the temperature of the cooling liquid is consider- 
ably lower. The expansion of the cylinder due to this 
sharp rise in temperature meant that the pressure ring 


has to expand considerably in the region of the end of 





use of smaller radiators, resulting in a reduction in weight 
and air resistance of the radiator. This aero-dynamic 
advantage considerably improves the possibilities of using 
heavy-oil aero-engines in high-speed aircraft. 

Finally, mention should be made of the problem on 
which Junkers have expended a considerable amount of 
thought and have recently arrived at a practical solution. 














Fic. 10—High-Altitude Junkers Engine with Supercharger. 


the piston travel, which imposes considerable stress on 
the ring itself. By taking the cooling liquid through 
special channels close to the actual cylinder wall, it 
was possible to reduce the excessive temperature level 
in the region of the combustion space by about 100 deg. 
Cent. The loss im rigidity of the liner caused by 
cutting these channels was restored by fitting a strengthen- 
ing sleeve round the outsidé of the combustion chamber 
wall. With these improvements to the piston and com- 

















Fic. 11—Blower and Supercharger Rotors. 


bustion chamber design not only was it possible to increase 
the power output, but a further step forward in the 
development of the heavy-oil aero-engine, i.e., the adoption 
of glycol cooling, was made possible. As an illustration 
of the improved performance made possible by the above- 
mentioned modifications, an increase in power output 
of from 600 to 700 H.P. has been recorded with the 
“ Jumo 205.” After the initial experiments with their 
unavoidable teething troubles, we have now carried out 
tests with a glycol-cooled “‘ Jumo 205,” and this engine 





That is to say, the design of heavy-oil aero-engines 
for commercial high altitude flight. Many attempts have 
already been made to utilise exhaust gases by means of 
an exhaust gas turbine, driving a supercharger to restore 
the power output at altitude. In the case of the petrol 
engine, on account of the high temperature of the exhaust 





up the exhaust-driven turbine, supercharger, and the 
engine itself. We experimented with a single-stage blower 
to maintain sea level power output up to 4000 m. to 5000 m. 
or 13,100ft. to 16,400ft. At sea level this blower was only 
used to produce scavenge pressure and was driven only 
by the engine. Between the engine and the blower is a 
differential drive so arranged that the turbine can be 
operated by the exhaust gases when the requisite altitude 
has been reached. It will be seen therefore that the 
turbine is used to provide the necessary auxiliary power 
for altitude flying by increasing the rate of rotation of the 
blower. Further developments then led to the design of 
a two-stage turbo-blower. The exhaust gas turbine and 
the first stage of the supercharger constitute a unit inde- 
pendent of the engine. 

A “Jumo 205” fitted with a single-stage exhaust- 
driven er carried out its first trial flights last 
summer, including a number of test flights up to an alti- 
tude of 6000 m. or 19,700ft. Fig. 10 shows the engine with 
the exh: iven turbine, the high-pressure blower, and 
the differential spur wheel drive. In flight the performance 


of this experimental exhaust-driven superc was 
satisfactory, although this first experimental type did not 


maintain sea level power output to a sufficient altitude to 
justify its extra weight. Some valuable and significant 
data were obtained during these altitude flights, with a 
new torque-m i instrument developed by the 
D.V.L.* An analysis of altitude flights has hitherto been 
made difficult because it was not possible to record the 
actual engine performance in flight. With the new 
D.V.L. torque meter, however, the performance in flight 
can be accurately determined. This apparatus requires, 
however, a highly elastic propeller shaft such as is fitted 
to the Junkers engines and which undergoes an angular 
deflection under the influence of variations in the torque. 

In addition to altitude flights, development of the 
exhaust gas turbine and the two-stage high-pressure 
supercharger was continued with satisfactory results on 
the test bench. An exhaust gas turbine weighing 30 kilos. 
is in operation, which develops 160 H.P. at 6000 m. 
or 19,700ft. 

Fig. 11 illustrates the most important stages in the 
development of the supercharger. In place of the open 
rotor there is a closed channel rotor with a rotating system 
of inlet deflectors and guides. The strength of this rotor 
is such that a pressure ratio of 2-2: 1 can be obtained. 

With such a thoroughly developed exhaust-driven 
supercharger it is possible to maintain ground level power 
with the same fuel consumption up to a given pressure 
altitude. At heights of between 4000 m. and 6000 m., 
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Fic. 13—Four-Shaft 2000 B.H.P. Junkers Heavy-Oil Aero-Engine. 


gases, from 800 deg.—1000 deg. Cent., the adoption of 
an exhaust-driven turbine would tend to prejudice the 
safety of the installation. And it is probable that 
insuperable difficulties would arise with regard to the 
material for the manifolding and turbine equipment itself. 





Fic.*.12—The Junkers Express Air Liner “ Bickeburg.” 


has been approved for flight service at an output of 
600 H.P.; the first glycol-cooled engines are now being 
prepared for flight trial. The highest admissible cooling 
temperature is 130 deg. Cent., and the specific fuel con- 
sumption is identical with that obtained on the water- 
cooled engine. The adoption of glycol cooling allows the 


On the other hand, in the case of the two-stroke heavy- 
oil engine, the exhaust gas temperatures do not rise above 
about 500 deg. to 550 deg. Cent., and thus do not con- 
stitute any serious objection to the adoption of the 
exhaust-driven turbine. Two consecutive experiments 
were made with two basically different systems to connect 





or 13,100ft. to 19,700ft., specific fuel consumptions of 
160 grammes per horse-power hour or 0-352 Ib. per horse- 
power hour were obtained. 

I have now reached the end of my lecture. I set out 
to show the line taken by Junkers in the development of 
heavy-oil aero-engines and the prospect of further develop- 
ments in the near future. We believe that the oil engine 
by reason of its advantages in service and the safety of 
its fuel will be used in air traffic to an ever-increasing 
extent. When I look back upon statements I made seven 
years ago, I realise that an important stage in the develop- 
ment of the heavy-oil aero-engine has already been 
reached. I refer to the practical introduction of that 
engine in commercial air line service. During the last 
few months, thanks to the enterprise of the Deutsche 
Lufthansa, we have had a practical demonstration of the 
possibilities of oil engines for long-distance service. I 
speak in particular of the recent flight of the high-speed 
“* Ju. 86 ” aircraft “ Biickeberg”’ (Fig. 12) to Bathurst and 
back, and the North Atlantic crossings in both direc- 
tions by two ‘“ Dornier DO-18” flying boats with 
“ Jumo 205” engines. Such performances are more con- 
vincing than any prophecy; even if he does not indulge 
in prophecy the constructor must always think of 
the future and of new possibilities, and the development 
of the Junkers heavy-oil aero-engine continues in the 
direction of greater power output and lower specific weights. 
We contemplate an output of between 1500 and 2000 H.P. 
at a specific weight of less than 0-5 kilo per horse-power 
or 1-1 lb. per horse-power. 

The final illustration, Fig. 13, has been prepared to 
show the possibilities of such ideas. The most 
important feature is the abandonment of the six-cylinder 
in-line construction in favour of four-shaft engines. In 
addition to the gain in efficiency and reduction in weight, 
this type of construction results in considerable saving in 
space as compared with the first ““Jumo 204” engine. 
Even if this drawing only represents the first preliminary 





* D.V.L. = Deutsche Versuch talt far- Luftfahrt.. 
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scheme, it does serve as a basis for future high-efficiency 
heavy-oil aero-engines. 

[Fig. 14 illustrates the latest Junker- engined seaplane 
designed for Atlantic service, which has been built by the 
Hamburger Flugzeugwerke, a subsidiary company of 
Blohm and Voss, shipbuilders, and has recently carried 


More extended and more startling possibilities for micro- 
film applications are being investigated experimentally. 
Industrialists see in the micro-film a new tool for their 
engineering and research departments, The need for 
following new development as reported in distant centres 
of technical activity has increased enormously in recent 











Fig. 14—Altlantic Flying Boat 


out successful flight trials. It is equipped with four 
Junkers “ Jumo 205” heavy-oil aero-engines.—Epb. THE E.] 








Micro-Film Books.* 


A REVOLUTION is impending, hatched in the calm 
aleoves of the world’s libraries. A means of recording, 
storing, and distributing the written word, said to be 
the most important discovered since the time of Gutenberg, 
is being developed and adopted by conservative biblio- 
philes in charge of important book collections, from the 
great library of the British Museum in London to that 
established by Huntington funds in Los Angeles. 

The underlying principle of the new practice is simple— 
the book, newspaper, or manuscript page is photographed 
on a micro-film and thus minified to perhaps as little as 
two thousandths of its original area. It has been esti- 
mated that by such means the books of the New York 
Public Library could be kept in the space now used for 
its card index. Newspapers, as invaluable records of 
current history, can thus be preserved at about the 
present cost of binding, and on a film reported by the 
Bureau of Standards as comparable to record paper in 
its permanency. 

One of the micro-film pioneers, the radio inventor, 
Fessenden, considered this matter of permanency as a 
principal objective. He reported platinum prints from 
micro-films on thin quartz, suggesting reproduction of 
the Biblo in a cubic inch of platinum on quartz that 
would stand ageing, fire, and weather, and preserve to 
distant posterity corner-stone and other records. Over 
fifteen years ago he had a reading machine of his own 
design for the small films. Another pioneer was Rear 
Admiral Fiske, and a second Navy officer is responsible 
for one of the best of the more recent mechanisms. A 
prominent librarian has worked with photostat paper 
instead of film. No method is yet accepted as fully 
perfected, but 1937 is expected to see the first commercial 
introduction of acceptable full equipment by libraries. 
Closely related apparatus, made by an Eastman sub- 
sidiary, is now in regular use in many banks, recording 
all cheques. 

The magnifying and reading mechanism is the present 
limiting factor in further extension of photographic 
library service ; the film must not be scratched or over- 
heated ; the reading device should be adaptable to the 
numerous types of film record now obtainable from 
different sources, and it should be possible to read for 
appreciable periods without excessive eye strain. No 
one device at present meets these and other prerequisites 
at a first cost permitting wide adoption. The leading 
optical instrament companies, however, are actively 
interested, and now have inexpensive devices suitable 
for individual use, particularly for short periods. 

One corporation, with strong backing, proposes the 
publication of film books, suggesting the New York 
telephone directory on the palm of a hand and a law 
library in a suitcase. Copyright considerations, which 
affect all film-copying work, are here of special. importance. 
Another American company has cameras in Europe’s 
leading libraries and will deliver copies of single pages 
or complete books from their shelves. The Bodleian, 
the Bibliothéque Nationale, and the Vatican collections 
become available to individuals the world over. 

The best organised micro-film service now available 
is probably that offered by the documentation division 
of Science Service, through which the extensive library 
of the Department of Agriculture may be drawn upon at 
nominal fees for the films. For occasional reference 
inexpensive reading devices are available from scientific 
supply houses and other sources, or the more elaborate 
reading machines may be purchased for more extended 
use. Scientific papers may now be published on film 
for distribution too limited for the usual journals, and 
business documents may be copied for record and filing. 





* From Industrial Bulletin of Arthur D. Little, Inc., January, 
1937 
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years. Foreign and domestic technical literature may 
be tapped more readily and more inexpensively once the 
new method becomes generally adopted. More complete 
files in special subjects may be kept and used effectively. 
Already Yale, Brown, and-other universities have taken 
healthy first steps in utilising micro-film, and the National 
Archives has a qualified specialist in charge of photo- 
graphic reproduction and is equipped for micro-film. 
The librarian of the University of Chicago is chairman 
of a micro-film committee of the American Library 
Association. 

It takes little imagination to visualise what might 
be some of the business possibilities of this new treat- 
ment of the written word. Municipal libraries may adopt 
it, schools may use it in various ways, and reference 
and other books be sold in the miniature form. With 
expansion into any one of these or other consumer fields 
the business of supplying film, copying, and reading 
equipment may create a new industry. 
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Dragline Excavators for Gold. 


An innovation in methods of recovering gold 
from gravel formations is the use of excavators of the 
dragline type. feeding a travelling washer and screening 
tas the entire plant being self-propelling and operated 

y electricity. An outfit installed in Montana has two 
excavators with 50ft. jibs, handling 2}-yard buckets. 
These are supplemented by an electric shovel with 1}-yard 
bucket to excavate gravel from pockets and inaccessible 
places, and put it within reach of the dragline buckets. 
Gravel is delivered to a hopper of 20 cubic yards capacity, 
mounted on the travelling washer and feeding a 48in. 
conveyor belt made of manganese steel plates. This 
discharges to a trommel 7ft. in diameter and 24ft. long, 
pierced with lfin. round holes, in which the gravel is 
washed by a powerful spray. Material passing through 
the holes passes to a hopper from which it is pumped to 
a sluice box and twelve sluices, 14in. wide and 53ft. long, 
fitted with steel riffles. From these the material passes to 
four return sluices, 29in. wide and 20ft. long, the washed 
gravel then goes to 24in. screw conveyors 20ft. long, 
making 20 r.p.m., in which the gravel is dewatered, the 
overflowing fines going to a settling tank. Coarse material 
retained by the trommel and that discharged by the 
sorows goes $0 8 steele rene een ae 
conveyor belt being on a boom or jib 125ft. Sending 6006 cuble 
total horse-power requirement for cubic 
yards daily is over 700 H.P.; 
100 H.P. each ; seven pumps, 395 H.P.; grilles prc 
40 H.P.; screw conveyors, 75 H.P.; stacker belt, 50 H.P.; 
hoists, 15 H.P.; feeder, 25 H.P.; motors of cra’ 
tractions, 130 H.-P. In another plant, the washer travels 
on wheels: aut soils eee ee While such 
operation on a large scale is mu more expensive than 

, it meets conditions where successful dredging 
is impracticable. Furthermore, the system is adaptable 
to small as well as large operations, so that it is being applied 
in several instances for placer mining. 


Studies of Draught-tube Models. 

In connection with the design of adjustable- 
blade hydraulic turbines for the Bonneville h 
power plant on the Columbia River, in the United States, 
extended studies were made to determine the most effective 
form of draught tube. Models of various modified forms 
were used, and were made of transparent pyralin, to 
facilitate observations of the flow under varying conditions 
of load on the model turbine. The draught tube has an 
important influence on the design of the plant ; besides 
permitting the turbine to be placed above the tail-race 
elevation it reduces the velocity of the water entering 
the tail-race, thus adding to the power and efficiency 
of the turbine by additional velocity head. For turbines 
of the adjustable type, as used at the Bonneville station, 





about 27 per cent. of the power of the turbine wheel is 





in the water entering the draught tube. While the form 
of draught tube most efficient theoretically is a vertical 
cone of 7 deg. angle, it is also very expensive owing to 
the amount of excavation; the design generally used 
therefore, is of the elbow type, which gives good efficiency 
at low cost. The fan-shaped jet of water making a 90 deg. 
bend on to a flat surface is correct in theory, but difficult 
of practical application, and an attempt to improve it 
by a bulbous elbow was not successful. Then vertical 
and horizontal “ splitters ” were installed to straighten 
the whirling component in the vertical leg, and the 
design adopted has a horizontal splitter applied to a very 
efficient elbow type form of draught pahe or a low-head, 
adjustable-blade turbine. The rotating body of water 
leaving the turbine pa into a bulbous vertical leg, 
whose two opposite lobes gradually retard the whirling 
motion, so that the flow reaches the horizontal leg with 
ly uniform velocity and free from high velocity 

areas, The tests indicated that the capacity of flow was 
about the same, whether the whirling component was 
1 deg. or 50 deg. In the investigation the effects of various 
changes in form of the draught tube were observed not 
only by sight, but by the aid 0 of slow-motion photographic 
pictures. 








cee OF METALS. 


THe twenty-ninth annual Ga meeting of the 
Institute of Metals is to be held at the Institution of 
Mechanical Engineers, Storey’s-gate, Westminster, 8.W.1, 
on Wednesday, March 10th, and Thursday, March 11th, 
next. The meeting will begin at 10 a.m. on Wednesday, 
when the reports of the Council and Honorary Treasurer 
will be presented. At this meeting the following papers 
will be presented for discussion :-—* ‘The Theory of Age 
Hardening,”’ Dr. Marie L. V. Gayler; “‘ Modern Metal 
Spraying: Processes and some Characteristics of the 
Deposits,” E. C. Rollason.; “‘ The Effect of the Addition 
of Small Percentages of Iron and Silicon to a High Purity 
4 per cent. Copper Aluminium Alloy,” Dr. Marie L. Vv. 
Gayler; ‘“‘ The Effect of Cast Structure on the Rolling 
Properties of Zinc,” Dr. L. Northcott; “‘ An Aluminium 
Statue of 1893: Gilbert’s Eros,’’ Professor R. 8. Hutton 
and Dr. R. Seligman. Beginning at 2 p.m. the same 
afternoon, papers will be presented on: “ Directional 
Properties in Rolled Brass Strip,’”’ Dr. M. Cook; ‘‘ The 
Resistance of Some Special Bronzes to Fatigue and Corro- 
sion Fatigue,’’ Dr. H. Gough and D. G. Sopwith: “ Stress 
Strain Characteristics of Copper, Silver, and Gold,” 
Dr. J. McKeown and Dr. O. F. Hudson; “‘ Creep of Lead 
and Lead Alloys,” Dr. J. McKeown; ‘“ A Study in the 
Metallography and Mechanical Properties of Lead,” 
B. Jones. The Institute’s annual dinner will be held at the 
Trocadero Restaurant, Piccadilly, W.1, at 7 p.m. that 
evening. 

At 10 a.m. on Thursday, March llth, the papers to be 
presented for discussion are as follows :—‘‘ The Control 
of Composition in the Application of the Debye-Scherrer 
Method of X-ray Capel lysis to the Study of Alloys,” 
Dr. W. Hume- and P. W. Reynolds; “ Alloys 
of Magnesium,” R. J. M. Payne and Dr, J. L. Haughton ; 
“‘ The Solubility of Silver and Gold in Solid Magnesium,” 
Dr. W. Hume-Rothery and Ewart Butchers; “ Alloys 
of Magnesium: The Constitution of the Magnesium. -rich 
Alloys of and Cerium,” Dr. J. L. Haughton 
and T. H. Schofield. If time permits the following papers 
will be presented :—‘ The Estimation of Grain Size in 
the Region above 10~* cm.,” R. A. Stephen and Dr. R. J. 
Barnes; “ The Constitution of Silver-rich Antimony- 
silver Alloys,” P. W. Reynolds and Dr. W. Hume- Rothery. 
A series of visits has been arranged in connection with 
the meeting, two of which will take place on March 9th 
and four on March 11th. 








CATALOGUES. 





Crorts (EncrneErs), Ltd., Thornbury, Bradford.—New V- 
rope driving catalogue. 

Bririsu INsvuLATED CaB_Es, Ltd., Prescot, Lancs._-Catalogue 
H.128 of rubber cables and wires. 

Bascock anp Wricox, Ltd., Farringdon-street, E.C.4. 
Publication No. 1208 on stokers. 

W. Crocxatt snp Sons, Ltd., 62, Darnley-street, Glasgow. 
8.1.—Particulars of “ Simplex » ‘electric salinometers and 
densometers. 

Hoxeywett Brown, Ltd., 70, St. Thomas-street, S.E.1.— 
Catalogue No. E2, on automatic controls and recording 
instruments. 


Generat Execrric Company, Ltd., or House, a. 
way, W.C.2.—Catalogue, Section w (i), on ** Pirelli-General "’ 
wires and cables. 

CiypEspaLe StamernG Company, Ltd., Atlas Works, Nether- 


wier | ton, near Dudley.—A booklet illustrating the firm’s works and 


drop forged p: 

Amsa OCrnaic, Ltd., Strand-on-the-Green, Chiswick, W.4.— 
Illustrated booklet showing some industrial applications of 
Ailsa Craig oil “Haag 

Turners Asspestos CemeNT Company, Trafford Park, 
Manchester, Eire. of asbestos cement rainwater goods, 
soil pipes, and ventilators. 

i a com products, and apg 
illustrating the company’s w some of the 
notable works it has carried out. 

Lararce Atumisovs Cement Company, Ltd., 296, High 
Holborn, W.c. 1.—A book entitled ‘‘ Refractory Concrete: A 
New and Refractory Material.” 

Rexotp anp Coventry CHarn Company, Ltd., Didsbury. 
Manchester.—A detailed catalogue of power transmission 
accessories and chain operating mechanisms. , 

W. anv T. Avery, Ltd., Soho Foundry, Birmingham.—A 
brochure entitled “‘ Land Sale,” or the weight control 
- at the works of the Bestwood Coal and Iron Company, 


‘. Cannine and Co., Ltd., 133, Great Hampton-street, 
Birmingham, 18. —Thirteenth edition of the handbook on 
electro-plating. A 350-page book dealing with the practical 
side of electro-plating, polishing, bronzing, lacquering, and 


enamelling. 
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: Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer, 


Export Trade Problems. 

All the big iron and steel producing countries are 
struggling withthe problems presented by the export 
trade, and the growing uirements of their domestic 
markets. The difficulty of the British makers is to find a 
surplus after the home demand has been satisfied to meet 
the needs of their overseas customers. The small increase 
in the exports during December indicated by the last 
Board of Trade Returns can be scarcely taken as repre- 
sentative of the situation, and it would seem that the real 
position gives cause for concern. According to export 
merchants, much of the material sent abroad during 
December included deliveries of steel material which had 
been long overdue. In fact, the difficulty of obtaining 
steel for overseas destinations has become accentuated 
lately. There have been strong complaints from Dominion 
buyers on this score ; but it is hard to see how the present 
situation can be improved, since the industry, although 
producing at a record capacity, is unable fully to meet the 
home demand. Inereased imports of steel, which might 
ease the stringency in this country, are unusually difficult 
to arrange, otherwise a certain amount might have been 
substituted for some domestic purposes for which English 
steel is now being used. The slowness with which the 
Continental steel quota released last December is reaching 
Great Britain indicates how difficult it will be to expand 
imports, although there is a school of thought which is 
veering to the opinion that for the time being the duties 
should be temporarily lowered or suspended in order to 
encourage the movement of foreign material to the British 
market and so relieve the present congestion. Contrary 
to the position in this country, no Continental industry 
apparently is working to capacity. It is improbable, how- 
ever, that an alteration in the duties at the moment 
would have the desired effect, since the Continental steel- 
makers seem unwilling or unable to increase their pro- 
duction. During the past few months considerable quan- 
tities of Continental steel have been sold for export, but 
it is doubtful if either the French or Belgian countries 
have entirely filled their export quota. The reason given 
is that recent social legislation and labour troubles have 
80 altered the economic structure of the industry that the 
works are unable accurately to estimate their costs, and 
at the same time they are in trouble with regard to 
supplies of raw material. These factors give a somewhat 
artificial appearance to the export markets and to the 
constant increase in prices which is now taking place. 
The latter movement is not satisfactory to all the countries 
in the Cartel, since it tends to create an ill-adjusted system 
of prices, particularly in the case of countries in which 
the home rates are controlled. Recently there have been 
several increases in British export quotations, and the 
difference of 5s. between the general export prices and 
quotations for the Dominions has been withdrawn. 


The Pig Iron Market. 


Business in the pig iron market is running on 
somewhat smoother lines than of late, but this is largely 
because the consuming industries appear to have reached 
the cdénclusion that no alleviation can be expected from 
the present stringent conditions until the whole situation 
in the iron and steel markets becomes more normal. 
The volume of business is restricted, but this does not mean 
that consumers’ requirements are less. All the foundries 
are busy, and the difficulty of obtaining adequate supplies 
of pig iron is an ever-present anxiety. On the North-East 
Coast a new furnace has been blown in at Skinningrove, 
which, it is expected, will be turned over to the produc- 
tion of foun iron at week-ends, but for the most part 
the output will be devoted to basic iron for its associated 
steel works. Of the thirty-one furnaces operating on the 
North-East Coast only two are making foundry, and this 
is obviously not sufficient to meet the needs of consumers. 
The quantities sold to Scottish users have been severely 
curtailed, but it is argued that the system of rationing 
which has been in force for some time has made the best 
of an awkward situation. Local consumers appear to 
have received larger quantities of iron lately than in 
December, although they have not been able to build up 
any emergency reserves. There is no pig iron offered on 
the market, and few of the producers care to add to their 
heavy forward commitments. One or two export orders 
have been taken, but this business has been very limited. 
In the Midland market the engineering and light castings 
industries are taking considerable quantities of iron, but 
complain that the supplies available fall below their 
requirements. The producers of Northamptonshire foundry 
iron are committed for months ahead, and whilst the 
Derbyshire makers are in a rather better position, and 
still have some stocks upon which to draw, they are 
rapidly reaching a point at which they will have to curtail 

les. It is said that no stocks of Northamptonshire iron 
exist, and that the rationing of consumers will be continued 
indefinitely until some impression has been made upon the 
arrears of deliveries. The demand for hematite iron shows 
no signs of relaxing, and consumers are finding a difficulty 
in obtaining all they need. Fresh business in these cir- 
stances is not easy to arrange, but expiring contracts 
apparently are being renewed. Most of the output of basic 
iron is used by the works associated with the producing 
concerns, and there is little iron available upon the open 
market, except that which is imported from India. 
Most consumers would be pleased to see this quantity 
increased, but there seems little likelihood of any expan- 
sion in imports owing to the world shortage. 


Scotland and the North. 

THE Scottish steel works are finding conditions 
difficult in the opening weeks of the New Year, owing to 
the increasing pressure which consumers are exercising 
to obtain material. Thee 


rt demand has an e ae 
tendency, but comparatively little steel can be FH Ge 


for overseas markets whilst there is such an insistent 
home request for all classes of material. Recent con- 





tracts for ships placed with builders on the Clyde have 

m reflected in an increased call for shipbuilding plates 
and sections, whilst the requirements, direct and indirect, 
arising from the rearmament mame add to the pro- 
ducers’ difficulties in maintaining deliveries. It is almost 
impossible to place orders for delivery in less than three 
months, and in the case of some products up to four 
months is required, Many extensions to works buildings 
and plant in Scotland are taking place, and all the con- 
structional engineers are heavily committed for months 
to come, At the same time there is a considerable amount 
of new work expected to come upon the market, so that 
no relief is likely to be experienced in the demand for 
structural steel for some time. The home prices of steel 
are, of course, unchanged, but it is anticipated that after 
May 31st a rise of at least 12s. 6d. per ton will take place. 
This has not yet been officially announced, however, and 
will have to receive the approval of the authorities. 
Export quotations were recently raised, but so little 
overseas business is being transacted that the steel 
makers do not anticipate much benefit from the higher 
rates now in force for some months. The situation in the 
sheet trade also is not satisfactory, since the manufac- 
turers are unable to obtain supplies of sheet bars in suffi- 
cient quantities to increase their output in accordance 
with the demand, which has greatly improved, both on 
home and export account. Most of the sheet mills are 
working at between 60 and 70 per cent. of capacity. 
The re-rollers are in a somewhat similar position, and are 
anxious regarding their supplies of billets. Most of the 
works are well booked for months ahead, and in some cases 
are falling into arrears with deliveries, owing to the diffi- 
culty of obtaining their full requirements of raw material. 
The demand for small sections in particular is active, 
whilst there is an unrelaxed request for bars for ferro- 
concrete work. In Lancashire consumers complain that 
the situation resulting from the delays in deliveries is 
becoming grave, and is causing much anxiety. since it 
is feared that the shortage of steel will be accentuated as 
the year progresses. A number of important contracts 
are pending in this district, and as consumers have usually 
to wait at least three months for rollings of constructional 
steel, the position is regarded with apprehension. 


Current Business. 


Swan, Hunter and Wigham Richardson, Ltd., 
Wallsend, are to construct a tanker of 15,000 tons for 
London owners. The oil engines will be supplied by the 
same firm. Greenock Dean of Guild Court have passed 
plans for important extensions to the Kilblain Engineering 
Works of John Hastie and Co., Ltd. About £12,000 is 
to be mt on the erection of a new building. The 
Caledon Shipbuilding and Engineering Company, Ltd., 
have received an order for a cargo and passenger vessel 
of 6000 tons d.w. from A. Holt and Co., Ltd., Liverpool, 
to be fitted with Doxford Diesel engines. Scotts Ship- 
building and Engineering Company, Ltd., Greenock, 
are to build two cargo motor ships each about 8000 tons 
d.w., for Liverpool owners. Guest Keen and Baldwins, 
Ltd., are to erect a third blast-furnace at their Margam 
works, Port Talbot. Davy Bros., Ltd., Sheffield, have 
obtained the sole rights of manufacture and sale of all 
products of the United Engineering and Foundry Company, 
Pittsburgh, in the British Empire, excepting Canada, 
whilst the American company will have the right to 
manufacture and sell the speciality products of Davy 
Bros., Ltd., in North America. The name of the latter 
concern will be changed to Davy and United Engineer- 
ing Company, Ltd. The large extensions to their Sheffield 
works are nearing completion. R. B. Tennent, Ltd., 
Whifflet Foundry, Coatbridge, have had plans passed 
by the Dean of Guild Court for the erection of a new 
engineering department which will cost £6000, not includ- 
ing plant. The Weardale Lead Company, Ltd., is to 
modernise the Boltsburn Lead Mine at Rookhope, Co. 
Durham, and to instal electric plant. Glasgow Dean of 
Guild Court have passed plans for extensions to the works 
of William Beardmore and Co., Ltd. The Department of 
Overseas Trade announces that the following contracts 
are open for tender:—Indian Stores Department : 
Forged steel crank axles for “SP,” “SG,” “ P T/C,” 
“PTS.” “8S P/S,” “8S G/C,” and “ § G/S ” class locomo- 
tives (coupled driving) (Engineering Section, New Delhi, 
March 4th). New Zealand Public Works Department ; 
Supply of quantities of maintainer blades, 4ft. 7in., 
5ft. llin., and 11ft. lin. long (Wellington, March 2nd). 
Egyptian Ministry of Public Works: Supply of one 
A.C./D.C. are welding set (Cairo, March 6th). 


Copper and Tin. 

The quieter conditions which have ruled since 
the end of December in the electrolytic copper market 
continue so far as new business is concerned, but at the 
same time considerable quantities, both in America and 
in this country, are passing into consumption. In fact, 
industry is now employed in absorbing the heavy pur- 
chases made in the closing months of last year, and it 
would be rising if new business in copper were main- 
tained at a high rate of activity. There has been a certain 
amount of speculative buying of electrolytic copper, but 
it is difficult to distinguish between purely speculative 
commitments and hedging transactions against currency 
depreciation, which are not infrequently entered into by 
Continéntal interests. A further increase in the price 
might result in profits being taken by these operators with 
a temporarily weakening effect upon the market. The 
consumption of electrolytic copper in this country con- 
tinues on a good scale and a moderate demand has been 
experienced from France and Italy. Business with Ger- 
many has been on the quiet side, but that was probably 
because of the control which the German authorities 
exercise over imports, since so far as can be gathered 
rman consumers are not well off for supplies. In the 
standard market, after the recent ‘ shake-out,” prices 
have shown a tendency to rise and a fair-sized bull account 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


is being built up. The contango has declined to Is. 3d., 
largely because of the depletion in the stocks and the 
covering of forward positions at the end of last month. .. . 
Labour troubles in America, the uncertain trend in other 
markets, and an increase in the visible supply have had a 
depressing influence upon the tin market. The absence 
of any steady buying either from the United States or 
from the Continent has naturally affected sentiment, and 
Yor the time being this market has a distnctly dull appear - 
ance. It was expected that the statistics for January 
would show a considerable increase in the visible supply, 
but as it turned out the total as calculated by Mr. W. H. 
Gartsen in his ‘“‘ Tin Statistics” was only 69 tons higher 
than at the end of December, the figure for January being 
19,791 tons. The over in the Straits, however. 
increased from 2122 tons to 3568 tons at the end of 
January, and at the Arnhem smelter from 851 tons to 
1536 tons. Supplies in January were 11,510 tons, com- 
pared with 11,888 tons during December. Of this quan- 
tity the United States took 5953 tons, against 6274 tons in 
December. The deliveries in January reached 11,441 tons. 
against 10,430 tons in December, and of this, 7615 tons 
was credited to the United States. 1067 tons to the Con- 
tinent, and 950 tons to Great Britain. 


Lead and Spelter. 


‘ The tone of the lead market during the past 
week has had a somewhat easier tendency. The general 
view, however, seems to be that this is the result of outside 
conditions rather than of any decline in the industrial 
demand or expansion in supplies. At this time of the year 
there is frequently a lull in the demand for lead. Many 
consumers covered their commitments well forward early 
in January, and whilst prices show a tendency to decline, 
users almost invariably withhold their support from the 
market. Speculation, also, has been less apparent in this 
department and most of the big bull accounts appear to 
have been either wholly or partially liquidated. Consider- 
able quantities of lead are ing into consumption, and 
a feature of the situation is the rapidity with which lead 
arriving in this country is taken up by the actual users. 
In some cases where metal has been required promptly 
premiums are said to have been demanded and paid. This, 
of course, points to a continuance of industrial activity. 
The business prospects of the coming year have bee 

thoroughly discussed lately, and it seems to be agreed 
that the quantities of lead required in 1937 will be no less 
than those used last year. Of course, much will depend 
upon how long the rearmament p mme continues, 
as there is no doubt that considerable quantities of the 
metal are used directly or indirectly in connection with 
this work. American figures give the stocks of refined 
lead in the United States at the end of 1936 as 172,423 
short tons. This compares with 176,961 tons at the end 
of November and 222,356 tons on December 31st, 1935. 
The total production of lead last year is given as 463,187 
tons, compared with 421,765 tons in 1935.... Although 
the improvement in the consumption of spelter in this 
country has been maintained, there is some indication 
that production also is,increasing. For instance, in France 
and Belgium it is stated that some of the producing works 
have re-opened. As it has long been heid that the world’s 
production has been in excess of the consumption of 
spelter, this tendency may have a damping effect upon the 
market. Values have slightly declined, probably in 
sympathy with the price movements in the lead market ; 
but, notwithstanding the adverse factors in the situation, 
there are indications that the market will improve. There 
is little doubt that spelter does offer better possibilities 
than lead, and as a consequence some speculative operators 
appear to have switched over from the latter to spelter. 


Non-ferrous Metals Average Prices. 

The official average prices issued by the London 
Metal Exchange for January show that with the exception 
of tin values during that month considerably appre- 
ciated. The average quotation for cash copper rose by 
£5 lls. 2d. over the December figure; that for three 
months being £5 7s. 6d. higher, whilst the averages for 
electrolytic and best selected copper were £5 19s. 3d. 
and £5 10s. 9d. respectively more than for the previous 
month. In the tin market conditions were probably 
affected by the uncertainty which ruled regarding the 
continuance of the International Restriction Scheme, and 
the average for cash metal shows a decline of £2 15s. 3a. 
on the December figure. For three months the price is 
£2 Os. 8d. lower. In the lead market a rise of £1 14s. 3d. 
occurred in the average for shipment during the current 
month, and £1 13s. for shipment in the third following 
month, the mean being £1 13s. 7d. above the December 
ave! . Prices in the spelter market also indicate the 
firm conditions which ruled during January, and a rise 
of £3 3s. lld. took place in the average for metal for 
shipment the current month. For shipment in the third 
following month the price improved by £3 2s. 9d. and the 
mean by £3 3s. 4d. over the December averages. The 
following are the official London Metal Exchange average 
quotations for January :— 


StanparRD Coprer ... Cash (mean) ... ... £51 10 10} 
3 Months (mean) ... £51 13 45 
Settlement sis £51 10 6 
ELEcTROLYTIC CoPpPER (mean) £56 13 0} 
Erectrotytic WIRE Bars ... : £57 0. 44 
Best Sevectep Copper (mean) ... ... £56 3 9 
StanpaRp Tix... ... Cash (mean) ... ... £229 9 10} 
3 Months (mean) ... £230 4 14 
Settlement -. , £229 10° 0 
For shipment the current*month ... £27 5 5} 

For shipment the third following 
LEAD month Recs seperate ons ey ens £27 3 0 
MIN Siw eae ins £27 4 2} 
APRN Ais PP ae see Mitre an £27 5 6 
For shipment the curreht month... £21 3 Of 

For shipment the third following 
SPELTER seath RUE, mechs Yepeh Awe ¥ik sige £21 5 7} 
Mean ane £21 4 4} 
Settlement £2193 14 
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Current Prices for Metals ahd’ Fuels. 


Makers ’ official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. Export 
(D/d Teesside Area) 

N.E. Coast— £ ad £ 8. d. 
Hematite Mixed Nos.*... 4 17 6 ... 314 6 
No. 1 418 0. 315 0 

Cleveland— (D/d Teesside ob 
No. 1 psa 43 6. aa 
No. 3 G.M.B.... Ook ex =e 
No. 4 Forge... .. <8 es — 
Basic (Less 5/— rebate) .. 4° 2 6. _ 
MIpDLANDsS— 
Staffs.— (Delivered to Black Country Station) 
North Staffs. Foundry... 4 6 0. -- 
* oo Wome. st BER OR ome: 
Basic (Less 5/— rebate)... 4°2 6. — 
Northampton— 
Foundry No.3... ... 4 3 6.. — 
Faas cies a Ss eee — 
Derbyshire— 
No. 3 Foundry ... ... 4 6 0.. - 
Forge Marin thea O —_ 
ScoTLanp— 
Hematite, f.o.t.furnaces* 4 17 6 a 
No. 1 Foundry, ditto ... 410 6... — 
No. 3 Foundry, ditto ... 4 8 0... -- 
Basic, d/d (Less 5/—rebate) 4. 2 6... «.. — 
N.W. Coast— i ye 18 0 d/d Glasgow 
Hematite Mixed Nos.*..., 5 3 6 ,, Sheffield 
ls 9 6 ,, Birmingham 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 

Lancs. AND YORKS.-— Se & £ s. d, 
Crown Bars. . ann SABO +0 ace 1110 0 
Bout: Bath. <-).a:caess? tid 0/20. 11 2..6 

MipLanps— 

Crown Bars ... - 1010 0... 10 10 0 
Marked Bars (Staffs,) . mw. OO." 12 10 0 
No. 3 Quality RAT Se Ee ge Be — 
No. 4 Quality weiit oO Ad Be —_ 

ScorLanp— 

Crown Bars... °..0 VS TE O° OS: 10 100 
Rn cee ote. cana aha eee ae Oe ae Woe Se 

N E. Coast— 

Common Bars id O30». Oud. 10 100 
Bes: Bars idé 46. O3MFEL Onn ll 2 6 
Double Best _ ~ ER RO71O5.: 1112 6 

NorTHERN IRELAND AND FREE StaTE— 

Crown Bars, f.o.q..... -.- 10 17 6 ... _— 
STEEL. 
Home. Export. 

LONDON AND THE SouTH— - &.d. £s. d. 
Angles 9 5 6... 9 2 6 
years le ae Ba 10.2: 6 
Jobat 660g: wes tein ashis ag AN BB hw 9.2.6 
Channels.. cor 2 ee wee 9 7 6 
Rounds, Sin. mae pL ters Ss 10 2° 6 

36 under 3in. 912 6.. 910 0 
Flats under 5in., 912 6..: 910 0 
Piates, fin. (basis) 915 ¢6.. 2. So 

i hens caren ac as, et 917 6 

e BO ech timer Bhs Se 10 2 6 

oo Pim. ings 55000 sen AOU 24... 10 7 6 
Un. ¥ to fin. incl. ie TG? SiO 10 15 0 
Boiler Plates, jin.... ... 10 5 6. 10 15 0 

Norts-East Coast— ee ® a 
ANGING : so50 F050 09553 8s ee VR 9 2 6 
Teees: <4ti abso eo BD Oa 10 2 6 
Joists ik eran t4hO8 188 9 2.64 
Channels... 9.:.002:. so @ BO 8, 9 7 6 
Rounds, 3in. andup ...10 3 0... 10 2 6 

ot under 3in. Ze eae. 910 0 

\ Plates, jin. (basis) ... 910 6 912 6 

ob Se CER ee ere 917 6 

és Binsiiss:s3 jie TO Bees. 10 2 6 

” fein. .. 10 5 6 10 7 6 

n. # to fin. sessts® 918 0 10 17 6 

vie Plates, fin... ... 10 0 6 1015 0 
MIPLaNDs, AND LEEDS AnD DistRIcT— 

6:0icd ae oS 

Amiens. 6 0 A OFS 9 2 6 

BOG cites on ore tes ee Oe ee 10 2-6 

ES eT ae ey OF ae As 9, 2.6 

Ghannslé;. we. OD... LR 

Rounds, 3in.andup ...10 3 0.. 10 2 6 

™~ under Zin. ... 910 O.. 910 0 
Flats, 5in. and under ... 910 0.. 910 6 
Piates, jin. (basis) ... 913 0... 912 6 

. See cee ee SER 917 6 

Sin, -.. .digos weAOi- Bec O iis 10 2 6 

a fin. .. ot ee Oe eee 10: 3:6 
Un. & to fin. aay mn, Bi he ae 10 17 6 
Boiler Plates, Zin... ...10 2 9%... 10 15 0 








n 





only from associated British Steelmakers. 


STEEL (continued). 

Home. Export. 
Guascow anv Districr— £ s. d. £ 8s. d. 
Angles 2c. bg nS 8. 9 2.6 
Debes i a a Oe OS. 10 2 6 
We SO rr 9 2 6 
Cents. ee a 9 7 6 
Rounds, 3in.andup ...10 3 0.. 10 2 6 
ae under 3in. PS ee Eee 910 0 
Flats, 5in. and under ... 910 0.. 910 0 
Plates, jin. (basis) 910 6.. 912 6 
og «ae 915 6.. 917 6 
io epee 10 0 6.. 10 2 6 
a xin. . 10 5 6... 10 7 6 
Un, & te fin. jel 9:13 65. 10 17 6 
Boiler Plates, jin. Sy | ek Mee Bee i015 0 
Sourm Wares Arza— £ 8s. d. £ os. d. 
Angles ee Oe 9 2 6 
Tees... A Oo 10 2 6 
Joists... o 2: Os. 9 2 6 
Channels... ... ... ee oes Oe 9 7 6 
Rounds, 3in. and up Oy Bo Bas 10 2 6 
= under 3in, 910 0... 910 0 
Flats, 5in. and under 910 0.. 910 0 
Plates, jin. (basis) 913 0.. 912 6 
Hebel coke Pie tp ae 917 6 
ie din. ... me. er Be Te 10 2 6 
i ye ee ee ee — 2 10 7 6 
Un. jin. to fin. incl. » 10.58: O. 10 17 «6 
IRELAND—¥F.0.Q. BELFAST Rest or [RELAND. 
£ s. d. £ 8s. d. 
Angles 9181. @.. 910 6 
Tees... 10 8 0... 10 10 6 
Joists OPE! :. 918 0 
Ciesnstis: : 913 0.. 915 6 
Rounds, Sin. and up 10 8 0.. 10.10 6 
nA under 3in. ah Re 8 8 9 
Plates, jin. (basis) ... 915 6.. 918 0 
et te inscock ajo ad ady i< 10 3 0 
‘ fin. ... 10 BO 10 8 0 
Pe fin. . =. 10°32" 6 .: 10 13 0 
Un. in. to sin! incl. ee eres 10 8 0 

OTHER STEEL MATERIALS, 
Home. Export. 
Sheets. $16... 4. £ s. d. 
11-G. to 14-G., d/d -11 10 0... ...f.0.b. 11 10 0 
15-G. to 20-G., d/d a 1G Os: .. f.o.b. 11 15 0 
21-G. to 24-G., d/d oe te OT. Bee 8 
25-G. to 26-G., dja , aa iS: s...- . f.o.b. 12 15 0 


South Africa, 24-G. Basis £12 0s., plus 3% on invoice value ; 
Australia £10.5s. Irish Free State, £13 15s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £s. d. 
4-ton lotsandup... ... 14 0 0 
2-ton to 4-ton lots os BA of 
Under 2 tons ove? tke: EAR 


Export : India £16 10s. c.i.f.; South Africa, £14 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £14 17s. 6d. f.o.b. ; 
Sweden, £13 15s.; Irish Free State, £14 15s. f.0.q.; 
General, £14 15s. f.o.b. 
Tin-plates 
20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. 2 ore 
Basic (0-33%t00-41%C.) ... . ee dees bee 
» Medium (0-42% to 0- 60% C. ) BI: @ 
» Hard 0-61% to 0-85%C.) - 8; ¢ 
zy » (0-86% to 0-99% C.) 9 2 6 
a » (1% C. and up) tS ee +0. 12.56 
Soft (up to 0-25% C.), 500 tanned vt up . 6 5 0 
Rails, Heavy, 500-ton lots, f.o.t. 810 0 
» Light, f.o.t. bad -710 0 
FERRO ALLOYS. 
Tungsten Meta] Powder.. 3/1} per Ib. 
Ferro Tungsten 3/- per Ib. 
: Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6 p.c.carbon £21 10 0 7/- 
” »  6p.c.to8p.c. +. £21. 0:0 7/- 
, » Spc.toldpc. ... £21 0 0 7/- 
, » Specially Refined ... 
a » Max. 2p.c. carbon £32 10 0 11/- 
” Pa »  Lp.c, carbon £35 15 0 11/- 
” ” » 0°50p.c.carbon £36 10 0 12/- 
- »» carbon-free .... 94d. per lb. ' 
Metallic chromium .. 2/5 per lb. 


£11 15 0 home 
£12 0 0. scale 5/-p.u. 
£17 0 0 scale’6/- p.u. 


Ferro Manganese Guten’; 16p p-c.s.. 
» Silicon, 45 p.c. to 50 p.c. 
PS 75 p.c. oy 


» Vanadium 12/8 per lb. 

» Molybdenum... 4/6 per Ib. 

» Titanium (carbon Pl 9d. per Ib. 
£180 to £185 


Nickel (per ton) _ 


1/- to 7/1 per lb. 





Joists as well as Sections and Plates are how subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 
(Official Prices, February 3rd). 


CorPrrR— 
ERE RE Ree a nat pe £54 5 Oto £54 6 3 
Three months ... £54 6 Sto f54 7 6 
Electrolytic . £58 15 Oto £59 15 0 
Best Selected eae aja Bir- 
mingham .... ... £59 10 0 
Sheets, Hot Rolled £85 0 0 
Home. Export, 
Tubes, Solid Drawn (basis) ... 123d. 123d. 
»  Brazed (basis) 123d, 123d. 
Brass— 
Ingots, 70/30, d/d Birmingham £44 10 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 114d. 114d. 
»  Brazed poate esp ef 13d. 13d. 
Tin— 
Cash ... .. £228 15 0 to £229 0 0 
Three months ... - £229 10 Oto £229 15 0 
Lap: £27 7 6to £27 6 3 
SPELTER : “3 en £21 16 3 to £22 3 9 
Aluminium Ingots Genin). £100 to £105 
FUELS. 
SCOTLAND. 
LaNARKSHIRE— Export. 


(£.0.b. pasa oR indi Unsereened) 16/- to 16/6 


Hamilton Ell 18/- 
Splints 20/- 
AYRSHIRE— 
(f.0.b. Ports) —Steam =... ee cee vue nee 16/- 
FivesHIRE— 
(f.0.b. Methil or Burntisland)— 
sR Aah SaSgar 8 SRR fae one ies ged St 17/6 
Unscreened Navigation re i eon 16/6 
LoTHIaANs— 

(£.0.b. cep Magapaa Prime 16/6 to 17/- 
Secondary Steam . 16/6 
ENGLAND 

YORKSHIRE, MANCHESTER— 
B.8.Y. Hard Steams 19/6 to 23/- 
Furnace Coke 19/- to 24/- 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 18/6 to 20/- 
» . Second... ... 17/6 to 18/- 
» Best Small ... 14/6 
Unscreened 18/— to 19/- 
DvureamM— 
Best Gas... 17/6 to 18/- 
Foundry Coke 26/6 to 27/6 
SHEFFIELD — Inland. 
Best Hand-picked Branch ... 27/6 to 29/6 a 
South Yorkshire ... 24/- to 26/- a= 
Seconds ... . 22/-— to 23/- — 
CarnpirF— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large ... 19/6 
Best Seconds oid 19/— to 19/44 
Best Dry Large 18/6 
Ordinaries ... 18/3 to 18/6 
Bunker Smalls 15/- to 15/6 
Cargo Smalls ... 13/6 to 14/6 
Dry Nuts. 25/- to 27/- 
Foundry Coke 30/— to 47/6 
Furnace Coke 24/6 to 25/6 
Patent Fuel ... 22/- 
SwansEA— 
Anthracite Coals : 
Best Large... . 36/— to 40/- 
Machine-made Cobbles.. 41/— to 48/6 
Nuts * 40/— to 48/6 
Beans 25/- to 35/- 
Peas nin; Aah 19/- to 23/6 
Rubbly Culm... 12/- to 12/6 
Steam Coals : 
Large Ordinary 18/— to 20/6 





FUEL OIL. 


Inland consumption ; contracts in bulk, 
Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 soitiie sib simmmliides 34d, 
Diesel Oil. cs eens Hise co 44d. 
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French Engineering Notes. 
(from our own Correspondent in Paris.) 
Paris Exhibition Works. 

Tue slowing down of activity in co uence of 
the social revolution during the second half of last year 
made it clear that special effort would be needed to com- 
plete the Exhibition works in time for the opening on 
May Ist, and all hope of that being done appeared to be 
dispelled by the. introduction of the forty hours’ week in 
the building, engi ing, and other trades, which still 
further retarded progress, without offering means of making 
up for the labour deficiency. The principle of the forty 
hours’ week is that the men shall work less for the same 
weekly pay as they received previously, and leaves 
employers no alternative but to take on more hands. 
Contractors were therefore asked to accelerate work by 
employing more men. This would mean either two short 
shifts a day, which would leave the men dissatisfied with 
their earnings, or further expenditure on plant and equip- 
ment in order to employ more men when the contractor 
was already Casdiaied: with heavy charges following upon 
the labour revolution in June last. He simply cannot 
do more so long as costs are rising, and he is not sure of 
being recouped for the extra outlay. The taking on of 
unemployed hands offers the same difficulty that has been 
experienced in nearly all industries. The contractor has 
his own specialised jobs that can only be done by men 
accustomed to the work. While the number of unskilled 
hands has been increased, it has not been possible to make 
up for the deficiency on constructional work. The only 
solution is to suspend the forty hours’ week, which the 
men are resisting, and there is said to have been trouble 
over the non-observance of the short week by the Germans 
and Italians employed on the erection of their respective 
pavilions. The German pavilion is a somewhat massive 
steel structure which will be faced with stone and sur- 
mounted by a tower. Only Germans are employed 
and all the material is brought from Germany. The 
men work all day and all the week with a determina- 
tion to get the job thfough. The Exhibition authorities 
now see their only hope of completing the Exhibition in 
time is to follow that example. The Government is 
prepared to suspend the forty hours’ week if acceptable 
to the Confédération Générale du Travail, with which 
negotiations are now being carried out, and while the dis- 
cussion is somehat laborious there is reason to believe 
that an agreement will be reached for working the full 
week, including Sunday. If the men pull their weight 
the Exhibition will be ready in time, and they will be 
able to celebrate that achievement on the annual Labour 
Day. 

The Railway Future. 

The future status of the railways is making some 
progress towards a final settlement. A Parliamentary 
Commission has reported upon the various proposed 
solutions now being examined by the Government. As 
all the railway concessions will lapse between 1950 and 
1960 it is intended to anticipate the reorganisation that 
would inevitably have to be carried out on the first-named 
date and to place the railways now on a permanent workable 
basis, It was believed that the hopeless financial situa- 
tion of the companies would have provided the Govern- 
ment with an excuse for nationalising the railways. 
While that idea is still entertained, it has been modified 
in the sense of “ industrialising*’ the railways, which 
means that companies will work the railways in participa- 
tion with the State. There is no longer any question of 
the State taking over the railways, as was the case with the 
old Ouest company when it fell on evil days, and the 
Government was unable to divide up the railway system 
on suitable terms between the Nord and the Paris-Orleans 
companies. The reorganisation and reconstruction of 
that railway by State engineers were remarkable achieve- 
ments, and it became a-laboratory for new developments in 
railway practice from which other railway systems 
benefited. But it has always been a costly undertaking, 
and confirmed a general belief that the State was incapable 
of managing railways on business lines. The proposals 
now under consideration range from giving autonomy to 
the existing companies, something on the lines of the 
Convention of 1921, which was subsequently whittled 
away by successive Parliaments, to the combining of all the 
companies into one company, the State taking over the 
deficit as the price of its participation in the new company. 
In view of the colossal total of this deficit the State would 
presumably have a preponderating influence in the 
company. It may be noted that the deficit is approxi- 
mately equivalent to the amount that the State has taken 
out of the railways. This method of organisation, which 
is said to have the approval of Monsieur Blum, is nationali- 
sation in disguise, and relieves the State of financial 
obligations. At the same time the Government has to 
deal with the difficulties arising out of road competition. 
The elaborate scheme of co-operation between the rail- 
ways and road hauliers by means of local arrangements 
has failed, and the Government proposes to deal with the 
matter by limiting the distances for public road transport, 
so that all long-distance traffic will revert to the railways. 
This problem of competitive transport, as well as all other 
matters affecting the railways, will be dealt with in the 
Bill which the Government has undertaken to present to 
Parliament by the end of March. 


Arbitration. 

The liquidation of disputes by arbitration in the 
engineering trades in the Nord and the Sambre has had 
the effect of reaffirming the authority of the law by giving 
awards entirely in favour of the employers. The main 
issue was the question of discipline in works, and an 
arbitration award declares that shop delegates must 
confine themselves strictly to the duties imposed upon them 
by the collective contract, and they are. prohibited from 
any subversive action in works which has been at the 
bottom of the trouble between employers and their men. 
Engineers also receive satisfaction in being allowed to be 
represented at arbitration proceedings by their own asso- 
ciations instead of by the Confédération Générale du 
Travail. The C.G.T. protests against this decision on the 
ground that its official recognition as the sole accredited 
representative of wage-earners covers all categories of 
persons in paid employment. 





British Patent Specifications. 
When an invention is communicated from abroad the name and 
address of the communicator are in italics, 
When 
an a is not illustrated the Specification is 
ie Dea bo Socket bolder Chanong ane Were, 





Sale Branch, 25, y-lane, W.C.2, 
le. each, 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is 0 df ae eae ag a 
complete Specification. 

SWITCHGEAR. : 


458,309. June 13th, 1935.—ALTERNATING-CURRENT CIRCUIT 
Breakers, The British Thomson-Houston Company, 
Ltd., Crown House, Aldwych, London, W.C.2, H. Trencham, 
“ Oaktho »” Kings End, Ruisli Middlesex, and H. E. 
Cox, 96, urnley-road, Dollis Hill, London, N.W.10. 

In this cireuit breaker the break is made in a bath of oil 
within an explosion chamber A, made_of insulating material. 


N°45 8,309 











The moving contact is shown at B and the fixed contact at C. 
The fixed contact is resiliently pressed forward by the spring 
D. An essential feature is that the opening E through which 
the gaseous products of an arc escape is close to the points of 
contact and is only just covered by the oil. Other vents F and 
G are provided to prevent too great a rise of pressure within 
the explosion chamber.—December 14th, 1936. 


MEASURING AND3TESTING INSTRUMENTS. 


458,144. December 19th, 1935.—Mzasurtne Powperrs, Fr. 
Hesser, Maschinenfabrik Aktiengesellschaft, 99, Olga- 
strasse, Bad Cannstatt, Germany. 

This is a scheme of filling granular materials into cartons 
in a packeting machine, in exactly measured quantities. The 
material is in A, which are intermittently 
rotated in the circular table B. They have open bottoms and 
slide on the fixed plate C. The measures are with material 
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as they pass beneath the hopper D and subsequently —__ 
their contents into the cartons E. In order to ensure 
exact filling of the measures, they are first slightl 
by allowing a small gap F beneath the gate G. e film of 
material consequently spread on the top of the table B is then 
scraped off by the curved doctor H and led into the measures 
a just before they go under the feed hopper again.— December 
1 1936. 


FURNACES. 


August 29th, 1935.—River Furnaces, H.: Alexander 
, Ltd., and H., Alexander, Charmouth-street, 
Leeds, ll. 3 
This is a small electrically heated furnace for heati 
articles as rivets, and the invention is concerned with the feeding 
forward of a steady stream of rivets. Reaching into the Pe 


458,141. 
and 


such 
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there is an inclined trough A, on to which the cold rivets are 
placed at the entrance B to the furnace. This trough can be 
reciprocated by the bell-crank C and treadle D to push the 
rivets forward on to the hearth E. At the same time, the door 
F is opened by the hanger G and lever H, so that the hot rivets 
may be conveniently removed.—December 14th, 1936. 





SHIPS AND BOATS. 


457,703. March Ist, 1935.—Sures’ Harcues, R. B. Reith, 33, 
Sandhill, Newcastle-on-Tyne, 1. 
The inventor p to make hatch covers of rubber 
reinforced with canvas duck ranging in thickness from jin. 
to 2in. The slabs are further strengthened by angle bars A 


N°457,703 D 
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riveted through to straps B, and are rted on hateh bars 
C. It is suggested that the slabs pln 7 gro divided halfway 
along their length at D. The joints between the slabs and the 
hatch beams are made weather-tight by the battens E and 
clips F.—December lat, 1936. 


A 





MOTOR CARS AND ROAD TRAFFic. 


457,710. June Ist, 1935.—Laminatep Sprincs, H. Reinz, 
No. 9, Arysallee, Berlin-Charlottenburg 9, Germany. 

In order to improve the action of lamimated springs the 

inventor proposes to interleave the laminations with a fabric 

woven from wire, preferably phosphor bronze, and a soft 
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material which is impregnated with graphite. The illustration 
shows the twill weaving of the material. It is said that in this 
way rust is prevented from forming between the laminations, 
and that they are made free to slide easily on one another.— 
December ist, 1936. 


BUILDING. 


457,707. May 3rd, 1935.—Propucine Porous LicuT-wEIcHT 
AGGREGATE FROM Liqump §1ac, E. B. Bjorkman, 25, 
Montague-street, London, W.C.1. 

Fluid slag is fed into the chute A from the ut B and is 

met by water from the pipe C and a blast of cold air from D. 


N°457.707 











It slides down the chute on to the conical disc E, where it is 
again met by water from F. The disc has raised corrugations 
G, and is water- cooled vid H, J. It is rotated by the gearing 
shown and t off the g lated slag to fall into the hopper 
below.—December 3rd, 1936. 





METALLURGY. 


457,780. June 4th, 1935.—Tin Pratine, Richard Thomas and 
Co., Ltd., Shell Mex House, Strand, London, W.C.2; 
A. W. Kieft, Kendale, Ham -lane,; Ham 
London, N.W.3; E. Mehl, 6, Claremont Villas, Mumbles, 
Swansea ; and O. Smetana, 12, Eaton-crescent, Swansea. 
This specification explains at some length the relative merits 
and disadvantages of the tin pot (molten) and the electrolytic 
systems of plating metals with tin. It goes on to say that the 
inventors have found that if the base metal is first electro- 
plated with copper, nickel or cobalt, then electro-plated with 
tin, and the tin plating finally melted in situ, a very effective 
coating is produced. Several recipes are given, among 
which is the Nrollowin, “In a continuous working operation 
a steel strip is omaeliy and cleaned, pickled in 
10 per cent. —— pe oF ereupon led through a galvanic 
bath, where 0-7 grammes of nickel per square metre surface 
are deposited, next sprayed with water, and then led through a 
.tin bath of good throwing power, where 9 grammes of tin per 
square metre surface are deposited. The coated strip is then 
rinsed, cleaned, dried, and heated in an atmosphere consisting 
of 20 volumes per cent. of hydrogen chloride and 80 volumes 
per cent. of air to a rature of 270 deg. Cent., in such a 
manner that the feiss ow coating remains molten from 
0-5 seconds, This heating may be effected electrically. The 
strip is then quenched in , cleaned, and dried, and is 
found to have a bright coating greatly superior to that of a 
tin plate produced by the tin pot process.’’—December 4th, 1936. 


458,065. May i4th, 1936.—Iron Attoys SuiTaBLr FoR 
Maenetic Boprgs, H. OC. Heide, 2, Broad-street Buildings, 
Liverpool-street, London, E.C.2. 

The particular object of this invention is to provide a 
process by which iron-aluminium-nickel-magnetic alloys with 
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predetermined magnetic values, and in pertioube containing 
about 6-16 per cent. of aluminium and about 20-32 per cent. 
of nickel, can be pisprsed so that any one of the different 
batches will vary the mean in chemical composition and 
magnetic constants to an extent of not more than 5 per cent. 
Accordingly, the consists in melting se tely a 
quantity of aluminium, and when molten cleaning it from the 
alumina dross which has formed and under the guidance of 
the observed weight of the so cleaned aluminium and before 
any further substantial oxidation of the molten metal can 
occur bringing together the e aluminium and the required amount 
of nickel and iron pr ther in another crucible. 
An excess of aluminium over the required proportions may be 
melted and a weighed quantity thereof separated from the 
alumina dross for use in alloying. The required amount of 
molten al is p dinto a tared crucible on a weighing 
machine, and the iron and nickel necessary to give the required 
alloy (for example, one conteining 24-8 per cent. nickel and 
14-6 per cent. aluminium) is in the molten state into the 
molten aluminium under the | guidance of the observed change 
in weight. If, for example, an alloy with the following —_ 
analysis is to be prepared :—24-80 per cent. nickel, 14-60 
cent. aluminium, remainder iron. It will be found t = 
the variations from the mean of the magnetic values of the 
alloys when produced do not exceed plus or minus 5 per cent.- 
December 11th, 1936. 











MISCELLANEOUS. 


457, i. _June 4th, 1936. —Tue Lusrication or Pive Cocks, 
Cc. Vallon, “* Permureda,”’ Pinhoe, Exeter, and Willey 
ry Co., Ltd., Exeter, and United Gas Industries, Ltd., 
51, Lincoln’ 's Inn-fields, London, w C.2 

This is a plug cock intended y for | gas services, and is 
provided with a system of lubrication, so that it may always 
remain free even after long periods of inaction. The plug is 
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recessed at A to provide a cavity for the reception of 

which is introduced by the axial hole B. This cavity is closed 
_ by the cap C, and communicates with the annular grooves D 
and E by the ports FF. It is suggested that the grooves 
should be of V section. Grease is injected into the lubricat- 
ing grooves by a normal grease gun.—December 4th, 1936. 


457,782. June 4th, 1935.—Hear Excuancz APPARATUS, 
O. A. Bossart and E. G. Eberhardt, Seventeenth and 
Racine Streets, Racine, Wis., U.S.A. 

This radiator has the usual top and bottom headers A and B 
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connected together by a bank of flattened tubes C. The walls 
of these tubes are indented, as shown at D D, so as to provide 
restricted spaces for the flow of the water, and produce a 
turbulent flow conducive to the transfer of heat from the water 
to the surrounding air.—December 4th, 1936. 


SuLPuHur 


y> 
mn, 


458,073. March llth, 1935.—THe REcovERY oF 
rroM SuLPpHURovs Gases, The National Smelting Com 
Ltd., 95, Gresham-street, London, E.C.2; Stanley Ro 
Penpole House, Shirehampton, Bristol; and M. 
Travers, 6, Christchurch-road, Clifton, Bristol. 

This invention has as its aim the production of s ‘coduebek by 
from sulphurous gases or sulphur-bearing gases prod by 
the roasting of sulphide ores, or from any other source. The first 
step in the process is to separate the sulphur-bearing gases 
from the permanent gases, such as oxygen and nitrogen, which 
oceur naturally in the roaster gases. This is conveniently 
effected by transforming them into sulphuric acid, or oleum, 
or sulphur trioxide. The sulphuric acid or sulphur trioxide 
is reduced to sulphur by contact with hot carbon in the form of 
coke, charcoal, or other convenient carbonaceous material. 
The gases produced by the reaction when sulphur trioxide 
is used will be sulphur, carbon monoxide, and carbon dioxide. 
The heat of the coke or other carbonaceous material will be 
maintained wholly or in part by the combustion of the secondary 
oxygen arising from the decomposition of the sulphur trioxide. 
When sulphuric acid is used steam also will be produced and 
decomposed, and correspondingly more carbon el be required 
for the sulphur reduction process. In an alternative method the 
sulphuric acid or sulphur trioxide is decomposed thermally 
by contact with a heated refractory material, and the rouciliaalt 
gases then passed over heated coke or other carbonaceous 
matter. Some carbon edaee and/or carbon oxysulphide 
may be produced when the sulphur gases through the heated 
coke or carbonaceous matter. Prhese ies may be decomposed 
by passing the gases, together with an excess oft sulphur trioxide 





or vaporised sulphuric acid, over an oxidising catalyst such 
as iron oxide.—December 11th, 1936. 





Forthcoming Engagements. 


Secretaries of Instituti Societies, d&:c., desirous of having 
notices of meetings inserted. in this col , are? ted to note 
that, in order to make sure of ite insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the tings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 

















To-pay. 

inst. or Martne Enorygers.—85, The Minories, E.C,3. 
“The Qualifications of the Engineering Teacher,” J. H. Currie. 
6 p.m. 

Inst. or MecHanicaL ENGINEERS,.—Storey’s-gate, S.W.1. 
Informal meeting. ‘‘ Some Notes on Boiler Plant Construction, 

, and Development,” a talking film introduced by C. A. 
Plummer, 6,30 p.m. 

Inon anv Stet Inst.—Metal Exchange, Swansea. ‘* Methods 
of Detinning Tin-plate for aE of the cei and 
Continuity of the Alloy Layer,” Hothersall and W. N. 
Bradshaw; “A Study of the oN of Porosity in the Tin 
Coating of Tin-plate,” A. W. Hothersall and J. C, Prytherch ; 
“Some Considerations Influencing Plant yma for Strip- 
sheet Production under British Conditions,’’ Geo, A. V. Russe! 
“The Roll Problem in Baeked-up Mills for Cold Reduotion,” 
Geo. A. V. Russell and 8. 8. Smith. 6.30 p.m. 

Junior Inst. or ENGIngERS.—39, Victoria-street, S.W.1. 
“The C.E.B. Grid Transmission System,” L., M. Jockel. 
7.30 p.m, 

Nortz or ENcianp Inst1ruTs or Mryine anp MECHANICAL 
Enerverrs.—Grand Assembly Rooms, Barras Bridge, New- 
castle-on-Tyne, Annual dinner. 7.30 p.m. 

Sarurpay, Fes. 67x. 

Grascow Untversity Eneingertne Soc Grosvenor Hotel, 

Glasgow. Annual dinner. 6.30 p.m. 
Monpay, Fes. 81x. 

Braprorp ENGINEERING Soc.—Bradford Technical College. 
‘“A New Method of Measuring the Mechanical Properties of 
Metals,”” C, N. Waterhouse. 7.30 p.m. 

CHARTERED Surveyors’ Inst.—12, Great George-street, 
aft Ser Map Revision from Air Photographs,” 
Major R. L. Brown, R.E. 6.30 p.m. 

Inst. or Evectrican ENGINEERS: Norru-EasTERN CENTRE. 
—Armstrong College, Newcastle-9n-Tyne. ‘ Fire Precautions 
in Major Electrical Stations,” F. C. Winfield. 6.15 p.m. 

Inst. or Transport.—Inst. of Electrical Engineers, Victoria 
Embankment, W002.“ Transport i in the Distribution of Coal : 
Methods in the United Kingdom and Abroad Compared,” 
C. E. R, Sherrington. 5.30 p.m. 

Turspay, Fes. 9ru. 

Enorveers’ Enoiise Crrciz Brrrm.—In large Hall of 
Ingenieurhaus Herman Goring Strasse, 27 Berlin W.7. “‘ Rail- 
way Electrification in England,” Dr F. T. Barwell. 

Intuminatine Enerveerrne Soc.—Watson House, Town- 
mead-road, Fulham, 8.W.6. ‘“‘ Lighting and Industrial Per- 
formance,” H.C. Weston. 7.30 p.m. 

Inst. or Civit Enoiverrs.—Great -street, S.W.1. 
‘“‘ Fundamental Research on the Application of Vibration to the 
Precasting of Concrete,” D. A. Stewart. 6 p.m. 

Inst. or Execrrica, Engineers: Scorrish CENTRE.— 
Royal Technical College, Glasgow. Informal discussion, 
‘“* Mercury Are Rectifiers,” 7.30 p.m. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, G ow, C.2. “An Analysis of the. Per- 
formances of some Diesel Propelling Engines,’ Dr, A. M. Robb. 
7.30 p.m. 

Inst. oF MARINE ENoIneERs.—85, The Minories, E.C.3. 
““Mechanical Stokers for Marine Boilers,’ G. T. Marriner. 
6 p.m. 

Inst. or Merats: Swansea Locat Section.—Y.M.C.A., 
Swansea. “Strip Rolling,” W. R. Barclay. 6.30 p.m. 

SHEFFIELD METALLURGICAL Assoc.—198, West-street, Shef- 


field, 1. ‘‘ Electron Diffraction,” Dr. A. G. Quarrall. 7.30 p.m. 
WEDNESDAY, Fes. 10ru. 

DreseL Enctne Users Assoc.—Caxton Hall, S.W.1. ‘“ The 

Operation and Maintenance of Marine Diesel Engines,” 8. B. 


Freeman. 3.30 p.m. 

Inst. or Crvit Encineers, Instr. or ELEcTRIcAL ENGINEERS, 
Inst. oF MecuanicaL ENGINEERS: MIDLAND AND GRADUATE 
Secrions.—James Watt Memorial Inst., Great Charles-street, 
Birmingham. Annual joint meeting. “ Welding and its Applica- 
tions,” Dr. J. H. Paterson. 7.15 p.m. 

Inst. or Enoinerers-rn-Cuarce.—St. Bride Inst., E.C.4. 
“‘ Small Unit Refrigerators from the Gas and Oil Point of View,” 
E. Young. 7.30 p.m. 

Inst. or FurLt.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘“‘ Heat Insulation: The Selection of Suitable Materials 
for Various Purposes,” J. 8. F. Gard. 6 p.m. 

Inst. oF HeatTiInc AND VENTILATING Enorverrs.—Inst. of 
Mechanical Engineers, Storey’s-gate, 8.W.1. ‘‘ Thermal Con- 


ductivity of Insulating Materials and Methods of wen ee 
E. Griffiths. 2.30 p.m. Annual dinner, Connaught 
6.30 p.m. 


Inst. or WELDING.—Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. “ Ph san ig Data on the Cutting of Steel by the 
Oxygen Jet,”” N. Daniel. 6.30 p.m. 

Roya. moa or Arts.—John-street, Adel 
cations of Photography to Scientific and 
O. F. Block,’ 8.15 p.m. 

Tuurspay, Fes. llrn. 

Guiascow Universtry ENGINEERING Soc.—James Watt 
Engineering Laboratories, Glasgow. ‘‘ Grid Operation and 
Maintenance,” J. Henderson. 7.30 p.m. 

Inst. oF AvTomMoBILE ENGINEERS.—Merchant Venturers’ 
Technical College, Bristol. ‘The Economics of Opera 
tions with a a the Lay-out of Equipment of 
the Service Stations,” B. P. H. de Roeper. 7 p.m. 

Inst. or Civit ENGINEERS. 5 Toles meeting with Soc. des 
Ingénieurs Civils de France and Inst. of Structural Engineers. 
Great George-street, S.W.1. ‘‘The Construction of Large 
Modern Water Dams,” A. Coyne. 6 p.m. 

Inst oF Execrrica, Encingeers.—Savoy Place, Victoria 
Embankment, W.C.2- ‘Fire Precautions in Major Electrical 
Stations’ F. C. Winfield. 6 p.m. 

Inst. or Mecuanicat EnGIneers: NortTH-WESTERN 
Brancu.—Engineers’ Club, Albert-square, Manchester. “‘ Some 
Factors Affecting the Design of Heat Transfer Apparatus,”’ E. 
W. Still. 7.15 p.m. 

Inst. or Metats: Lonpon Locat Section.—Rooms of the 
Society of Motor Manufacturers and Traders, Ltd., 83, Pall 
Mall, London, 8.W.1. ‘“‘ The Constitution of Alloys,” C. H. 
Desch. 7.30 p.m. 

Royat ArronavTicat Soc.—Royal Soc. of Arts, 18, John- 
street, Adelphi, W.C.2. ‘ Aeroplane Stability and the Auto- 
matic Pilot, F. W. Meredith cnt P. A. Cooke. 6.30 p.m. 

Royat Inst.—721, Albemarle-street, W.1. ‘‘ Power sine of 
the Future,” Professor W. Cramp. 5.15 p.m. 


i, W.C.2. “ Appli- 
‘echnical Problems,” 





Fripay, Fes, 127n. 

lyst. oF MECHANICAL ENGINEERS,—-Storey’s- 
‘Factors Limiting Practical Steam Cycle 
informal discussion, opened by Major wo Gregson. 

Insr. or Merats: Suerrienp Locau Sxction.—Conjoint 
meeting with the South Yorkshire Section of the Institute of 
Chemistry. Non-ferrous Section of the Applied Science Depart- 
ment of the University, St. George’s-square, Sheffield. 7.30 p.m. 

Inst. or Sanrrary Encineers.—Caxton Hall, §8.W.1. Presi- 
dential address. 6.15 p.m. 

Jcuntor Inst. or Enarnerrs.—39, Victoria-street, S.W.1. 

** Causes of Deterioration in Paper Insulated Cable,” Prof. R. O. 
Kapp. 7.30 p.m. 


ate, 8. Ww. 1. 
ciency,” an 


Saturpay, Fes. 131H. 

Frvspury Tecunicat Cottece OLp StuprEnts’ Assoc. 
Trocadero Restaurant, Piccadilly Circus, W.1. Annual dinner. 
7 p.m. 

Monpay, Fes. 15rn. 

EnorneErs’ German Circie.—Inst. of Mechanical Engineers, 
Storey’s Gate, 8.W.1. Die Aufladung von Brennkraftmaschinen, 
Feuerungen, Insbesondere fir Dampfkessel und in der 
Chemischen Industrie, (Supercharying’ Applied to Internal 
Combustion Engines, Boiler Furnaces, and in the Chemical 
Industry), Herr . W. G. Noack. 6 p.m. 

Inst. or Metats: Scorrisn Locat Sxcrion.—Joint meeting 
with the Inst. of a Engineers, Scottish Centre. Inst. 

hipbuilders in Scotland, 39, Elmbank- 
or bon and its Alloys in Automobile 
E. Neave. PEO p-m, 
Turspay, Fep. 167TH. 

SHEFFIELD MetatLuRGicaL Assoc,---198, West-street, Shei- 

field, 1. ‘‘ Impact Testing.’’ 7.30 p.m. 
Wepnespay, Fes. 171TH. 

Inst. oy CuemicaL Enoinerers.—Chemical Soc., Burlington 
House, Piceadilly, W.1. “Chemical Methods of Treating 
Sewage: British Practice,” J. H. Garner; “‘ Modern Chemical 
Treatment of Sewage in the United States of America,’ H. H. 
Hendon; “Chemical Treatment of Sewage in Germany,” 
Dr.-Ing. K. Imhoff. 5.30 p.m. 

ae tk or Marine Enorveers.—Northampton Seay eranies 

John-street, E.C.1, “Special Materials for Engine Con- 
Sides he 8. F. Dorey. 8 p.m. 

Inst. OF PRODUCTION Exornsers.—Priory Rooms, Upper 
Priory, Bi “The World Position of Commercial 
Aircraft,” Lord Sempill. 7.30 p.m. 

Tuunspay, Fes. 18rx. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. “‘ Railways or Law,” Kenneth Brown. 7.30 p.m. 

Royat ArronauticaL Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. “ Possible. Lay-outs for Air-cooled 
Engines,” A. H. R. Fedden. 6.30 p.m. 

Frmay, Fes. 197rn. 

Inst. oy MecuanicaL EnoiInegrs.—Store, + ym 8.W.1. 
Annual general meeting. ‘‘ Ventilation with Air Conditioning 
in Modern Buildings,” E.R. Dolby. 5.30 p.m. 

Instr. or Merars: Brirmincuam Locat Sxcrion.—James 
Watt Memorial Inst., Birmingham. “‘ Non-ferrous Welding,” 
H. W. G. Hignett, 7 p.m. 

Junior Inst. or ENGinrers.—39, Victoria-street, 8.W.1- 
** Surveying,” informal talk by E. B. Lockett. 

Turspay, Fre. 23rp. 

ILLusINATING ENGINEERING Soc.—E.L.M.A. Lighting Service 
Bureau, 2, Savoy-hill, W.C,1 ‘* Diffusion and Shadows,” 
H. Long. 6.30 p.m. 

Inst. or haley oN EnoinEERs.—James Watt Memorial 
Hall, York House, Great Charles-street, Birmingham. * Servo 

Mechanisms Used in Automobile Engineering,” 8. H. Grylls. 
7.30 p.m. 

Inst. Oy ENGINEERS AND SHIPBUILDERS tv ScorLanp.—39, 
Elmbank-crescent, G “Road Planning and Con- 
struction in Relation to ety,” W. H. Budgett. 

Suerrietp MetaLiorcicat Assoc.—198, West-street, 
field, 1. ‘* Modern Ideas of Electrical Conduction and Cohesion 
in Metals,” Prof. N. F. Mott. 7.30 p.m. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Sm Wri Frere, Chairman and Managing Director 
Richard Thomas and Co., Ltd., has it 
President of the Royal Metal Tradea Pension and | st 
Society. 

Tue Parsons Manine Steam Tursine Company, Ltd., 
Turbinia Works, Welquat-aund 70D has tee be Mr. —< 
Happer 00. commnevein\, menpane...T57 r has been in the 
company’s service for thirty-four Bait = for the last fifteen 
years has been in charge of the estimating and buying 
departments. 














LAUNCHES AND TRIAL TRIPS. 





Comara, motor ship; built by Harland and Wolff, Ltd.. 
to the order of North-East Coast Steam Navigation Com , sae 
Ltd.; dimensions, length 170ft., breadth 35ft. 6in., depth 
1lft. 6in. Engines, six-cylinder, two-stroke, trunk piston type ; 
launch, January 27th, 

ApuLa, motor ship; built by Blythswood owe yung 
Company, Ltd., to the order of Anglo-Saxon Petroleum Co: 
pany, Ltd.; dimensions, length 460ft., breadth 59ft., pare 
34ft.; to carry 12,100 tons. Engines, eight-cylinder, four- 
stroke, single-acting ; jt y J. G. Kincaid and Co., 
Ltd.; Jaunech, January 28t 





Tux Insvrrure or Merats.—The Council of the Institute of 
Metals, at its last meeting, added two names to the short list 
of Fellows of the Institute—those who “ . . . limited in number 
to twelve, shall be members of the Institute who have, in the 

opinion of the Council, rendered eminent service to the Insti- 
tute.” The names of the persons thus honoured by the Council 
are Dr. Harold Moore and Mr. W. Murray Morrison. Dr. 
Moore is a Past-President of the Institute of Metals and Director 
of the British Non-Ferrous Metals h Association. He 
was elected a member of the Institute in 1920 and has served 
on the Council since 1924, being a Vice-President from 1932-34 
and President during the foll two years. Mr. W. Murray 
Morrison is an original member the Institute, having 

in its formation in 1908. He is vice- chairman and Peep ne 
director of the British Aluminium Company, Ltd., with whic! 
wnge he has been connected for over forty ol He served 

cil from 1912 to 1928, acting as President in 

the two final years of his Council membership. 
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A Seven-Day Journal. 


The Gresford Colliery Disaster Inquiry. 


Tue report of the Commission of Inquiry into the 
disaster which occurred at the Gresford Colliery, 
Denbighshire, on September 22nd, 1934, was issued 
by the Department of Mines on Friday, February 5th. 
It expresses severe censure of the management of the 
colliery. The inquiry, which lasted thirty days, was 
conducted by a Commission consisting of Sir Henry 
Walker, Chief Inspector of Mines, with Mr. John 
Brass, a Past-President of the Institution of Mining 
Engineers, and a colliery director, and Mr. Joseph 
Jones, President of the Mine Workers’ Federation as 
assessors. Each made a separate report. In Sir 
Henry Walker’s report it is stated that the monthly 
measurements of air intake required by the Coal 
Mines Act, 1911, were in certain respects fictitious 
and contained errors. The ventilation was inadequate 
and should have been rectified some years previously 
by drastic alterations, and both workmen and officials 
had alike broken the regulations. Adequate Govern- 
ment inspection had been carried out, but it did not 
bring these facts to light. He recommends that all 
large collieries should have an able mining engineer in 
authority over the manager. Such a person, known 
under the Act as an agent, should be able to resist 
the commercial side of the concern when necessary. 
The holding of an investigation should not be 
dependent on an accident having taken place. Mr. 
Jones finds that glaring instances of indiscipline and 
demoralisation existed among the mine officials. He 
considers that numerous persons had been guilty of 
breaches of the Act, and that No. 14 working had been 
dangerously “ ” for some time. Mr. Brass dis- 
agrees with many of the findings. He concurs with 
the suggestion that an agent should be appointed, but 
considers the technical breaches of the regulations 
did not contribute in this instance to the disaster. 


The Employment Returns. 


ACCORDING to a statement issued by the Ministry 
of Labour on Monday, February 8th, it is estimated 
that at January 25th, 1937, the number of insured 
persons, aged sixteen to sixty-four, in employment in 
Great Britain, exclusive of agricultural workers, was 
approximately 11,106,000. This was 26,000 less than 
the total for December 14th, 1936, but 715,000 more 
than that for January 20th, 1936. Statistics are not 
yet available which would enable satisfactory esti- 
mates to be made of the numbers of agricultural 
workers in employment. There is normally a much 
greater reduction in employment between the middle 
of December and the end of January; this is only 
partly accounted for by the fact that outdoor employ- 
ment at December 14th, 1936, was affected by adverse 
weather conditions. The decline in employment 
occurred mainly in the distributive trades, also metal 
goods manufacture, the motor vehicle industry, 
electric cable manufacture, the building industry, and 
dock and harbour service. There was also a seasonal 
decline in agriculture. On the other hand, there was 
an improvement in employment in coal mining, the 
cotton industry, boot and shoe, manufacture, and 
public works contracting. At January 25th, 
1937, the numbers of unemployed persons on 
the registers of Employment Exchanges in Great 
Britain were 1,433,957 wholly unemployed, 183,668 
temporarily stopped, and 71,598 normally in 
casual employment, making a total of 1,689,223. 
This was 60,504 more than the number on the 
registers at December 14th, 1936, but 470,499 
less than at January 20th, 1936. The total on 
January 25th, 1937, comprised 1,318,595 men, 
51,036 boys, 263,225 women, and 56,367 girls. The 
increase in the numbers unemployed in January as 
compared with December ‘was in part due to the 
registration of a large number of juveniles who 
reached the school-leaving age at the end of the 
December term. 


Design of Roads. 


In a memorandum sent to highway authorities 
by the Minister of Transport, new standards for the 
lay-out and construction of roads are recommended. 
The Minister states that he is aware that the number 
of accidents definitely attributable to some specific 
imperfection in the highway itself does not form a 
large proportion of the total. At the same time much 
can be done to reduce the risk of accidents by the 
improvement of the highway system. It is recom- 
mended that map records of accidents should be pre- 
pared and maintained by the highway authority in 
co-operation with the police in order to find out the 
points of the highway system where accidents most 
frequently occur and to ascertain by analysis the 
measures most likely to be effective in their diminu- 
tion. The recommendations as to the actual lay-out 
of roads deal with a large number of features. It is 
suggested that care should be taken to preserve 
amenities, and that obsolete road signs should be 
removed. The unit width for each line of vehicular 
traffic is fixed at 10ft. in sparsely populated areas and 





at 1lft. where there is likely to be a high proportion 
of wide vehicles. Curves are normally to be laid to 
@ minimum radius of 1000ft., and banking is recom- 
mended. Visibility on hills and curves should be 
such as to provide a clear view of not less than 500ft. 
Road junctions are discussed at length. It is recog- 
nised that it is preferable that traffic routes should 
eross one another at different levels, and it is recom- 
mended that sufficient land for the building of bridges 
should be preserved where future traffic is likely to 
justify such construction. Road intersections should 
not be less than a quarter of a mile apart. Where a 
road is expected to carry 400 vehicles per hour at 
the “‘ peak,”’ dual carriageways are desirable. It is 
considered that the provision of separate tracks for 
pedal cyclists on important roads can generally be 
justified on the grounds of public safety. Recom- 
mendations are also made as to the provision and 
maintenance of non-skid surfaces and the strengthen- 
ing and reconstruction of weak bridges. 
Safety in Mines. 

At the resumed sitting of the Royal Commission 
on Safety in Coal Mines, which was held on Monday, 
February 8th, at Caxton Hall, Westminster, under the 
chairmanship of Lord Rockley, evidence was given 
by Captain P. 8. Hay, Inspector of Mines for Special 
Duties, who recommended the use of respirators 
where dust-trapping devices. were not possible. 
Experimental respirators had, he said, been tested 
under working conditions, with the result that a 
satisfactory appliance had now been produced, with 
an extremely high filtering efficiency combined with 
low breathing resistance. Such a respirator could be 
worn underground for long periods even under 
adverse conditions. This respirator would be put on 
the market during the next few months, and there 
were also several other successful types of respirators 
which had been produced by private enterprise. In 
describing various types of dust-trapping appliances 
Captain Hay said that valuable ideas had come, not 
only from the management, but also from the work- 
men. The safety limit for dust was 450 particles to 
the cubic centimetre. The great advantage of the 
respirator was its extraordinary high efficiency in 
stopping fine dust. While it was of no use against 
gases, it would stop up to 90 per cent. of anything in 
the nature of fine smoke such as carbon smoke. 
On Tuesday, February 9th, evidence was given for 
the Mining Association of Great Britain by Sir Evan 
Williams, who suggested that more accidents in coal 
mines were due to lack of foresight than to breaches 
of the regulations. He maintained that the Coal 
Mines Act should only give general guidance on 
administration, and that the Mines Department 
should have power to frame special regulations applic- 
able to different local conditions. Further regulations 
for the whole industry would not help, he contended, 
as the industry was ahead of legislation. Accident 
statistics would be sadly different if the attitude of 
the colliery managements were one of mere compliance 
with the letter of the law... The safety code had, he 
pointed out, grown out of the actual practice deve- 
loped in the mines. The mineowners thought the 
present inspectorate was adequate and exercised its 
duties effectively. He would not est any change 
in the system as more likely to lead Téygreater safety. 


The Institution of Mining Engineers. 


THERE was a large attendance at the dinner of the 
Institution of Mining Engineers, which took place at 
Grosvenor House on Wednesday, February 3rd, 
under the chairmanship of the new President, Mr. 
Augustus Carlow. The toast of “‘ The Institution of 
Mining Engineers *’ was proposed by Captain H. F. C. 
Crookshank, Secretary for Mines, who referred to the 
importance of the work of the Institution on the 
safety of the mining community. He stated that the 
provisional figures for mine accidents in 1936 were 
the best ever recorded. The total number killed had 
fallen below 800 for the first time in a normal year, the 
total having been 777; thus the estimated accident 
rate per 100,000 man shifts worked was 0-38, com- 
pared with 0-43 last year. That figure had never been 
better and only once equalled—in 1924. With regard 
to the boys employed in mining work, the figures 
showed that the number of accidents to boys was 
very alarming. Last year in one of the divisions the 
accident rate per 1000 boys employed amounted to as 
much as 330, although that covered slight accidents. 
That was not a state of things with which to be 
satisfied. In his reply the President said that the 
year now being started had every prospect of being a 
prosperous one for the Institution. Mining engineers, 
he pointed out, formed a very important community. 
It was with their help that the problems before the 
industry would be solved. These were, he said, to 
attract to the industry sufficient recruits to maintain 
the supply of coal for the country ; to attract suffi- 
cient capital by giving an adequate return and 
reasonable security for the money invested ; and to 





provide the country with an adequate and cheap 
supply of coal of the right quality, without which the 
country could not possibly prosper. The toast of 
“Our Guests” was ably proposed by the retiring 
President, Mr. Laurence Holland, and mse was 


made by Mr. A. K. MeCosh, President of the British . 


Iron and Steel Federation, and Sir Frank Heath. The 
evening was a most successful one. 


Directorate of Scientific Research, Air 
Ministry. 

Tue Air Ministry announces that Viscount 
Swinton, Secretary of State for Air, has appointed 
Mr. D. R. Pye, M.A., Se.D., M.I. Mech. E., F.R.Ae.5., 
to be Director of Scientific Research on the retirement 
of Mr. H. E. Wimperis, M.A., F.R.Ae.S., and Mr. 
W. S. Farren, M.A., F.R.Ae.8., to be Deputy Director 
of Scientific Research in succession to Mr. Pye. Mr. 
Pye’s appointment will take effect from March Ist, 
1937, and Mr. Farren’s from April Ist, 1937. Mr. Pye, 
it may be recalled, has held the post of Deputy 
Director of Scientific Research since October, 1925, 
when the Directorate was formed. Previously he was 
a Fellow of Trinity College, Cambridge, and lecturer 
in engineering at the University. He served as an 
experimental officer in the Royal Flying Corps and 
Royal Air Force during the war and gained flying 
experience as a pilot. Mr. Farren is at present a 
Fellow of Trinity College, Cambridge, and a lecturer 
in aeronautical subjects at the University, being 
Chief Assistant in the Aeronautical Department to 
Professor Melville Jones, During the war he gained 
varied experience as an experimental engineer and 
pilot at the Royal Aircraft Establishment and later 
on the manufacturing side with Armstrong, Whit- 
worth. In recent years he has served as a member of 
the Aeronautical Research Committee and many of 
its sub-committees. 


~ The Transport and Distribution of Coal. 


AN address was given by Mr. C. E. R. Sherrington 
at a meeting of the Institute of Transport held on 
Monday last, February 8th, at the Institution of 
Electrical Engineers, Victoria Embankment, entitled 
“The Transport and Distribution of Coal in the 
United Kingdom and Abroad.” Mr. Sherrington 
produced comparative figures relating to the transport 
of coal in this country, Belgium, France, Germany, 
and the United States, and the comparison did not 
show the British methods in any favourable light. 
While the British railways were faced with the double 
transportation problem of coal for export and coal 
for internal consumption, nevertheless that problem 
was faced and tackled more efficiently in other 
countries. For example, the comparison of coal 
wagon equipment between this country and Germany 
was worse in 1936 than it had been even in 1928. 
The slow movement, largely due to marshalling delays 
at. yards all along the routes, to the lack of air brakes, 
and to the complications attendant on the private 
wagon ownership system in this country, led to an 
unjustifiably high cost of transportation of coal. 
Typical figures for wagon “ turn-round ” time were 
given for certain London coal depots, where out of 
twenty typical wagons the journey time varied from 
six to two days, the time under load from eight to 
two days, and the average age of the wagon between 
forty-three years and four years. Dealing with the 
decline in export trade, Mr. Sherrington pointed out 
that such a condition was natural after the war 
had emphasised the importance of home-produced fuel 
for such countries as Italy, Scandinavia, and France. 


The Lochaber Power Scheme. 


FoLLow1ne the announcement last week that the 
British Aluminium Company, Ltd., is to extend its 
Fort William aluminium works in conjunction with 
its subsidiary company, the Lochaber Power Com- 
pany, preliminary work was begun early this week 
in connection with the laying of three further pipe 
lines alongside the two existing pipe lines from the 
portal of the Ben Nevis tunnel to the Fort William 
works. The work is to be carried out by Balfour 
Beatty and Co., Ltd., to the designs and specifications 
of the consulting engineers, Messrs. C. 8. Meik and 
Halcrow, of Westminster. The pipe lines from the 
valve-house to the power-house will have a length of 
about 3200ft., and will be supplied and erected by 
the South Durham Steel and Iron Company, Ltd., 
of Stockton-on-Tees. They are to be of welded con- 
struction and will consist of mild steel pipes of an 
average diameter of 6ft. 3in. They will be joined by 
welding in position, and when completed will operate 
under a pressure of about 800ft. head. A full 
description of the Lochaber water power scheme 
appeared in our five issues of May 8th to June 5th, 
1936, in which we dealt with the scheme in general, 
the Ben Nevis tunnel, the Laggan dam, the Treig 
dam, and the Laggan-Treig tunnel. The further 
development of this important British water power 
scheme will be awaited with great interest. 
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The Principles 


and Practice of 


Automatic Control. 


No. IV. 
(Continued from page 151, February sth.) 


ACCELERATION CONTROL. 


O far we have regarded the automatic control 
of massive bodies as being effected by the 
detection of the imstantaneous displacement and 
velocity of the body and the application to it simul- 
taneously of controlling forces. proportional to the 
displacement and velocity so signalled. This pro- 
cedure may be described as the “ normal” method 
and is followed by certain practical systems—for 
example by the Siemens auto-pilot for aircraft. 
Other systems fall short of the normal procedure by 
omitting that part of the control dependent upon the 
velocity factor. In such cases reliance is placed 
upon the natural or inherent resistance, of a frictional 
or other nature, to which the body is exposed ; 
this force is accepted as being sufficient to provide 
the requisite “damping” action unassisted by 
any deliberately applied force varying with the 
velocity. ; 

At least two other systems of automatic control 

the Minorsky and the Henderson systems as 
applied to the steering of ships—go, or contemplate 
going, one stage beyond the normal procedure. In 
addition to the displacement and velocity factors 
these systems introduce the acceleration of the body 
as an element determining the magnitude of the 
controlling force. Minorsky’s system has been 
tried, somewhat inconclusively, in practice. Sir 
James Henderson’s has still to be tested. It cannot 
however be disputed that the addition of acceleration 
control represents a higher development of our subject 
which fully deserves attention. 

At first sight the addition of acceleration control 
to the “ normal” displacement -plus-velocity control 
may appear to introduce an unnecessary element of 
redundancy. If the automatically applied controlling 
force is the only force acting on the body and if its 
magnitude is determined in the normal way by the 
instantaneous displacement and velocity, then, in 
accordance with Newton’s second law, the accelera- 
tion will simply be this force divided by the mass 
of the body. Hence, if an acceleration detector is 
fitted it will merely detect a quantity identical with, 
or proportional to, the quantity signalled jointly 
by the displacement and velocity detectors. If 
therefore the three signals are combined the united 
signal will be a replica—although possibly a magnified 
or a reduced replica—of the signal derived from the 
displacement and velocity detectors acting by 
themselves. The mere magnification or reduction 
of the two-factor signal, were it desired, could be 
much more readily obtained by other means, as, for 
example, by altering the gear ratio in the transmission 
between the detectors and the source of force. 

This “‘ redundancy’ of the acceleration control 
turns, it will be noted, upon the supposition that 
the automatically applied controlling force is the 
only force acting upon the body while it is recovering 
its normal position after having been disturbed 
therefrom by some transient accidental cause. In 
practice it can be so only under very exceptional 
circumstances. To particularise let us consider 
the case presented by the automatic steering of a ship. 

In average circumstances the ship will be exposed 
to the action of wind, waves or tide or a combination 
of these influences. Each one of them is separately 
capable of applying to the hull a turning moment 
which will assist or oppose the rudder moment to 
a constant or variable degree. Even under dead 
calm and tideless conditions the propeller reaction— 
particularly in the case of a multiple-screw ship— 
may not be directed in a plane containing the ship’s 
centre of gravity with the result that a turning 
moment will be applied to the hull. Again as the 
ship swings away from or back on to its set course it 
has to accelerate or decelerate a considerable mass 
of the water surrounding it. Further the swinging 
motion in combination with the forward motion of 
the ship exposes the hull to hydrodynamic and skin 
frictional forces which will act, in proportion to the 
instantaneous angle of deflection or angular velocity, 
to apply a turning moment to the hull assisting or 
opposing the rudder moment. Yet again while 
there may be strict proportionality between the 
signals received from the detectors and the, angle 
through which the rudder is deflected it is, as pre- 
viously remarked, well known that the rudder moment 
is not directly proportional to the rudder deflection. 
Not only is the rudder moment non-linear with respect 
to the deflection : it is dependent upon the velocity 
of the water flowing past the rudder. Hence if the 


linear velocity of the ship during the recovery period 
is, as it must in general be, other than constant the 
assumption that the rudder moment is proportional 
to the rudder deflection is doubly unjustified. 

We can therefore be quite certain that, in the 
average case, following a disturbance of the ship 
from its set course and the disappearance of the cause 





of the disturbance, the rudder moment is not the 
only moment acting on the ship. The rudder moment 
will be supplemented or opposed by an extraneous 
moment of unknown and erratic amount composed 
of the sum of the wind, wave, tidal, propeller, water 
inertia, hydrodynamic and skin frictional moments 
to which we have just referred. In this extraneous 
moment there may also conveniently be included 
that portion of the rudder moment—-whatever it 


may be—which is in excess of the amount corre-. 


sponding to a strictly proportional rudder law. 
Some of the elements composing the aggregate 
extraneous moment—for example that contributed 
by a constant wind blowing on one quarter——-would 
be, in part at least, substantially independent of the 
inclination of the ship to its set course and of its 
velocity of swing. Others, such as the hydrodynamic 
moment, would be dependent upon the inclination, 
yet others, for example the skin frictional moment, 
would be affected by the velocity of swing and still 
others, such as that arising from the inertia of the 
surrounding water, would vary with the angular 
acceleration of the ship. 

Without further analysis we may say that the 
aggregate extraneous moment would consist of four 
parts and might be represented in the form :— 


E=Aa+Bo+C 6+D. 
where Aa is a part proportional to the angular 


acceleration « of the ship, B w a part proportional to 
the angular velocity «,-C 6 a part proportional to the 
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Fic. 10—-RUDDER DEFLECTION TO MEET AN 
EXTRANEOUS MOMENT 


angular displacement 6 and D a part independent of 
the acceleration, velocity and displacement. These 
various parts may have the same or opposite signs, 
that is, they may serve to reinforce or partially to 
cancel one another. Any one part need not have the 
same sign all the time. 

It is evident that if the aggregate extraneous 
moment is otherwise than of uniformly negligible 
amount its existence may upset the form of the 
recovery path even to the possible extent of con- 
verting it from a decaying oscillation into an erratic 
movement exhibiting a growth rather than a decay. 
It is equally evident that in order to avoid this result 
the ideal at which to aim is the application to the 
ship at all times of a rudder moment of such amount 
that it will not only cancel the instantaneously 
acting extraneous moment but will leave over a 
surplus of the amount requisite to ensure that the 
ship will follow a decaying oscillation form of recovery 

th. 
ee This ideal requirement is represented. graphically 
in Fig. 10." At A the ship is shown at some point on 
the recovery path at an instant when its angular 
displacement with respect to the set course is 6 and 
its angular velocity is w. Let it be exposed to an 
extraneous moment E and let a rudder deflection 9, 
be required to generate a rudder moment just suffi- 
cient to cancel E. Let the rudder deflection required 
to produce a moment M=P 6+Qo be 9. Then if 
the total rudder deflection is 9,+ 9, the total rudder 
moment will cancel the extraneous moment E and 


leave over a surplus which will ensure, for the instant |, pa 


in question at all events, that the ship will follow a 
recovery path in the form of a decaying oscillation. 
At B the conditions at a later point on the recovery 
path are shown. If the extraneous moment 
remained unaltered in magnitude and direction the 
same rudder deflection 9, will be required to cancel it. 





The second part of the total rudder deflection, 
namely 9, has however to be opposite in direction 
from what it was at A because both @ and w are now 
reversed. Hence the total deflection required 
becomes 9, — 99- 

We may regard the rudder movement here under 
discussion from two standpoints which, analytically, 
are identical. At B, it will be noted, the extraneous 
moment is correctly directed to supply some or all 
of the moment, requisite to ensure the desired form 
of recovery path. At A it is wrongly directed for 
this purpose. At B the actual net rudder deflection 
as measured from the zero or amidship setting is less 
than 9, the amount which would be required if E 
were zero. At A the actual deflection is greater. 
Taking the amidship rudder setting as our basis we 
may therefore say that the required rudder move- 
ment is one which will take advantage of the extra- 
neous moment when it is favourably directed as at B 
and oppose it when it is unfavourably directed as at A. 
Alternatively we may regard the rudder movement 
as consisting of the same movement as would be 
required to ensure a decaying oscillation recovery if 
the extraneous moment E were zero except in so 
far that the deflections are to be made with respect 
to a zero setting inclined at an angle 9, to the amid. 
ship setting. If E is constant the new zero setting 
will be constant, but if E is variable the rudder will 
be required to operate in association with a fluctuating 
zero, 

It ought to be noticed in passing that the argument 
here being developed binds us down to the assumption 
that the rudder moment is strictly proportional to 
the rudder deflection. If a rudder moment M, is 
produced by a deflection 9, of the rudder from its 
amidship position and if a moment M, is produced 
by a deflection 9, from the same position then a deflec- 
tion 9,+ 9, will produce a moment M,+M, only if 
the rudder law is linear. If it is not linear the con- 
tribution made by 9, will depend upon the exact 
value of 9,. 

The second alternative mentioned above is perhaps 
the more helpful way of regarding the rudder move- 
ment required when an extraneous moment is in 
existence. Ideally we may say that if there is such 
a moment in existence an additional element should 
be introduced into, the control of the rudder namely 
one which will govern the constant or varying zero 
setting 9, for the purpose of cancelling the extraneous 
moment. This additional element should be added in 
such a way that the “normal” displacement and 
velocity control of the rudder is superimposed upon 
it for the purpose of governing the deflection of the 
rudder with respect to the zero setting 9, determined 
by the additional element. We may, further, say 
that if at any time the extraneous moment should 
happen to be zero the presence of the additional 
element should not interfere with the nature of the 
ship’s motion as determined by the displacement and 
velocity controls acting alone in the ‘normal ” 
manner. 

The redundaney which, as already pointed out, 
characterises acceleration control when the extra- 
neous moment is zero justifies its adoption.as the 
‘* additional element ” so far as the second-named 
requirement is concerned. In other words, accelera- 
tion control fulfils the ideal requirements in so far 
that when the conditions are such as to render it 
unnecessary its presence will not affect the ‘‘ normal ~ 
operation of the displacement and velocity controls. 

The first-named ideal requirement is however the 
major one. Acceleration control does not and cannot 
fulfil it completely but in certain circumstances it 
ean do so to a very considerable degree. It cannot 
in general cancel the whole of the extraneous moment 
E but can only deal with those portions of it, namely, 
Aa, Bo, C 0, which are associated in their origin 
and magnitude with the angular acceleration, velocity 
and displacement of the ship. It fails to deal with 
the independent portion which we have designated D, 
under which we have such important components as 
the moments exerted on the ship by the wind, waves 
and tides and the propeller and other irregularities. 
The presence of this ihdependent portion D may 
greatly affect the satisfactory working of the auto- 
matic steering equipment. It is an erratic quantity 
and as such introduces a bar to a complete analysis 
of the problem. The best that can be done is to assign 
to D certain reasonable characteristics which it may 
have at times and to study the extent to which 
acceleration control can be made to reduce the 
harmful effects caused by the existence of an inde- 
pendent eomponent in the total extraneous moment. 

Proceeding on this basis let us first assume that 
D is zero that is to say that for the time being all 
the independent moments happen just to cancel 
each other. In this event the joint action of the 
acceleration, velocity and displacement controls 
will cause the ship to follow a decaying oscillation 
form of recovery path just as it would do if only the 
velocity and displacement controls were in action 
and if there were no extraneous moment of any kind 
in action. The period of oscillation on the recovery 
th would not necessarily however be the same. Its 
value would depend upon the strength of the accelera- 
tion control adopted. By. increasing that strength 
to a sufficient degree we could make the period of 


has | oscillation infinitely great or, in other words, impose 


aperiodic conditions on the recovery motion. 
Next assume that the component D is constant that 
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is to say that for the time being all the independent 
moments although possibly varying individually 
happen to add up to an invariable total. In this 
case analysis shows that after being disturbed from 
its set course the ship will execute a decaying oscilla- 
tion about a direction inclined to the set course 
instead of coincident with it and that when this 
oscillation dies away the ship will be left i 
on this inclined course, The angle of inclination 
between the new course and the old, or set, course 
is determined in part by the strength of the accelera- 
tion control. By making that strength sufficiently 
great we can reduce the angle of departure to a small 
figure and indeed, theoretically at least, we can 
without going to an infinitely strong acceleration 
control cause the departure to fall to zero. 

Finally assume that the component D_ varies 
rhythmically in a regular manner. This condition 
would be fulfilled in practice if D were composed 
solely of the moment applied to the hull by a train 
of regular waves across which the ship was sailing 
at some angle to the direction of the wave movement. 
In such an event the waves would pass beneath the 
bow and stern at different instants and would con- 
sequently cause the ship to yaw from side to side. 
This case is also amenable to analysis. It is found 
that if the ship is steered automatically in accord- 
ance with the combined control of its acceleration, 
velocity and displacement it will, after a transient 
period at the beginning of its recovery motion, settle 
down to a residual forced oscillation about the set 
course. The period of this residual oscillation will be 
the same as that with which the fluctuating moment D 
varies and cannot be controlled. The amplitude of 
the oscillation is however determined in part by 
the strength of the acceleration control and by 
making that strength sufficiently great we can reduce 
the amplitude to a small value, even theoretically 
to zero. 

We see then that in these three cases involving 
the assumption that the independent component D 
of the extraneous moment possesses certain charac- 
teristics which permit us to analyse the motion, the 
adoption of acceleration control enables us to intro- 
duce a means of regulating the results produced and 
that that regulation can be exercised in a manner 
favourable to the object we have in view. It is not 
too unreasonable to suppose that the adoption of 
acceleration control will place in our hands a means 
of similar favourable regulation when the component 
D is, by reason of its irregular nature, beyond the 
limits within which analysis is applicable. 

It may be asked whether this demonstration of 
the, advantages accompanying the addition of 
acceleration control does not implicitly demonstrate 
the inutility of any system which does not make use 
of acceleration control. Undoubtedly a criticism 
of the “‘normal’’ two-unit system is involved but 
it is not necessarily as damaging as it might appear. 
[f the ship is fitted with automatic steering responsive 
solely to the angular displacement and velocity 
and if it is subjected to an extraneous moment 
all portions of that extraneous moment which are 
dependent upon the angular acceleration, velocity 
or displacement of the ship will be taken account of 
in a manner leading the ship to following the desired 
form of recovery path namely a decaying oscilla- 
tion. The actual form of path followed will differ 
from this desired form only in so far as the extraneous 
moment may contain an independent component D. 
The effect of the presence of such a component will 
be of the same nature whether ‘acceleration control 
is adopted or not but without acceleration control 
that effect—for example the residual departure 
from the set course if D is constant or the amplitude 
of the residual forced oscillation if D is rhythmically 
variable—will be greater than with acceleration 
control and in addition will be less amenable to 


regulation. 
RuppER VELOCITY AND ACCELERATION CONTROL. 


In all that has so far been said, whether with regard 
to the “normal” two-unit system of control or 
with regard to the three-unit system involving the 
addition of acceleration control it has been taken 
for granted that tne combined signal from the two, 
or from the three, detectors is employed to produce 
a proportional! angular deflection of the rudder. The 
combined signal might, as an alternative, be used to 
produce a proportional angular velocity of the rudder. 
Tn such case the rudder moment would be propor- 
tional to the deflection which would result at any 
instant from the controlled rudder velocity. We 
might even go one step higher and use the combined 
signal to produce a proportional angular acceleration 
of the rudder. The rudder moment at any instant 
would then be proportional to the deflection which 
would be built up under this controlled rudder 
acceleration. No system of automatic steering 
embodying the second of these proposals has been 
tried in practice so far as we know. 

It can readily be shown, as in the third of the 
attached mathematical notes, that with rudder 
velocity control the path of the ship will not be 
affected by the existence of an extraneous moment 
containing an i it component D of constant 


amount. With rudder acceleration contro! we ascend 
one step higher and secure freedom from the influence 
of any component D which is constant or which varies 


—— 


uniformly with time is not however likely to be 
encountered in practice sufficiently frequently, if 
ever, to justify the adoption of rudder acceleration 
control. Rudder velocity control, on the other hand, 
meets, it may be argued, conditions of common 
practical occurrence and therefore possesses some- 
thing more than academic interest. 





MatTHemMaticaL Novss. 


é (a) Rotupionsy of Acceleration Cooled poh rudder nuaggere 
is the only moment acting on the shi if it is given by 
R=—(P ".Q 4) then the 4 aocelération will be given by 
6=R/I=—(P 0+Q 6)/I where I is the moment of inertia of the 
ip about its centre of gravity. Hence the recovery path, 
fol owing on accidental departure of the ship from its set course, 
will be that defined by the differential equation 
6+Q/l.6+P/1.6=0. . Ape 
and will therefore be in the nature of a decaying oscillation. If 
acceleration control is added, that is to say if the rudder moment 
is given by R’= —(P’ 6+-Q’ 6)+5S 6, then the acceleration will 
be 6=R//I= —(P’ 6+Q’ 6)/I+86/I. Hence the recovery path 
will be that defined by the equation 
6+Q’/(I—S).6+P’/(I-8).6=0. . . (2) 
The two ay (1) and (2) will be identical if Q’=(1—S/I) Q and 
P’=(1—8S/I) P. If these relationships hold the two rudder 
moments R and R’ will also be identical. 1f they do not hold 
the paths will both be decaying oscillations but of different 
periods. If the acceleration control factor 86 is subtracted 
instead of being added that is to say if R’= —(P’ 0+-Q’ 6)—S6 
the argument is unaffected. Consi tions covered in note (b) 
make it quite clear that the positive sign should be chosen. 

(b) General Theory of A ion Control.—In addition to the 
rudder moment let an extraneous moment E be in action on the 
ship. This extraneous moment may be expressed in a general 
form as the sum of four terms namely E=a+-b-+-c+-d, of which 
a, b, and ¢ are proportional respectively to the angular accelera- 
tion, velocity and his lacement of the while d is independent 
of all three factors. If the ship is moving with accelera- 
tion 6 it will accelerate at the same rate a certain ly of water 
of moment of inertia A surrounding the hull. The moment 
acting on this body of water will be A 6 and the reaction on the 
ship will be equal and opposite. Hence assuming that there is 
no other component of E op pom to the angular acceleration 
we may writea=—A6. Ifthe component } is composed entirely 
of the skin friction moment then since such a moment must 
always oppose the velocity we may write b=—B6. Under c 
there is to be included the hydrod: ic moment arising from 
the fact that the longitudinal centre line of the vee Bema not 
be tangential to the recovery path. This BS ynamic 
moment is to be associated with the angle g (Fig. 9 ante) rather 
than with the angle « (or 0), but since p=a— it is clear that 
the hydrodynamic moment may be expressed as a function of 6 

lus or minus an uncertain quantity which is — of 6. 

e may therefore write c=C 6, where C is a jent which 
may be either positive or negative. Under d we inelude the 
remainder of the hydrodynamic moment together with the wind, 
wave, tidal, propeller and all other moments which are inde- 

t of 6, 6 and @. We therefore write d=D where D is a 
quantity which may be positive or negative, zero, constant or 
variable. 

On this basis the extraneous moment may be written as 
E=—A6é—B6+C0+D. If the simultaneously existi 
rudder moment is given by R= +8 6—Q 6—P 6 then the angular 
acceleration of the ship will be given by 6=(R+E)/I, which 
leads to the equation 

(I-+A—S)6+(B+Q)6+(P—C)@=D. . . (3) 
The sum I+ A is the so-called “ effective ” moment of inertia of 
the ship namely the moment of inertia of the wor’ plus that 
of the body of water which may be regarded as oscillating with 
it. Replacing (I+ A) by J we get from (3) 

6+(B+Q)/(S—8) .6+(P—C)KTJ—S) .6=Di(J—S) . (4) 

OF 64+3b6+0CO0eRi 4 2 i. A Be . (4a) 
The coefficients P Q'S are determined by the design of the auto- 
matic steering ui mt and are therefore controllable. 
The coefficients J are determined, for the most part, by 
the design of the ship and are unknown quantities in the first 
instance. The behaviour of the ship is however affect i by the 
values of a and 6 in (4a) each of which is compourd: «| of con- 
trollable and uncontrollable quantities and hence is co itrollable 
in any given case through PQ and S. While P QS, once set, 
are constant, J B C may vary under different sea conditions or 
different loading and trim of the ship. It is however reasonable 
to assume that the, constant quantities P Q S combine with the 
quantities J B C to give coefficients a and 6 in (4a) which, if not 
permanently constant, are at least substantially constant over 
a short interval of time. 1n other words, if, for purposes of 
illustration, we assume that the right-hand member of (4) is 
zero then the recovery path of the ship will be a decaying 
oscillation but successive disturbances will not necessarily be 
eliminated by an oscillation of one constant period. 

The quantity F in (4a) is in the main determined by the sea 
conditions and may be positive or negative, zero or constant or 
variable in a or irregular matter. Its magnitude and 
sign are unpredictable but we may proceed with the analysis 


under three heads namely F zero, F constant and F variable in 
asimple harmonic manner, In all three cases it is assumed that 
a and } are at least temporarily constant and that a* is greater 
than }*, that is that P—C>} (B+ Q)*/(J—8). 

F=zro.—In this ease the motion of the ship will be a decay- 
ing oscillation of period 

pT 22 
/{B=0_ BEY: 
V Li-s8— ! 8} 

Let Ty be the value of this expression when re-written with 
S=o. Then the effect of introducing acceleration control of 
increasing severity is to cause the period of oscillation on the 
recovery path to decrease from’ T, down to a minimum value 
Ty? + (B+-Q)/(P—C) and then to er through 
Ts ramie and reaching infinity at a value of 8 given by S=J 
—} (B+ Q)?/(P—C). is infinitely great period corresponds 
with the attainment of aperiodic conditions. It follows there- 
fore that the introduction of acceleration control enabies the 
period of oscillation on the recovery path to be governed. 

F =constant.—If F is constant the solution of (4a) is 


6=F/a*+Gebtsin(mt+H) . . . . (6) 


The second term on the right-hand side represents a decaying 
oscillation. Hence the departure decays to a limiting value 
6,=F/a*=F (J—S)/(P—C). The ship therefore does not 
return to its set course but exhibits a permanent departure 4,,. 
The magnitude of this residual departure can clearly be made 
as small as we please by increasing 8, the acceleratior control 
coefficient. Adjustment of 8 with this object in view will simul- 
taneously affect m (= “a?—b*) and therefore the periodic time 
T (=2 2/m) of the oscillation on the recovery path. 

F variable.—Assume that F is varieble in accordance with a 
harmonic law, F=Usin(Vt+W). Then the solution of 
(4a) is 
0=U/26V.. sing sin (V t+W—g)+Ge>t sin (mt+H). (7) 


where tan y=26V/(a*—V*). The second term represents a 
transient decaying oscillation and after it has disappeared the 
ship is left in a state of forced oscillation having a period equa! 
to that of the harmonically varying forcing moment, The 
period of this residual forced oscillation is not in any way 
affected by the adoption of acceleration control but its maximum 
amplitude, namely U sing/2b V, is a function of S. Substi- 
tuting, the maximum amplitude may be written as 


(5) 





U (J—S) 


=— ee 
Vv {P—C—V? (J—8)}*#+(B+Q)' V 





Ou 


The influence of 8 both in the numerator and the denominator 
is to cause Gy to decrease as 8 is increased. Hence the adoption 
of acceleration trol of i ing severity progressively 
diminishes the amplitude of the residual forced oscillation 

The deductions made above under the headings F=zero, 
constant or variable, are not valid or are reversed if the sign 
of the coefficient 8 is reversed, that is to say, if the acceleration 
control factor, 8 6, is subtracted instead of being added. 

(c) Minorsky’s Theorems.—Assume as before that the extra- 
neous moment is given by E=—A6—B6+C 6+D but that 
the combined signal from the three detectors, namely, 8 6—Q 6 
—P @ is used to produce a proportional angular velocity @ of 
the rudder instead of a proportional deflection g. Then 
g=k, (S6—Q 6—P 6) and therefore p=k, f (S 6—Q6—P 4) dt. 
Hence the rudder moment will be R=k,g=kf (S 6—Q6 
—P 6)dt. The angular acceleration of the ship will therefore 
be given by 








6=(R+E)/I1 
or 16=k-f (S6—Q6—P 0)dt-AG—B6—-CO+D . . (9) 
Differentiating (9) and collecting like terms we get 


aD 
Pe we 
where J (=1I-+- A) is, as before, the effective moment of inertia 


J 6~(B—kS) 6+(kKQ—C) 64k P O= (10) 


of the ship. Hence if D is constant, 7.c., oP =0, the path of the 


‘ship will be independent of the value of D, or, in other words,’ 
with rudder velocity control the path of the ship will not be 
affected by a constant independent extraneous moment. 
Sin:ilarly, if the combined signal from the detectors is used 
to produce a proportional angular acceleration of the rudder we 
have g==%, (S6—Q6—P 6). Integrating twice to obtain 9 
and the rudder moment R (=, gy), combining R with E as 
before to obtain the angular acceleration, 6, of the ship and 
differentiating the resultant expression twice we get 
JGLBO-C+ES)S+EQS+EPO=EP |. aN 
Hence the path of the ship will not be affected by any extra- 
neous moment D which is constant or which varies uniformly 
with time. Mino has studied the conditions which the 
coefficients in (10) and (11) must fulfil in order that the paths 
defined by these equations, when their right-hand members are 
zero, may be stable. See “ Directional Stability of Auto- 
tically Controlled Bodies,” by N. Minorsky, Journal. 
American Society of Naval Architects, Vol. XXXIV, 1922. 








(To be continued.) 
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§3. Tue ‘“ Harpy-Cross ” MrerHop IN RELATION 
TO THE STRESS CALCULATION OF RIGID-JOINTED 
Frames, Rzer. (6), (7). 

os is an example of a case where the fundamental 

idea of a method, the various extensions of which 
promise to be of considerable i to aero- 
nautical engineers, was ied by an engineer whose 
work lies in quite a different field. The notion was, 
somewhat belatedly, seized upon by workers in the 
aeronautical field with the result that its application 
to certain types of structures was simplified and that 
the method itself was enriched by certain useful 
extensions. Parallel to, and cognate with, the work 
of Hardy-Cross, Professor Southwell’s method of 

‘Systematic Relaxation of Constraints,’ ref. (7), 

must be mentioned at this point as giving an alter- 








uniformly with time. A component D varying 





native, and in some ways more rational, development 


Aircraft Structures. 
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(Continued from page 154, February ith.) 


of this method of dealing with rigid-jointed frames. 
Although the basis of Professor Hardy-Cross’s method 
must by this time be familiar to many, a few words on 
its main principle may not be unwelcome before we 
indicate the extensions which its application to aero- 
nautical work have brought about. 

§ 3-1. Original Hardy-Cross Method.—Perhaps the 
best way of illustrating the method is to consider it 
in relation to the simple portal frame—the structure 
employed by Professor Hardy-Cross in his. original 
demonstration of its application. 

Suppose A BC D of Fig. 13 to represent a simple 
portal frame with fixed joints at B and C and sub- 
jected to the sideload P. By the Hardy-Cross method 
it is assumed that, as the two uprights. deflect, 
restraining couples M, (see Fig. 126) are applied by 
some outside agency in such a way that the orienta- 
tion of the bar ends at B, and C, remains unchanged. 
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The value of M, under these conditions is clearly at 
once calculable, for by symmetry the bending 
moments at the lower ends are also M, and the shear 
in each upright is therefore 2 M,/a, so that 4 M,/a=P. 
The applied couple M, at C, is now removed, but the 
bar ends at B are meanwhile constrained to remain 
fixed in position and orientation. If, as we may 
assume for the sake of simplicity, all three bars are 
identical, the removal of the constraining couple 
leaves the joint C, under the influence of an un- 
balanced clockwise couple exerted by the upright, 
half of which couple is resisted by the top bar and half 
by the upright itself, with the result that the re- 
distributed moments are as in Fig. 13c. Joint C, is 
now frozen in its new position and joint B, released 





— 
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NOTE. A couple drawn at the end of amember signifies 
the couple applied by the member end to the 
adjacentjoint. Couples applied externally 

are drawn near the relevant joint but clear of 
the members. 


FIG. 13 
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from the external constraining couple } M,, leaving 
the joint under the influence of an unbalanced clock- 


wise couple (m, 2) =}M,, which is_ equally 


resisted by the two bar ends as shown in Fig. 13d, the 
bending moment in the horizontal becoming an anti- 
clockwise moment of } M,+3M,=§ M,, and that in 
the vertical a clockwise moment of M,— 3 M,=§ M,. 
In each case it is noticed that whenever a moment is 
applied to the released end of a bar, the other, and 
temporarily fixed, end applies an opposite moment of 
half that amount to its adjacent joint. The next step 
is to fix joint B and release C, this process being 
repeated until the quantities involved are negligible, 
which they become after only a very few repetitions. 

The end of the,journey, however, is not reached 
when the bending moments obtained by the above 
process have converged to their final values, and the 
reason for this is that during the whole procedure 
either joint B or joint C was fixed in space while the 
other joint was being released, so that there was 
therefore no opportunity for the portal to intline 
further sideways under the action of the force P. The 
result is that when the shears in the two uprights are 
computed their sum is found to be a little smaller 
than P. The Hardy-Cross method then deals with 
this small unbalanced fraction of P in exactly the 
same way as it did with the original force P, the final 
values of the moments appropriate to this second 
stage being added to those obtained in the first stage. 


Should the unbalanced force not be negligible after, 


the second stage then a third stage must follow. It is 
clear, however, although this was not emphasised by 
Hardy-Cross, that.only one stage need be calculated, 
for if an unbalanced fraction « of P still remains at 
the end of the first stage, there will be a fraction «? of 
P at the end of the second, &c. The sum of all such 


a 

—a@ 
multiply the results of the first stage by 1/(1—«) to 
obtain the final solution. It is to be noticed, how- 
ever, that this short cut is only applicable in simple 
cases. 

§ 3-2. Hardy-Cross Principle Applied to the Solu- 
tion of the Problem of the Continuous Beam With or 
Without End Load, ref. (8), (9).—The problem of the 
continuous beam is peculiarly amenable to the appli- 
cation of the Hardy-Cross principle, and, moreover, 
the task of solving continuous beam problems is one 
that constantly engages the attention of aeronautical 
engineers. It is therefore not surprising that it was 
among the first for which a suitable technique based 
on the Hardy-Cross notion was developed. The main 
features of this technique, which is very simple and 
easy to apply, will be readily understood from. the 
brief deseription which follows.. 

Suppose we have a beam A B C.D E (Fig: 14), pin- 
jointed at A, built in at E and simply supported at 
B, C, and D. Suppose further ‘that it is laterally 
loaded in an‘arbitrary manner and that it is subjected 
to end loads which, though constant between any 
adjacent pair of supports, may vary for different pairs. 
The essence of the method is to assume that at each 
intermediate support suitable couples are applied by 
some external agency so as to ensure that the part of 
the beam over the support remains horizontal, i.e., 





fractions is 7 P and all that is necessary is to 








parallel to the direction of the unloaded beam. The 
various parts into which the beam is divided by the 
supports may then be considered individually and the 
bending moments induced in each part, as a result of 
the combined lateral and end load, can be calculated 
or dealt with graphically by standard methods. All 
the bending moments having been obtained in this 
way, it will be found that in general the moment in 
the beam A B, say, immediately to the left of support 
B is different from the moment in the beam BC 
immediately to the right of support B. It is this 
difference, in fact, which necessitates the presence of 
an external agency to majntain equilibrium at B under 
the conditions assumed (i.e., that the slope remains 
unchanged). The value of the external couple at any 


Joint By Fixed Joint Co Free 





support is readily found, as the difference between the 
moments to right and left of that support. 

It should be clearly borne in mind that the whole 
beam is now in equilibrium under the action of the 
applied lateral and end loads if supplemented by the 
external couples at the supports, and a great advan- 
tage of the method lies in the fact that no further 
notice need be taken of the lateral load. All that 
remains is to find the effect of removing the external 
couple under the action of end load. This is done 
by releasing the joints one by one from their con- 
straining couples, the slope of all the other joints 
meanwhile being maintained rigidly horizontal. 
Suppose, for instance, considering support B, that 
Mgez (standing for the hogging moment immediately 
to the right of B) is greater than Mg,: the removal of 
the constraining couple allows the unbalanced clock- 
wise couple (Mgz—Mgzz) to exert its influence on the 
adjacent bays BA and BC, which influence is 
unaffected by the. lateral load and affected only by 
the end load. The “ settling ’’ of the two bays under 


| 
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this couple induces new moments at B (across which 
the moment is now, of course, continuous) as well as 
at the near side of the adjacent supports (but not at A 
in this case, since A is actually pin-jointed), such 
moments being readily calculated by simple rules. 
Joints C and D are treated in the same way. This 
stage having been completed, it is found that another, 
but smaller, set of couples has appeared at the sup- 
ports B, C, D, those at B and D being due to the 
release of the C couple, and the one at C due to the 
releases of the B and D couples. These smaller 
unbalanced couples are treated in the same way and 
the process repeated till the unbalanced couples 
remaining are negligibly small. The final moments at 
each support are then the result of adding the moments 
corresponding to the separate stages. 


All the work is carried out in tabulated form, | proced: 


and in the case of complicated lateral loads or a 
multiplicity of supports the method is far superior 
to any previously known. 

§ 3-3. Hardy-Cross Method Applied to Plane Braced 
Frames with Rigid Joints, ref. (10), (11).—The 
technique employed in the structural problem of 
the continuous beam may readily be extended to 
cover that of the plane braced frame with rigid 
joints. Here, again, the fundamental idea is to 
introduce certain constraints which ensure that a 
type of deflection is produced the loads corresponding 
to which are readily calculated. The removal of 
such constraints one by one at the cost of introducing 
further, but’ smaller constraining forces and the 
subsequent removal of the latter at the cost of intro- 
ducing still slighter constraints, follows then on the 
lines outlined in (b) above. 

In one important feature, however, the treatment 
of the rigid-jointed braced frame differs from that 
of the continuous beam (but not perhaps from that 
of the continuous beam with elastic supports, as will 
be seen). This difference springs from the fact that, 





whereas the ‘ joints’ (¢.e., the supports) of a con- 
tinuous beam are normally fixed in space, those of 
the braced frame are free to take up any position 
that may be dictated by the distortion of the frame. 

Thus in treating the braced frame not only must 
the i t of a joint (which takes 
place without disturbing the relative angular position 
of the members which meet there) be considered, but 
also its linear displacement. 

The procedure to be adopted will best be under- 
stood by reference to a simple example such as the 
elementary frame shown in Fig. 15. 

All the joints of the frame A BC DE except E 
are rigid and the frame may be supposed to be sub- 
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jected to a down load P at joint C. The first step is 
to calculate approximately the final positions of the 
deflected joints. A good approximation is obtained 
(so good, in fact, that a second approximation is 
seldom necessary) by assuming all the joints to be 
pin-jointed, in which case the deflections in two 
directions at right angles, such as the x and y direc- 
tions of the figure, can be found for each joint by 
standard methods. Suppose B’ C’ D’ be the deflected 
positions so found. Keepirg these joints in their 
new positions (i.e., preventing further linear move- 
ments) we now by means of externally applied couples 
forcibly rotate each joint so that the ends of the 
members meeting there are parallel to their original 
directions as shown by the dotted lines in Fig. 15. 
This means that the two ends of any one member 
such as B’C’ of Fig. 16 are still parallel, and the 
distortion is due purely to the known relative deflec- 
tion of C to D in a direction perpendicular to the 
parallel ends, together with the additional distortion 
produced by any end load that may be present. 
The moments induced in the ends of each member 
by such distortion are calculable by standard 
methods, so that at joint D, for example, where 
four members meet, the bending moment at the end 
of each is known, and hence the algebraic resultant. 
But the constraining couple at D was introduced 
solely to counteract such a resultant, and must 
therefore be equal and opposite to it. Thus the 
constraining couples are found for each joint. 

While still maintaining their positions in space, 
the joints are now released one by one from their 
constraining couples, the release of any one joint 
being accomplished under the condition that all 
the other joints are temporarily fixed in position 
and orientation (but not in orientation in the case 
of a pin joint like E). The release of joint D, for 
example, from its constraining couple is equivalent 
to subjecting it to an equal and opposite couple ; 
in fact, to exposing it to the action of the resultant 
out-of-balance moment mentioned above. The 
result is that fresh moments are induced at both ends 
of each of the four members meeting at D (except, 
of course, end E of member D E) like those produced 
when a joint of the continuous beam of (b) was 
released, the distribution of moments again d i 
on ‘the relative stiffnesses of the members meeting 
at the joint. 

Having carried out this process for each of the 
joints B, C, and D, consider again the equilibrium 
of the moments at D for example. Joint D, it must 
be remembered, was held completely fixed while 
joints B and C were successively released while, 
in other words, moments were induced in the ends D 
of members BD and CD. The resultant of these 
two moments now forms an out-of-balance couple 
at D which, upon D being released a second time, 
distributes itself in just the same way as the original 
out-of-balance moment at that joint. The original 
ure is, in fact, repeated until the remaining 
out-of-balance moments at the joints are negligibly 
small. 

In most cases the attainment of that stage means 
a good approximation to the solution of the problem. 
Greater accuracy, however, is attainable by further 
considering the shear equilibrium at the joints, for 
it must not be forgotten that the frame is only in 
equilibrium in virtue. of its joints being held in 
position by externally applied shear constraints, 
1.¢., external fordes. For example, the four members 
meeting at D are each subjected to shears as the 
result of the already known bending moments, and 
if those shears do not balance at D, but have instead 
a resultant shear, such resultant shear at D, with 
similar ones at B and ©, must be considered as a 
set of fresh external forces of the type of P. The 
new (pin-jointed) deflections are obtained by assuming 
that the new set of loads are the only ones acting on 
the frame, but when it comes to releasing joints 
and redistributing moments, the end loads produced 


in the members by the first set of external forces 


must be included. The moments, &c., consequent 
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upon this second set of loads must finally, of course, 
be added to those found during the first stage to 
obtain the resultant moments in the members. 

Mention should be made here of a method—ref. 
(11)——developed by J. Morris for representing the 
essential procedure of the Hardy-Cross method as a 
special way of solving the set of simultaneous equa- 
tions to which all structural problems must, whether 
implicitly or otherwise, finally be reduced. 


$4. Desian or..BEAM Wess aS AFFECTED BY 
WaGNER’s Tension Fretp Turory, Rer. (12). 


Although Wagner’s tension-field theory is by this 
time familiar to aeronautical engineers and is exten- 
sively used as a basis for the design of light beams, a 
brief explanation of the basis of the theory may not 
be out of place here. 

The fundamental idea behind Wagner’s theory is the 
notion of exploiting to as great an extent as possible 
the fact that, whereas a piece of structural steel or 
similar material can wisi be relied upon to develop 
its full strength in tension, the onset of stability failure 
such as buckling too often prevents its corresponding 
strength in compression from being reached or even 
approached. The most extensive application of the 
tension-field theory is to the design of thin sheet webs 
for beams, where it shows a clear superiority over the 
braced web when compared on the basis of a strength/ 
weight ratio. 

In an ordinary solid web beam the web, being in 
almost pure shear, is subjected to diagonal loads of 
compression and tension (see Fig. 17), and if the web 
thickness is gradually reduced a stage is eventually 
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reached when the web buckles under the compression 
diagonal loads. Such buckling is in the nature of a 
permanent deformation of the web, the material of 
which is therefore overstrained and unsafe to be 
retained in the structure. On the other hand, in the 
case of a thin sheet web properly designed in accord- 
ance with the tension-diagonal theory, the web, in its 
resistance to the applied shear, does not attempt to 
withstand the diagonal compression, but, by the 
formation of incipient corrugations, promptly allows 
unrestricted contraction in that direction at the 


expense of developing a correspondingly greater stress | ' 
along the tension diagonals. A simple analogy is | ™& 


afforded by a rectangular frame braced by two 
diagonal wires ; in the absence of initial tension in the 
wires all the shear loads are taken by the wire which 
is in tension, the other by its immediate collapse 
contributing nothing towards resisting the distortion 
of the frame. Moreover, the tensile stress (assumin 
identical wires) has twice the value it would have if the 
other wire behavedasastrut. . 

A typical frame designed on the basis of the tension- 
diagonal theory is shown in Fig. 18a and b. It consists 
essentially of a skeleton structure made up of the 
principal members AB, BC, CD, and auxiliary 
members, such as a @ (whose pitch is usually about 
half the depth of the frame), all of which are firmly 
riveted to a thin metal sheet which covers the whole 
area of the frame. In Fig. 18a the arrowed lines repre- 
sent the corrugations formed as the result of the 
application of the shear load P, and Fig. 18b shows the 
corresponding corrugations when the shear is 
reversed, 


In order to see at a glance the kind of load which | %°8 


the tension-diagonal field in the sheet throws on the 
main and auxiliary members of the frame, arrow 
heads have been drawn in Fig. 19, the directions of 
which indicate the directions in which load is applied 
to the adjacent members. To get a still clearer 
notion of the action Fig. 19 should be studied in con- 
junction with Fig. 20, where the tensile forces repre- 
sented by the arrows of Fig. 19 have been resolved 
into two directions at right . Now, in the case 
where the shear is constant, it is clear from Fig. 19 
that the auxiliary members a a are not directly loaded 
by the tension field, for the tension along each tensile 
line, such as ¢t, must be constant to preserve equi- 
librium between the field and the applied shear P. 
The loads in the main members are readily visualised 
from Fig. 20. The booms A B and CD are subjected 
to longitudinal loads, which increase progressively, 
as the fixed end A D is approached from the other 
end, and at any séction are directly proportional to 
the moment induced by theload P. In addition, the 
two booms tend to be drawn together by lateral loads 
uniformly distributed, so that in effect they form two 
continuous beams resting on supports provided by the 
auxiliary members aa, which are there for no other 
purpose than to perform that function. In their 


8 | direction that shear may act. 


favourably placed, for they are well supported against 
buckling either in- or out of the plane of the frame. 
Against buckling in the plane of the frame the support 
is obvious, but although the support against displace- 
ment at right angles to that plane is not quite so 
obvious, it is none the less real, for the strut cannot 
bow in that direction without also displacing and 
hence stretching the sheet. The result is that quite 
slender struts are enabled to support loads 
equal to those corresponding to the limiting stress of 
the material. 

The remaining vertical member BC plays quite 
a different réle. Its longitudinal load increases 
gradually from zero at B to the full shear P at C. 
Coupled with this load is a uniformly distributed 
lateral load which the member must resist in virtue 
of its own stiffness against bowing in the plane of 
the frame. “It will also be noticed that in providing 
the necessary reactions at B and C the booms are 
subject to end loads which are additional to those 
described above. 

If an additional load such as P is applied at some 
intermediate auxiliary member, that member will be 
called upon to withstand loads of the type to which the 
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end member is subject. In fact, so far as this fresh 
load is concerned, the particular auxiliary is effec- 
tively an end member and must be stiffened accord- 


ly. 

The efficiency of a Wagner tension field design, 
although partially explained by the above considera- 
tions, is due mainly to the fact that the sheet, being 
in pure tension, is immune from the incidence of 
critical loads, and that the whole of the material of 
the sheet is available for resisting shear in whichever 


The angle « which the tension field makes with the 
booms when the latter are well supported by auxiliary 
members is usually about 40 deg. and not the theo- 
retical 45 deg. When, however, the pitch of the 
auxiliaries is too coarse, or the booms themselves are 
too flexible, this angle may drop to a much lower 
value. Such a drop is to be avoided, not only because 
the material of the sheet is stressed the more highly 
the more unfavourable the angle, but also because it 
indicates that parts of the sheet are completely out of 
action. An extreme case which illustrates these 
points is shown in Fig. 21. Here there are no auxiliary 
members whatever, with the results that the booms 
and that only that part of the sheet adjacent to 
the diagonal A C is effective, those areas in the neigh- 
bourhood of the corners B and D being practically 
unstressed. 

In his original paper Wagner—ref. (12)—gave 
detailed rules showing how to design the booms, 
whether parallel or tapering, taking account of the 
amount of support given by the auxiliary members ; 
how to design the auxiliary ing account 
of the support afforded by the sheet ; how to include 
the effect of attaching the sheet to one. side of the 
frame members instead of passing it through them 
centrally, and how also to deal with a slight curvature 
of the sheet, such as would exist if the booms were 
generators of a cylinder of large radius. 


§ 5. Tue SYNTHESIS AND ANALYSIS OF SrmpLy-StirF 
FraMEworRKS, Rer. (13). 


In a recent. paper read before the London Mathe- 
matical Society, Dr. Roxbee Cox has propounded 
and proved some interesting theorems on simply- 
stiff. frameworks. The paper also contains useful 
rules for analysing complicated structures and so 
determining to which of the three main classes they 
belong—redundant structures, simply-stiff structures, 
or mechanisms. We shall quote the more important 


for the analysis and synthesis of  simply-stiff 
structures. 

It is convenient to refer to the group of members 
which meet at a joint where only two members meet 
as a pair, where only three meet as a trio, where only 
four meet as a quartet, and, generally, where n 
members and no more meet as an “n-tet.”’ The 
joint common to the members of an n-tet is referred 
to as its vertex, the ends of the members remote 
from the vertex being the feet of the n-tet. 

A few preliminary propositions are useful. For 
instance, since @ simply-stiff structure must have 
(37—6) members, (j7 being the number of joints), 
it follows that there are 6 j—12 member extremities, 
so that the average number of members which meet 


at a joint is (6) which is necessarily less than 


six. Every simply-stiff structure must therefore con- 
tain quintets, quartets, or trios. Again, in analysing a 
structure, the first step is to remove all trios, for a 
trio cannot affect the adequacy or inadequacy of the 
remainder of the structure to which it belongs. If, 
by knocking off trios, we can reduce the structure to 
one whose class is recognisable, the analysis is com- 
plete. Often, however, after all trios have been 
removed, the rest of the structure still contains a 
mixture of quartets, quintets, &c. It is to deal with 
such structures that the following theorem is enun- 
ciated. It states that :— 

If in a simply stiff-space framework the member 
between any two joints is replaced by a quartet 
with feet at these two joints and at two other joints 
of the framework, the resulting framework is simply- 
stiff. 

It is unfortunate that the theorem has no converse, 
but although it cannot be used directly in analysis 
it provides a method for the synthesis of a large 
variety of interesting structures. Its function in 
structural analysis is therefore not the direct breaking 
down of the structure into .a known elementary 
form, but the building up of a tentative elementary 
form of simply-stiff structure into a replica of the 
given structure, thus establishing the simply-stiff 
character of the latter. 

Suppose, for instance, that we are given the 
structure, Fig. 22a, to analyse, and that we take 
as our tentative elementary simply-stiff structure 
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the arrangement shown in Fig. 22b. By the applica- 
tion of the Theorem this latter structure is easily 
converted to that of Fig. 22c, for the theorem merely 
requires that if a member is jointed at some point along 
its length, the joint so formed must, in order to 
retain the simply-stiff character of the structure, be 
connected to the structure by two extra members 
as shown in Fig. 22c. By continuing the pro- 
cess through stages represented by Fig. 22d, &c., 
it is clear that the arrangement of Fig. 22a can be 
finally reached. 

The next theorem states that :— 

If in a simply-stiff space framework there occurs 
among n particular joints an arrangement of (2 n—3) 
members which, if projected on to a plane, would 
represent a simply-stiff plane framework, {then a 
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simply-stiff space framework results if the (n—3) of 
these members, which do not form part of the polygon 
embracing the n joints are removed and replaced by 
an n-tet with feet at the n joints. 

The significance of this theorem is seen at once if 
it is repeated with particular reference to the arrange- 
ment of Fig. 23; where the n joints referred to in the 








capacity as struts the auxiliary members are very 





theorems and show briefly how they may be used 





theorem are the six jointsjA, B, C, D, E, and F. It 
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states that if the six members which connect the six 
joints ABCDEF of the simply-stiff framework 
ABCDEFG are braced by additional internal 
members FB, FC, and FD, so that the nine- 
membered structure so formed projects on to a plane 
as @ simply-stiff plane framework, then the internal 
bracing members may be removed without loss of 
stiffness to the structure so long as they are replaced 
by a sextet with its feet at the joints of the hexagon 
and its vertex at any point H. 

This theorem again h»s no converse, and is there- 
fore mainly useful in the kind of synthesis to which 
the first Theorem has already been shown to be 
applicable. 

We shall conclude with a reference to the sym- 
metrical simply-stiff frameworks. It has already 
been shown that the average number n of members 
meeting at a joint is (6—12/j), where j is the number 
of joints. It follows that since n must be positive 
and >0 its value must be 2, 3, 4, or 5, the corre- 
sponding values of j being 3, 4, 6, and 12. Thus in 
a structure where the same number of members 
meet at each joint that structure must be a triangle, 
a tetrahedron, an octahedron, or an icosahedron. 
The first two are obviously simply-stiff ; the third has 
already been shown to be so by the application of the 
first Theorem to the tetrahedron, but to show that 
the twelve-jointed icosahedron with its twelve 
quintets is simply-stiff requires the application of 
both theorems in the ingenious demonstration which 
the author gives in the paper above mentioned. 

Apart from the regular icosahedron of Fig. 24, a 
large variety of irregular icosahedra, all simply-stiff, 
may be constructed by different synthetic procedures, 


but each has the essential characteristic that every 
joint is the vertex of a quintet. 
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N Monday next, February 15th, the Engineering 

and Hardware Section of the British Industries 
Fair opens at Birmingham. On previous occasions 
we have found it necessary to point out that this 
Fair has progressively become of less interest, par- 
ticularly in regard to the heavier and medium fields 
of engineering, although, no doubt, retaining very 
great value on the domestic and especially the 
hardware side. In consequence, we have decided 
this year not to devote any Supplements to the Fair 
as we have done fér several years now, and to limit 
our references to a number of articles dealing as 
exclusively as possible only with those devices, 
machines, and developments which seem to us by 
their novelty or on account of some other special 
factor to be of particular interest to engineers. The 
first of these articles follows. 


Henry Sruon, Lop. 

The principal exhibit of Henry Simon, Ltd., engi- 
neers, of Cheadle Heath, Stockport, is an improved 
four-roller mill for flour illustrated in Fig. 1. It 
is an interesting example of the detail improvements 














FiG. 1—FOUR-ROLLER FLOUR MILL—SIMON 


which can be made in this type of machinery. In 
this case they make the mill neater in outline and 
more compact, while the smoother running should 
result in a much improved life and greater efficiency. 
To begin with the rolls are now driven by satellite 
gears comprising four gear wheels. This arrangement 
gives constant tooth mesh whether the rolls are open 
or closed, and no matter to what degree they are 
adjusted. With the gear teeth constantly in mesh 
to the same degree it is possible to use a finer pitch, 
which leads to greater silence, smoother running, 
and longer life of the entire mill. As regards roll 
regulation the large hand wheels have now been 
eliminated and a neat, small hand wheel, acting 
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SOME NEW DEVICES, MACHINES AND DEVELOPMENTS. 
No. I. 


through worm gearing, is fitted at each end of the 
rolls. This alteration makes the regulating gear less 
conspicuous, and, at the same time, more sensitive. 
The pressure is taken on a ball thrust bearing, and 
the absence of friction enables the rolls to be set with 
greater ease and accuracy. A hand wheel for giving 
parallel adjustment of the rolls is also provided. 

The throw-out handle and its base have been 
ingeniously redesigned, the handle projecting much 
less than formerly and leaving no open gap in the 
frame into which dust or stock can enter. A balanced 
feed gate has been fitted to make the feed adjustment 
more accurate. It will operate either as a fixed gate 
or automatically. The machine can be provided with 
built-in motor drive or pulleys for belt drive as 
desired. Another improvement is that the bearings, 
which are of the swivelling type, are now made with 
a complete spherical ring to allow self-alignment, 
an arrangement stronger than the earlier type of 





machine, which can be applied to any proportioning 
system, works on a new principle combining four 
separate operations, which are claimed to effect 
very thorough mixing. The ingredients are fed into 
the top compartment where they are evenly spread 
by stirring arms, falling thence through slots into the 
main mixing chamber in the form of a uniformly 
distributed spray feed. This mixing chamber contains 
steel stirring arms rotating about a vertical axis. | 
A worm conveyor outside the mixer takes the 
material away continuously from the bottom of the 
mixing chamber and returns it to the top for further 
treatment. When mixing is complete the machine 
is emptied by withdrawing a discharge slide. Also 
on view on the stand of Henry Simon, Ltd., is the 
“ Speight ” type “ plansifter,” illustrated in Fig. 2. 














FiG. 3—-VERTICAL MIXER—-SIMON 


The machine does not differ in external appearance 
from other sifters. It is a six-feed machine of the 
free-swinging type, and normally twelve sieves are 
arranged in each of the six nests. The top of the 
vertical driving shaft is supported by a specially 
designed self-aligning bearing in a cast iron mounting, 
which also carries the driving pulley, and which 
is itself supported on steel channels. Fixed to the 
lower end of the driving shaft by means of a strong 
steel coupling is a steel crank pin and a pair of balance 
weights. The crank pin works in a swivelling bearing 
in the centre of the frame. The whole weight of the 
shaft with its crank pin and balance weights is carried 
by a ball thrust bearing, the weight of the sieves 
and the main frame being supported entirely by the 
canes. The centre of gravity of the two balance 
weights is in the same horizontal plane as the main 
bearings, which results in a true balance of the 
centrifugal forces. 





spherical seat. For the sake of compactness the 
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FiG. 2—*‘ SPEIGHT "’ 


bearings are shorter than before, but the bushes and. 
spindles are now made of specially close-grained 
high-tensile material, and the lubrication system has 
been redesigned. The rolls can be adapted for water 
cooling, and, in addition to grain and cereals, 
the machine can be used for a variety of ‘other 
materials. 

Another interesting exhibit illustrated in Fig. 3 








is the “Simon” spray type vertical mixer. This 











PLANSIFTER—S 


Each half plansifter is of box construction divided 
into three separate sections in which the sieves are 
arranged like a nest of drawers. The stock travels 
in a direction at right angles to the usual line of 
travel, no impellers being required to assist the stock 
through the machine. The sieve covers are laced on 
an arrangement which provides an easy means of 
tightening covers, and avoids the damage to sieve 
frames and covers as well as the time lost by the 
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“‘tacked-on’’ method. Cleaning wire covers is 
done by rubber ball cleaners supported on metal trays 
below the sieves. On flour dressing silk covers a 
special brush is used having a metal frame the. same 
width, but shorter, than the sieve by an amount 
approximately equal to the throw of the plansifter. 
The frame is supported inside the sieve frame, but 
is free to move. The brush has cross rows of bristles, 
each row being spaced a distance apart equal to the 
plansifter throw. Owing to the motion of the plan- 
sifter the brush moves relatively to the sieve, and 
the cover is brushed completely twice every revolution 
or approximatly 400 times per minute as compared 
to three or four times per minute with the older type 
brush. It is claimed that the meshes are thus kept 
quite clean and full sieving efficiency is maintained 
continuously, 


THe Brrrish THomson-Houston Company. 


New 80-watt and 125-watt extra high pressure 
Mazda Mercra electric discharge lamps are among 
the lighting exhibits of the British Thomson-Houston 
Company. They form an extension to the Mazda 
Mercra lamp range which previously included 400, 
250, and 1£0-watt lamps. Unlike these, the new 

















FiG. 4—80-WATT MAZDA MERCRA LAMP—B.T.H. 


lamps resemble in general appearance the incandescent 
filament type, for the long tubular outer bulb usually 
associated with discharge lamps gives place to a bulb 
similar in shape and dimensions to 150 or 200-watt 
standard gas-filled bulbs. In Fig. 4 is shown an 
80-watt Mazda Mercra lamp with the internally 
frosted glass bulb broken away to show the internal 
construction. To secure high efficiency, compact- 
ness, and good lumen maintenance, the mercury 
vapour pressure has been increased to a much higher 
value than usual. The lamp consists of two envelopes, 
the inner of which is composed of a special grade 
of transparent quartz eapable ef withstanding the 

















Fic. 5—-COUNTY JUNIOR LANTERN—B.T.H. 


high temperature which the mercury pressure entails. 
The are light source is very concentrated. The arc 
passes between two activated cathodes, one of which 
is associated with an auxiliary electrode to ensure 
reliable starting on all main voltages. While the 
characteristics of the lamps are in general similar to 
those of existing higher wattage Mazda Mercra lamps, 
both the running-up time and cooling time are reduced. 
Another advantage of the new lamps is that they can 
operate in any position. As in the case of the high- 
wattage Mercra lamps, it is necessary to operate the 
80 and 125-volt lamps on A.C. with correctly designed 
chokes, and if desired condensers may be used to 








improve the power factor. In certain cases a low- 
voltage mains transformer is used to step up the 
voltage supplied to the lamp and choke. The lamps 
have a special three-point bayonet cap similar to the 
normal bayonet cap, except that a pin prevents the 
lamp being accidentally fitted into sockets designed 
for incandescent filament lamps. The initial lumens 
of the lamps are—80-watt, 3040 lumens, and 125- 
watt, 5000 lumens. By reason of the smaller bulbs 
of these lamps it is possible for them to be used in 
lighting fittings originally designed for 100-200-watt 
gas-filled lamps. 

Another new B.T.H. lighting exhibit is the County 
Junior lantern, Figs. 5 and 6, for use with 60, 75, 100, 














Fic. 6—-LANTERN WITH ToP CAP REMOVED—B.T.H 


150, and 200-watt Mazda gas-filled lamps. It has 
been designed as a general-purpose side-mounting 
street-lighting lantern, and there are three main 
parts—the top cap, the main spinning, and the 
reflector. There is also the lamp holder fitted on a 
focusing carriage. The top cap is composed of cast 
iron, the main spinning of heavy gauge copper, and 
the reflector of sheet steel vitreous enamelled. The 
main spinning is permanently attached to the reflector 
by four nuts and bolts, with split pins, and its top is 
spun into a groove. To the top cap a block is fixed 
to fit into this groove, and opposite this block is 
another attached to a screw through the side of the 
cap. When erecting the lantern the top cap, which 
carries the focusing carriage and lamp-holder, is 
screwed on to the bracket arm and the leads are 
brought through and connected up to the lamp- 
holder terminals. The remainder of the lantern is 
then brought into position and secured by tightening 
the screw projecting from the side of the top cap, 
thus gripping the groove of the main spinning between 
the blocks of the top cap. The fixing screw has a 
knurled head for ease of operation, end carries a 
knurled locknut to eliminate the possibility of its 
working loose. Movement of the lamp-holder on its 
focusing carriage is controlled ‘by rotating an 
external knob on top of the lantern. 

Re-direction of the light output is obtained by the 
special one-piece reflector band, held to the reflector 
by three spring clips, and arranged to give a single 
axially asymmetrieal form of light distribution. 
Vertical prisms are formed on the inside to produce 
the required brightness distribution on the road 
surface. 


Bascock AND WILcox, Ltp. 

One of the larger stands in the Engineering Section 
of the Fair is that of Babcock and Wilcox, Ltd., of 
London and Renfrew, on which, in contradistinction 
to other years, there is a display of exhibits 
specially designed and arranged to illustrate welding 
as applied by the firm to the fabrication of steam 
piping, and the attachment of flanges and fittings to 
steam pipes, steam receivers, and other pressure 
vessels. These include the following examples, which, 
in many cases, are sectioned, with the welds polished 
and etched to show the layers of weld metal and the 
penetration into the parent metal: A mild steel branch 
pipe of 14in. bore, with two 12in. bore branches 
and a drain pocket, designed for a working pressure 
of 450 Ib. per square inch. The main pipe is made 
from hot finished solid drawn steel tube jin. thick, 
whilst the branches are jin. thick. The drain pocket 
is made from a piece of 3in. bore tube swaged down 
to lin. bore for the drain connection. All the branches 
are welded into the main pipe by means of a strong 
fillet weld. The hole in the main pipe and the ends 
of the branches are first veed to fit, and the parts are 
then fused together by @ penetration weld and the 
fillet afterwards added. The flanges are of the plain 
slab type and are attached to the branches and main 
pipe by welding at the back and front. 

A similar exhibit is also shown in which, instead 





of the flanges being welded to the main pipe, they are 
at first screwed on to the main pipe and are then 
e with a roller expander, and afterwards 
welded at the back with a fillet weld and at the face 
in a recess. The thickness of the flange is increased 
by a fin. hub at the front, so as to improve the stiff- 
ness of the flange and to make it strong enough to 
withstand the pull exerted by the alloy steel stud 
bolts used for high-temperature conditions. 

Various pipe joints include a butt-welded joimt for 
high-pressure pipes, consisting of two pieces of 10in. 
bore by }in. thick solid drawn steel tube which are 
butt-welded together. Before the joint is made the 
pipe ends are first bevelled so as to form the welding 
groove, then on assembly a thin “ freezing”’ rmg 
is inserted in the pipe to prevent welding icicles 
forming inside the pipe. This ring has a V groove 
at the bottom of the pipe for dramage purposes. 
The welding is carried out on site by the electric 
arc process, with special covered electrodes, anc 
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FiG. 7—SEALWELD JOINT—BABCOCK 


the welders employed are specially trained for 
this class of work. After completion of the weld the 
joint is stress-relieved by an electric furnace which 
is clamped around the pipe. 

Another exhibit consists of a corrugated expansion 
bend, 9in. bore by #in. thick, designed for working 
at a pressure of 350 lb. per square inch. The ends are 
arranged for the firm’s Sealweld joint. In making 
the corrugated bend there is no thimning of the 
pipe walls, and it is claimed that the pipes can be 
bent to a much shorter radius than with plain bends 
and at the same time the flexibility is considerably 
increased. 

Two sections of pipe joined together by the 
Sealweld joint are also exhibited. The pipes are I4in. 
bore by ?in. thick, designed for a working pressure 
of 600 Ib. per square inch. One pipg is fitted with 














FiG. 8—CONCENTRIC SILENCER BOILER—BABCOCK 


a 10in. bore branch in. thick, and the other pipe 
with a 6in. bore branch fin. thick. 

As shown in Fig. 7, in making the Sealweld jomt 
the pipe ends are first staved up, and are then rolled 
over to form a flange of equal thickness to the main 
pipe, the flanged-over portion being machimed with 
a thin fin on the periphery... The backing flanges are 
of the loose-ring type, and are placed over the pipe 
before the ends are flanged. Before ‘the jomt is 
made the pipe ends are faced true to a surface plate 
so that on bolting up a metal-to-metal joint is 
obtained. The tips of the two thin fins are then fused 
together so as to form a sealing weld. The shape of 
the fins prevents the welding heat from distorting 
the joint faces. 

The branches are welded to the main pipe and 
the flanges on these branches are also made to take 
a Sealweld joint. 

Other bends include a corrugated expansion U bend, 
16in. bore with a thickness of {in., and a radii 
of 5ft., with a centre distance of 12ft. The flanges 
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are of the slab type welded to the pipe back and 
front. The bend is suitable for a working pressure 
of 350 1b. per square inch, and bends of this type 
are used as cross-over connections between steam 
receivers, giving considerable flexibility in restricted 
dimensions. 

A plain expansion bend of the horseshoe type, 
9in. bore by $in. thick, designed for a working pressure 
of 350 lb. per square inch, is also shown, and if 
desired the pipe ends are for Sealweld joints. 

Among the valves shown are a number of Babcock 
Handor parallel slide pattern. 

Models are exhibited by the Stirling Boiler Com- 
pany, Ltd., and Edwin Danks and Co. (Oldbury), 
Lid., is represented by examples of dished bends for 
cylindrical boilers of various types, along with 
heavy presswork and boiler-house equipment. 

The Clarkson Thimble Tube Boiler Company, Ltd., 
of Australia House, an associated company, is exhibit- 
ing a new type of Clarkson concentric silencer boiler, 
which has been specially designed and built for the 
three-coach multiple oil-engmed train under con- 
struction at Derby for the service of the London, 
Midland and Scottish Railway Company. As recorded 
in our issue of January 8th, the four engines are to 
be of the Leyland 8-6-litre capacity ante-chamber 
type, with a designed maximum output of 120 B.H.P. 
at 2200 r.p.m., and 326 pounds-feet torque at 1250 
r.p.m. The train sets are carried on two normal and 
two articulated bogies, all of which are engime-driven. 
The boilers referred to work with the two forward and 
the two rear engines, and they are designed to provide 
sufficient steam to heat the whole of the train. The 
general design of the boiler is clearly shown in Fig. 8. 
It is claimed that the various parts can be dismantled 
for examimation and for cleaning with particular 
ease. A diagram of the waste heat recovery 
system and its arrangement in the train is repro- 
duced on the left of Fig. 9. Attention may be called 
to the position of the boiler below the floor of the 
train with the feed tank alongside it, and the steam 
and water cylinder above, below which the feed pump 
is placed. The boiler, shown to the right of Fig. 9 
has an overall height of 36in., with a diameter of 23in., 
and a heating surface of 50 square feet. The working 
pressure is 30 lb. per square inch, with a designed 
output of 120 Ib. of steam per hour, the feed water 
being supplied at 60 deg. Fah. The two boilers are of 
sufficient capacity to supply steam for the heating of 
the three coaches. The pipe system has been so 
arranged that the condensate from the radiators will 
































a new design of self-contained portable A.E.C. oil 
engine-driven generating set, specially built to meet 
the varying needs of industrial users. A view of this 
engine is reproduced in Fig. 10. It will be seen that 
with the exception of the fuel tank, which is fitted 
inside it, the radiator, starting equipment, &c., are all 
mounted upon the base-plate. In the set exhibited 





or paraffin sets, which under adverse weather con- 
ditions generally require a protracted warming-up 
period. 

The radiator is of specially large capacity and is of 
the “Still” tube type, incorporating oil cooling 
elements. It works in conjunction with an automatic 
thermostat, and is designed to maintain the engine 





FIG. 10—-PORTABLE O1 


the base-plate is provided with lifting holes ; it may 
be mentioned that the firm also supplies sets fitted 
with wheels for towing purposes. Because of its high 
speed of over 1500 r.p.m., it has been possible to 







































































be returned td the feed tank, thereby reducing the | construct the set to give a full 60 KW at the low 
weight of the feed water to be carried. The system | weight of 3} tons in working order. 
is further equipped with a steam connection at either' The power unit comprises a standard A.E.C. 
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FiG. 9—-SECTIONS AND ARRANGEMENT ON VEHICLE OF CONCENTRIC SILENCER BOILER—BABCOCK 


end of the train, which when starting with a cold 
train can be connected to a shunting locomotive or a 
platform steam connection and the coaches thoroughly 
warmed before starting. 


Tue Assocratep Equipment Company, Lip. 


An interesting exhibit on the stand of the Associated 
Equipment Company, Ltd., of Southall, Middlesex, is 





115mm. by 142mm. six-cylinder oil engine, as 
developed for stationary work. It has a continuous 
rated output of 100 B.H.Pgat 1650 r.p.m., and it is 
claimed that owing to the’ fitting of special A.E.C. 
centrifugally cast lead-bronze bearings it is possible 
to start the engine from cold and to subject it to full 
load in less than one minute. This, the makers state, 
is a distinct advantage compared with similar petrol 


ENGINE-DRIVEN GENERATING 





SeT—A.E.c. 


at the correct working temperature under all atmos- 
pherie conditions. 

In the set exhibited at Birmingham the B.T.H. 
three-phase, 50-cycle alternator is designed to give a 
continuous output of 60 kW at 415 volts at 1500 
r.p.m., and the set is complete with an overhung 
exciter. An improvement has been effected in the 
general outward appearance of the set by the fitting 
of a radiator guard which is chromium plated. 


(To he continued.) 








The Electrical Research Associa- 
tion’s Report. 


Arrer showing that during the year October, Ist 
1935, to September 30th, 1936, financial support 
considerably improved, but that more assistance is 
still needed, the British Electrical and Allied Indus- 
tries Research Association’s sixteenth annual report 
discusses the work that has been undertaken. The 
Association has benefited for three years by sub- 
stantial contributions made by the C.E.B. for a wide 
group of researches on surges and applied phenomena. 
Apparatus was developed with unstinted co-operation 
of interested manufacturers and has been brought 
into successful operation. Full use was also made of 
the new high-voltage eq at the National 
Physical Laboratory. The years’ programme is 
not yet completed, but the several committees respon- 
sible have prepared further proposals for utilising 
to the best advantage the facilities now available. 

Advantage was taken of the presence in London of 
representatives of the Dominions and Colonies to 
discuss closer technical co-operation. It has been 
represented, the report states, that the E.R.A. differs 
materially from other research associations, in that 
it is mainly engaged in researches in the users’ 
interest. The major problems of the electricity supply 
industry are the same the world over, and cannot be 
dealt with on an effective scale save by co-operation. 
Appreciation of this is shown by the steady increase 
of financial support and technical co-operation offered 
to the E.R.A. by the Dominions and Colonies in 
recent years. 

The new E.R.A. laboratory, opened by the Duke 
of Kent in 1935, is now in full swing. The wing 
devoted to researches on the phenomena of circuit 
breaking and the special generating plant for use 
therewith were completed during the year and 
brought into successful operation. While particular 
attention was given to the solution of problems met 
with in the preparation of national and international 
purchasing ifications for circuit breakers, the 
development of improved methods has not been 
neglected, and the majority of manufacturers of 
heavy circuit breakers are now bri into com- 
mercial use, under licence from the E.R.A., some of 
the numerous discoveries and inventions of recent 

ears. 
2 The Association’s programme of headings under 
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which researches are being carried out runs into 
twenty pages, and it must suffice to refer mainly to 
the trend of the work. The work accomplished in 
the past in the way of research on the creep of steels 
has done much to indicate the nature of the problems 
concerned in the use of metals at elevated tempera- 
tures. It has not, however, proceeded far enough for 
the service possibilities at elevated temperatures of 
commonly used steels to be most fully utilised, and 
the investigation of new steels with the object of 
obtaining properties superior to those of existing 
steels now used-for -high temperatures is only in a 
preliminary stage. As a continuation in the trend of 
power plant development to high temperatures and 
pressures is to be expected, there is a very definite and 
urgent need for the fullest utilisation of existing steels 
and for new steels with improved properties for high 
temperature service. Much useful information has 
been obtained by the research on the creep properties 
of existing materials and on their structure and 
thermal treatment, and a systematic exploration of 
the problem of finding improved steels is being made 
with a view to eliminating intercrystalline failure, 
which is met with in the case of plain molybdenum 
steels. 

A conference was recently held to obtain continued 
financial support for the next few years from non- 
members of the Association interested in these 
problems, and it was unanimously agreed that the 
work should be accelerated, and recommended that 
the contributions to the research should be increased 
by at least 50 per cent. The research on pipe flanges 
and bolted connections at high temperatures has pro- 
duced results of immediate value to the designer, and 
the E.R.A. continues to co-operate with the Institu- 
tion of Mechanical i in this work. Some of 
the work covered by the report, such as that on 
earthing, safety problems, flameproof switchgear, and 
meters, was dealt with in our recent article’on ‘ The 
Year’s Progress in Electrical Engineering ” and need 
not be mentioned here. Special methods for the 





study of transformer noise at its source were deve- 
loped and are yielding data for the guidance of the 
designer. The study of noise in relation to building 
structures is progressing and the Association is in a 
position to give help to those actively concerned if 
they would co-operate more closely. Arising out of 
the work done in the past on voltage variation, a 
committee was formed mainly of those ienced in 
electricity supply to consider the best method of 
assessing the quality of the supply given. 

Much work remains to be done on interference with 
communication circuits, wireless, and otherwise. 
Attention was concentrated on short-wave work, on 
mercury arc rectifiers as a source of trouble, and on 
earthing problems as related to these matters. Some 
minor researches were brought to a close and reports 
relating to them issued to members. Further contri- 
butions were made to the nature of dielectric break- 
down and additional proposals were put forward for 
British standard specifications for insulating materials, 
brittleness and ageing tests being much to the fore. 
The Association has given much attention to short- 
time ageing tests aimed to secure an adequate life 
and freedom from unexpected failures in service. 
The testing and selection of the numerous composite 
insulating materials and their convenient grading, 
both from the standpoint of the manufacturer and 
user, continue to present problems requiring research 
as well as common sense for their solution. 

The Association continued to carry out researches 
on the request or suggestion of or in co-operation 
with the Institution of Electrical Engineers, the 
Electricity Commission, the British Standards Insti- 
tution, the General Post Office, the British Broad- 
casting Corporation, the Radio Research Board, the 
Radio Manufacturers’ Association, the Electric Lamp 
Manufacturers’ Association, the Institution of Mech- 
anical Engineers, the International Electrotechnical 
Commission, the Conference Internationale des Grand 
Réseaux Electriques, the Commission Mixte Inter- 





nationale, and with many other bodies. 
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Diagram for 


C.I. Engines. 


By COMMANDER W. G. COWLAND, R.N., 


T\HE accurate measurement of the mean effective 

pressure in the cylinder of a C.I. engine running 
at s in excess of, say, 400 r.p.m., presents con- 
siderable difficulty. Apart from the well-known 
mechanical limitations of the piston type of indicator 
in common use for lower speed engines, the possibilities 
for error due to the size of the diagram obtained 
are not always fully appreciated. For example, 
for the direct-injection engine ‘A ’”’ (particulars in 
Fig. 2), when running at 500 r.p.m. developing 
100 Ib. per square inch M.E.P., the diagram area 
is 0-28 square inch; the length is 2}in., and the 
pressure scale is lin.=800 lb. per square inch, The 
perimeter of the diagram is approximately 5in.; 
therefore, a consistent error of only 0-003in. outwards 
in planimetering, or by drag of the pencil in taking 
the diagram, will cause an error of 5 lb. per square 
inch in the M.I.P. If a “ Farnborough” type of 
indicator is used, a large scale, pressure/time diagram 
is obtained, but the conversion to the “PV” 
form requires accurate determination of the T.D.C. 
position on the diagram, e¢.g., an error of 1 deg. 
(approximately 0-04in. on the standard instrument) 
will cause at least 5lb. per square inch error in 
100 lb. per square inch M.I.P. The effects of electrical 
lag, differential pressure, &c., are not easily deter- 
mined, and variation of these factors may affect the 
consistency of the diagrams. 

These limitations encourage the adoption of other 
methods of determining M.E.P. where these can be 
expected to give reliable results. A method that has 
been developed by the Admiralty Engineering 
Laboratory at West Drayton, and which appears to 
give very satisfactory results for “‘ airless injection ” 
engines, is described below. 

The brake horse-power of an engine can readily 
be measured and the brake mean effective pressure 
(B.M.E.P.) calculated. If the mechanical losses due 
to friction, &c., can be determined and expressed 
quantitatively in lb. per square inch M.E.P., then the 
mean effective pressure is given by : 


M.E.P.=B.M.E.P. + losses, lb. per square inch. 


In the course of testing an engine it is usual to 
run it at various speeds, each being maintained 
constant while measurements of fuel consumptions 
are made at various brake loads over the power range 
for the selected speed. 

By plotting B.M.E.P. against the product, 
B.M.E.P. xfuel consumption lb. per B.H.P. hour, 
for the various loads at a given speed, a diagram 
similar to Fig. 1 is obtained. 

The product, B.M.E.P. x fuel lb. per B.H.P. hour, 
which may be called the “combustion factor” 


and P. HENDERSON.* 


(C.F.), is a@ measure of the fuel supplied per unit of 
the volume swept by the piston in the firing stroke 
(see Appendix). It can be regarded, therefore, as 
a specific unit of the energy supplied to the engine 
and is independent of the engine dimensions, speed, 
or cycle. 

The line drawn through points plotted in this 
manner is a graphical representation of the engine 
performance and, as was recently shown by E. R. 
Briggs,t results from engines of various sizes, speeds, 
or cycle can be directly compared in one diagram. 

When the test results obtained from a correctly 
adjusted “direct injection” engine, running at 
constant speed, are plotted in this type of diagram, 
it is found that a straight line can be drawn through 
a range of points about and below 40 lb. per square 
inch B.M.E.P. The mechanical losses of the engine 
for the particular speed may then be estimated by 
extrapolating this line, its intercept with the B.M.E.P. 
axis giving the amount of the losses in Ib. per square 
inch M.E.P. 

Two assumptions underlie this extrapolation : 


(i) The mechanical losses for the given speed 
are constant over the normal power range of the 
engine. 

(ii) The thermal efficiency (‘‘ indicated’) of 
the engine is constant over the range in which 
the line is straight. 


Since there is no good reason why high-speed 
engines should differ materially from low-speed 
engines as regards changes of thermal efficiency 
or of mechanical losses, the relative results from the 
latter may be accepted as support for these assump- 
tions. For those engines where indicator diagrams 
can be taken it is found that the mechanical losses 
are approximately constant over the power range 
when speed is constant. Thermal efficiency is also 
found to be approximately constant over a range of 
low loads. The decline of thermal efficiency, some- 
times apparent near to zero brake load, can be dis- 
regarded for our purpose, as this cannot be due to 
variations in mechanical losses, but may be attributed 
to imperfections of the fuel injection system and/or 
irregularities in combustion at these perce low fuel/air 
ratios. Further, C. B. Dickseet has shown by tests 
on high-speed engines that thermal efficiency does 
tend to remain constant at very low values of mean 
effective pressure. 

If the losses are constant, it follows that the 
line plotted in terms of B.M.E.P. will represent the 
engine performance with respect to mean effective 
pressure, simply requiring the origin to be moved 
down the B.M.E.P. axis by the amount of the losses. 





* Communicated by the Admiralty Engineering Laboratory, 








West Drayton. 





} Tue Enorvesr, August 23rd, 1935, page 197. 
t The Automobile Engineer, June, 1932, page 287. 


Since lines of constant thermal efficiency in the 
diagram are straight and radiate from the “‘ M.E.P. 
origin,” it follows from our second assumption that 
the position of this origin is determined by the 
interception of the extrapolated line with the B. M. E.P. 
axis, 

Having thus determined the mechanical losses, 
the diagram contains the information necessary 
for the ready calculation of the principal character- 
istics of the engine performance at the particular 
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Mechanical Efficiency = 82-5 per cent. 
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Fuel Cons., lb./I.H.P. Hr.= “97 = 0-361 
Thermal Efficiency, “Brake oi 36-2 per cent. 
(Cal. Val. of Fuel, 19,300 B.Th.U./lb.) 
Thermal Efficiency, “Indicated ’ Oda 43-9 per cent. 
Fic. 1—‘ COMBINATION FACTOR’ DIAGRAM 


speed. The following relations hold for any point 
on the line :— 


(1) M.E,P.=B.M.E.P. +losses. 
B.M.E.P. 
M.E.P. 
(3) Thermal efficiency (‘‘ indicated ”’) 
C.F. 
(4) Thermal efficiency (‘* brake °’) 
_ 0-132 x B.M.E.P. 


(2) Mechanical efficiency = 


C.F. 
(5) Fuel consumption, lb. per B.H.P. hour 
eae 
~ BAME.LP. 
<a : _, OB, 
(6) Fuel consumption, lb. per I.-H.P. hour= MEP. 


Given reasonable care in the adjustment of the 
engine and in making measurements of B.H.P. and 
fuel consumption, there is no reason for anticipating 
large errors in the values of the mean effective 
pressures taken from the diagram. The limits to 
which the line may be extrapolated will be found to 
lie within +1]b. per square inch of the mean value 
for the losses of the engine, which represents a varia- 
tion of less than +1 per cent. in full load M.E.P. for 
normal engines. 

Test results for various speeds (maintained 
constant) when plotted in one diagram enable a useful 
comparison to be made, and check the consistency 
of the observations. 

In applying this method for estimating the 
mechanical losses of a two-stroke engine driving its 
scavenge pump, preeautions must be taken to ensure 
that the negative pumping work remains constant 
over the power range at the selected speed 

Examples of the application of the diagram are 
given in Figs. I, 2, and 3. Fig. 1 contains the results 








from tests of a single-cylinder, s.a. four-stroke, 
“* direct-injection ” engine, 14}$in. bore, ldin. stroke, 
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running at 500 r.p.m. In this figure the mechanical 
-losses of this engine for various brake loads at 
506 r.p.m. are also plotted. These were obtained 
by subtracting B.M.E.P.’s from M.I.P.’s determined 
from indicator diagrams. ‘The results tend to confirm 
that the losses are approximately constant with 
speed, and good agreement is shown with the result 
obtained by extrapolation of the ‘* combustion 
factor ” line. In Figs. 2 and 3, results from various 
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The numerical values 17-31 are the mechanical losses 
'h.in.*?_M.E.P. for the six engines. 
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Engine Particulars. 





No. 
Name. Type. Bore. Stroke. Rip.m. of . 
cyl. 
In. In. 
A S.A. four-stroke “direct injec- 144 15 500 1 
tion” 
B S.A. four-stroke “Vortex” 8} 9} 1300 I 
“sleeve valve” 
Cc S.A. four-stroke “Comet” .... 54 7 1000 4 
1500 
D S.A. four-stroke “Near, 43 a4 1000 4 
Comet” 
E S.A. four-stroke “Clere-, 4} 6 1000 d 
story ~ ; 
F S.A. four-stroke “ direct in- 4-72) 7-086 1000 | 4 


jection” 


FIG. 2—COMPARISON OF ENGINE PERFORMANCES 
AND MECHANICAL LOSSES 

engines are compared. In Fig. 2 the 
losses are determined, and in Fig. 3 the results are 
replotted in terms of the mean effective pressures 


obtained from Fig. 2, giving a direct graphical com- | 


mechanical | 


where H.P. is horse-power and P is the corresponding 
mean pressure. 





Therefore : 
Fuel per hour x cycle : : 
SVxrpm. x2 =constant x P x fuel per 
H.P. hour (7) 


Note.—lf fuel per I.H.P. hour is used, P must be 
M.L.P. 
lf fuel per B.H.P. hour is used, P must be 
B.M.E.P. 
It is convenient to use fuel per B.H.P. hour and 
B.M.E.P. since these are readily determined. 
Equation (5) may now be written : 


P,,=constant x E; x B.M.E.P. x fuel per B.H.P. 
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FiG. 3—-COMPARISON OF COMBUSTION 
PERFORMANCES 


| be called the ‘‘ combustion factor ” (C.F.), and equa- 
| tion (8) written : 
Pm=constant x E; x C.F. (9) 

For normal fuels the constant may be taken as 
7-58, giving : 
| Pm=7-58.E,C F, from which we may derive : 

0- 132 Pa 
CF 
|The CF can be regarded as a specific unit of the 
| energy supplied to the engine ; therefore, P», plotted 
|against C F is a graphical representation of engine 
| performance. 
It follows from equation (9) that constant thermal 
| efficiencies are represented in the diagram by straight 
lines radiating from the origin. 


E;= (10) 








parison of the combustion performances of the engines. | 
Control Rooms and Control Equip- 
ment of the Grid System. 


APPENDIX. 
The thermal efficiency of an engine may be 
expressed by : 
_ work done , 
“energy supplied a 
The energy supplied per unit of the volume swept 
by the piston in the firing stroke is given by : 
p= eet. Pe oy xT 
60 
_ Cyele (strokes) 
“$V xXr.p.m. x 2 
where C.V. is the calorific value of the fuel ; 
J is Joule’s equivalent ; 
5 V is the piston-swept volume in cubic feet. 
The corresponding work done 


hl 





man 


(2) 





=P,» x 144 (3) 
where P,,, is the mean effective pressure (ib. per square 
inch). 

Therefore, we may write : 
KK Poe 8S V xr.p.m. mn 2 (4) 
Fuel per hour x cycle 
: €0 x 144 
where K- 


~ Cal. val. XJ 
Diesel fuels in normal use have a gross calorific 
value of approximately 19,300 B.Th.U. per Ib., 
and if this be accepted as constant, K will be constant. 
We may then write : 
Pea ey Fuel per hour x cycle 
SV xr.p.m. x2 





(5) 


; 1 
where A is a constant =— 


kK 
But, 


_ Cyele_ adi 
33,000 


(6) 
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A PAPER with the above title was read by Mr. J. D. 
Peattie before the Institution of Electrical Engineers on 
Wednesday, February 10th. The general problem of con- 
trolling the grid is outlined and reference made to the 
location and lay-out of control buildings. Details are 
given of the communication system rented from the Post 
Office and of the special requirements with regard to its 
use in conjunction with the Central Electricity Board's 
system. Control room equipment is described and 
reference made to general features of the telephone system 
and automatic indicating gear. Particulars are given of 
the various systems of remote metering employed. Con- 
centration of the essential equipment in a convenient form 
on the control desk is explained, with special reference to 
the desk at Bristol. Frequency control equipment is also 





discussed. 


One of tie most interesting sections of the paper is that 


| 
i 


which deals with the communication system. After 


| taking into account all the relevant factors, the Board 
| decided tnat use should be made of the service offered by 


} 
| 





the Post Office in the provision of private rented circuits 


| for the exclusive use of the Board. By the adoption of 


such a policy the Board as a national institution could 
take advantage of the existing national communication 
network controlled by the Post Office. It was thus able 
to devote its own energies to the business of electricity 
supply, while leaving the provision and maintenance of 
the communication channels in the hands of specialists in 
tnis sphere. 

The existence of the widespread Post Office network, 
largely consisting of underground cables, enables the 
control centres to be linked up with the outlying grid 
points with the minimum of additional national expen- 
diture. The fact that a large and steadily increasing 
proportion of the Post Office circuits were already under- 
ground gave reason to anticipate a high reliability of 
service, and the resources at the disposal of the Post 





Office for providing alternative channels ensured that in 


the event of any channel being temporarily put out of 
service it could be quickly replaced by an alternative 
channel. 

The Board therefore entered into a general agreement 
with the Postmaster-General for the exclusive use by the 
Board of the circuits required for the purpose of sending 
and receiving, in the execution of the Board’s statutory 
powers and duties, spoken messages, signals, and indiea- 
tions. 

The circuits provided by the Post Office are suitable 
for the transmission of speech and have a guaranteed 
loss not exceeding 15 decibels at 800 cycles per second 
between the terminals of any one circuit. The average 
loss is very much less than this figure, depending on the 
location of the terminals and the characteristics of the 
channels available to build up a complete circuit. 

Generally ing, for short distances continuous 
metallic cireuits are at present provided suitable for the 
transmission, if required, of D.C. signals. For longer 
distances the Post Office channels pass through repeating 
stations and A.C. signals only can be transmitted. 

Each sub-station on the main grid system is directly 
connected to its control centre. In general a separate 


| circuit is allocated to each main grid point, but in a few 


special cases, where traffic is not heavy, omnibus circuits 
serve two main grid points. Grid points on secondary 
transmission systems are generally served by circuits 
radiating from the parent grid point concerned, In 
such cases use is made as far as practicable of omnibus 
circuits serving one or more secondary grid points. 
Direct. communication can be established between the 
control centres and these secondary grid points over the 
main channel between the control room and the parent 
grid point, 

Inter-area communication between adjacent control 
centres is possible by connecting together the local 
circuits to the boundary stations by a short line between 
the two latter points. 

The cireuit between Manchester and Glasgow, with 
intermediate stations at Kendal, Carlisle, and Dumfries, 
is a four-wire circuit of special characteristics which pro- 
vides facilities for speech between any two points and for 
the transmission of the special indication and metering 
signals required for the inter-area working of the Central 
Scotland, South Scotland, and Nort-West England 
systems. 

In order to safeguard the communication channels from 
possible interference arising from their connection with 
the power system, the Postmaster-General has laid down 
certain requirements. The limits of voltage and current 
to be used in transmitting signals are 50 volts and 15 milli- 
amperes for D.C, and 2 volts and 2 milliamperes for A.C., 
the values in the case of the latter being taken as the sum 
of the effective voltages and currents respectively corre- 
sponding to the frequencies used simultaneously in each 
of the circuits. In addition, the terminal equipment 
provided by the Board for connection to the circuits must 
be approved by the Postmaster-General, who stipulated 
that certain precautions should be taken in making any 
connection between the power system and the com- 
munication system. 

As essential equipment for each control room the Board 
has provided :—(a) Telephones giving direct communica- 
tion with all main and important secondary grid points ; 
(6) automatic central indicating equipment for all main 
grid points ; (c) a specially designed control desk or desks ; 
(d) a complete system diagram showing all lines, oil 
switches, isolating and earthing switches, and trans- 
formers, under the control of the Board; (e) frequency 
and time control equipment. 

The telephones and automatic indicating apparatus are 
always combined in one equipment suitable for use in 
conjunction with the channels hired from the Post Office. 
Four main types of equipment have been installed, three 
of which are developed from automatic telephone 
apparatus, while the fourth is a development from the 
heavy power side of the industry of a system already 
widely and successfully used for remote operation of 
switchgear. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, 8S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. : 

CALIBRATION OF CARBURETTER JETS. 

No. 720—1937. This specification is a revision of B.S. 
Specification No. 5030—1925. The original specification 
was confined to the calibration of carburetter jets for air- 
craft and automobile engines and the revised specification 
has been extended to cover carburetter jets for petrol 
engines of all types, having flows not exceeding 2000 mm. 
per minute. The design of the commercial jet calibrator 
has been brought into line with existing practice and a full 
description is given of the construction, use, and main- 
tenance of the instrument.. The standard reference jet 
calibrator and the set of accurately constructed reference 
jets which were established at the National Physical 
Laboratory in 1925 remain unaltered. Consideration is 
being given to the establishment of a larger reference jet 
calibrator at the National Physical Laboratory capable of 
calibrating carburetter jets having flows up _ to 
10,000 millilitres per minute. 





HOT ROLLED MILD STEEL STRIP. 


No. 725-1937. This specification for a commercial 
quality of hot rolled mild steel strip (or hoop) not exceeding 
10in. wide for general ineering purposes has just 
been published by the Institution, as the result of a 
request from the Institution of Gas Engineers. No tensile 
test is required from this material, but the strip has to 
pass a cold bend test in a manner defined in the specifica- 
tion. Also, no standard widths and thicknesses are laid 
down, since the minimum thickness obtainable with 
any width of strip varies with the type and size of mill, 
but a table is given showing tie thinnest gauge normally 
obtainable from mills specialising in light material. The 





specification includes standard tolerances on the width, 
thickness and length of the strip. 
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FiG. 1—GENERAL VIEW OF EQUIPMENT 
Fic. 2—"“MULE*’ CAR AT WORK 


Fic. 3—COAL CAR AND DUMPER 
Fic. 4—DUMPER AT WORK 





Coal Shipping 


Muroran 
By J. 


OAL is fairly abundantly produced in Japan and a 
considerable amount is exported to various districts 

in the Far East and South Seas. More than 50 per cent. 
of the total coal export of Japan is made from Hokkaido 
—the Northern Island—through Muroran harbour, which 
is very conveniently situated near the coal-mining centre. 
A new mechanical coal-shipping plant of a very interest- 
ing design has recently been established at this harbour. 
The plant (Figs. 1 and 5) was designed for shipping 
2,480,000 tons of coal annually, and a further extension 
will be made in the near future for a capacity of 3,740,000 
tons. In building the present plant, a part of the ground was 


Equipment at 
Harbour. 


TAJI, M.Eng. 


are lifted to a number of delivery lines in accordance with 
the kind of coal and the order of shipping. The operation 
begins as soon as the ship is secured to the wharf. 

A brakeman disconnects one car at a time from others, 
and releases the brake of the car. The car then goes down 
under gravity owing to the declivity of the lines, and is 
stopped at a fixed position on the “ mule” pit, the 
brakeman being on board. A “mule” (Figs. 2 and 3) 
pushes the car up an inclination of 12/100, and the car is 
placed in one of the cardumpers. Simultaneously, an empty 
car in the dumper is pushed forward and returns to the 





empty car lines through a kick-back. The brakeman 
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FIG. 5—-GENERAL ARRANGEMENT 


reclaimed from the sea, and three coal depdts were arranged 
in compliance with the mechanical equipment. A wharf 
and a high-level pier were constructed, each suitable for 
mooring two ships of about 6000 deadweight tons. Rail- 
way lines were adjusted and a special arrangement was 
made for heating congealed coal and ice in winter time. 
Owing to the limited ground area, every available space is 
utilised for stowing coal, and some congestion was inevit- 
able in the topographical conditions. 


Surprmne Coat, 
Cars carrying coal for shipping are gathered on collec- 





tion lines for twenty-four hours before shipping, and then 
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alights from the coal car while the car is tumbled by the 
dumper. After the coal is discharged, the brakeman 
returns to the empty car lines on the empty car, and 
repeats the operation. 

The coal disc’ from the car by the dumper is trans- 
ferred to belt conveyors through a hopper, and is loaded 
to the ship by means of mechanical loaders. The quan- 
tity of coal delivered is measured by an automatic device 
fitted in the way of the conveyors and its integrated 
quantity is indicated in the control room of the car 
dumpers as well as in the signal station. 

Men required in the complete operation of one set of 


the ‘‘ mule,”’ one for the loader, and five brakemen for 
operating the cars. 

The “mule” car (Fig. 6) is driven by means of wire 
ropes hauled by a winding machine. The rails for it are 
placed between the coal car rails. At the top and bottom 
ends of the “ mule” pit are hinged gates, operated by a 
74 H.P. electric motor... When propelling the coal car 
towards the car dumper, the “‘ mule ’’ comes out of the 
lower gate to ground surface and pushes the coal car 
upwards along the inclination, and after placing it in the 
dumper, returns to the original terminus through the upper 
gate. The speed of the “mule” is varied. When it 
touches the coal car or when the coal ear strikes the 
empty car to push it down, the speed is reduced to a 
minimum, whilst its returning speed is increased to 
1-5 times the pushing speed along the inclination. With 
such varying speeds, the “‘ mule ” is operated through the 
complete cycle in 105 sec. 

The winding machine of the “ mule ”’ lines is driven by 
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Fic. 6—“‘MULE"* CAR 


a 120-kW D.C. electric motor, controlled on the Ward- 
Leonard system, the motor generator being of 135 kW at 
3000 volts A.C. All controls are interlocked. The “‘ mule” 
cannot be started unless the car is at a fixed position on the 
“mule” pit, or unless the gate is in a correct attitude. 
The empty car cannot be pushed out unless the car 
dumper is upright ; the two sets of car dumpers cannot 
push two empty cars at the same time, as the cars must 
return to the empty car lines through only one line of the 
** kick-back.”” 

Each revolving car dumper (Fig. 4) is of cylindrical 
construction with strong framing. The coal car is placed 
inside and the dumper revolves with its centre at about 
the centre of gravity of the loaded car. The sides of the 
car can be extended to form aprons reaching close to a 
hopper wall. Coal slides down along the apron and the 
hopper wall into the hopper, which can be almost com- 
pletely filled. Around the ends of each dumper circular 
rails are fitted and are supported by four rollers. The 
dumper is revolved through a pinion and a worm gearing 
which are driven by a 40 H.P. electric motor and act 
on rack segments also fitted adjacent to the rails. 

The revolving speed of the dumper is reduced to one- 
third of its normal speed before stopping, and the rails in 
the dumper and those on the ground are accurately aligned 





the equipment comprise one for the car dumper, one for 


by a limit switch. Until one side of the car touches the 
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side of the dumper the car is supported by springs, and 
when further movement is effected upper cramp arms of 
the dumper come gradually downward and grasp the 
upper side of the car at the position of discharging coal. 
There are two cramps, each comprising a cramp beam, 
wire ropes, a winding drum and a weight arm. When the 
eage comes to the upright position the cramp beams are 
lifted by means of separate ropes, a winding drum, and a 
weight arm. A safety device is also provided to meet the 
ease when coal is stuck in the wagon by ice in winter time. 


The opening and shutting of the side aprons of the car’ 


is effected by a 10 H.P. electric motor, which is auto- 
matically controlled. The capacity of the hopper is 
60 tens and is thus equal to the amount of coal carried by 
two cars. The walls of the hopper are double and steam 
can be introduced between them so as to prevent the 
congelation of coal in winter. 

A pair of inclined conveyors run in parallel at.an inclina- 
tion of 14 deg. from the bottom of the hopper to horizontal 
conveyors at a height of about 19 m., which run to the 
right and left along the wharf. Trippers deliver coal from 
the horizontal conveyors to the loaders. All the con- 
veyors are covered. The inclined conveyor has a length 
of 89m. and the horizontal conveyors 125 m. and 135 m. 
respectively. 

The feeder has an effective width of 1-2 m. and a speed 
of about 25m. per minute and is driven by a 10 H.P. 
motor. One end is fitted to the delivery port of the 
hopper and the other is supported by a frame structure. 
The feeder can be slewed so as to feed coal to either of the 
two lines of the conveyors. 

The conveying speed is 150m. per minute and the 
capacity 800 toms per hour. The inclined conveyors 
are driven by a 100 H.P. motor placed at the middle of the 
return belts, and the horizontal conveyors by a 50 H.P. 
motor. All the electric motors are remotely controlled 
from control houses on the coal loaders. 

An automatic device for measuring the quantity of coal 
delivered is mounted on each inclined conveyor. The 
positions of the trippers on the horizontal conveyors are 


skewing is limited to a fixed amount by means of a limit 
switch. All movements of the crab are made by one 
300 H.P. and two 75 H.P. motors mounted on the bridge. 
A small compressor supplies compressed air to the brakes 
of these motors, magnetic valves being fitted for the 
control of air. The trolley stops automatically over a 
coal hopper attached to the leg, and any further movement 
seaward is prevented. 

The coal-shipping devices of the gantry crane comprise 
an automatic coal-measuring tank with a capacity of 
7 tons, a hopper of 30 tons capacity, a belt conveyor 
of 350 tons per hour for coaling small ships, and a chute 
for lighters. The conveyor has also an electrically revolv- 
ing chute of a small size at its end which swings over a 
radius of about 10 m., so that coal can be distributed 
over a fairly wide range. 

The writer is indebted to Mr, Y. Kohzu and Mr. K. 
Nakamura, of the Imperial Japanese Government Rail- 
ways, for help in preparing this article. 








Road Vehicles and the Roads.* 


As to the general situation as it affects our industry, 
the Government recently passed a Trunk Roads Act. 
Development of the work provided for in the Act must 
involve the expenditure of a vast sum of money, and yet 
in the preparation of this most important and far-reaching 
measure no consultation was invited with the bodies 
which represent the ple who use and will have to pay 
for these road improvements. The Transport Advisory 
Council, established to function in just such circumstances 
as these, was ignored. The measure was rushed through 
Parliament with indecent haste, the amendments put 
forward by various sections of the i to improve 
the Bill were brushed aside en bloc, and although there is 








nominally a Motor Group in the House of Commons, con- 
sisting of some 121 members, 
the party whip was rigidly 
applied and hardly one was 








FiG. 7—COALING CRANES 


controlled by means of wire ropes and drums from the 
loaders, small adjustment being made by an auxiliary 
motor through a planet gear. 

The coal loader is a movable tower with a belt conveyor 
and a vertically telescopic chute mounted at the delivery 
end. At the lower end of the chute a mechanical trimmer 
is fitted. The conveyor can be elevated or lowered and 
also extended or withdrawn in accordance with the size 
and loading conditions of the ship. The mechanism 
appédrs to be complicated, but the operation is simple 
and positive. 

The extension or retraction of the conveyor is effected 
by telescopic booms operated by ropes. The outer boom 
is counterbalanced and is elevated or lowered together 
with the inner boom by ropes fitted to the end of the inner 
boom. 

The mechanical trimmer has a very short special 
belt driven by a 30 H.P. motor at a maximum of 
700 m. per minute, and throws coal falling on the belt to 
inner parts of the hold so as to trim the coal. When 
discharging coal near the bottom the speed of the trimmer 
belt is reduced to a minimum, and the trimmer works 
just like a mechanical feeder. The electric motor for 
this device is controlled on the Ward-Leonard system, 
and the speed of the trimmer belt can be reduced to some 
35m. per minute. When the belt works as a feeder, a 
considerably larger torque is required than when working 
as a trimmer. As the torque of the motor is, however, 
constant, a two-stage reduction gear is provided. The 
reduction ratio is 1/6-7 and the motor speed is reduced to 
one-third, so that the final speed is 1/20 of the highest 
speed. The connection and disconnection of the gear is 
effected by a magnetic clutch. Speed regulation to con- 
form with the coal supply to the hopper, and that of the 
conveyor delivery is also effected by the Ward Leonard 
control system. 

Coal which is not required to be shipped within twenty- 
four hours is stowed in coal depéts. For embarking such 
coal to lighters or re-embarking on cars for shipping, 
eight specially designed gantry cranes are installed, four 
of which being of 300 tons capacity, and others two 250 
tons and two 150 tons. The following statement refers 
to the 300-ton cranes. 

The whole structure of the crane runs on two lines of 
rails, two 75 H.P. motors being fitted to the legs. The 
legs can be skewed relatively to the bridge, which is 
supported at four points at the top of the shore side 
leg and at one point at the top of the other side leg. This 
arrangement enables a skew of 5 m., fore and aft of the 
legs, so. that a small adjustment of position can be effected 
by skewing only, and this also prevents any serious wearing 
of wheel rims and severe strain of the structure. The 
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found to vote in favour of 
any single amendment. 
* ” * 


The Imperial Economic 
Committee, on which serve 
representatives of all the 
Dominion and Common- 
wealth Governments, has 
issued recently a “‘ Survey of 
Trade in Motor Vehicles.” 
It is @ report which con- 
tains in one volume a vast 
amount of most interesting 
statistical and other informa- 
tion collected through official 
channels within the Empire 
and from the competitive 
manufacturing countries in- 
terested in our industry. 
The Committee is to be con- 
gratulated on the completion 
of an arduous and very 
helpful piece of work, and 
it is to be hoped that every 
member of both Houses of 
Parliament in this country 
and members of the 
Dominion and Common- 
wealth Parliaments will not 
fail to study their own Committee’s report. This 
report shows that motor goods constitute the United 
States’ largest export, and it is noted that the industry is 
the largest consumer of steel, malleable iron, lead, nickel, 
plate glass, upholstery leather, lubricating oil, and 
naturally, of course, petrol. If our own motor industry 
could secure the share of the world’s market to which 
Great Britain is entitled by her purchases it would be our 
largest exporting industry. 

* os ® 

We advocate, too, that taxation of goods vehicles should 
be based on payload and not on tare weight and that 
similarly the speed limit based on the unladen weight of the 
vehicle should be abandoned. The present system 
encourages the purchase of the lightest possible chassis, 
and subsequently the overloading of them, when safety 
and the interests of economic transport would be better 
served by the use of chassis designed for the work they 
are called upon to perform. 

* * 

Some two years ago Parliament approved the policy of 
a five years’ plan towards the provision of improved 
and re-bridging. The approved expenditure was approxi- 
mately £120 millions. What has happened? We were 
told in Parliament at the close of the session that £2} 
millions had been approved (not necessarily spent) for 
1935-36 and £7 millions for 1936-37. 

* * * 

The industry and the users of mechanical vehicles are 
entitled to demand some 4000 miles of entirely new trunk 
roads, segregated from other traffic and aligned to pass 
near and serve, whilst avoiding, the built-up areas. The 
new trunk roads should be constructed to avoid congested 
districts, thus using cheap land and preserving amenities, 
whereas it appears that the proposals are to widen existing 
and often unsuitably ali routes involving excessive 
cost, destruction of property, and disturbance. We hope 
the Minister may be prevailed upon to use the Transport 
Advisory. Council or appoint some new body representing 
all the interests concerned, to assist in the preparation of 
the plan of an ideal trunk road system based, not only on 
present traffic flow, which is largely governed by existing 
obstacles, but on the experience of o' tors and traders 
as to the direction in which traffic should flow naturally 
and economically. Even with improved road sense on the 
part of motorists and other road users, the dreadful 
fatalities will not be appreciably lessened until through 


* Extracts from the speech of the Chairman, Mr. J. H. 
Toulmin, J.P., at the Annual General Meeting of Leyland 
Motors Limited, January 27th, 1937. 


* * 


* * * 


* 









traffic is segregated, the danger spots removed from other 
roads and building lay-out adjacent to arterial roads 
effectively controlled. 

* * * * 

To-day, if a chassis is fitted with a passenger body it 
may travel at 30 m.p.h.; if fitted with a platform and 
carrying an exactly similar weight of cloth, it is limited to 
20 m.p.h. Similarly, if it is a box van with a horse inside, 
it is privileged to travel at 30 m.p.h., but if you ¢ the 
horse to a pedigree bull the limit’ becomes reduced 
to 20 m.p.h. This speed limit is the reason why purchasers 
seek the lightest possible chassis to rao the greatest 
possible load. A uniform speed of ic flow for all 
vehicles in built-up areas must make for public safety. 


* 
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Flow of Water over Masonry Weirs 


and Notches.* 


Tuts paper relates to the calibration of certain falls and 
discharge (flow) measurement sites to be used as control 
points in the regulation of the Sarda Canal System, Oudh. 

in intervening stretches of the canal were 
assumed to be 10 cusecs per million square feet of wetted 
perimeter. Discharges were measured by means of 
Amsler type current meters and telescopic velocity rods, 
the latter giving values averaging 1-9 per cent. greater 
than the former, in a range to a maximum difference of 
5:5 per cent. 

Narrow, Friat-Torprep WEtxs. 
Employing G=depth on crest in the formula 
Q=K.L.G*, 

the author discusses the calibration of narrow, flat-topped 
weirs. The three weirs (canal falls) calibrated have 
upstream faces battered 1 hor. to 3 vert., and other dimen- 
sions as shown in the table :— 




















ak eas Sis, aimee T 
Fall (weir) “MC.” bs 8.D." | ~22." 
On the canal ... "Main canal | Sarda | Kheri 
Deshar | Branch 
Feeder | 
Crest width, feet 3:5 3°54 3-0 
| 
Height of crest above up-| 
ee an eae sh 4:3 3-2 3-0 





Batter, downstream face il hor, : 8 vert,| Vertical ii hor. : 8 vert. 
Length of crest, feet 


141-5 

Relating his studies to Bazin’s formule and values the . 
author discusses the effects of ratio of depth over crest 
to crest width ; downstream batter; and height of crest 
above upstream bed. He investigates the case on three 
assumptions :—(1) No allowance for velocity of approach ; 
(2) and (3) effective head due to velocity of approach, 
h=C V,/2 g, assumptions (2) h=1-5, (3) h=1-0. 

Comparing his measurements of the weir discharges 
with those as given by Bazin’s formula for crests with 
vertical faces, the author found that on assumption (1) 
the effect of providing only the upstream batter of | in 3 
is to increase the discharge by about 18 per cent., while 
if also the downstream face is battered 1 in 8, the discharge 
is increased (on both counts) by about 25 per cent. 

On assumption (2) the effective depths, G,=G+h 
plotted against the observed discharges, corresponded 
to values of K for the weirs :—M.C., 2-519; S.D., 2-433 ; 
K.B., 2-828; and values of n:—M.C., 1-771; S.D., 
1-736; K.B., 1-71; or with n=1-75, in all three cases, 
values of K :—M.C., 2-596; S.D., 2-40; K.B., 2-718. 

The author deduces as the appropriate equation 
Q=K.L. (G)***5(B)*, in which B is crest width and 
n @ constant, determined in a manner explained in the 
paper as minus }. The values of K were for M.C. and K.B., 
3-225, and for 8.D., 2-96. 

On assumption (3) the results accorded with an exponent 
n=-5/3, and values of K, M.C., 2-91; S.D., 2-69; K.B., 
3-04. 

Discussing the effect of the ratio H/B in which H is the 
effective depth of water such that (H)*=(G+hA)** 
—(h)*5, the author obtains for M.C. and K.B., in accord- 
ance with the (immediately preceding) values of K and n, 
Q=C.L. (H)*5, in which C=3-61 (H/B) ; which may be 
expressed as Q=3-61 L. (H)*5 (H/B)#; the correspond- 
ing equations for S.D. being C=3-324 (H/B)§ and 
Q=3-324.L.(H)** (H/B)t. This gives, as in the case 
of assumption (2) about 8 per cent, less discharge per foot 
of weir 8.D., compared with M.C. and K.B. 

The author concludes that differences in crest height 
do not account for the differences in the value of the 
coefficient, finding the probable explanation in the crea- 
tion of a partial vacuum beneath the nappe, such as would 
not obtain in the somewhat more free space (for the play 
of the entangled air) with a vertical face. There should 
be a particular slope at which discharge would be at a 
maximum, but his observations, made with a specific 
object, do not furnish data for its determination. 

Broap-CrEesTteD WEIRS. 

The study is on similar lines in respect of the two broad- 
crested weirs calibrated, (a) 200ft. long, on the Hardi 
branch and (b) 140ft. on the Kheri branch. The relation 
of gaugings to observe discharges corresponded, in the 
formula Q=K.L.G”, to the values, for (4) K=2-999 
and n=1-504; (b) K=2-89.and n=1-54; or, in the 
straight-line equation, with n=1-5; values of K, (a) 
3-01; (6) 3-00 


ae 
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TRAPHZOIDAL NOTCHES. 

The discharges through tra idal notches with sides 
sloped 1 in 4 and crest widths 3-375ft. to 4: 5ft. were in 
fair agreement with established values for notches of such 
dimensions; the variable in the coefficient averaging 
about 0-7 in the range 0-658, with clear overfall H=5-06, 
Va=2-0 to 0-722, submerged conditions, with H=7-64 
and V,=3:-0. 

The paper is accompanied by tables and graphs showing 
in detail the resul_s of the observations. 


* Abstract of a paper M. L. Garga, accepted by the 
Institution of Magione tintla). 
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Rail and Road. 





SourHEeRN Rartway MisHar.—On Friday, February 
5th, a subsidence on the main line of the Southern Rail- 
way near Franklands Bridge between Burgess Hill and 

cks caused a considerable delay to the London— 
Brighton passenger services. 


New Frenon Locomorives.—The Nord Railway of 
France proposes to build eight new 4-6-4 type locomo- 
tives. Four of these éngines are to have three simple- 
expansion cylinders and the others will be four-cylinder 
compounds. Designed to dev 3000 H.P., the loco- 
motives will all be fitted with Dal R.C. poppet valves, 
and have a working pressure of 290 lb. per square inch. 


Locomotive AcoIpENTs IN THE U.S.—The annual 
report of the United States Bureau of Locomotive Inspec- 
tion shows that during the year ended June 30th, 1936, 
97,329 locomotives were and of these 11,526 
were found defective and 852 Groom out of service. 
During that year sixteen were killed as a result of 
accidents to locomotives, and of these, ten of the fatalities 
were owing to failure of some part of a locomotive boiler. 


THaMEs TUNNEL ProposaL.—At a recent meeting of 
the London County Council it was stated that the 
ways Committee had come to the conclusion that ief 
to the congestion of cross-river traffic east of Tower Bridge 
would best be attained by the duplication of Blackwall 
Tunnel. Subject to the views of the Finance Committee, 
it had authorised the officers to proceed with the pre- 
liminary work in connection with the ration of plans 
and to discuss the proposal with the Ministry of Transport. 


TASMANIAN GOVERNMENT Rarmways.—In his annual 
report the chief mechanical r of the Tasmanian 
Government Railways says that the greatest difficulty has 
been experienced in pro engines to meet train 
services, There has been a serious shortage of engine power 
and in consequence it has not been possible to give the 
necessary mechanical attention to maintain the locomo- 
tives in an efficient state of Some of the engines 
Me ag in ‘ near to be on he track for reliable service, 
put he was fo to agree to their remaining in service, 
and so prevent the cancellation of trains. He adds: 
The time is fast approaching when it will not be possible 
to meet the traffic demands unless some relief can be given. 
The total train for the year, ineluding steam and 
petrol railcars was 1,658,798. 


Rattway ELEecTRrvicaTion tn SwepENn.—A note in 
the Anglo-Swedish Review says that among the allow- 
ances réquested for investment purposes in the recent 
Budget estimates is one for 12,000,000 kroner for railway 
electrification on the State Railways. The p is 
in connection with the Ange-Briacke- le main line 
and the junction lines Bricke-Ostersund and Gothenburg- 
Uddevalla. The Langsele line, which has a length 
of 162 kiloms., is a direct continuation of the Stockholm. 
Ange line, electrification of which started some years ago. 
The two other lines have a length of 71 kiloms. and 
89 kiloms. respectively. The total cost of the electrifica- 
tion of these lines is estimated at 21,000,000 kroner. The 

new railway between Gillivare and Kristinehamn, being 
built at a cost of over 65,000,000 kroner, is now prac- 
tically complete. 


L.N.E.R. Aprorntments.—The L.N.E. Railway Com- 
pany announces that the following appointments have 
been made : H. J. Perry, andltanh bo tho marine 
superintendent, Parkeston Quay, to be assistant marine 
superintendent, Glasgow; Mr. J. H. McIivenna, age 
engineer, Hull, to be district engineer, Darlington, 
succession to Mr. J. T. i hediadi qrtcs hae socennty- been 
appointed assistant engineer, York; Mr. F. H. Cole- 
brook, re Newcastle, to be distriet 


engineer, Hull; Mr. J. I. assistant, 
district engineer’s office, Guide to be district 
engineer, Boston, in succession to Mr, G. B. Barton, who 


has recently been 
tenance); Mr. C. 
engineer, Stratford, to be district engineer, Cambridge, 
in succession to Mr. B. P. Fletcher, who has recently been 
appointed district engineer, Stratford ; Mr. R. C. Rattray, 
district engineer, Southern District, Carlisle, to be district 
engineer, Western District, Glasgow, in succession to 
Mr. W. Y. Sandeman, who has recently been appointed as 
assistant to the engineer (general), Southern Area; Mr. 
G.S8. Inglis, chief assistant (construction), engineer’s office, 
Edinburgh, to be district engineer, Southern District, 
Carlisle ; Mr. M. A. Cameron, assistant district passenger 
manager, London, to be district passenger manager, 
Leeds, in succession to Mr. J. P. Allix, who has recently 
been appointed district goods and passenger manager, 
Cambridge. 


TRUNK Roap IMPROVEMENT.—Schemes for the improve- 
ment of two sections of the Birmingham-Salford road 
are to be carried out. The larger scheme provides for the 
modernisation of the road for a distance of nearly 2} miles 
on the north side of Stafford, at an estimated cost of over 


£114,000. Dual carriageways, cycle tracks and footpaths, 
separated by grass verges, will be provided on the greater 


part of the section, in accordance with the standards recom- 
mended by the Ministry, and the overall width of the 
road, which is now about 35ft., will be increased on this 
part to 100ft. The Birmingham-Salford road, as far as 
Newcastle-under-Lyme, is a trunk route, and the pro- 
posed improvement will begin at North-avenue, Stafford, 
and for a distance of 450 yards it will be made a 60ft. 
road with two 21ft. carriageways and two 7ft. footpaths. 
From this point as far as the Greyhound Inn, Yarlet, the 
carriageways will be each 22ft. wide and the footpaths 
and cycle tracks each 6ft. wide. It is hoped to complete 
the scheme by the end of next year. The second scheme 
is concerned with the section about } mile long from the 
south-eastern boundary of the borough of Walsall north- 
wards as far as “ Ingleneuk House,” known locally as 
Birmingham-road. It is intended to widen this road to 
100ft. and provide dual 22ft. carriageways, dual 9ft. cycle 
tracks, two 6ft. footpaths, and grass verges. A grant has 
been made from the Road Fund towards the cost of the 





Miscellanea. 


CANADIAN HypDRo-ELECTRIC PRosEcT.—At an estimated 
cost of 1,000,000 dollars, the Hydro-Electriec Power Com- 
mission of Ontario is shortly to begin the develop- 
ment of the power site at Ragged Rapids on the Musquash 
River. The new station will have an installed capacity 
of 10,000 H.P. 


Work or Employment ExcHANnGES.—During the period 
December 21st, 1936, to Jone 25th, 1937, the number 
of vacant situations notified to the employ- 
ment exchanges and juvenile bureaux was 
275,266, while the number filled was 233,055. Between 
January 21st, 1936, and January 25th, 1937 (fifty-three 
weeks), 2,684,313 vacant situations were filled; while 
in the period January 29th, 1935, to January 20th. 1936 
(fifty-one weeks), the number filled was 2,495,117. 


TELEVISION IN LonpoNn.—The Postmaster-General has 
approved the recommendation of the Television Advisory 
Committee that the London experimental iod should 
now be terminated and a single set of technical standards 
be adopted for public transmission from London. For 
the transmissions, the Marconi-E.M.I. system is to be 
adopted, and the standards will be as follows :— 
Number of lines per picture, 405 interlaced ; number of 
frames per second, 50; ratio of synchronising impulse 
to picture, 30: 70. 


Stanton Ironworxs Company.—The Stanton Iron- 
works Company, Ltd., near Nottingham, is making an 
offer to its employees to invest @ capital sum of £10,000 
in celebration of Coronation Day for some object in the 
permanent interest of its people. It is asking its 
workpeople for suggestions, bearing in mind that the com- 
pany desires that this sum should be spent, both in regard 
to capital and interest on the capital, on some object con- 
nected with the welfare of its people and their families, 
preferably some object of general health service. 


BrusH-Lsunestrom GENERATING SETs.—The order 
placed with the Brush Electrical Engi ‘ 
Ltd., by Mr. W. N. C. Clinch, che eloctiel engineer ad 
manager to the Brighton Corporation, for two 37,500-kW 
Brush-Ljungstrom generating sets for extensions at the 
Southwick power station, is of more than ordinary interest 
as the machines are considerably larger than others of 
the kind built in this country. Tiss Seek 06 the toe sete 
has been installed, and was put into ion on Febru- 
ary 4th, when part of the- station up to 25,000 kW, 
was taken over, with com success. The station 
jog 31 eg ena, ae t balance and steadiness 

of : 

AUSTRALIAN PowErR ScuemE.—Preliminary have 
been taken by the New South Wales Government towards 
a large electrical development scheme, estimated to cost 
£12,000,000. Reports say that the Electricity Advisory 
Committee is to be asked to its for 
rationalising power generation and distribution, in con- 
junction with a scheme of railway electrification, and the 
possibilities of hydro-electric development are to be con- 
sidered. It is planned to electrify the State Railways from 
Sydney to Newcastle in the north, to Nowra on the south 
coast, to Lithgow on the main western line, and to Goul- 
burn on the main southern line. The scheme also embraces 





? 


the provision of electricity in country centres; the con- 
construction of a power line the north coast to link 
Newcastle with the existing N; system ; develop- 


ment of water power on the Snowy and Shoalhaven rivers, 
with a mgr on res line to Goulburn and i with the 


existing Burrinjuck system for supplying the southern 
ae of the State; and the construction of -voltage 
pee Saat ene At tae wail oeliouee 0 ak is of a 


distribution network. 
SpeciaL Cast Inon.—lIn a paper on so era east irons 


before the Midland Metallurgical Societies, Mr. J. G. 
Pearce gave some particulars of a jal cast iron which 
is not yet commercially available. said that it was the 


outcome of work by Dr. Norbury and Mr. Morgan, and had 
caused them to revise their ideas as to how graphite was 
formed. They now thought it owed its form to non- 
metallic inclusions. They had added a small quantity of 
titanium to the iron, and then treated the melt with carbon- 
dioxide gas, and the gra ite changed from coarse to very 
fine. They Gotiace particles in the melt caused 
growth of coarse graphite flakes, and they had now obtained 
a reduction in the size of the flakes in tively high 
carbon material. It was supposed that the titanium, by 
means of the gas treatment and in the presence of certain 
non-metallic inclusions, prevented the inclusions from 
acting on the metal in the ordinary way. The effect of 
this was not to leave the inclusions out, but to allow the 
metal to solidify without any effect from the inclusions. 
There was an improvement in properties, and the metal 
could be heat-treated. - 


INFORMATION on LEAD.—Lead Bulletin No. 2, produced 
by the Lead Technical Information Bureau, and published 
by the recently reconstituted Lead Industries Develop- 
ment Council, takes the form of a small handy reference 
work primarily intended for users of the metal in any of 
its forms, The extensive tabulated matter gives informa- 

ame not readily available from other sources. An intro- 

etory chapter is devoted to a brief indication of the uses 


Of tend Haak prothnecta tinea bi ise Gecsees day, iad 8} 
con rary sources of supply and methods of produc- 
tion. chapters deal with milled and cast sheet lead, 


sheet and ornamental cast lead, laminated lead and solders. 
To meet the special need for a comprehensive schedule, | ss. 
the section on lead pipe includes a list of the sizes of pipe 
available in this country. New devel mts in pro- 
duction are mentioned under the * Alloys of 
Lead.” They inchide the ternary alloys containing 
cadmium, developed ee under we auspices of the British 
Non-ferrous Me hh Association, and tellurium 
lead, evolved in Great Britain and recently introduced in 
the United States and on the Continent. The final chapters 
on the properties of lead are accompanied by a series of 
tables of data with regard to density, weight, thermal 






Air and Water. 





New German Crutser.—The first of three new 10,000- 
ton cruisers being built for the German Navy was launched 
on Saturday, February 6th, and named ‘“ Admiral 
Hipper.” 

LarGe ALL-WELDED Tanker.—The largest all-welded 
ship in the world is ae built in the United States by 
the Sun Shipbuilding Co The new ship will be 
§21ft. long, 70ft. pr agers gee A a deadweight carrying 
capacity of 18,500 00m tons. 

Dears or Mr. R, I. Dopsworta.—We regret to note 
the death of Mr. R. I. Dodsworth, a director of Furness, 
Withy and Co., Ltd. He was a member of the Council 
of the Chamber of Shipping and a member of the Tramp 
Shipping Administrative Committee. 

Surprine Supsipy um Japan.—Beginni with the 
current financial year, an annual subsidy of about £900,000 
is to be given to Japanese shipping by the Government. 
It is hoped that this subsidy will increase the present 
4,216,000 tons of the country’s shipping to a total of 
6,000,000 tons in five years. 

Sate or a Ciype Sureyarp.—The Clyde Navigation 
Trustees have decided to purchase the Meadowside Ship- 
yard at Partick, at a cost of about £50,000. It is suggested 
that the ground may be used for the purpose of widening 
the river and the provision of new deep-water berths and 
shed accommodation. 


ComMMUNICATION witH Suips.—A new radio telephone 
service with ships at sea has been ina ted at the 
Humber Post ce coast wireless station. By this new 
installation, telephonic communication will be available 
between Hull and Humber ports and ships equipped with 
radio telephone apparatus whose voyage does not take 
them more than 200 miles from the British coast. 


Warsnir Consrruction.—The First Lord of the 
Admiralty recently gave the total tonnage of warships 
built at the various private yards in the country. 
In the Scottish district 65,562 tons were under construc- 
tion; in the North-Western district, 89,313 tons; in 
the North-Eastern district, 110,805 tons ; in the Southern 
district, 11,169 tons; and in the North Ireland district 
10,000 tons. 


Launcn oF New Destroyver.—On January 28th the 
second of two destroyers, ordered from John Brown and 
Co., Ltd., by the Admiralty as part of the 1935 Programme. 
was launched at Clydebank. Named H.M.S. “ Ilex,” 
she is one of the eight destroyers of the “I” class under 
construction in various ofthe country. The new ships 
have a length of 312ft., a beam of 33ft., and their dis- 
placement on a draught of 8ft. 6in. is 1350 tons. They are 
armed with 4-7in. guns, torpedo tubes, and the usual small 
armament. 


Emrree Ark Service Detayep.—On Saturday, Febru- 
ary 6th, the ial Airways’ fiying boat “Castor” 
was due to inaugurate the all-air service between England 
and the Empire. The flying boat set out from South- 
ampton, but had to return owing to sparking plug trouble. 
When adjustments had been made, the bad weather 
delayed the departure until the morning of Tuesday, 
February 9th, when the boat left with eight passengers 
and over 1} tons of mails and freight. Bad weather again 
caused a short delay before reaching Marseilles. 


Arm Mart Trarric.—The Postmaster-General announces 
a further substantial increase in the weight of letter air 
mails carried from this country during the year 1936. 
So far as Europe is concerned, the total weight of letter 
mails conveyed by air from this country during 1936 was 
402,000 Ib., as compared with 143,900 lb. in the previous 
year, an increase of 179 per cent. Theconsiderable increase 
in traffic is largely due to the decision taken in March last 
to send first-class mails to the Scandinavian countries by 
air without surcharge. The weight of parcel air mails 
despatched during the year was 192,600 Ib., as compared 
with 177,400 Ib. in 1935, an increase of about 9 per cent. 


Emerme Am Maw Acreement.—The Australian 
Commonwealth Prime Minister has announced the terms 
of the air mail scheme between Great Britain and Aus- 
tralia. The mt is to last for fifteen years, but if it 
proves unsatisfactory either party has a right to ter- 
minate it. Australia has consented to the use of ‘‘ Empire ” 
flying boats, but this consent may be withdrawn if they 
are not satisfactory within two years. The Orient Line’s 
subsidy will not be reduced. The Commonwealth will 
pay for ground maintenance up to £30,000, and make a 
minimum mail payment of £32,000 a year on 40, 000 Ib. 
at 16s. a Ib., and thereafter increase it to £52,000. The 
subsidy will rise from a minimum of £40,000 to a maximum 
of £50,000. 


Marrxge Screw Prorvutsion.—To mark the centenary 
of ee marine screw prop @ special exhibit 
has been opened at the Science Museum. It shows the 
history of the pioneer experimental work, as well as the 
subsequent developments and current practice in marine 
screw propellers. In the February of 1837, Francis Pettit 
Smith successfully tried his first serew-propelled steam 
launch on the Paddi m Canal. The screw had two 
complete turns. On one of the trips it struck an obstacle, 
and. about one-half of it was broken off. This accident 
materially increased the of the boat, and the ss. 
* Archimedes ” (1838) was fitted with a double-threaded 
screw of half a turn, in accordance with Smith’s amended 
tent. Other historical exhibits include models of 

n’s experimental screw of 1837, and those of the 
** James ann ** (1838), the ss. “ Novelty ” (1839-40), 
<a the first French serew steamer “ Napoléon ” (1843). 
Serews were at first used as an a means of pro- 
pulsion, and in order that they should not impede the 
vessel when under sail only, lifting screws (an example 
by Maudslay, 1846, is shown) were introduced, which 
could be disconnected from the shaft and raised clear of 
the water. Other developments represented are the 
‘common screw,” which was the most successful form of 
propeller up to about 1860, Hirsch’s propeller (1860-66), 
and the adjustable pitch propeller patented by Griffiths 
in 1868. Various examples of modern practice are also 








scheme, estimated at £19,300, and the work will probably 
be completed about the end of this year. 





properties, and the electrical, mechanical, and other 
characteristics of the metal. 


included. 
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FLOODS IN ALLUVIAL VALLEYS. 


Some twelve or fourteen years ago an engineer 
expressed at a meeting of the “Civils” his belief 
that the world was entering upon a period of un- 
precedented rainfalls and floods. Recent records 
seem to furnish evidence in sppport of that view. 
But on an entirely different basis, it may be 
held that the estimates of maximum floods for 
which provisions are made by engineers are too 
low. If we accept the idea e by terms 
such as ‘‘ the ten-year flood ” and ‘ the hundred- 
year flood,” it is obvious that to ignore the thou- 
sand-year flood is to take chances ; for such a flood 
might occur next year. A number have, indeed, 
occurred in recent times, if the curves as conven- 
tionally traced are to be taken as evidence. One 
characteristic curve shows a thousand-year flood 
as exceeding the two hundred-year flood by 48 per 
cent., and the hundred-year flood by 60 per cent. 
It is difficult, therefore, to understand how it can 
be regarded as safe, in respect of river-restricting 
works, to accept the risk of the thousand-year 
flood. As regards flood control, it may be empha- 
sised that careful thought should be given to these 
considerations, for they may affect the magnitude 
and scope of projected works, and may awaken to 
a sense of impending danger the authorities respon- 
sible for the protection of towns in the valleys of 
alluvial rivers. In addition, in many places not 
exposed to danger, but liable to floods which cause 
serious inconvenience and loss, there may be 
awakened some sense of the not very remote 
possibility that storms, such as those which 
deluged East Anglia in 1908 and the South of 
England in 1913, might occur in a populous indus- 
trial area in the Midlands or the North, or even in 
the Thames Valley. 

It is, however, much more important that the 
subject of flood control should be considered from 
the point of view of the forces at work in all 
alluvial river valleys. The mission of a river is to 





excavate the hillsamongst which its upper tributaries 
converge, carrying with it, in times of flood, heavy 
burdens of silt ; to deepen the valleys and ravines 
through which it flows—with its silt burden—to the 
lowlands ; to widen its lowland valley, while, at 
the same time, raising the levels of the valley 
bottom by depositing its load of silt. The width of 
the valley increases as it is raised to successively 
higher levels by deposits of silt, and the feet of the 
hill-slopes are eroded as the course of the river 
sways, as it were, from side to side. The changing 
of its course is governed, in part, by erosion of the 
outer banks on bends, which tend to move down- 
stream, and in parts by the raising of the stream 
bed and of the natural flood banks formed on each 
side of it by the deposition of the heavier silt. 
This raising of levels causes the stream to leave its 
bed and take a new course on lower ground. Thus 
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the width of the valley, and the finer silt is spread 
wherever the flood waters reach. To interpret 
aright the next immediate purpose of the river is 
one of the problems of protection from floods, but 
this subject cannot be followed up in the present 
instance, if attention is to be concentrated on the 
more widely significant aspects of the river’s 
activities. The erosion of the feet of the hill- 
slopes ceases when the width of the valley is as 
great as the amplitude of the sway of the river’s 
course, as determined by its discharge when in 
normal flow, its velocity, and the downstream 
slope of the valley flats. When this stage has been 
reached, encroachment by man upon the flood 
plain of the river is less a defiance of its powers 


0o | than it is when the strip shut out during floods has, 


within the hill slope, a potential additional width 
denied to the stream’s excavating task. It is 
therefore of great importance to judge rightly 
whether this stage of inactivity in that respect has 
been reached. In proportion as the width demanded 
by the river for its changes of course is encroached 
upon, danger from direct attack is incurred, but 
more important considerations arise in connection 
with the restricting of the flood channel. Such 
restriction has the effect of raising flood levels, 
directly by the reduction of the cross-sectional 
area, and indirectly and progressively because the 
silt formerly spread over a wider area is now 
deposited between the flood banks, the valley 
bottom in that width being therefore raised more 
rapidly than before. Even if the restriction 
induces scouring velocities, the trouble is only 
passed on to places downstream, while the heading 
up caused by the restriction may raise the up- 
stream flood levels. We may pass on to consider 
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flood banks are unduly near the river. The result 
of silt deposition in the bed of the river and in the 
flood channel has in many cases led to continued 
raising of the flood banks, with the result that 
disastrous floods occur when the river, the bed of 
which may be many feet above the valley bottom, 
bursts through. In such and many less serious 
cases, where towns have grown up and rich crops 
are produced in the valley flats, the best solution 
is to build dams, to provide flood-control reservoirs 
on the upper part of the river and on its tribu- 
taries. Such works not only effect immediate 
abatement of floods, but they arrest large quantities 
of silt which would otherwise have spread over the 
valley within the flood banks. Dispositions can 
be adopted whereby the smaller floods, discharged 
through desilting sluices, may pass down silt 
required to fertilise the lands. This procedure, 
where it can be made effective, is also advan- 
tageous in that the reservoirs will silt up at slower 
rates. Depending on the amounts of silt brought 
down, the useful life of a reservoir may be from 
sixty to some hundreds of years. As an alternative, 
seldom to be preferred, or as a supplementary pro- 
vision, reservoirs intended to allow of the deposi- 
tion of a considerable proportion of the silt brought 
down may be provided in the river valley itself. 
It is sad to reflect that the expenditure of a sum 
insignificant in relation to the loss of life, the terror, 
and the misery caused by the floods which have 
ravaged valleys in the Mississippi River basin during 
the past few weeks, would have sufficed to safe- 
guard the towns and to limit the economic loss 
to a small figure. That sum would have been 
small even in comparison with the cost of making 
good the material damage. - As a gesture, the 
appropriation of some £550 million for remedial 
and protective works and the development of the 
region is, in a sense, appropriate, but a relatively 
small proportion of the money will be required 
for works to give protection from floods. On a 
basis of 5000 cubic feet of water stored per pound 
sterling, the sum necessary to reduce the flood 





flow of the Mississippi by one million cusecs for 
a week would be £120 million, or in proportion on 
any other basis. For some decades half or two- 
thirds of that storage might suffice. That it was 
vain to hope that the Mississippi could be con- 
trolled by means of flood banks, without regulation 
of its flow by storage works, was categorically 
stated about thirty-two years ago. For long after, 
the policy in the Mississippi valley was one of 
raising the heights of the flood banks in defiance 
of the river. Recently, some areas were allotted 
for relief of floods, but, as Mr. A. Hazen says in his 
book, “any plan of flood protection that fails 
adequately to provide for the permanent dis 
position of all the sediment that cannot be carried 
in the lower reaches of the river, is bound to fail 
in the long run.” The conclusion of the whole 
matter is that the river, no longer feared, spiritually, 
as a god, is not to be fought, physically, as an 
enemy, but must be regarded as a friend whose 
allotted mission must be fulfilled in a manner com- 
patible with reasonable exploitation of the oppor- 
tunities which the fulfilment of that mission affords. 


Road Vehicles and the Roads. 


Durine the last few years a very great deal of 
attention has been concentrated on the design of 
roads. The realisation of the appallingly high 
number of accidents occurring on them so shocked 
the public when figures began to be published that 
a demand was immediately made that something 
should be done to relieve the position. We our- 
selves at that time gave it as our opinion that too 
little was known of the causes of accidents to allow 
any remedial action to be taken immediately, 
and recommended that statistics should be gathered 
over a term of years. By this means, we contended, 
valuable conclusions on which reasoned action 
could be based would be reached. Such an investi- 
gation was vigorously undertaken by the Govern- 
ment, and although criticism can still be made of the 
manner in which the statistics are gathered, certain 
valuable conclusions have been reached. Despite 
the fact that these statistics, compiled by the 
police, seem to show that only in a very small 
percentage of cases is faulty road design a con- 
tributory factor to an accident, we have long held 
the view that,in fact,roads could be so designed that 
occasional human failure of judgment would not 
result in a fatal or even serious accident. Recently 
Mr. Bennet, County Surveyor of Oxfordshire, 
published the results of an independent investiga- 
tion carried out in his county, in which inquiry 
was made as to whether each accident would have 
occurred had the road been designed in accordance 
with the most modern ideas. He came to the 
conclusion that with an “ideal” road as many as 
79 per cent. of accidents would never have occurred, 
and that by a more limited system of road improve- 
ment the road accident figures could be reduced 
by about one half. As we pointed out in our 
Annual Article on “ Roads, Bridges, and Tunnels,”’ 
in our issue of January Ist, several influential 
bodies, such as the London and Home Counties 
Traffic Advisory Committee and the British Road 
Federation, have come to similar conclusions, but 
judging from the Memorandum on the Lay-out 
and Construction of Roads issued this week by 
the Ministry of Transport, Mr. Hore-Belisha is 
not yet convinced on the matter. For, as will 
be seen by reference to a Journal note in this 
issue Mr. Hore-Belisha ‘‘ is aware that the number 
of accidents attributable to some specific imper- 
fection in the highway itself does not form a large 
proportion of the total.’ Nevertheless it is 
advised that accident maps should be prepared as 
we have long suggested and the recommendations 
as to road design seem to be just those which 
independent bodies would have advanced. Thus 
it may be said that in effect the decision as to 
what should be done to reduce the number of 
accidents, at least in country areas, if not in 
cities, has already been reached. 

The concentration of the attention of the country 
on the reduction of accidents has, however, rather 
tended to thrust into the background considera- 
tion of the needs and interests of business users of 
the roads for whom. safety is only one, although 
a very important one, among many other factors. 
In this issue we- publish some extracts from the 
remarks of Mr. J. H. Toulmin, at the annual 
general meeting of Leyland Motors, Ltd:, last 
month, from which it will be seen that manufac- 
turers of road vehicles have much to say that is 
critical of the Government’s policies. Some at 
least of these criticisms would, we believe, be heartily 
endorsed by road hauliers also. For instance, 
taxation based upon the tare weight of a commercial 
vehicle, although it has resulted in an astonishing 
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development of lightweight construction by the 
use of special materials, pleases neither manu- 
facturer nor user. For there is a natural tempta- 
tion to reduce the weight to such an extent that 
when the vehicle is fully laden a close approach to 
the limit of safety is reached. Should it happen 
inadvertently that a lorry be overloaded, an 
additional road danger is created, and if failure 
should occur, mutual dissatisfaction will be felt 
by both manufacturer and user. Certainly the 
manufacturer would much prefer the taxation to 
be based on pay load, an arrangement which would 
allow him to construct a stronger job more capable 
of standing up to arduous duties. But criticism is 
not confined to taxation alone. Licensing and other 
restrictions are felt to be an unfair burden for so 
important an industry to carry, and anomalies 
are pointed out in the application of the speed 
limit. For the purposes of the present discussion, 
however, it is more important to note the dis- 
satisfaction the address expresses as to the state 
of the roads and as to the energy, or rather lack 
of energy, with which the Government is carrying 
out the task of reconstruction. It is claimed, in 
fact, that not sufficient money is being spent upon 
the roads, and that what little is being spent is 
being applied in an uneconomic manner. } 
Bennet, too, among other people occupying 
similar positions, has voiced the same complaint, 
that while officially encouraging the construction 
of new double-track safe roads, the Ministry of 
Transport’ does not provide sufficient funds to 
enable suitable schemes to be carried out. 

Such criticisms are not lightly to be set aside 
because they may be biassed and therefore un- 
trustworthy. It is true that there is much to be 
said on the other side. At the present time the 
roads in this country are several years out of date 
as compared with the vehicles which use them. 
Until that matter has been rectified, some restric- 
tion attempting to make the traffic suit the roads 





may perhaps be justified on the score of promoting 
safety. Besides, it needs to be remembered that 
so far the roads have been maintained by numer- 
ous authorities, some of which have been financially 
unable to undertake large reconstruction works. 
When the Government has taken over control of 
4500 miles of roads, it should, within a short term 
of years, be able to create a system of arterial 
communications able to withstand any criticism. 
It is to the Minister of Transport that the industry 
will look to see that sufficient funds for this 
important work are forthcoming and to ensure 
that the new roads are built in accordance with the 
recommendations of his Ministry. As to the 
criticisms of other restrictions, it can be argued 
that there must be few civilised countries which 
have not found it necessary in the interests of the 
enormous capital invested in railways to place 
some restriction on road transport, and that the 
industry in this country suffers no worse than 
corresponding industries in several other coun- 
tries. Nevertheless, there is an ancient adage 
which declares that there is no smoke without a 
fire. Some of the restrictions laid upon road trans- 
port in this country might conceivably be made less 
troublesome to manufacturers and road hauliers 


Mr. | without losing their effectiveness, and some of 


the difficulties confronting road hauliers on account 
of weak bridges and other road defects might the 
more rapidly be overcome if the Ministry was able 
and willing to consult those concerned. A body, 
the Transport Advisory Council, already exists, 
but if it is considered unsuitable for the purpose 
some similar authority might, as Mr. Toulmin 
suggests, be set up to represent the various interests 
concerned, and to assist the Minister in all matters 
concerning the roads. In any case, we suggest, 
the great amount of work to be done could 
more efficiently be carried out were there less 
friction between the various classes of road users 
among themselves and with the Minister. 








Scientific and Industrial Research. 


No. TI. 


i Report of the Department of Scientific and 
Industrial Research for the year 1935-36 was 
published at the end of last week. From it we take 
the following excerpts covering the principal sections 
possessing an engineering interest. 
INDUSTRIAL RESEARCH. 

Durmg the past year evidence has continued to be 
received that industry is showing increasing readiness 
to make use of scientific method and scientific know- 
ledge. It is not easy to assess over a period of twelve 
months the change that is taking place in the attitude 
of industry. Comparison of the attitude of industry 
to-day with that of ten years ago indicates more 
definitely what is happening. But in one field of the 
Department’s work ind affords, each year, clear 
and tangible evidence that the forward movement is 
gathering momentum. The steady increase in the 
total sum which industry as a whole provides annually 
for the development of Research Associations gives 
good reason for taking an optimistic view. In the 
year 1932-33, when the million fund came to an end, 
a total sum of £167,370 was supplied by all the indus- 
tries concerned for the support of the Research 
Associations organised by them. In the year just 
closed the has grown to £232,468, an increase 
of £65,098, or nearly 40 per cent., in three years. As 
a consequence the total of the grants made by the 
Department to Research Associations has increased 
in the same period by £39,239, from £68,212 in 1932-33 
to £107,451 last year. 

There has been other practical evidence during the 

‘year of the forward movement in industry. The 
erection of further buildings and extensions of equip- 
ment are proof of the growing faith of industry that 
in the organisation of research it will find permanent 
benefit. Important new premises or substantial 
additions to existing premises of four Research Asso- 
ciations have been completed and opened, namely, 
new laboratories for the Electrical Research Asso- 
ciation at Perivale ; new laboratories for the Research 
and Standardisation Committee of the Institution of 
Automobile Engineers; extensions to the Shirley 
Institute at Manchester, which is the centre of the 
activities of the Cotton Research Association ; and 
substantial additions to the Research Station at 
Teddington belonging to the Paint Research Asso- 
ciation. 


Contract witn InpusTRY. 


From the point of view of industry, research is only 
a means to an end. The end is the application of 
scientific knowledge to all the stages of production 
and the development of new processes. The applica- 
tion and development of scientific ideas in industry 





depend upon a complete understanding of the way in 
which industry can make use of science and scientific 
method. This application and development can be 
fully attained only if the problem of this co-opera- 
tion is studied by the man of science as well as by the 
industrialist. Between men of scientific education 
and most of those engaged in productive industry 
there are differences of training, experience, and 
outlook which are not always present to the mind of 
those who are anxious to secure the potential benefits 
which science, wisely used, can bring to the com- 
munity. The scientist has to meet the industrialist 
halfway. For that reason one of the Department’s 
most important tasks is so to organise the conduct of 
research as to promote contact with industry. 

The historian of the future will probably point to 
the last five years as a period marking an important 
development in the industrial outlook of this country. 
These years have witnessed the fruition of the policy 
adopted by several large industrial undertakings of 
setting well- teams of research workers, 
including chemists, physicists, engineers and, where 
necessary, biologists, to solve a particular problem or 
to develop a new product. This method of attack 
has led to the steady improvement of the efficiency 
of electric lamps, to the position this country has won 
in high-definition television, to the development on a 
commercial scale of the huge plant for the conversion 
of coal into oil by hydrogenation, to the growth of 
the plastics industry, and to many other important 
advances. This country has never been lacking in 
men of genius whose inventive capacity can give 
birth to the ideas which bring about industrial 
advances. What is new, in this country, in present 
times is the way in which industry has taken up these 
new ideas and brought them to the stage of industrial 
application by team work in which the scientists, the 
technical men, and in fact all the departments into 
which a great business is organised have worked side 
by side in the practical attainment of an objective. 
Partly for economic reasons, partly because of the 
high degree of specialisation which the advance of 
knowledge has made inevitable in scientific fields, 
the future no longer lies with industries that are con- 
tent to make sporadic advances at the call of the 
brilliant individualist. Co-operation, team work, and 
an extensive organisation on the technical side are 
essential for success. Co-operation can never win 
its fullest success until the contacts between men of 
ideas in industry and men of ideas in science are as 
closely knit as possible. 


Tue Nationat Puysican LABORATORY. 


‘Buildings and Equipment.—The new Photometry 
Building has been completed and is now in occupa- 





tion. The building contains a room 145ft. long for 
work on all types of light projection apparatus, 
and a range of nearly 800ft. can be “iedined by 
opening a roller shutter at one end. The erection 
of two additional wind tunnels ‘of special type, to 
meet the increased demand for experimental work 
on new designs of aircraft, will be begun shortly. 
Plans have been approved for the addition to the 
acoustics laboratory of an upper transmission room 
for tests on floors, and a lagged room for the calibra- 
tion of microphones and other acoustical apparatus. 

Physical Constants—A considerable number of 
physical constants of pure metals have been deter- 
mined at the Laboratory during the past fifteen 
years, and the results have now been collected and 
published in pamphlet form. The pamphlet contains 
data for some specially pure metals which have been 
prepared in the course of researches at the Laboratory, 
and also results obtained on metals of known high 
purity procured from external sources. In many 
instances the results of measurements made in other 
institutions have been included, thus bringing together 
results which are later than those contained in the 
International Critical Tables. 

Electricity Department.—In the Electrical Standards 
and Measurements Division, the determination of 
the absolute unit of current by means of the ampere 
balance has been completed, and a detailed deserip- 
tion of the work has been prepared for publication. 
Preparatory to the absolute resistance determina- 
tions, comparisons have been made of the coils of 
the Lorenz apparatus and those of the Campbell 
primary standard of mutual inductance, and these 
have shown agreement to a few parts in a million. 
A paper on the computation of mutual inductance 
has been published. Further measurements have 
been carried out on the new platinum standards of 
resistance, with a view to obtaining information 
as to their stability. It has been found ible to 
compare them with the i with 
an accuracy of at least one part in a million, provided 
the temperature of the platinum standards is con- 
trolled to 0-0002 deg. Cent. 

In the Electrotechnics Division the investigation 
into the alternating current resistance of conductors 
for heavy alternating currents, which was commenced 
last year, has been continued. Formule have been 
developed for the effective resistance to alternating 
currents of tubular conductors when used under 
various conditions of spacing and arrangement, 
experimental work having been undertaken to check 
the accuracy of the formule. The stability of 
manganin resistance coils has been further studied. 
The stability of the resistance of manganin wire is 
largely dependent on freedom from strain, and 
methods of construction of resistances ensuring 
stability have been developed. Investigations have 
also been made of the properties of a gold-chromium 
alloy having a very low temperature coefficient, which 
promises to be a valuable material for the construc- 
tion of standard resistances. Progress has been 
made with the high voltage investigations which 
are being carried out for the British Electrical and 
Allied Industries Research Association on behalf 
of the Central Electricity Board, including work 
on the performance of insulators and dielectrics 
under transient electric stresses, and a study of 
the operating characteristics of surge protective 
devices. 

Metrology Department.—As usual an important 
part of the work of the Metrology Department has 
been connected with the maintenance of the funda- 
mental standards. The reverification of the com- 
posite yard and composite metre end-standards, 
which form the link between the fundamental 
standards and the determination of length made in 
terms of wavelengths of light, has been completed. 
A detailed scheme of procedure for the periodical 
verification of the primary standards and the official 
Board of Trade standards of length and mass has 
been put into operation. With regard to standards 
of mass, a complete reverification of the N.P.L. 
standards has been carried out, and the stability 
of these, in both the metric and Imperiel systems, 
continues to be satisfactory. 

Engineering Department.—Considerable progress 
has been made with a number of items of general 
research in the Engi i ment, including 
an investigation ‘of the phenomenon of ‘ wear 
oxidation” in relation to the abrasion of metals, 
research on the mechanism of power transmission 
by belts, on the industrial applications of the injector, 
and analytical and experimental work in connection 
with the standardisation of lifting gear components, 
A report of the discussion on the Laboratory research 
on tests for materials used in cold-pressing operations, 
which took place at a joint meeting of several technical 
societies last year, has now been published. A new 
method of attack on the fundamental problem of 
the fatigue of metals has been opened up by the 
use of X-rays. Precise methods of X-ray diffraction 
have been applied to a systematic study of the 
changes produced in the crystalline structure under 
various conditions of test. One of the results has 
been the demonstration that failure by fatigue 
and failure under static stresses are characterised 
by structural changes which are the same in kind. 
A paper has been published giving a description 
of the methods of investigation adopted, and an 
account of the phenomena so far observed. With 
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regard to the research on combined fatigue stresses, 
papers dealing with the characteristics of (i) single 
crystals of aluminium, and (ii) 0-1 per cent. carbon 
steel, 3$ per cent. nickel-chromium steel and “‘ Silal ”’ 
cast iron, have been published. It was found that 
the fatigue limits of the ductile steels, under all 
combinations of stress investigated, could be repre- 
sented by a simple relation, irrespective of the shape 
of the specimen. Drawings of the N.P.L. combined 
fatigue stress machine have been supplied to several 
firms to enable them to construct similar machines 
for their own use. The study of the fundamental 
aspects of corrosion fatigue has continued, and a 
further paper has been published on the effect of 
the surrounding atmosphere on fatigue. The extensive 
investigation into the corrosion fatigue of aircraft 
materials, which was undertaken on behalf of the 
Air Ministry, has been completed, and useful new 
light has been thrown on the problem. That part 
of the research on surface conditions which relates 
to spring plates has been brought to a conclusion, 
and a report has been published on the effect of 
irregular carburised surfaces on resistance to repeated 
impact stresses. Among other numerous tests and 
investigations undertaken may be mentioned the 
measurement of impact forces on the driving wheels 
of an express locomotive ; experiments to discover 
a form of guide vane which, when placed in a chimney, 
will render the flow of gas free from large eddies 
at a relatively small height above the flue exit ; 
an investigation of cast crankshaft materials ; com- 
prehensive series of mechanical tests on various 
structural steels; as well as the examination of a 
number of service failures, including axles and shafts, 
railway pinions, a marine turbine gear, a marine 
bell-crank lever, and turbine blading. 

Metallurgy Department.—Further amounts of iron 
of high purity were produced by methods developed at 
the Laboratory, and a paper was published describ- 
ing the method of preparation and giving results of 
determinations of physical properties. Compre- 
hensive analyses have indicated that the total 
impurities in this material amount to 0-0113 per cent., 
exclusive of certain traces. Progress has been made 
with the investigation of carbon and alloy steels for 
use at high temperatures which is being undertaken 
for a Joint Committee of the British Electrical and 
Allied Industries Research Association and the British 
Iron and Steel Federation. Further work has been 
carried out on the high temperature properties of 
various carbon and molybdenum steels and their 
dependence on the mode of manufacture, and 
improvements have been made in the apparatus and 
method for testing the corrosion for steel specimens 
in high-pressure steam. Several additions have been 
made to the equipment of the Department during 
the year. A small rolling mill has been installed, 
having rod and sheet rolls of 8in. diameter and I4in. 
long, with a minimum peripheral speed of 2ft. per 
minute. A new 120-ton press has also been erected 
in the rolling mill building, for the pressing and 
extrusion of magnesium alloys. An apparatus 
intended'chiefly for raising and lowering the tempera- 
ture of a furnace in a uniform manner, making use of 
a photo cell and a thyratron, has been constructed. 
This equipment will facilitate the thermal analysis of 
materials in which the arrests are so small and diffuse 
that strict furnace temperature control is necessary 
for their identification. 

Aerodynamics Department.—One of the investgations 
made in the compressed air tunnel dealt with the effect 
of surface roughness on the behaviour of aerofoils. 
It was expected, from experiments on resistance 
of rough pipes, that a comparatively small amount 
of roughness would cause a considerable increase of 
drag at high Reynolds numbers. From tests made on 
two aerofoils, artificially roughened with adhesive 
carborundum of which the particle sizes were 0-00lin. 
and 0-0004in. respectively, it has now been shown 
that the roughness does not affect the drag coefficient 
at low Reynolds numbers, but that at a certain 
Reynolds number, depending on the amount of 
roughness, the drag begins to increase beyond that 
for the smooth aerofoil and continues to increase up 
to the highest Reynolds number attained. An 
approximate rule has been deduced whereby it can 
be determined whether any distributed roughness is 
sufficiently coarse to affect the drag. From this it 
appears that in the case of a moderate-sized machine 
flying at about 150 m.p.h., the least roughness that 
will affect drag corresponds with a particle size of 
1/1000in. With regard to the effect on maximum 
lift, it is found that roughness of the kind tested 
results in a considerable decrease of maximum 
lift at high Reynolds numbers, the value of 
Reynolds number at which the effect appears being 
about the same as that at which the drag 
begins to be increased. Research on fluid flow 
has been continued, and the technique of 
both the ultramicroscope and hot-spot methods has 
been improved. The latter method has been used in 
producing part of an instructional film required by 
the Air Ministry on the theory of flight. The investi- 
gation into the effect of body shape and fin area on 
the spinning of aeroplanes has been completed, as a 
result of which a number of difficult problems of 
design have been solved. In connection with the 
work on the landing of aeroplanes, attention has been 
directed to means for balancing brake flaps; two 
methods of balancing have been devised, and these 





have been tested in the wind tunnel. The investiga- 
tion of the additional loading of aeroplanes due to 
gusts has been continued. A series of calculations has 
been made of the effect of flexural elasticity of the 
wings on the loading due to sudden gusts, and the 
gust recorder designed at the Laboratory has been 
installed at Cardington to enable records to be taken in 
a position free from interference caused by local 
obstructions. Further work has been done on wing 
flutter, a subject which is becoming important on 
account of the recent rapid increase of flight speed. 
William Froude Laboratory.—The number of tests 
carried out for the shipbuilding industry exceeded 
that of any previous year. Seventy-three designs 
were tested during 1935. Ten were lined out at 
the Laboratory or modified materially before tests 
were begun, while as a result of the tests four designs 
were improved in hull and propeller by more than 
20 per cent., nine between 20 per cent. and 10 per 
cent., twenty between 10 per cent. and 5 per cent., 
and eleven between 5 per cent. and 2 per cent. Pro- 
gress has been made with a number of items on the 


research programme. An has been 
completed oa the effect of hull shape on the ~ 
formance of high-speed ships of the cross-channel and 


liner types in smooth and in water. Further 
work has been carried out to determine the effect of 
wave motion on the actions, &e.. By the 
courtesy of the owners, two merabers of the Labora- 
tory staff were enabled to make a winter bik fe» to 
Mexico and back on one of the new tankers of the 
Eagle Oil and Shipping y, Ltd., and a large 
amount of valuable data was obtained. The 
methodical series of tests on single-screw propellers 
has been extended to cover the effect of variation of 
pitch ratio for two types of screw ; and in the twin- 
screw propeller research the effect of the lateral 
position of the propeller centres with screws of various 
diameters has been investigated. Further research 
has been done on coastal vessels ; the effect. of vary- 
ing certain hull characteristics has been examined, 
and at the request of the shipbuilding industry a 
series of tests has been begun to determine the effect 
of varying the engine revolutions to cover all possi- 
bilities of both steam and fairly high-revolution oil 
engines. 
FuEL RESEARCH. 

Carbonisation.—During the past year an investiga- 
tion has been completed upon the production of 
active carbon from coal. The work has been done 
on a repayment basis for the War Office, and the 
Chemical Defence Research Department has been 
closely associated with the experiments. It has 
been necessary to make a study of the coal seams 
and parts of seams which might be suitable for the 
process, and it is somewhat remarkable to observe 
that up to the present only three sources of coal 
have been discovered which will yield carbon of the 
best quality. Work on the investigation of the 
effects of introducing steam into horizontal retorts 
during the last part of the carbonising period has 
been continued. The two settings of narrow vertical 
retorts for use at low temperdtures, one built of fire- 
brick and the other of silica brick, have been used 
for work on the examination of selected coals in 
connection with the coal survey, for the 
of stocks of tar for the hydrogenation by tabaygscaars 
and for the production of active carbon from coal. 
Mr. Hebden, of the South Yorkshire Chemical 
Company, has erected a unit plant consisting 
narrow brick retorts of this type. The plant is 
capable fcmeninn 7 See oe Tt 
has been in operation for six months, and technically 
the results have proved satisfactory. Investigations 
have been carried out for certain Colonial govern- 
ments. At the request of the Uganda and Nigerian 
Governments work was carried out to determine 
whether, by simple distillation, substitutes for 
petroleum oils could be obtained from palm nuts, 
cotton seed, or ground nuts. On carbonisation at 
450 deg. Cent. these materials yielded oils containing 
larger low-boiling fractions than are obtained from 
low-temperature tar produced from bituminous 
coal, but the spirits were unsuitable as motor fuels 
owing to their instability and high oxygen content. 

Hydrogenation.—Experiments in laboratory-scale 
plants have continued during the year, but attention 
has centred chiefly round the semi-technical-scale 
plant erected in 1935 for the hydrogenation-cracking 
of tar. This plant was designed to serve two main 
purposes ; first, the working out of a 


or 
method of operation that would be applicable to a} panies 


large industrial installation, and second, the examina- 
tion of the effect of variables (temperatures, pressure, 
throughput, &c.) with a view to correlating the 
results with those obtained in small laboratory-scale 
plants, and to determining the best working con- 
ditions with different raw materials. The first 
object has been achieved ; regarded from an engineer- 
ing standpoint the plant has behaved satisfactorily, 
and it is considered that the plant and the general 
method of working could, with only minor changes 
to meet particular conditions, form the basis of a 
full-scale plant. Work is in progress on the second 
line of investigation, but before the optimum working 
conditions can be established the great difficulty 
of the rapid deterioration of the catalyst must be 
overcome. Attention is therefore being concentrated 
on this problem. 

In the coal hydrogenation programme work has 





been mainly concerned with the small continuously 
operated plant for the first stage of the production 
of motor spirit. from coal—that is, the conversion of 
the coal into a liquid. The method of operation has 
now been standardised, and the installation is being 
used as an “assay plant” for assessing the amen- 
ability of coals from different seams to hydrogenation. 

Pulverised Fuel.—Reference was made last year to 
a device for dividing a heterogeneous stream of air- 
borne powdered coal into two or more equal parts. 
This#distributor was originally designed to overcome 
the difficulty of obtaining equal distribution of coal 
and primary air when feeding two or more burners 
from a common stream, and satisfactory reports 
of its use for this purpose have been received from 
commercial users. In addition, several suggestions 
have been made for its possible use for other purposes, 
not necessarily connected with fuel, including the 
sampling or the mixing of solid, liquid, and gaseous 
streams. 

The “Grid” burner for pulverised-fuel firing, 
developed at the Fuel Research Station, is finding 
increasing application in industry. During the 
year investigations have been carried out to ascertain 
the maximum and minimum loads obtainable with 
this burner. A combination of the “ Grid” burner 
and the distributor referred to above enables over- 
loads of 200 or 300 per cent. to be maintained without 
difficulty on a Lancashire boiler. The ‘ Multijet ” 
burner, also designed at the Station, has been used 
commercially in certain forms of metallurgical 
furnace, where its intense flame is of special advan- 
tage. Boiler trials with the latest design of this 
burner have shown that, as fitted to the Lancashire 
boiler at the Station, it gives an appreciably higher 
efficiency than the “‘ Grid ” burner. 

(To be continued.) 








SIXTY YEARS AGO. 


In our issue of February 16th, 1877, we reviewed the 
spose, whieh eee had just been published, of the Royal Com- 





y Accidents. That Commission had 
been appointed in Ta, 1874, to inquire into the causes of 
= and how they could be prevented. 
been similar Commissions on previous occasions 
but all of them had been singularly unfruitful in producing 
any practical recommendation designed to promote safety 
on the railways. _These earlier Commissions had in fact 
left their mark on railway operation only at one point ; 
namely the requiring of means of communication between 
the various parts of a train, a provision which became law 
in the Regulations of Railways Act, 1868. The enforcement 
of the block system had been urged by one of the Com- 
missions but in 1873 compliance with this recommendation 
was postponed on the advice of a Committee. The Com- 
mission of 1874 was no more fortunate than its predecessors. 
In fact it was a good deal less fortunate, for its report 
showed that the Commissioners to begin with had had 
some difficulty in convincing themselves that there was 
any necessity for the appointment of a Commission, and 
then completely failed among themselves to make up 
their minds as to the nature of the Government inter- 
ference with railway operation which they should recom- 
mend in the interests of safety. Of the nine Commissioners, 
one would not sign the report, one signed under protest, 
another supplemented it with his own observations, while 
a fourth supplied a report of his own. For the most part 
the Commissioners were to any extension of 
Government ieneeiena: with the railways because of the 
imperative ray og of nothing which would in any 
way diminish t of the railway companies 
for the Gade wocking of Maitercbume. One of the Com- 
missioners, Mr. Galt, while with this general 
principle in the abstract, took a practical view of the 
subject. He asked in effect what was the measure of this 
nsi of the com: which it was so necessary 
sepptiroagpendiedn, es muorsed that of the gross 
receipts of an average railway company 30 per cent. went 
on the provision of locomotive power, 28 per cent. was 
spent on traffic expenses, 18 per cent. on maintenance of 
way and works, 14 per cent. on miscellaneous charges, 
9 per cent. on repairs and renewals, and 1 per cent. on com- 
pensation for personal injuries. The companies stoutly 
maintained that nine out of every ten preventible accidents 
resulted from mistakes or errors on the part of some of their 
servants which no machinery could avoid. Hence if they 
adopted every known é: ient to prevent accidenis the 
maximum return they eould expect was only about one 
shilling on every £100 of gross income. The conclusion 
arrived at was that it was far cheaper to pay ae we 
than to adopt mechanical devices to ensure We 
supported this t of Mr. Galts’ and ianantod it by 
eves that it was useless to talk about any legislative 
t diminishing the responsibility of the com- 
cerca hogy ee a, had already reached the 
vanishing point’ This argument could hardly be 
sustained bap ora Tt overlooks the fact that sums paid 
in compensation for i represent direct deductions 
from the net revenue and that a saving of one per cent. on 
the gross income would represent a handsome increase in 
the dividends payable. Perhaps something of this kind 
intruded itself on our minds when writing our review of the 
report. We at least included in it a passing reference to the 
effect on the market price of a company’s stock produced 
by a bad accident and instanced a recent disastrous collision 
on a certain line which had had the result of depriving a. 
very large proportion of the shareholders of their half- 
yearly dividend. 








ENGINEERING TRAINING IN Curva.—It is reported that 
the Chinese Ministry of Education is, to establish an 
academy at Nanking for the training of engineering 
students. 
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The Works of Kodak, Ltd. 


No. 


HOTOGRAPHY is one of the great factors of 

modern life, whether in the form of “still” 
pictures of scenes which are to be remembered or in 
the form of motion pictures. The latter repregents 
an industry utilising some 88,000 picture palaces, 
and providing regular amusement and edification for 
countless millions. At the same time the services to 
industry and science rendered by the cinematograph, 
though not so spectacular, are equally important, 


Tr 


. 


would be to describe the camera making first and later 
the film making and developing, the importance and 
size of the film departments is such that it 
is only fitting to take them first in the order of 
precedence. 

The most elementary knowledge of the film 
departments, which include film coating and film 
finishing, produces an impression of the uncommon 
difficulties which this particular trade involves. _The 
entire work is carried out in almost complete dark- 





and no reader of this or any other illustrated paper 
will deny the value of “ still photographs. Kodak, 


ness ; scrupulous cleanliness is essential, conditions 








Fic. 5S—AIR CONDITIONING 


Ltd., is probably responsible for the growth of the 
photographic industry to a greater extent than any 
other firm, and at the Wealdstone works both sides 
of the industry are catered for. Not only are two 
branches of the same scientific industry to be supplied 
with the cameras, films, lenses, and so forth necessary 
for the production of photographs, but, a curious 
feature of the process, the product of the camera is 
returned to the works for developing and printing, 
so that, in addition to making the tools, Kodak’s 
also assist in the production of the finished article, 








FIG. 6—AIR CONDITIONING FAN 
and the second part of the work is larger and is even 
more important than the first part. 

The chemical processes required to develop and 
print a photograph are well known. The method by 
which this process is carried out on millions of feet 
of film a year at Wealdstone, and the method by 
which the same millions of feet of film are made, will 
be described. 


THe Process DEPARTMENTS. 


Although in the normal routine of factories, the 
natural transition in the Kodak works at Wealdstone 








PLANT UNDER ERECTION 


of air temperature and humidity are of vast import- 
ance, and, finally, the possible danger of fire has to 
be guarded against. 

The film base, as it is called in the trade, is imported 
in large rolls, 48in. wide, 2000ft. long, weighing some 
400 lb., and certain types which are made of celluloid 
are, of course, inflammable. It arrives at the works 
in hermetically sealed air-tight tins, which are stored 
in special cell buildings. These cells are fitted with 
blow-out roofs and dual fire-extinguishing apparatus, 





consisting of Burkitt standard sprinklers, spaced a 


FIGS. 7 AND 8—-GENERAL VIEWS OF TYPICAL AIR 


few feet apart, and screened one from another, and 
the Lowe system of drenchers. The drenchers are 
nozzles delivering a rotating spray of water at the 
rate of 38 gallons a minute, and nine are fitted to each 
cell, which may hold up to thirty-two rolls of film. 
The actuation of these nozzles is by means of a small 
air vessel placed in the anticipated path of the flame 
and connected by a very small bore tube to a quick- 
release valve of the collapsible type. Any rise in 
temperature causes the air in the vessel to expand, 
releasing a weight which operates the valve. The 


two systems go off. The film rolls are eventually 
taken to the film track building to be coated with 
sensitising emulsion. As an example, No. 3 track, 
which has just been completed to the designs of the 
works engineering staff, is said to be the most perfect 
of its kind up to date. 

The building is of reinforced concrete and brick 
construction, its greatest length being 440ft. and. its 
height some 70ft. It has five floors. The top floor 
contains various stills, caiorifiers, &c., which supply the 
entire building. The fourth floor contains the kettles 
in which the emulsion manufactured in an adjacent 
building is prepared for coating. They are steam 
jacketed and lined with nickel and are provided with 
mechanical stirring paddles driven by two electric 
motors through P.I.V. gears. Only one motor actually 
works at a time, the other being a standby. Forced 
ventilation is provided on the upper floors of the 
track building by means of electric fans, all air being 
filtered. Upon the same floor is an emulsion cold 
store, the air for which is cooled and circulated by 
means of air conditioning equipment of the type to 
be described later under that heading. A rather 
interesting scale is used in the kettle room. The 
ordinary luminous dial would be impossible owing to 
the fogging effect it would have upon emulsion, and 
so a dial with faint reflected illumination was evolved. 
There is also a stainless steel emulsion chopper. Each 
of the kettles is provided with a recording thermo- 
meter and a luminous dial thermemeter. From this 
room the emulsion is run to the third floor, where it is 
stored in similar kettles until it is ready for the coating 
track. When required, the emulsion is run down to 





the coating machine, which is housed in the coating 
room, and here again the most elaborate precautions 
are taken against the danger of fire, caused by the 
presence of film base. The coating machine, which 
was designed and manufactured at Harrow works, is 
fitted with two recording thermometers. The film 
having been removed from its air-tight container in 
a special room in the basement, is fed off the stock 
roll into. the coating tray, which is a stainless steel 
casting. From here the film is led to a chill box. 
where the emulsion is chilled into a plastic state. 
It is now taken up in festoons and carried round the 
700ft. conditioning track. This track is divided into 
twenty-two sections, any one of which may be 
isolated by water veils actuated automatically by the 
Lowe system. Besides these, there is a very complete 
system of sprinklers. Some thirty-six Short and 
Mason instruments control the air conditions in the 
track chamber and include dial thermometers, 
recording thermometers, hygrostats, and humidity 
controllers. The coated film is now run into stock 
rolis and is stored in readiness for the slitting and 
perforating department. The first floor basement is 
used to house the track drive, which is operated by 
Crypto motors with Reynolds remote control through 
P.1.V. gears. The track is supplied with air through 
an air conditioning plant workable upon either a 
closed circuit or drawing a partial fresh supply, to be 
deseribed later. There are twelve separate air circu- 








cell doors are automatically shut should either of the 


lating systems equipped with fans driven by V belting 





CONDITIONING PLANTS 


from electric motors. Each plant is provided with 
its own steam heater coils and filter chambers. There 
is also a chill box air conditioning system consisting of 
a spray humidity control, eliminator plates, a fan, and 
a cooler. Compressed air for the actuation of the 
instruments is provided by a pair of B.E.N. com- 
pressors, one acting as a standby. They are provided 
with Igranic automatic switches, which cut off the 
current should the cooling water fail. Electric alarms 
are also provided in case of the air pressure falling 
below the predetermined amount, Two Sturtevant 
vacuum cleaning plants are provided with the neces- 
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sary piping throughout the building. Runways are 
used to convey the film roll into and out of the 
building. It might be of mterest to mention that 
there are 1400 sprinkler heads fitted in this building 
alone. 

The film-finishing building receives film in the 
48in. wide rolls, 2000ft. long, and here it is slit into 
35 mm. and 16 mm. widths, as delivered to the trade, 
perforated, spooled, and tested. There are several 
film slitters which were manufactured in the 
Rochester, U.S.A., works of Kodak, Ltd. The opera- 
tion of perforating is performed on Bell and Howell 
machines, each individually driven by a special 
3/8 H.P. Crypto motor running at 800 r.p.m. In 
addition, one batch of perforators work on line 














Fic. 9-BACK VIEW OF BRINE COILS 


shafting. The vacuum for the removal of film dust 
and perforations is obtained from two Thwaites 
blowers absorbing respectively 40 H.P.-and 25 H.P. 
X-ray film is cut on hand-operated Marshall shears 
and then on Krause and Greig mechanically operated 
guillotines. In this building, again, we have most 
accurate conditions of air conditioning, together 
with elaborate fire precautions and scrupulous 
cleanliness. 
Atk CONDITIONING. 

One of the most important factors in the manu- 
facture, handling, and storage of sensitised goods is 
the air conditioning, and a department is exclusively 


maintained at the Kodak works for this purpose. 
There are 500 tons of refrigeration absorbed in those 





FIG. 10—AIR_ COMPRESSORS 


plants alone which are delivering air of a low humidity 
or low temperature, and therefore call for refrigera- 
tion. An enormous variety of plants, construction 
details, equipment, controls, and handling methods 
is in use. Almost absolute cleanliness, apart from 
humidity and temperature, is no very easy thing to 
maintain in a plant of this size, situated so near to 
London, and the most elaborate precautions are 
taken to achieve it, particularly with regard. to plants 
supplying air to departments wherein film and paper 
is coated. The insides of these plants and ducts 


receive a weekly cleaning, for which provision is 


made by numerous access doors. Cleaning is carried 


out with a wash leather and sponge, and ‘when dry is 
finished off with a vacuum cleaner to remove all 


particles of dust. Careful scrutinising is carried out 


before the plants are restarted. It will be observed in 
the accompanyng engravings the spotless condition in 


which even the exteriors of the plants are maintained. 








i 
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Most of the equipment is painted white and picked: 
out in black, and the pipe lines are painted various 
colours to denote their services. There would appear 
to be no limit to which Kodak, Ltd., is prepared to 
go in order to produce clean film and paper. As a 
case in point, the finned heater coils used were 
originally galvanised; electrically coated ones were 
next fitted, and finally, the latest to be installed are 
of Monel metal. The air conditions called for are very 
exacting and are maintained within fine limits of 
plus or minus | per cent. humidity, or plus or minus 
| deg. Fah. The maintaining of low temperatures 
in rooms by means of exposed brine coils, with all 
their attendant troubles of frosting, rusting, and 
dripping of water, has been totally abandoned in 
favour of plants working on the chilled water spray 
principle, or where the temperature is too low the 
sprays are exchanged for brine coils, as shown in 
Fig. 9. The air is drawn vid scrubber and illuminator 
plates, where sprays are in use, to the main heater, 
then through the fan and discharged through filters 
into the department. Where varying temperatures 


are required in rooms served by the same plant,’ 


booster heaters are placed in the supply ducts to 
each room, Some of the air-conditioning plants are 
provided with individual coolers, generally of the 
“shell and tube” type, whilst in other cases one 





Fic. 11—EXPERIMENTAL PLANT 


cooler may be shared by several plants. Emergency 
pumps are always installed in these cases. The 
factory brine ring is maintained at 25 deg. Fah. tend- 
ing to 27 deg. Fah. at the return. The heaters in 
the air-conditioning plants afe supplied with steam 
from the factory service mains which, as will be 
explained, is passed out of the power station machines 
at 20 lb. per square inch pressure. Many different 
types of heaters are in use, varying according to 
their application, and giving the maximum necessary 
facilities for cleaning. Heater water when required 
for sprays is obtained by circulating the water through 
steam-heated calorifiers. An enormous variety of 
instruments is in use, some specially developed 
for the job, whilst others are ordinary dry bulb 
recorders and controllers, wet and dry bulb tempera- 
ture controllers and humidity controllers. In 
general, the controlling instruments are operated by 
compressed air, but in certain cases electrically 
operated valves are used. 

The illustrations are representative of some of the 
air-conditioning and refrigerating plant. As the film 
coating and paper preparation processes are carried 
out in several buildings under somewhat different con- 
ditions, the necessary installations vary owing to 
different requirements, and to the date of their design 
and installation. Some typical examples have been 
chosen, and in Fig. 5 is shown a plant in course of 
erection. On the left of the picture the spray 
chamber with water pressure gauges mounted on the 
front over the glass access door will be seen. In the 
centre is the main heater, of which the tubes are 
slightly bowed to allow expansion to take place. 
On the right is a fan with the access door on the 
underside. Between the spray chamber and heater is 
the calorifier connected with pipe lines to the pump. 
A different view of the same fan is shown in Fig. 6, 
illustratmg the large access door in the casing pro- 
vided opposite the fan discharge. To the right of 
the engraving the booster heater will be seen. There 
are two on this plant, as two different conditions are 
required of it. Fig. 7 is a general view of a plant 
room. To the left is a chilled water circulating pump 
and spray pump. In the centre the pressure gauges 
above the spray chamber access door will be noted. 
There is a small calorifier to the right of this, next to 





the main heater, and a fan with its driving motor in 
front. There are air-conditioning plants in the works 
that produce conditions requiring a dew-point below 
the freezing point of water. Therefore, in this type of 
plant water sprays cannot be used, so the fresh or re- 
circulated air is passed through banks of tubing, 
through which the brine itself is circulated ; it then 
passes through heaters and filters. This type of plant, 
though essential under the circumstances, has its dis- 
advantages, owing to the great care that has to be 
taken in regulating it to free it from frost and ice, 
which forms on the coils, but it does possess one 
advantage where clean air is desired, and that is 
that the coils are automatically washed at each 
defrosting cycle. One of the plants of this type is 
illustrated in Fig. 8, which shows the slightly different 
arrangement of equipment. In the centre of the 
illustration will be noted the brine pressure gauge, and 
on the right the controls and recorders. In Fig. | 
ean be seen the access door in the fan discharge duct. 
In this case the fan and duct work are insulated. 
In the centre of the illustration are the water coolers. 
In the far distance can be seen a fan of another 
plant. On the right is another complete plant, of 
which the end view and pumps only can be seen in 
this illustration. Fig. 2 is a front view of a low- 
temperature air-conditioning plant. The port holes 
for inspecting the coils may be noted in the illustra- 
tion. At the top centre of the illustration the motorised 
valve for controlling temperature will be seen. A 
back view of the same plant is shown in Fig. 9. It 
shows the distance between the coils and the large 
access doors for cleaning purposes. A general view 
of another low-temperature air-conditioning installa- 
tion is shown in Fig. 3. On the left is a small air 
compressor operating the controls. The fan motor 
and the plant itself with its port holes is as shown in 
previous engravings. On the extreme right can be 
seen a wet and dry bulb recording thermometer. 
Overhead can be seen pipe lines supplying brine to 
the coolers. The compressed air supply required for 
controlling these air-conditioning installations 
provided in each building by separate compressors 
electrically driven. Sometimes the air supply for 
each plant is provided by means of a separate com- 
pressor. Sometimes several adjacent plants utilise 
the same air supply. Fig. 10 shows a comparatively 
large air compressor unit, used on the controls of 
several air-conditioning plants in one building. As 
these machines supply a number of plants, it is 
obviously necessary that a “hold-up” must be 
obviated. Therefore everything is in duplicate. On 
the right, barely distinguishable, is the air receiver. 
In the centre right of the illustration can be seen the 
two compressors, while in the centre left are the auto- 
matic stop and start electrical controls which operate 
the compressor motors. In the extreme left is the 
pressure-reducing apparatus which enables the plants 
to deliver a constant and steady pressure. 

Somewhat naturally a great deal of research has 
been carried out at Kodak, Ltd., into the air con- 
ditions required for the various processes and also 
into the various methods by which these conditions 
can best be secured. A complete equipment capable 
of reproducing the most extreme conditions is installed 
in the laboratory and includes every type of adjust- 
ment that is used on any of the factory plants. In 
addition to enabling the research department to 
examine the atmospheric conditions required by the 
processes with the widest possible scope, this plant 
enables the natural atmospheric conditions prevailing 
in any part of the world to be examined and analysed 
with a view to ascertaining the effects which may be 
produced by climate on any of the Kodak products. 
Those who have experienced the effect of conditions 
in parts of the East on drawing paper, blue prints, 
and other media will realise the importance of this 
particular research. The plant illustrated in Fig. 4 
is the main air-conditioning installation for the 
research laboratory. The elaborate equipment will be 
realised when it is pointed out that this installation is of 
very much smaller capacity than the standard equip- 
ments used in the works. Fig. 11] illustrates a small air- 
conditioning plant in the same department situated in 
an insulated room in which it is possible to obtain 
the varying conditions necessary for experimental 
purposes. In this room it is possible to imitate the 
climatic conditions of any country. The chilled water 
cooler is visible under the bench. The spray water 
chamber is shown in the centre of the installation and 
the fan at the top. The spray water pump in the left- 
hand corner is also shown. As a matter of general 
interest it is worth noting that in the Kodak works 
there are 284 fans, 109 heaters, and 102 filters of 
various types in use. 

(To be continued.) 


1s 








A 97 H.P. Electric Trawl Winch. 





WuHar is believed to be the largest electric trawl winch 
in existence has recently been built by Laurence Scott and 
Electromotors, Ltd., for installation on the French motor 
trawler “‘ Minerva,”’ built by the Chantiers de Normandie. 
Other winches have previously been supplied for similar 
craft which travel long distances between Newfoundland 
and Greenland, trawling principally for cod. The winch 
under consideration measures 23ft. 8in. outside the bollards 
and has a fore-and-aft length of 12ft. 5m. At normal full 





194 


THE ENGINEER 





Fes. 12, 1937 








load it develops 97 B.H.P. and exerts a pull of 7 tons at 
156ft. per minute. It is mounted on a deep fabricated bed- 

late composed of structural steel sections, the top plate 
Sten covered with steel plate. The motor is on the centre 
line of the winch, which has worm and spur gear. The 
former is enclosed in a waterproof case forming an integral 
part of the motor. The worm wheel shaft extends to 
either side and the distant ends are supported by “A” 
frames with the bollards outside the bearings. The main 





the back of the framework, and lead to the fuel pump in the 
foreground, which is the only part of the machine which 
might require attention. The simplicity and robustness 
of the entire apparatus is a feature of the design, The 
injection takes place at the top of the piston, so that all 
the fuel piping is on the piston part of the machine. 
When firing takes place the cylinder is thrown upwards, 
naturally well clear of the piston, so that scavenging and 
the introduction of a fresh air charge are catered for by 

















97 H.P. 


barrel shaft is spur geared from the worm wheel shaft 
and is supported by five cast steel “A” brackets. By 
means of a jaw clutch forming part of the pinion the spur 
gear, which is in constant mesh, is disengaged. The 
barrels are largely fabricated and have a capacity of 762 
fathoms of fin. diameter wire. They run on renewable 
bushes and are fitted with cast steel clutches, which make 
it possible to disconnect the barrel from the shaft when 
paying out warp. The barrel shaft is extended at either 
end to carry double-waisted bollards fitted with powerful 
hand brakes lined with wood blocks and screw operated 
by hand wheels at the rear of the winch. The coiling gear 
which can be disconnected when paying out warp, runs 
along the forward side of the winch and the coiling gate 
is worked by rack and pinion from hand wheels at the 
operating side. The winch is controlled from a series of 
hand levers on a way shaft, which runs along its full 
length. It can be operated with ease and safety by any 
normal deck hand, but as a precaution against accidental 
damage due to careless handling a master controller is 
employed to limit the operation of the winch as and when 
desired. The chief danger to be guarded against is the 
slight risk of damaging the motor by reversing it while it 
is still rotating. Through a set of patented cam stops the 
controller provides for four limitations of the operation as 
follows :—Position (1) allows the control handles to work 
only between full forward and stop; (2) permits move- 
ment between full reverse and stop ; (3) allows movement 
over the first two steps for inching ; and (4) locks all the 
control handles in the off position to prevent unauthorised 
operation. 

On the “‘ Minerva” the controller is situated in the 
deck house, where it is under the care of a responsible 
ship’s officer, and is geared to the control shaft on the 
winch by a rack and pinion. It is always accessible for 
inspection, The control of the winch is by the Ward- 
Leonard system, in which the supply generator and the 
main motor have armatures permanently connected, the 
controller being merely a large shunt regulator with many 
steps. 

The output of the winch generator, which is driven at 
400 r.p.m. by Burmeister and Wain engines, is 85 kW. 
The exciter for the Ward-Leonard sets is mounted on the 
same shaft and has been made unusually large to give 
40 kW at constant voltage for general ship’s purposes. 
Both the dynamo and the exciter are of the maker’s 
special deluge proof fully guarded marine type. 








A Fuel-Oil Operated Pile Driver. 


It frequently occurs in contracting work that the use 
of pneumatically operated machines is undesirable, either 
because the work to be done does not justify the use of 
several machines and therefore does not utilise the full 
available power of the compressor unit, or because the 
conditions make the running of compressed air lines around 
the site too complicated. C. H. Johnson and Sons, Ltd., 
of Smedley-road, Manchester, have for some years been 
tackling the question of self-contained contractor’s 
machines, and have produced self-contained petrol- 
operated road drills, tampers, hammers, rammers, and as 
a logical development of these machines, petrol-operated 
pile drivers of 440lb., or $ ton, capacities. All these 
machines have been fully described in the pages of THE 
ENGINEER on various occasions, and have been giving 
excellent service during the last few years. The latest 
development is to adopt the solid-injection oil engine 
principle as a means of operating the latest pile driver 
made by the firm. Two types are being manufactured, 
the first having a falling weight of 6cwt. and a total 
weight of 12 ewt., the second having a falling weight of 
9 cwt, and a total weight of 18 cwt. We understand that 
a fuel consumption of about 3 quarts of gas oil per eight- 
hour day is the normal fuel consumption. The frame used 
is generally 28ft. high, which allows piles or sheet piling 
up to 22ft. in length to be driven. The operation of the 
machine will be made clear by reference to the accom- 
panying line drawing, which shows a half section of the 
unit. The fuel tank, fuel cock, and filter are installed at 





ELECTRIC TRAWL WINCH 


the atmosphere during the upward and 
of the cylinder. As the cylinder comes 
piston compression takes place, and finally 
plunger is actuated by means of the 
rocker mechanism shown. When firi 
cylinder has just struck the anvil ring, which surrounds 
the piston, as shown on the section, and at the same time 
the reaction of the piston is taken on the anvil to increase 
the blow. The compression raised by the falling cylinder 
is about 30 atmospheres or about 441 Ib. per square inch, 
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HALF-SECTION OF PILE DRIVER 


so that misfiring is extremely unlikely. Starting is accom- 
plished by lifting the cylinder to the top of its travel by 
means of a hand winch and allowing its engagement by a 
clutch mechanism on the cross bar. In this position the 
fuel injection mechanism is incidentally fully open for 
inspection and cleaning. After the winch cable has been 
removed the cylinder may be released to commence the 
operation sequence by disengaging the ratchet of the 
clutch mechanism by means of a hand rope. The height 
of each jump can be regulated during running by a hand 
cable control on the fuel pump which regulates the quan- 
tity of fuel injected. 











A New Position Indicator. 





A NEw deflection type position indicator for giving the 
position of tap changing gear on transformers has been 
invented by Mr. C. L, Lipman and is being manufactured 
by Nalder Bros. and Thompson, Ltd., of 974, Dalston- 
lane, E.8. It is claimed to possess many advantages over 
the earlier types, the readings being independent of 
variations in voltage and temperature and the deflections 
are uniform throughout the scale range. The instrument 
meets the strictest specifications calling for accuracy and 
dead-beat action. As shown in the diagram, it works on 
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DIAL OF POSITION INDICATOR 


the ratiometer principle and is operated from a trans- 
mitting device in the form of a potentiometer resistance, 
the moving contact of which is attached to and is rotated 
by the tap changing mechanism on the power transformer. 

A change of position of the transmitter contact alters 
the relative values of the currents in the two branches of 
the potentiometer circuit and the moving system of the 
ratiometer accordingly takes up a new position of equili- 
brium. The pointer attached to the moving system thus 
indicates on a suitably calibrated scale the corresponding 
position of the tap changing mechanism. An ordinary 
three-core pilot cable connects the indicator and trans- 
mitter, and as the length of this cable or the resistance of 
the wires it contains has no effect on the readings, the 
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position indicator can be fixed at any desired distance from 
the transmitter 


The indicator is made in all sizes from 4in. diameter 
dial upwards, and there are two models with scales 
of different lengths: one 90 deg. and the other 200 deg. 
For facilitating the taking of readings from a distance the 
scale is divided into segments and alternate segments are 
coloured red. The indicator can be made suitable for A.C. 


or D.C. 





U.S. Sreet Worxs Extensions.—It was recently 
announced that the United States Steel Corporation is 
to spend about 60,000,000 dollars to modernise and extend 
its works in the Pittsburg district. 


Tue InstrruTion or EtxcrricaL Enoingrers.—The 
annual dinner of the Institution of Electrical Engineers 
was held at Grosvenor House, Park-lane, on Thursday, 
February 4th. Over 1100 guests and members were 
present, and the President, Mr. H. T. Young, occupied 
the chair. In proposing the toast of “ The Institution of 
Electrical Engineers,” Lord Macmillan said that elec- 
tricians were the modern prototypes of the old alchemists, 
because they. dealt with something they knew nothing 
about. Referring to the presence of the First Sea Lord, 
Admiral of the Fleet Sir Ernle Chatfield, Lord Macmillan 
recalled that when in 1818 Sir Francis Ronalds proposed 
to the Admiralty that it should adopt the electric tele- 
graph, he received the reply “‘ Telegraphs of any kind are 
now totally unnecessary, and no other than the one now 
in use will be adopted.”’ It was, however, a fact that at 
the present time electricity was used by no department of 
the State more than by the Admiralty. Other speakers 
were Mr. Clifford ©. Paterson, Past-President of the 
Institution of Electrical Engineers; Lord Stonehaven, 
President of the Institution of Naval Architects; and Mr. 
Sydney Tatchell, President of the Building Industries 
National Council. 
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Mechanical Stokers for Marine 


Boilers.* 


By G. T. MARRINER, A.M.I. Mar. E. 
No. 1. 


Sroxers ror Scorcu Borers: 
System. 


Iz is well known that mechanigal firing for Lancashire, 
Cornish, and other types of fire-tube boilers has been 
common practice-tor-many years. In fact, for the last 
forty years it has been recognised as almost a standard 
appliance to these types of boilers in many thousands of 
land installations where coal is the fuel. The main reason 
for these stokers being so popular is the saving in fuel and 
labour coupled with the great increase in boiler output, 
generally with a cheaper fuel than used with hand firing. 

It was therefore not long before several attempts were 


MECHANICAL BENNIS 





Fic. 1—C.M.E.W. Boiler with Mechanical Stokers in 1883. 


made to fit these fire-tube stokers to Scotch boilers in 
ships, and most of us know of the troubles that were 
experienced in these first attempts, and how eventually it 
was accepted by many as impracticable to use satisfactorily 
this type of machine at sea. 

The first important step towards the application of 
these fire-tube stokers to Scotch boilers was probably taken 
in 1883. For in that year thirty-six Bennis machines, 
destined for China, were built for Scotch boilers con- 
structed by the Central Marine Engine Works of West 
Hartlepool. Fig. 1 shows one of these boilers prior to 
shipment, and it will be noticed that in this particular 
case each furnace has two throwing boxes. This was 
adopted because the inspecting engineer was very doubtful 
that they could efficiently spread the fuel over a 3ft. 9in. 





diameter flue, and insisted on this refinement. Actually, it 
worked quite well, but owing to the smallness of these 


Hopper 
Pneumatic 
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jets into the various troughs instead of using a forced 
draught fan as would be the practice to-day. 

After filling the bunkers of this ship with small fuel, of 
which there appeared to be’a plentiful supply, on May Ist, 
1896, this little vessel steamed out of Barcelona, and, 
after calling at Valencia, arrived at Gandia Puerta 
on May 3rd. Here the vessel remained for about 
twenty-two hours, and arrived back in Barcelona late in 
the evening of May 5th. 

During this trip the vessel ran into bad weather which 
apparently had no effect on the operation of the stokers, 
as steam was maintained at full pressure, which was a new 
experience for the chief engineer, who also reported that 
tne machine had saved about 30 per cent. of the coal bill, 
and at the same time gave the ss. ‘‘ Esperanza ”’ one knot 


more ¥ . 
This sa’ in fuel unfortunately led to trouble on 
returning to lona, as the coal merchants refused to 


supply small coal, and the owners were unable to buy any 
» coal or practically any other small coal, despite the 
fact that when the vessel first left, the coal merchants 
had stated that they had an abundant supply of this 
small fuel. 

The difficulty, however, was overcome by the stoker 
manufacturer cabling Newcastle-on-Tyne, with the result 
that a steamer was chartered from Newcastle with New- 
castle or Durham coal, which, of course, was cheaper than 
the Welsh and increased the savings. 

The following year a second steamship was ipped 
for the game owner. This vessel, trading to Litorpock 
was of somewhat greater size, also carrying general cargo. 
However, the weak point in the design of this second ocean- 
going steamship showed up, namely, that as the steam 
jets employed for foreed draught purposes used roughly 
4 to 5 per cent. of the water evaporated per hour, the vessel 
was not able to carry sufficient feed water to take care of 
this heavy consumption on a long trip of this kind, and it 
resulted in the stokers in this ship being discarded. 

It was not until many years later when the air —— 
stoker had been thoroughly proved in many land i ° 
tions and the furnace bars had been specially desi to 
withstand preheated air, that the stoker 
turned again in 1934 to the possibilities of using these 
machines for marine service. 


Design AND METHOD oF OPERATION OF MopERN MaRINE 
STOKERS, 


Fig. 2 illustrates a sectional view of the present-day 
Bennis marine stoker. The coal is fed either by elevators 
or by hand, to fabricated steel hoppers braced to the smoke- 
box, each hopper holding about 3 ewt. of coal. From here 
the coal is fed by an adjustable reciprocating feed plate 
(see Fig. 2), which-is synchronised with the buti 
shovel, so that the actual amount of fuel that is pushed in 
front of the shovel is regulated. This amount varies 
between 0 Ib. to 1-333 lb. per throw. 

The shovel is actuated by a four-throw cam, of varying 
excentricities which compresses a dashpot spring to 
different degrees. As each cam compresses the spring, 
it withdraws the shovel. Coal is fed in front of the shovel 
by the reciprocating feed plate (see Fig. 2). The loaded 
spring propels the shovel, which throws the supply of coal 
to one or other of the zones of the As the cam 
has four complete excentricities, the shovel in a complete 
cycle throws the coal to four zones, these throws being 
arranged slightly to overlap each other. 

Fig. 3 shows the “ V ’’ face of a shovel. Its action may 
be likened to the hitting of a number of golf balls, some 
with a slice and some with a pull, thus having the effect 
of distributing the coal evenly across the furnace width, 
independently of any motion of the ship. It will be appre- 
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Fic. 2—Section through Modern Bennis Marine Stoker. 


throwing boxes, the feed could not pass in lumpy coal, and 
these machines were therefore limited to a maximum size 
of fuel not exceeding }in., whereas if one large throwing 
box had been used, which in any ease would have been 
more satisfactory, the size limit in the coal would have 
been raised to about lin. 

First Marine Order.—Then followed an order in 1896 
from a Spanish shipowner to equip a general cargo coastal 
vessel trading between Barcelona and Gandia Puerta, 
called the ss. “‘ Esperanza,” with this type of stoker. 
This was a conversion contract, the vessel having a single 
Scotch boiler and the engine room and boiler room were 
together in one compartment. 

The general design was similar to the type that is manu- 
factured to-day, except that the air was impelled by steam 








* The Institute of Marine Engineers, February 9th. 


ciated that as on an average there are some eleven to 
fourteen throws per minute, the whole of the furnace 
grate is being constantly fed with small quantities of coal, 
each time over a fresh zone of the fire. This allows for the 
“time” element necessary to enable the furnace to keep 
in a state of maximum incandescence, so that each portion 
of the fire may do its proper share of work. 

The air for combustion is supplied through six or seven 
hollow “ trough ” bars, the number depending upon the 
furnace width, each fitted with int ing self-supporting 
grid bars (see Fig. 4), the latter forming the grate surface. 
These grid bars are arranged with graduated air spaces 
between them, to suit the particular zone of the furnace 
to which they are applied. Generally speaking, the most 
active portion of the grate is at the front, and therefore 
the air spacing here is greater. A tubular conduit is cast 
through these bars, through which cold air at a pressure 








corresponding to about 10in. W.G. is forced by a separate 
fan, which normally contributes about 8 per cent. of the 
total air for combustion. When this cooling air reaches 
the rear end it is diverted back into the main “ trough ” 
and therefore mixes with the main air for combustion, 
which, of course, filters up between the grid bars. The 
cooling air for the fire-bar system was specially arranged 
for the utilisation of preheated air, and forms a most 
important part in the equipment. It not only increases 
the life of the bars, but also enables the machine to 
burn a larger selection of lower-grade fuels than would 
usually be used for hand firing. 

The “ trough bars ” are moved by cams, which move the 
“ grid bars”’ with them. The motion is so designed that 
these “‘ trough bars ’’ all go forward together, then being 
withdrawn one by one. This has the effect of slowly 

















Fic. 3—Throwing-box Showing Distributing Shovel. 


moving the entire fuel bed to the rear of the furnace and 
the reciprocations of these troughs are so regulated, by 
a separate electric drive, that by the time the fuel arrives 
at the rear of the furnace, combustion is completed, and 
only the residue is left which is passed over into a chamber 
formed between the bridge wall and end of the bars, as 
shown in Fig. 2. 

Underneath the grate at the rear, a swing door is pro- 
vided (see Fig. 2), so that the ash chamber is closed, 
except at the top thereby allowing most of the remaining 
traces of carbon in the ash to burn out and at the same time 
to be cooled by contact with the boiler plates. 

From here the ash is raked out at convenient intervals, 
generally once a watch of four hours, but, of course, during 
such process the full fuel feed and air pressure are main- 
tained, as with balanced draught in the furnace there 
should be no infiltration of cold air, and therefore no loss 
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Fic. 4—Section Through Trough Bar. 


of boiler output, when the swing door is open for raking 
out the ashes. 

The main air for combustion can be preheated without 
any risk of burning the bars. This air is fed through special 
nozzles into the main “‘ trough ” bars, and it is arranged 
that each ‘* trough ” receives its proper proportion of air. 
This is not always the case with intermittent bulk feed 
under hand-firing conditions. It is well known that where 
the fire is thin there will be a considerable rush of com- 
bustion air, which is not possible with the Bennis system, 
where there are six or seven independent air supplies 
across the width of the furnace. 

Dampers are provided for controlling the quantity of 
air for each furnace, including a separate air supply at 
the front of the stoker (Fig. 5). One of these dampers 
regulates the amount of secondary air necessary. This 
secondary air also provides for the protection of the metal 
at the stoker front including the cooling of the fire door. 
Dampers are also supplied to control the induced draught 
in the usual way. 

The stokers are driven by totally enclosed variable- 
speed motors, each boiler having two interchangeable 
motors, one at one side of the boiler to drive the coal- 
throwing machinery, and the other at the other side of 
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the boiler to operate the reciprocating motion to the trough 
pars. 

Fuel Bed Thickness——The thickness of a normal fuel 
bed is from din. to Tin., but, of course, it is dependent 
upon the kind of coal being used. For example, with 
Welsh coal the average thickness may be increased up to 
10in. to Llin., and with a highly volatile coal reduced 
down to 2in. to 3in. If the stokers are to be banked for 
any length of time, the best practice is to heap the coal 








Fic. S—Port Boiler, ss. 


up at the rear end to a height of about liin. to 18in. 
When steam is required, this is simply raked forward, the 
coal feed started, and the necessary air supplied. 

Fuels Machine will Satisfactorily Burn—A great deal 
has been said recently about the fuels for mechanical 
stokers. Briefly, this machine will burn any fuel at present 
burned on hand-fired grates with the one stipulation that 
no piece should be over lin. in size. Whereas this may be 
considered a disadvantage on one hand, the author believes 
that it is more than counterbalanced by the fact that there 
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Fic. 6—Steam Pressure 


**Manchester Hero.” 





Vharis, 


is no limit to the fineness of coal the machine will handle. 
This means that screenings can be burned satisfactorily, 
and generally these fine coals are cheaper than the usual 
washed or screened fuel, despite the fact that no piece is 
over l}in. In short, these stokers can burn practically 
any bituminous or semi-bituminous fuels, and are actually 
burning the cheapest slacks in Scotland, Lancashire, York- 
shire, Midlands, South Wales, Japan, China, India, South 
Africa, &e. 


Coal Crusher.—Where mechanical stokers are in use, 
there is no doubt that a coal crusher is a good investment, 
and this can generally be arranged at the bunker outlet. 
It is appreciated that this crusher will oceupy valuable 
space, but it is more than compensated for by the fact 
that it does make the shipowner and engineer more inde- 
pendent of the coal suppliers. For example, should the 
coal merchant state that he has no screenings, except at a 
high price, the shipowner can always buy large coal and 
pass it through the crusher. 
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ss. “Manchester Hero. ’’ 








Experiences in Operation.—From the installations with 
which the author has been associated, something has been 
learned of the peculiarities associated with the marine 
application of this type of stoker, but perhaps the most 
important is the necessity of making all driving connec- 
tions to a boiler or coal conveyor as flexible as possible in 
marine installations. 

Again, if preheaters are to be used, unless the funnels 
are of sufficient height, it is wise to install induced draught 





FiG. 7—Boiler-room of ss. ‘Manchester Port.” 


fans, as it is very important to maintain steady conditions 
of draught in the furnace. In the absence of fans, various 
disturbing influences, including the peculiar effects of wind 
pressure on the top of a ship’s funnel, make it difficult to 
obtain the desired conditions. 

Horse-power Consumed.—It might be expected that with 
the stoker motors force draught fans, induced draught 
fans and coal crushers, the total power required in con- 
nection with mechanical firing might be a serious item. 
Actually, in a vessel with a designed shaft horse-power of 
3800 at 90 r.p.m., the power required to drive the stokers, 
coal plant, and steam forced draught fans at normal speed 
is 21-8 H.P. In other words, about 0-58 per cent. of 
the total power. It would be interesting to compare this 
power consumption with the results obtained from pul- 
verised fuel, noting that when calculating the efficiency of 
any boiler unit, the power uired to drive the necessary 
auxiliaries for the boiler should be deducted. 

Advantages of Mechanical Stokers for Scotch Boilers.—The 
following is a list of the main advantages which have been 
found, as compared with hand-firing, by the use of this 
machine. There are, of course, other considerations, such 
as cost, more machinery, &c., but it is proposed to leave 
these for discussion as it is often found that the com- 
promise is in favour of the owner. The advantages claimed 
are as follows :— 

(1) Saving in coal. 

(2) Use of wider range of fuels. 

(3) Increased steaming capacity without forcing the 
boilers. 

(4) Steady supply of steam coupled with greater 
flexibility. 

(5) Less and cooler ash to handle. 

(6) Possible reduction in stokehold personnel. 

(7) Reduction of tendency to prime. 

(8) Increased life of boiler and furnace parts. 

(9) Improved conditions in the stokehold. 

(10) Combustion control in engine-room. 


CONVERSION INSTALLATION, SS. ‘‘ MANCHESTER HERO. 


The boiler plant of this vessel, which is now over twenty 
years old, consists of three single-ended Scotch marine 
boilers of 16ft. diameter by 11ft. 6in. long. There are three 
furnaces, 3ft. Tin. diameter in each boiler, and originally 
coal was burned under natural draught conditions, the size 
of the grates being 5ft. 7in. by 3ft. 7in., giving a grate 
area of 60-3 square feet per boiler. The area of effective 
heating surface is 2635 square feet per boiler. ‘ 

The installation of mechanical stoking plant in this 
vessel did not present much difficulty, and it was mainly 
for this reason that this old ship was selected for testi 
the suitability of Bennis stokers for marine purposes. 

In addition to the stoking plant, it was necessary to 
provide a 36}-kW electric generator, a forced draught 
fan, and a high-speed cold-air fan. The work of installing 
all this plant was carried through during periods of the 
vessel’s normal stay in port, thus obviating any “lay up.” 

The size of the Bennis fire grates is 4ft. 6in. by 3ft. 7in., 
giving a grate area of 48-5 square feet per boiler. : 

First Voyage of ss. ‘Manchester Hero’’ Equipped with 
Mechanical Stokers.—In November, 1934, after being 
fully equipped with mechanical stokers, the ss. “ Man- 
chester Hero ”’ sailed for Philadelphia and Canadian ports 
on her ninety-sixth voyage. It is interesting to note that 
on the return voyage to Manchester the boilers were hand- 
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fired for four days, as the chief engineer had about 150 
tons of large coal which he decided to hand-fire to save 
the trouble of breaking it (as no coal crusher was then 
installed), thereby demonstrating the possibility of hand- 
firing in the case of emergency. 

Comparative Figures Before and After Conversion.— 
Using water meters and coal-weighing apparatus, the 
overall boiler efficiency for the four voyages Nos. 98, 99, 
100, and 101 averaged 76-0 per cent., using a fuel averag- 
ing 11,475 B.Th.U. per lb. The overall efficiency with 
hand. firing had averaged 69-5 per cent., using & more 
expensive coal containing approximately 12, 800 B.Th.U. 
per Ib. Therefore in this particular case after conversion 
the percentage increase~in efficiency was about 6-5 per 


cent,, using a cheay tan “ech fuel, 
Details of Installation._—Fig. 5 illustrates one of the 


































“ Adjustments to bearings and the chain drives have 
been made from time to time, and it is very necessary that 
such adjustments should be made s. tically if exces- 
sive wear is to be avoided. Special attention must also 
be paid to lubrication of bearings and gearing, failure to 
keep the bearings fully charged with grease would allow 
the gritty dust from ashes to penetrate on to the bearing 
surfaces. 

“The quantity of oil used for the stokers amounts to 
approximately 1 quart of heavy cylinder oil per day,” 


INSTALLATION IN ss. ‘“‘ MANCHESTER Port.” 


In 1935 it was decided to equip a new vessel, the ss. 
“* Manchester Port,’’ with these stokers. At the time the 
vessel was being constructed by the Blythswood Ship. 











building Compar.y, Ltd., of Glasgow. The vessel is of 


of the lower furnaces in one of the vessel’s three Scotch 
boilers; and Fig. 10 shows the control panel for. the 
stokers situated near the main engine controls. 

It may be noted that ampere meters are mounted with 
the various electrical controls. These have been found 
useful as affording an indication of how things are going 
on. That is to say, if any bearings are running hot or the 
coal is jamming, this is immediately recorded on the 
ampere meters, and generally gives the engineer sufficient 
warning to investigate the trouble before any safety 
shearing pin breaks. The object of these shearing pins is 
to ensure that in the event of any foreign matter, such as 
steel bars, &c.,; finding their way into the coal hopper, 
this pin will break before any part of the stoker. 

The total power required to drive these twelve stokers 
and coal-handling plant at normal power is approximately 
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Fic. 8—ss. “Manchester Port” Cross Section Showing Boiler Fronts with Mechanical Stokers. 


three sets of these machines on this vessel. Fig. 6 shows 
steam charts from April 18th to 20th inclusive, also one 
on June 14th. 

The electric control gear, draught gauges, &c., are 
situated in the engine room; therefore the engineer on 
watch has within easy reach the various controls for the 
stokers, furnaces, and fans. In other words, the engineer 
on watch in the engine room has complete control of the 
steam pressure and quantity of steam he requires. 

Marine and Engineering Superintendent's Department 
Report.—By permission of the owners, the following report 
has been contributed by the engineering superintendent’s 
department :— 

“In November, 1936, this vessel completed two years’ 
operation, and from a practical point of view the per- 
formance of the stokers in service has been highly satis- 





“Manchester Port.” 


Fic. 9-—-Two Lower Furnaces, 4s. 


factory, and they have never given the slightest cause for 
anxiety even in the worst of weather. The quantity of 
coal fed to the furnaces and the supply of air is at all times 
under direct control of the engineer in charge, the duties 
of the firemen being limited to filling the coal hoppers 
and disposing of the ashes, Under these conditions the 
steam pressure is maintained steady throughout the steam- 
ing period, and there can be no doubt that the boilers 
do benefit considerably through such constant thermal 
conditions, also the steam is maintained in a constant 
condition of dryness. The number of firemen required is 
nine, which is three less than would be necessary for hand- 
firing purposes, and, in addition to this saving in labour, 
there is a further saving in the reduction of upkeep of 
firing tools and fire-bars, and the use of fire-bricks and fire- 
clay is eliminated. This plant is capable of handling all 
classes of small coal, and has actualy Maintained steam 
at full capacity with low-grade coal of calorific value 
9300 B.Th.U. per Ib. and a moisture content of 22 per cent. 

“With regard to the maintenance of the plant, after 
two years’ service the grid bars are in good condition and 


8505 tons deadweight, 422-2ft. long by 56-75ft. breadth 
and 27-1ft. moulded depth, the machinery consisting of 
Parsons single-reduction type turbines, driving a single 
screw designed to develop approximately 3800 S8.H.P. at 
90 r.p.m. Figs. 7 and 8 show the machinery spaces and 
a few details of the stoker installation. There are three 
single-ended Scotch marine boilers of 16ft. diameter by 
12ft. long, each boiler having four furnaces of 3ft. 3in. 
diameter arranged to burn coal employing the Bennis 
system of marine stoking. The size of each grate is 
4ft. 6in. by 3ft. 3in., giving a grate area of 58-5 square 
feet per boiler. The area of effective heating surface is 
2856 square feet per boiler, and in this case there are four 
furnaces per boiler. This was due to the construction of 
these boilers being well advanced before it was decided to 
fit mechanical stokers, and therefore the four flue arrange- 
ment had to be adhered to. In any new job it is prefer- 
able to keep to the three-flue design, since it simplifies the 
stoker driving mechanism, enables a. larger diameter 





Fic. 10—Zlectrical Control, Instrument Board, ss. ‘“‘ Manchester 
Port.” 


furnace to be used and reduces the height of the upper 
furnaces 

In the ‘* Manchester Port ” installation the coal is auto- 
matically handled by elevators and conveyors, so that 
apart from putting the coal in the bunkers no handling is 
necessary. Two coal crushers are also provided, so that 
any class of coal may be bunkered. It is doubtful whether 
the coal-handling plant can really be justified, since it 
adds a class of machinery to the vessel which requires a 
certain amount of attention and maintenance without 
having any effect on the efficiency of the steam plant. 

Therefore the coal-handling plant can only justify its 
installation by the number of firemen or trimmers it can 
replace. In practice in medium-sized vessels, it is doubtful 
whether it actually replaces any firemen, as the applica- 
tion of mechanical stokers in these vessels has already 
reduced the number of firemen per watch to a minimum. 

Fig. 7 illustrates the boiler-room arrangement in the 


8-8 kW, and the power required to drive the steam-driven 
forced draught fan is 10 H.P., therefore making a total of 
approximately 21-8 H.P. or 9-6 H.P. for all purposes 
per ton of coal burned per hour. 


Tasrz I. 
3. ‘Manchester Port.”’ 


Data derived from Engineer’s Log for voyage from Montreal to 
Manchester. 


Time on voyage, hours ... 201-88 
Average speed on voyage, knots 13-6 
Average 8.H.P. on voyage. 3,700 
Average displacement on voyage, tons . 11,600 
No. of boilers Three 
Tappemtare of flue gases in _uptakes, 

deg. Fah ki 480 
CO, in flue gases in funnel, per cent. . 10-8 
Temperature of combustion air, deg. Fah. 220 
Temperature of feed water to boilers, 

deg. Fah. 260 
Steam pressure by gauge, Ib. ‘per square 

inc 220 
Temperature. of steam from n superheater, 

deg. Fah. ia 620 
Coal used ... Sherwood and 


Gortenwood 
Calorific value of coal as fired, B.Th.U. 


ek BBE ee ROR Be ee 
Total weight of coal burned (all = 

poses), tons... 455 
Coal burned per square foot of grate ‘area, 

per hour, * 28-76 
Total quantity of water evaporated, lb.. 8,584,890 
Water evaporated per square foot of 

heating surface per hour, fb. pase 4-96 
Water nar ye per Ib. of coal, Ib. ... 8-4 
Coal per S.H.P. per hour (all purposes), Ib. —_ 

79-2 


Thermal efficiency of boilers, per cent. 


Operation in Heavy Weather—As in the case of the 
** Manchester Hero,” the “‘ Manchester Port ” has experi- 
enced exceptionally bad weather. The following is an 
extract from the master’s log durmg homeward voyage 
No. 3, between February 7th and February 12th for this 
vessel :— 


February 7th. 
Position— 
Latitude 51° 55’ N. 
Longitude 21° 46’ W. 


Fresh wind inereasing to fresh gale. High beam sea and swell. 
Vessel rolling heavily, shipping water fore and aft. 


Saturday, February 8th. 


Position— : 
Latitude 51° 43’ N. 
Longitude 16° 38’ W. 


Very high head sea. 


en es 


Fresh wind increasing to whole gale. 
Confused swell. Vessel pitching and rolling heavily. 
water fore and aft. Hove to 8h. 42 min. Reduced 
ease vessel 23 h. 30 min. 


Sunday, February 9th. 


Position— 
Latitude ; 51° 45’ N. 
Longitude. a me P 
Whole gale. High head sea and ‘steep swell. Vessel pitching 


heavily and shipping water fore and aft. Reduced speed to 
ease vessel 23 h. 30 min. 


Tuesday, February 11th. 


Position— 
Latitude 51° 44’ N. 
Longitude qh 1a Wr: 


Whole gale, wind increasing i in hurricane force. ety ea 
head sea and steep swell. Vessel pitching and shi 
seas fore and aft. Violent squalls with rain and hea a 7 
17 h. 28 min. to ease vessel 22 h. 38 min. 


During the whole of this time, mechanically and other- 


us 








replacements have been very few. 


‘Manchester Port.” Fig. 9 is a “‘ close-up” view of two 


wise, the stokers and coal-handling plant worked normally. 
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Marine and Engineering Superintendent's Department 
Report.—The following report and oa oe table of operating 
results—Table I—have also been contributed by the 
engineering superintendent’s Department. 

“The following figures indicate how satisfactory the 
steaming results on this plant have been, but this state- 
ment must be qualified by an admissioa that at full evapo- 
rative capacity some difficulty has been experienced, and 
by attempting to increase the rate of combustion grid 
bars and certain furnace fittings have been damaged by 
overheating. 

“The cause of this difficulty was attributed to a lack 
of natural funnel draught, which has lately been improved 
by the installation of an induced draught fan, and it is 
now anticipated that further trouble with the grid bars, 
&c., will be eliminated.” 

Third Vessel Ordered with Mechanical Stokers.—The 
third vessel, length 428ft.. 8650 tons deadweight, is now 
being constructed for Manchester Liners, Ltd., by the 
Blythswood Shipbuilding Company, Ltd. This ship is 
also being equipped with mechanical stokers. The boilers 
are of the same size as the “‘ Manchester Port,”’ but in this 
ship each will have three flues. Coal crushers are being 
supplied, but no coal-conveying plant. The boiler pres- 
sure is to be 225 Ib. per square inch, the steam having a 
final temperature of 630 deg. Fah. 

Air heaters are being installed to preheat the air to 
about 220 deg. Fah. 

Induced and forced draught fans are being fitted. 

The engine-room machinery -will be approximately the 
same, developing 3800 to 4000 S.H.P. 

(To be continued.) 








South African Engineering Notes. 
(By our South African Correspondent.) 
Care Town, January 15th, 1937. 


Progress of Big Harbour Scheme. 


The world’s largest precooling store was com- 
missioned in Table Bay’s new harbour on December 16th. 
With the completion of the store Cape Town is in the 
front rank of the world’s fruit-han ports. It marks 
the completion of the first stage in the port’s great develop- 
ment scheme which, it is estimated, will cost £10,000,000 
in all. The store will be able to hold 4000 tons of fruit 
in its precooling chambers. Actually, there will be storage 
space for 7000 tons when the present scheme is completed 
next year, as cool chambers are to be provided for a 
further 2000 tons at D berth, the new deep-water berth 
under construction adjoining the precooling store, and 
for 1000 tons on the top floor of the sheds at Nos. 3 and 4, 
South Arm. The store cost £275,000, and is 878ft. in 
length, 200ft. in width, and its height is 27ft. 


Mail Steamer at Foot of Adderley-street. 


If nothing untoward happens and the present 
rate of progress in the development of Cape Town Harbour 
be maintained, the authorities are anticipating with 
confidence the berthing of the mail steamer at the foot 
of Adderley-street—the principal street of the city—in 
2} years’ time. The original scheme, as amended—which 
has been described already in THE ENGINEER—will 
be followed, and the new basin as extended will be about 
6000ft. in length on the land side, and at the Woodstock 
end land will be reclaimed for a landing stage for aero- 
planes. The 1200ft. graving dock will be the last major 
work to be planned, and will not be considered until a 
commencement is made with the development of the 
Woodstock side of the basin. 


New Rock Breakers. 


A month ago a powerful rock breaker arrived 
at Cape Town to the sea bottom for berths 
E, F, and G of the F scheme on the landward side of the 
New Basin. The rock breaker is 100ft. long by 28ft. 
beam, and 8ft. deep. It was made by Messrs. Lobnitz, 
Glasgow, Scotland, and all the rock-breaking machinery 
is of that firm’s latest pattern, and includes two 10-ton 
drop rams, one being a spare, with all working and 
manceuvring winches, &c. The vessel is capable of 
breaking rock to a depth of 60ft. below the surface. 
To assist in pushing ahead the work the Railway Adminis- 
tration has now ordered a second rock breaker in Scotland. 
The new craft is to be even more powerful than the 
present one. Its “ pencil’ or chisel will have a weight 
of 15 tons against the 10 tons of the present ship, and 
it will have no difficulty in smashing through the 12ft. 
thickness of solid rock which will have to be removed 
to provide the trench for the foundations of the new 
berths. The vessel will be about the same size as the one 
now working. Besides digging the trenches for the new 
quays, the two rock breakers will have to deepen the 
landward side of the New Basin for deep-draught ships. 
The present depth varies from 28ft. to 30ft., and the 
sea bottom is the rock forming the base of Table Mountain. 
It is planned to deepen the Basin to 38ft. all over. 


Durban’s Floating Dock. : 

Durban’s thirty-two-year-old floating dock has 
completed its life of active service. It will no longer be 
utilised to repair and overhaul ships, but is to be handed 
over to the Harbour Engineer’s Department for use in 
the construction of new deep-water berths. For over 
thirty years it has performed invaluable services to the 
port, and in the course of service has handled about 
1,750,000 tons of shipping, representing 2038 vessels of 
all descriptions. Up to the time of the opening of the 
graving dock the floating dock was used to dock all 
vessels of under 8000 tons—those of larger tonnage 
having to go to Cape Town or Simonstown. Shipping 
arriving at Durban of Fire 1936 showed an increase of 
1,844,552 tons compared with the previous year. Official 
figures reveal that during the year 5327 vessels, aggregating 
12,219,403 tons, entered the port, compared with 4681 


ships in the previous year. The larger number of callers 





during the year was to a considerable extent due to the 
diversion of shipping from the Suez route, first on account 
of the Italo-Abyssinian War, and then to some degree to 
the war in Spain. 

South African Shipping Industry. 

South Africa is to have a shipbuilding industry. 
The first steps towards its establishment have been taken, 
and shortly the first of four coasters to be built at Durban 
is to be laid down. They are intended for service between 
Durban and Port St. John’s, and are being constructed 
for the Port St. John’s Marble Company for the shipment 
of lime, The four ships to be constructed will closely 
resemble the coasters now in service, but will be larger 
and operating on a shallow draught they will be able to 
enter and leave the Umzimvubu River mi all times of the 
month, and not only at spring tides, as do the present 
vessels. The propellers (they are all to be driven by 
twin screws) are fully protected, as they are of the tunnel 
screw type. The coasters will measure 127ft., and two sets of 
engines will give them a speed of between 84 and 9 knots. 
The tonnage will be in the vicinity of 300 tons. 
Steel for the hull will be imported, but all other steel and 
iron work used in the construction is to be obtained from 
Pretoria. The first ship will take about six months to 
build, and the other three will follow in quick succession. 
The decision to build locally is due to the high prices 
quoted from overseas, and a saving of at least £2000 
will be made. 

Electricity Engineer Resigns. 

Mr. John Roberts, the local manager of the 
Electricity Supply Commission at Durban, has handed 
in his resignation, and will vacate his office at the end 
of February. Mr. Roberts explains that he wishes to 
make way for a younger man and does not want to stay 
at work until he can work no longer. Now sixty-four 
years of age, Mr. Roberts retired from the position of 
Durban Municipal Electrical Engineer four years ago. 
Up to that time he held the two positions, and when he 
retired from the municipal service it was to devote his 
entire energies to the Electricity Supply Commission’s 
power station at Congella (Durban). In 1929, the first 
year that the Congella power station was in full com- 
mission, 78,000,000 units were produced. Within seven 

Mr. Roberts saw the production grow to the huge 
figure of 170,000,000 units—the estimate for this year. 
A few months ago Mr. Roberts returned from the third 
World Power Conference held in Washington, where he 
represented South Africa with Dr. van der Byl (chairman 
of the Electricity Supply Commission) and Mr. G. 
Harding. 


Johannesburg’s Municipal Schemes. 


Major projects on which the Johannesburg City 
Council are starting will ultimately represent an expendi- 
ture of over £2,000,000. A new scheme for the erection 
of a super-power station in the veldt is under considera- 
tion, together with big plans for an additional water 
supply. The rapidity of the expansion of the power, 
light, and water services has exceeded the most generous 
programme put in hand this year, and the water supply 
position almost reached a critical stage one day at the 
end of December, when the amount used by the city 
was 17,250,000 gallons. The amount taken on that one 
day was almost equal to the tota! supply sent out by 
the Rand Water Board only five years ago to all con- 
sumers of the reef, municipalities, railways, and the 
mines. The Rand Water Board is obtaining powers to 
borrow £800,000 to connect up an additional supply 
of 10 million gallons a day from the Vaal River Barrage, 
but senior officers of Johannesburg municipalities and 
other consumers’ organisations declare that this is not 
enough, and that an additional 20 million, instead of 
10 million, gallons, will be needed in a year’s time. 
Regarding the electricity supply, the existing power 
station is almost taxed to the uttermost. Authority has 
been sought to borrow £268,000 to extend the Jeppe- 
street station, which will then be the third largest in oo 
Union. By the time the extensions are com 
about eighteen months’ time, the city will still ei 
future requirements to face; consequently, negotiations 
are proceeding for the erection of a super-power station 
on municipal ground at Klipspruit sewage farm, about 
7 miles distant from the existing station; such a power 
station could be ready by 1940. It may be mentioned 
that the £800,000 which the Rand Water Board requires 
is not for finding additi ces of water, but to enable 
those they possess to be used by i pumps 





and mains, &c. As far as water only is concerned, the £400,000 beyond 


Board has at its disposal an enormous quantity. By a 
payment of £240,000 towards the expense of the aalbank 
dam it had by the end of September sufficient water 
already conserved to last any extra draw the Board might 
require over and above that available at its barrage at 
Vereeniging for the next 100 years no matter how great | pu 
the growth of the Reef’s population and the expansion 
of the gold mining and other industries. The total 
storage capacity of the Vaalbank dam is 900,000 acre-feet, 
equivalent to 250,000,000,000 gallons. Of this amount 
35,000 acre-feet have been placed at the disposal of the 
Rand Water Board—a reserve of 9,500,000,000 gallons. 
This auxiliary supply will remain fairly constant. 


Paper from Wheat Straw. 


Recent company registrations include the South 
African Pulp and Paper Industries, Ltd., which has a 
capitalisation of 1,500,000 shares of 10s. each, and which 
proposes to manufacture pulp and paper by the Pomilio 
process. The Union Corporation has, during the past 
year, been investigating every aspect of the industry. 
The preliminary work in this country in this connection 
has been done by Messrs. R. Brambilla, R. Blane, 
R. Niven, and W. E. Johns, consulting industrial engineers, 
The Pomilio process, which has been successfully applied 
in Italy, the Argentine, and elsewhere, allows for the 
conversion of wheat straw and other vegetable fibres into 
medium and high-grade finished papers. Wheat straw 
is at present a waste product, and is available in great 
quantities in this country. Under South African con- 





ditions considerable quantities of pine from the Eastern 
Transvaal will also be used. 


Increasing the Union Air Force. 


Arrangements have been made with the British 
Air Ministry whereby the Union Defence Department 
will be supplied with British aircraft at a much lower 
price than the cost of manufact: the machines in 
the Union, The workshops at Pretoria will be retained, 
and they can be expanded in an emergency, but the 
number of planes they will build in the future will be 
relatively small. It may be mentioned that the Govern- 
ment has ordered for the South African Airways four 
more “‘ Junkers ’’ aircraft, in addition to the six twin- 
engined ‘“ J U 86” machines with Rolls-Royce *‘ Kestrel ” 
engines already ordered. Three will be equipped with 
engines and American constant- airscrews 
with automatic mixture control. They will cruise at 192 
miles an hour with a full-out speed of well over 200 miles 
an hour. The fourth machine, with the same details of 
engine, will be the fastest passenger-carrying machine 
in the Union. With ten ngers and a crew of two, it 
will cruise at over 200 miles an hour and have a full-out 
Fag oda of a pproximately 235 miles an hour. It is claimed 
t these PE Junkers * planes are suitable for bombers 

and can be readily converted. 


Manganese Export Trade. 


With the passing of the depression the export 
of has rapidly revived. In 1931, the total 
exported was 115,889 tons; in 1932, 3435 tons; 1933. 
31,057 tons; 1934, 72,812 tons; 1935, 98,859 tons. 
In 1936 the company operating only from the month of 
April exported just over 180,000 tons, and for 1937 forward 
contracts have already been concluded for the delivery 
of 274,400 tons at very satisfactory prices, and reason- 
able rates of freight have been arranged. This export 
industry is also benefiting the shipping companies, sixty 
steamers having to be chartered to carry the 180,000 tons 
shipped last year. The ore has been widely introduced 
in the British, Continental, and American markets, and 
owing to its low silica and phosphorus content it has been 
well received and has met with increasing demand. 


Electrification of Rand System. 


The first electrified motor coaches for use on 
the Rand £1,000,000 electrification scheme have arrived 
at Johannesburg. The coach bodies were made in Great 
Britain, and the electrical equipment was made in the 
United States. The coaches are being assembled and 
tested at Braamfontein, and it is expected that the first 
electrified trains will run as early as March next. If the 
present rapid progress with the work of electrification 
is continued the whole of the Reef service should be on 
the electrified and accelerated system before the end of 
the year. There are 81 route miles of track to be 
electrified, and the work has already been in progress for 
more than a year. The large repair and inspection 
sheds for the electric locomotives have practically been 
completed at Braamfontein. 

At midnight on Saturday, January 16th, the 
Empire Exhibition at Johannesburg closed. The Tower 
of Light, no longer floodlit, will remain, with the Union 
Government Pavilion, erected at a cost of £40,000, as 
a@ permanent reminder of us aa "s enterprise. 
The £5000 rock garden, with its uni collection of over 
6000 South African rock plants, the big iggest in the world, 
bee Wilton ovedity she CG Crencdlinedl will paaieaty 
be removed to some suitable site to form the nucleus 


popular at the Exhibition, is to 
is Finan as aueve a ommbes of the calbtondaie: ethane 
of ‘the Exhibition, such as the Bien Donne Restaurant 
and the ballroom spring floor—claimed to be the finest 
Sede aauiecchead he places. a 
oleae ae ee te 3 put 
up near embley Seadines So See 11th, 
just over wr 224000 had- visited the Exhibition. 


so that the romoters find themselves far below their 
estimate, even when scaled down, was put at 
2,000,000. i estimates of the cost of the 


Exhibition show that there will probably be a 
of £75,000 over and above an amount of £319,327, 
up of £100,000 in grants, £208,161 in guarantees, oa 
£11,166 in loans, so that the Exhibition will have cost 
the money received for entrance, hire 
of spaces by exhibitors, &c. All the commercial com- 
munity, the and the mines, however, main 
tain that tt hd bee satisfied. The Mayor of th the 
ce stated that it been eminently worth while = 
blk it of view, and instanced as benefits world 

for the city, the trebling of tourist Tete to to 
fouth Africa, the circulation of an extra £1,000,000, 
additional employment for thousands, a vast increase in 
business contacts, the extension of trade, and the enjoy- 
ment it had given. Many other prominent men in the 
Union have expressed similar sentiments, and exhibitors 
declare they did more business in the first two months 
than they expected to do during the whole time the 
Exhibition was to be open, Mr. J, Oscar Turcotte, 
Canadian Commissioner at the Exhibition, has just 
expressed the satisfaction of Canadian exhibitors. The 
chairman of the Exhibition Executive Committee states 
that every penny of expense incurred will be paid, and 
puts the amount of the deficit to be so paid at £75,000. 
The expenditure has been approximately £720,000. 








SyntuHeTic Furs IN GerRMany.—Reports from 
Germany state that a new company with headquarters 
at Gelsenkirchen has been formed to erect and work a 
high-pressure hydrogenation plant for the production 
of benzine. Another new company in Essen is to erect 
a new plant for the production of fuel and other oils by 
the Fischer-Tropsch process, or by coal carbonisation. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Britain’s Steel Trade with Brazil. 


The Report on Economic and Commercial Con- 
ditions in Brazil to September, 1936, contains some 
interesting information concerning British trade with that 
country. According to the review, the decline in the 
British share of Brazil’s import trade since 1934 is a matter 
for concern. The proportion of the total imports supplied 
by Great Britain from 19-44 per cent. in 1933 to 
17-14 per cent. in 1 and to 12-43 per cent. in 1935. 
In rails and fish-plates and agricultural machinery, how- 
ever, the British traders were able to increase considerably 
their percentages of the volume of business during 1935. 
In the first six months of 1936, of the principal classes of 
goods imported into Brazil, the British share was 10-75 per 
cent., compared with 23-24 per cent. by Germany and 
23-19 per cent. by the United States. Investigations by 
the British Chamber of Commerce in Rio de Janeiro to 
ascertain the reason for the loss of trade by Great Britain 
led to the conclusion that it was largely through the 
German system of trading in “ compensation marks.” By 
this method the Germans forced sales for export to Brazil 
through payment of imports from Brazil in block currency 
known as compensation marks, averaging 23 per cent. 
less than the rates for sterling in a free market, and this 
was the greatest factor in decreasing British imports. The 
imports of certain British articles, including iron and steel, 
were also greatly reduced by the development of national 
manufacture and very high Customs duties. The total 
imports of iron and steel bars, rods, plates, sheets, pig iron, 
structural steel tubes and pipes amounted in 1935 to 
104,550 metric tons, valued at £947,000 gold, or 890 tons 
less than in the previous year. The British share, how- 
ever, fell from 17,197 metric tons in 1934 to 9590 tons, 
whilst the German exports increased from 13,895 tons to 
49,107 tons in 1935. ¢ Belgian share also dropped from 
50 per cent. in 1934 to 30 per cent. in the following year. 
Since 1934 the imports of railway material increased by 
150 per cent. as a result of the larger requirements of 
rolling stock to cope with agricultural needs. Great 
Britain’s imports of locomotives were valued at £8000 in 
1935, as compared with £37,000 in 1934; whilst German 
imports were valued at £133,000, against £22,000 in 1934. 
With regard to railway carriages and wagons, Great 
Britain’s imports were valued at £102,000, against £62,000 
in 1934; but Belgium’s imports rose in value in 1935 to 
£171,000, against £41,000 in the previous year. Another 
department where Great Britain lost ground badly was 
machine tools, of which trade we lost about 50 per cent. 
in 1935, mainly to Germany and the United States. 


The Pig Iron Market. 


The worst feature of the situation in the pig iron 
market is that it is impossible to see from what quarter 
relief can come from the stringent conditions which have 
ruled for some months, and, if anything, are becoming 
more acute. None of the bageecen. countries apparently 
have iron to export, and although arrangements have 
been made to increase the quantity reaching this country 
from India, the imports will not be nearly sufficient to 
make good the deficiency between the home production 
and consumers’ uirements. It is feared therefore 
that the rationing of the consuming trades will become 
more difficult as the year progresses. On the North-East 
Coast there has been some increase in the production of 
foundry iron, but very little of this has come upon the 
open market, as most of the producers require the iron 
to satisfy existing commitments. The makers claim that 
their system of rationing has worked so well that no con- 
sumer has actually gone short of material, but at the same 
time consumers complain that they are working on a 
hand-to-mouth basis, and have no opportunity of laying 
in even small stocks for emergencies. lated attention is 
being paid to export business, and from the small surplus 
which now and then collects some overseas orders have 
been filled. In the Midland markets few transactions have 
passed, and most of the makers are out of the market for 
the time being. Nearly the whole of the Northampton- 
shire output is reported to have been sold until the half- 
year and a number of the Derbyshire furnaces have com- 
mitted themselves until the end of September. Con- 
sumers appear to have given up in ir their efforts to 
obtain the brands they require, in a number of 
instances have bought more expensive iron in order to eke 
out their supplies. In Scotland the ition is also. diffi- 
cult, and a number of offers have to be turned down. 
Fifteen furnaces are in blast in Scotland, and there seems 
little likelihood of this number increasing until some 
arrangement has been reached regarding the outlet for coke 
oven gas. Consumers of hematite are finding it difficult to 
place orders for new business, and there is an exceptionally 
heavy pressure upon the works to obtain supplies against 
specifications. Producers hesitate to put h furnaces 
into blast owing to the uncertainty of ore supplies. Few 
export, orders have been ted, but for the most part 
these have been with the object of maintaining old connec- 
tions. The position of basic iron is equally difficult, and 
surprise and irritation has been caused to the trade by 
questions in the House of Commons suggesting that 
imports should be limited. 


The North-East Coast and Yorkshire. 


All the steel works on this coast are over rather 
than under-booked, and the exigencies of the position have 
been increased by the serious shortage of semi-finished 
steel. The British producers have disposed of their 
output for three or four months ahead, but the quantities 

roduced are insufficient to meet the needs of the market. 
resh supplies of Continental billets, for which it was 
hoped the Federation would be able to arrange, do not 
seem likely to mature, and, in fact, the quantity reaching 
this country is below the tonnage provided for under the 
quota. Naturally in these conditions the re-rollers are 





showing anxiety, and there is talk of works having to limit 
their Pigg if more material is not forthcoming in the 
near future. <a eee See epee oe 
sections is another feature of the market, and is largely 
due to the activity ruling in the constructional engineer- 
ing industry. A great deal of it no doubt arises from the 
rapid construction of aircraft hangars and sheds in connec- 
tion with the rearmament , but there is also a 
considerable amount of factory —— being carried 
out which in the aggregate absorbs a heavy tonnage of 
structural steel. Most of the steel works are reluctant to 
quote for new business and when pressed will only accept 
orders for far forward delivery at such prices as may 

ruling at that time. Naturally this is causing some con- 
cern to consumers, who complain that they are unable to 
estimate their costs in quoting on new jobs. The sheet 


works are better employed than for a long time past, | cy. 


although their activities are limited by the shortage of 
sheet bars. It is not easy to place orders for sheets is ya 
by home consumers, and for export most of the works are 
out of the market. The position may be gauged when it 


is realised that the makers are able to ask a premium of | carpe 


20s. per ton on the official prices, and that many consumers 
seem willing to pay if they can obtain the material. Great 
activity continues to rule in the Sheffield steel market. 
Some of the basic steel producers have closed their books 
for further business for the time being, and the remainder 
quote extended periods for delivery. It seems to be 
generally anticipated in the Sheffield district that prices 
will be i at the end of May, and this may have a 
certain influence in checking the acceptance of new 
business. The demand for stainless steels after a period 
of quietness is again expanding, whilst, as might be 
expected, the Government rearmament plan is having 
a marked effect upon the demand for aircraft steel. 
Recently, the request for acid carbon steel billets has 
developed to such an extent that some makers are in 
arrears with their deliveries. 


The Bar Iron Position. 


The intensive demand for steel bars and the 
difficulty of placing orders for near delivery has diverted 
a fair amount of business to the bar ironworks. For many 
months this section of the trade has not participated in 
the boom conditions nearly to the same degree as the steel 
department, and even now the works are not hardly 
pressed in coping with the volume of business coming to 
hand, The position, however, is definitely improving, 
and railway orders as well as a certain amount of rearma- 
ment work have resulted in most of the makers building up 
a fair reserve of business. A week or two ago quotations 
for Scottish bar iron were increased £1 per ton, bringing 
the basis price to £11 10s. d/d Glasgow sidings, for Crown 
quality ; whilst the export quotation was raised by 10s. 
to £10 10s., f.o.b. Glasgow. It was anticipated that the 
English makers would at once increase their quotations to 
a similar extent, but so far this movement has not taken 
place, and prices remain at £10 10s. for Crown bars and 
£13 for marked bars, whilst No. 3 and No. 4 bars are 
quoted at £8 17s. 6d. and £9 7s. 6d. respectively. The 
works appear to be waiting for formal permission to 
make the advance and in the meantime are only p 
to give firm quotations for a short period. The manufac- 
turers complain that English bar iron and sections are 

ractically the only products the price of which has not 
m advanced to make up for the loss of the railway 
freight rebate. The best qualities are in good request 
and the demand seems to be slowly expanding. The 
commoner grades, too, which are largely used by the 
fencing trade and the nut and bolt manufacturers, have a 
firm market and some of the works are carrying good order 
books. The effect of the duties has been practically to 
keep out the cheap Belgian material which competed with 
the lower-grade British bar iron, and the latter makers 
now have almost a monopoly of the market. This is 
particularly noticeable in the Midlands, where formerly 
considerable quantities of Continental material were sold. 
There seems a good prospect of the improvement in the 
market for iron materials continuing, since important 
users, such as wagon builders and similar consumers, have 
plenty of work in hand and should be in a position to take 
good tonnages for some months to come. In the Lanca- 
shire market similar conditions prevail, but the works are 
easily able to deal with the amount of business they have 
received. Some makers profess to see a tendency on the 
part of former buyers of iron bars, who latterly have used 
a large proportion of steel as a substitute, to revert to their 
former practice. 


Current Business. 


John I. Thornycroft, Ltd., shipbuilders and engi- 
neers, of Southampton, have decided to reopen their 
North Yard, which has been closed for some years. A 
repeat order for the extension of thirty Collin coke ovens 
has been given to Gas Chambers and Coke Ovens, Ltd., by 
the Lambton, Hetton and Joicey Collieries, Ltd., for their 

lant at Fence Houses. The Meadowside Shipyard, 

artick, formerly occupied by D. and W. Henderson and 
Co., Ltd., has been acquired by the Clyde Navigation 
Trust, which will use it for deep-water berths and shed 
accommodation. The productive capacity of the Lochaber 
Works, Fort William, Inverness-shire, belonging to the 
British Aluminium>Company, Ltd., is to be increased. 
company entitled Anglo-American Refractories, Ltd., has 
been formed as a combination between General Refrac- 
tories, Ltd., Sheffield, and E. J. Lavino and Co., Phila- 
delphia, to provide means by which the former may 
manufacture and sell the fire cements manufactured by the 
latter company. The Jarrow Town Council has approved 
schemes recommended by an Industries Committee to 
approach machine and other tool makers with a view to 
building works in that town. It was decided to to 
Sir Andrew Duncan, the Chairman of the British Iron and 
Steel Federation, asking him to receive a deputation from 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


the Council with reference to establishing steel works and 
works for making nails, screws and bolts; and the 
Admiralty on the question of converting Palmer’s ship- 
yard into a naval dockyard. Other development schemes 
were also adopted. William Denny and Bros., Lid., 
Dumbarton, have secured an order for two 4000-ton cargo 
liners for P. Henderson and Co., Ltd., Glasgow. Charles 
Connell and Co., Ltd., Scotstoun, Glasgow, are to build 
a motor liner of 9200 tons deadweight for the Nourse Line. 
The Department of Overseas Trade announces that the 
following contracts are open for tender :—New Zealand 
Public Works gh pra ab One 5-ton steam-driven 
travelling crane (Wellington, March 2nd); Argentine 
State Oilfields Directorate : 7500 seamless steel cylinders 
for propane super gas of 45-4 kilos. capacity, 3000 pressure 
regulators for propane and 150 fittings for connecting 
linders to regulators (Buenos Aires, March 5th); 
110-kV outdoor switchgear and steel work (Wellington, 
April 13th). South African Railways and Harbours 
Administration: Supply and delivery of quantities of 
structural steelwork and galvani sheeting for a 
nters’ shop and timber store at Germiston (Secre 
of the Tender Board, South African Railways, Head- 
quarter Offices, Johannesburg, April 5th). 


Copper and Tin. 


After a rather quiet spell a certain amount of 
activity has developed in the electrolytic copper market. 
Reports from America indicate that sentiment there has 
improved, and in spite of the flood disasters and the 
unsettled labour outlook, consumers have taken rather 
more copper than of late. The demand from the Con- 
tinent also has become steadier and the British consuming 
industries continue to take good quantities. The American 
export quotation has increased to a point at which it is 
above the domestic price of 13c., and this has given rise 
to expectations that a further advance in the home price 
will take place shortly. It is not surprising that whilst 
this position rules sentiment in the market is distinctly 
favourable, since it is believed that consumers in Europe 
have still to purchase considerable tonnages to cover their 
forward requirements of finished products. There is 
always a tendency for users to refrain from buying on a 
falling market for as long as possible, and when the market 
turns, to hesitate until the upward movement has made 
some progress. It seems likely that this is the situation 
at the moment. Against this it is argued that the strong 
tone of the market is scarcely warranted, since it is believed 
that supplies outside the United States are still in excess 
of consumption, although in America the position may be 
more balanced. Lately prices in the standard market 
have been inclined to fluctuate, but on the whole the 
tendency has been for values to appreciate. At the 

inning of the week the price jumped to over £55 and 
closed at the highest poimt reached since 1930. This 
movement took place in spite of some profit taking, and 
there is still a fair-sized bull account open.... The tin’ 
market has been somewhat featureless over this week 
and this is chiefly ascribed to the indifference shown by 
American consumers. It is reported that a certain amount 
of buying has been done direct between American users 
and the producers, but probably the greatest influence in 
the situation has been the unsettled labour conditions in 
that country. Continental buying also has been inter- 
mittent and the volume of trade has been poor. Here 
again the market is inclined to think that transactions 
have taken place between producers and users outside the 
market, although this business has not been reflected in 
hedging operations which usually accompany this class of 
trading. Supplies are offered on the market more freely, 
and it seems probable that the statistics at the end of this 
month will again show an increase in the visible supply. 


Lead and Spelter. 


Prices in the lead market have fluctuated rather 
quickly and rapid declines have been followed by sharp 
advances. To some extent this may be attributed to the 
liquidation of speculative accounts, since there is an incli- 
nation to take the view that prices for the time being have 
reached their highest point. Sellers have been offering 
more freely and reports have been current that supplies to 
the British market may expand in the not distant future. 
Consumers also are not showing the same anxiety to cover 
their needs, and it is reported that in some cases users 
who over-bought during the advance a few weeks ago have 
resold their metal on the open . There is no 
reason, however, to expect any serious decline in con- 
sumption, since practically all the consuming industries 
are heavily booked for the next few months and this 
ensures the absorption of a heavy tonnage of lead. The 
higher level to which the price of the metal has risen has 
led to an increase in production at some of the smaller 
mines, particularly in North Africa, and this has in part at 
least offset the absence of Spanish exports. A certain 
amount of lead from the latter country, however, is under- 
stood to have been exported to Germany, although the 
quantities have not been sufficient to affect the market 
position. ... Active conditions have ruled in the spelter 
market in marked contrast to those which prevailed only 
afew weeks ago. There is no doubt that from a speculative 
point of view spelter offers chances of greater appreciation 


Aj than lead, and the speculative element in the market 


appears to be definitely changing over to spelter. The 
consumption of this metal has improved materially since 
the end of last year. and it is suggested in some quarters 
that production and consumption are more nearly 
balanced, although it is difficult to tell from the published 
statistics how far this is the case. One of the features of 
the position is the difficulty of obtaining high-grade zinc, 
and the premium on this over G.O.B. spelter has advanced 
to £2 7s. 6d. to £3. There is a possibility that the 
speculation in this market may lead to price fluctuations 
later on. 
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Current Prices for Metals and Fuels. 


Makers ’ official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. 
(D/d Teesside Area) 
N.E. Coast— £ s. d. 
Hematite Mixed Nos.*... 417 6 ... 
No. I abe Sess Llanes pe EN, Oe ina. 
Cleveland— Baws Teesside Area) 
No. 1 oe we we Es Orx3; 
Ne. 2GMB.. 41 0... 
Noi'4 Forge... OB 1D: Be: 
Basie (Lene 6/—-reeeay 4 2 6 
MIDLaNDs— 


Staffe— (Delivered to Black Country Station) 


North Staffs. Foundry... 4 6 0... 


* eo Menge iiordhde @5x 
Basic (Less 5/— rebate)... 4. 2 6... 
Northampton— 
Foundry No. 3 4h Aas 
We cs eerie. i) a eae 
Derbyshire— 
No. 3 Foundry 46 0 
Forge . 41 0 
ScoTLaNnp— 
Hematite, f.0.t.furnaces* 4 17 6 
No. 1 Foundry, ditto ... 410 6 
No. 3 Foundry, ditto ... 4 8 0... 
Basic, d/d (Less 5/—rebate) 4 2 6... 
N.W. Coast— {4 18 0 
Hematite Mixed Nos.*...;5 3 6 , 
ls ak. ae 


* Less 5/— rebate. 


MANUFACTURED IRON. 


Home. 
Lancs. anp YoRES.— fed: 
Crown Bars ... ... ... 1010 @... 
Best Bare 938 SS SOE 8 
MrpLanps— 
Crown Bars ... . 10 30-..0.... 
Marked Bars (Staffs.) . 13. @ 0... 
No. 3 Quality ws sarod fai Gra: 
No.4 Quality .. ... 917 6.. 
ScoTLanD— 
Crown Bars ... ... ... L110 0.. 
OMB... ALE cons cine- Vice eee, eens 
N_E. Coast— 
Common Bars Us FA Re 45:2 
Best Bars cgi er ge): 2G ok, ih 
Double Best Bias ae 3 a Ree 
NORTHERN IRELAND AND FREE StatTe— 
Crown Bars, f.o.q..... ... 10 17 6 ... 
STEEL. 
Home. 
LONDON AND THE SouTH— £ s. d. 
Angles on Cat dd 
Tees... - 10 56 6... 
Joists J i ARTA Oh eG. 
Channels... ... . oe ae oes 
Rounds, 3in.andup ...10 5 6.. 
~ under 3in. > as 6... 
Flats under 5in., S32 ¢ .: 
Pilates, jin. (basis) ... 915 6... 
er pm SE ah BOAO: <B; 
»» ee Se OStL yee a oe 
pe , Se ke, ge 
Un. %& to jin. a Oe ait Si ee 
Boiler Plates, jin... ... 10 5 6.. 
Nortu-East Coast— £s. d. 
Deg 3 Se ee WE oat 
ROOD .ck > sie, See en % Ste, es oe 
SG See ag ie on Se 
oS er ee ee ay OS 
Rounds, Sin. andup .-.10 3 0 
io under 3in. o- 910 O04. 
Plates, jin. (basis) ... 910 6 ... 
oe RL ee ah, Te ae 
fs WR nso Sack 50 eae 
ir ee 1036 
Un. & to in. neh -- 918 0 
Boiler Plates, jin.... ... 10 0 6 
MIpLanps, AND LEEDS aND DistRictT— 
£ s, d. 
OEE MDE RAE, eS RE Be 
+ TE cee | (UNG TY ie: 
Joists Bhi cower ere By Bip -se 
Chennels:: ai Papere: set Seas | ees 
Rounds, in. ead up NS 96.8! Olan 
ow under 3in. ee ae Oo: 
Flats, 5in. and under ... 910 0.. 
Plates, jin. (basis) ... 913 0O.. 
* fin. ... - 918 O.. 
és Mima vot lage 15 BOE BO a5: 
o igus Ueno wa Ww Bor: 
Jo. & to fin. incl. ee OOS Sz: 
Boiler Plates, jin... ...10 2 9.. 
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only from associated British Steelmakers. 


STEEL (continued). 


Home. Export. 
Giascow anp Districr— £ os. d. £ s. d, 
Angles & 93 0.. 9 2 6 
Teme A TE OR I Be: 10 2 6 
Ee ee a: ee ee ee -. 
Channels... ... mga: gah ik, ele a 
Rounds, Sin. alt up ..10 3 0.. 10 2 6 
- under 3in. woe we ee 910 0 
Flats, 5imnwand under ... 910 0... 910 0 
Plates, fin. (basis) PG BOT 912 6 
Sorte ie Uighepoig *: 917 6 
» US nad ekte'. ace” BO, Oe os 10 2 6 
an xin. . ape: Pi ake Ga 10 7 6 
Un, & to fin. inal, Ce ee 1017 6 
Boiler Plates, jin. aphOphs 44% i015 0 
Sourm Wares ArEa— £ 8. d. £ os. d. 
Angles a et ey 9 2 6 
Tees... | Be TBA oe 10 2 6 
Joists 8..3..9 o 2.8 
Channels... ... rege Sree San Ees 9 7 6 
Rounds, Sin. ate 510 = 8 Chas 10 2 6 
»» under 3in. 910 0.. 910 0 
Flats, 5in. and under e306" 9 3 910 0 
Plates, jin. (basis) 913 0.. 912 6 
* rE eee rere ear | Sa ee 917 6 
a Miata. ine AOe Riis 10 2 6 
ro eens ee fee 10.7.6 
Un. sin. to fin. inel. ... 10 3 0 .. 10 17 6 
IRELAND—F.0.Q. Bre.rastr. Rest or IRELAND. 
gs. d. £ s. d. 
Ange OE 9 me 910 6 
_ age te rep ae Sh ee jet 10 10 6 
pe en are aL ee ee 918 0 
Channels... ii 6i.0)) sew DAD: Ons 915 6 
Rounds, 3in.andup ... 10 8 0.. 10 10 6 
” under 3in. rer et 8 8 0 
Plates, jin. (basis) ... 915 6.. 9-18 0 
ri vient tins tied. ade A Ae BE: 10 3 0 
‘ Mice wicpsc AG alk 1iGes. 10 8 0 
ie in. . wo 80 92:: © 10 13 0 
Un. fin. to Sin. imal: 22900 6S Ou 0 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £ s..¢d. £ s. d. 
11-G. to 14-G., d/d teh 100). Gi. efedll 1050 
15-G. to 20-G., d/d / 82 15.0... 2. fas 1b: 0 
21-G. to 24-G., d/d ce 18 @ S55 TLS. 26°06 
25-G. to 26-G., d/d --. 83.92 6... eae as 26 


South Africa, 24-G. Basis £12 0s., plus 3% on invoice value ; 
Australia £10 5s. Irish Free State, £13 5s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £ s. d. 
4-ton lotsandup... ... 14 0 0 
2-ton to 4-ton lots pea 
Under 2 tons dna pe A Oe 


Export : India £16 10s. c.i.f.; South Africa, £14 106. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £14 17s. 6d. f.o.b. ; 
Sweden, £13 15s.; Irish Free State. £14 15s. f.0.q.; 
General, £14 15s. f.o.b. 
Tin-plates 


20 by 14 basis, f.o.b. Bristol Chaiu.el Ports, 19s, 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 
Billets. £ 6. d. 
Basic (0-33% to0-41%C.)_... AA 
Medium (0-42% vo 0- 60% C. 717 6 
» Hard 0-61% to 0-85% C.) ee 
” » (0-86%to0-99%C.) . OF 6 
* » (1% C. and up) IPOD es ES 
Soft (up to 0- 25% C.), 500 tons and up ... 6 6 0 
Rails, Heavy, 500-ton lots, f.o.t. . 810 0 
» Light, f.o.t. ae -710 0 
FERRO ALLOYS. 
Tungsten Metal Powder... ... ... 3/1} per lb. 
Ferro Tungsten... ...... 1... 3/+ per lb. 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to 6p.c.carbon £21 10 0 T/- 
” , . 6p.c. to 8p.c. <<) (aes Oe 7/- 
’ »  S8pe.tol0pec. .:. £21 0 0 7/- 
” » Specially Refined ... 
t Max. 2 p.c. carbon £32 10 0 11/- 
*” a »  Lp.c. carbon £35 15 0 1lj- 
#9 * » 0-50p.c. carbon £36 10° 0 12/- 
” " », eCarbon-free ... 9$d. per lb. 
Metallic chromium... ......... 2/5 per lb. 
Ferro Manganese (loose), 76p.c. ... £11 15 0 home 


£12 0 0. scale 5/- p.u. 


» Silicon, 45 p.c. to 50 p.c. 
£17 0 0 scale 6/-p.u. 


”s = 75 p.c. 


» Vanadium see cee cee 12/8 peor Ib. 
” Melyhdensas: i tes eee eee 4/6 per Ib, 
Titanium (carbon pet ... 9d. per Ib. 
Nickel ane Beis? We T8186 betsaees 
Cobalt ... EOP UES Ol Ee ae 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 
(Official Prices, February 10th). 








CorpreR— 

RIE wos Sch anec eastasast chs, Oo oe ae ee 
Three months ... ‘ £55 18 9to £56 0 0 
Electrolytio ... ... ... ... £60 10 Oto £61 0 0 
Best Selected Ingots, dja Bir- 

mingham nia shh O68 £61 5 0 
Sheets, Hot Rolled ar £89 0 0 

Home. Export. 

Tubes, Solid Drawn (basis) ... 134d. 13}d. 

»  Brazed (basis) ... ... 133d. 13}d. 

Brass— 

Ingots, 70/30, d/d Birmingham £47 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 11 gd. Lijd. 
»  Brazed Pe ih 13}d. 13}d. 

Tin— 

Cash... «0. 6: uc. a.) 2 £226 5 0 to £226 10 0 
Three months ... ... £227 5 Oto £227 10 9 

DA WG. Bd. oh ER i BER OO te £7 2: 6 

SPELTER : big Pet a oe PS RB Gs ORS BRR AS © 

Aluminium Ingots (British) ..._ ... £100 to £105 

FUELS. 
SCOTLAND. 

LaNARKSHIRE— Export. 
(£.0.b. ee ee Unsereened) 16/— to 16/6 
Hamilton Ell ... . 5 18/- 
Splints Sastre ii sak 8 anne oe ta 20/~ 

AYRSHIRE— 

(f.0.b. Porte)}—Steam ... eee eee te i7/- 

FiresHIRE— 

(f.0.b. Methil or Burntisland)— 
I NII as 505... nak. nas ha ipa ver 17/6 
U d Navigati ies, aem shed sites 16/6 

LorHIans— 

(f.0.b. a neg Per Pope 17/6 
Secondary Steam... ... . aged dg xhish « 17/- 
ENGLAND. 

Yorxsuize, Souru— , 

EN ss Ky jinnnior deel. deprreabatiabi sae te 
Steam Screened .... ...  -.. see wee vee AG /- to 17/3 

NORTHUMBERLAND, NEWCASTLE— 

Oy eee ees ke 
os NS ie 6 ns pabhes aaa GRA. ee 
site) MMR MMMOMIE i shiacnr; Sages an cd geeyes = 90 14/6 

Unsereened cok ge ase 1B) to 19/- 

DuraamM— 

My 5? sot hook ee Sib ga ete et 18/6 

Foundry Coke... w. wee vee wes eee «(26/6 to 27/6 

SHEFFIELD— Inland. 

Best Hand- picked Branch ... 27/6 to 29/6 _ 
South Yorkshire .. ... ... 24/- to 26/- — 
Seconds... ... ... ... .-. 23/- to 23/- — 

CaRDIFF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large... «.. ... .:. ... 2l/- to 22/6 

Best Seconds Oo ty MRNAS Weed 1): en Ch~ 

Best Dry Large ... ... 0 -.. 0 «ss. se 19/6 to '20/- 

Cees ee PE oe a eae PE 

Bunker Smalls ... ... ... ... «+ 16/-t0 17;- 

Cargo Smalis... 20. 0 +) ce re vee ee NSE to 16/- 

EO TAN oon, 0m. epgcd copgics eee isis? hss0 +4 ee OE 

Foundry Coke silt saphy dacsch nies denicnn so Ree Ae Te 

Furnace Coke Mii ead eee oaks diets Gf SO Bhkx 

Da 66) 028 GID HR 22/~- 

SwaNnsEa— 

Anthracite Coals : 

Best Large cmiy tis tie seek Mate ae ale 

SashiahianninSichbilen:s Ee tee ee 

Mette ea Bete 8a aur cgepe te 406 

Betti 9 SLO Fa Sa aT eae 

Peas Se RR eee Sa wee. ao 

Rubbly Culm... 00... 0... 0. ue BE to 18/6 

Steam Coals : 
Large Ordinary...) 6 ee ue ee 18 to Df 
FUEL OIL. 
Inland consumption ; contracts in bulk. 
Exclusive of Government tax of ld. per gallon. 

Ex Ocean Installation. Per Gallon. 

Furnace Oil (0- pt Reisner sar 34d. 
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French Engineering Notes. 
(from our own Correspondent in Paris.) 
The Status of Engineers. 


THE new social system which has created an 
apparently irreparable breach between employers and 
their men has brought into relief the possibility of engi- 
neers exercising a controlling influence over labour in 
the future. During the period of “ stay-in”’ strikes, an 
idea prevalent amongst extremist sections that the men 
would be able to run works themselves without the aid 
of technical staffs-was dispelled by the failures of isolated 
attempts to do so, in one case with the permission of an 
employer, who gave them a free hand, © recent three 
days’ strike of engineers and technicians in the Lille 
district, at the moment when the men were to have 
returned to work preparatory to arbitration proceedings, 
revealed to operatives their complete helplessness. That 
strike, it will be remembered, was a protest against the 
arbitrators’ acceptance of the men’s demand for an 
inquiry that would have meant a complete annihilation of 
authority. At the beginning of the labour agitation, the 
Confédération Générale du Travail was aware of the 
importance of having engineers on its side, and attempted 
to cajole and then to coerce engineers’ societies into join- 
ing the labour movement. Engineers themselves were 
fully alive to the importance of the task that would fall 
upon them as intermediaries between employers and the 
men. All qualified and responsible engineers consequently 
refused to associate themselves with an organisation which 
would lower their professional status and lessen their 
authority. The collective contract imposed upon engi- 
neers would, by reason of a levelling of minimum salaries, 
have destroyed all sense of initiative and ambition if 
employers had not exercised their right to indemnify 
their collaborators by the payment of bonuses and yearly 
grants, according to the services rendered. The effect of 
general minimum wages and salaries is to raise the pay of 
the lower classes of workers and to limit the earnings of 
the hi . Employers accept the minimum 
as @ standard wage because they fear that an increase 
in favour of some men would have to be extended to all 
of them. The only safe method of recompensing services 
under the new system is to supplement the minimum wage 
or salary with what are really gratuities. The system will 
no doubt work well enough in the case of engineers who 
will be assured of what they will receive during the year. 
Moreover, engineers have come out of the conflict with an 
enhanced prestige. Neither employers nor the men can 
do without them, more recognition is given to the 
technical staff as a vital factor in industrial production. 
The question now arises whether the time has not come 
when the Federation of French Engineers’ Societies should 
push forward its plans for widening the sphere of engi- 
neers’ activities by making them a recognised and indis- 
pensable intermediary between employers and the men. 
As there is no longer direct contact between the two, it 
should, it is argued, be made through the engineer, who 
is in close touch with the men and should be invested 
with a larger share of the employers’ authority. Such an 
accession of authority would naturally be opposed by the 
Confédération Générale du Travail. 


Declining Output. 


The effect of social reforms on the national pro- 
duction is observable in many ways, notably in the figures 
of steel output during the past year, which show a total of 
6,703,000 tons. While this total is a little higher than in 
1935, it did not bear out the promise of the first five 
months, which were characterised by a steady advance 
until the strikes and general disorganisation reduced the 
monthly output in June by 106,000 tons. In August there 
was @ further drop of 82,000 tons, in consequence of the 
compulsory two weeks’ holiday. Then the steel production 
rose to a peak in October, after which it declined simul- 
taneously with the introduction of the forty-hours’ week 
in the collieries and iron ore mines. The year ended with 
a scarcity of coke and iron cre supplies, and the fear of a 
continued shortage weighs upon the steel-making industry. 
The idea that the coal and iron ore production could be 
maintained at a normal level by employing more men is 
not found easy of realisation because the French mining 
population has always had to be supplemented by foreign 
labour, and since the unemployment problem necessitated 
the repatriation of foreign workers it has been barely 
possible to make up for any deficiency with French hands. 
With less than seven hours’ work underground, more 
shifts have to be arranged, and there are not enough men 
for them. Coalowners want to bring back foreign Jabour, 
to which the Government cannot consent when it justifies 
the short week as a means of providing work for the 
unemployed. But the unemployed cannot, or will not, 
work in mines. This country has already fallen back from 
the second to the fourth rank in European steel produc- 
tion, including Russia, and it can only recover lost ground 
by being assured of adequate coke and iron ore supplies. 
The question of whether the steel industry can keep pace 
with an increased international activity is one of labour 
limitations in the mines. 


Postal Air Services. 


Nothing so far has come of the scheme that was 
outlined several years ago for running radial passenger air 
services from Paris to a number of home towns. Interest 
in the proposal gave way to economic facts that seemed to 
offer little prospect of short air services fulfilling a need in 
public transport. Fast railcars and accelerated trains 
have removed the necessity for regular air services, while 
even to Marseilles and the, Riviera the railway is providing 
light rapid trains that narrow down the margin of time to 
a point at which the air can only favour emergency cases. 
Regular home passenger air services are non-existent. 
On the other hand, time is a more important factor in 
mail transport, and the Post Office Department is about to 
start five lines to the south, one from Paris to Lyons, 
Marseilles and Nice, and the other from Paris to Bordeaux, 
with three subsidiary lines to Toulouse, Perpignan, and 
Avignon. To begin with, five machines will be put into 
service, capable of carrying a paying load of 330 Ib. and 
of flying at 150 miles an hour. There will be no extra 
charge for postage. 





British Patent Specifications. 


When an invention is communicated from abroad the name and 
address of the communicator are in italics. 
Specification is 


When an abridgment is not illustrated the 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Ch y-lane, W.C.2, 
le. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


ELECTRICAL APPLIANCES. 





458,085, June llth, 1935.—A Meruop or Propucine Hicuiy 
Oumic Resistances, Radioaktiengesellschaft D. 8. Loewe, 
10, Wiesenweg, Berlin-Steglitz, Germany. 

This is an apparatus for producing high resistances on a large 
scale by the de ition of a film of carbon on a porcelain base. 
The carbon is obtained from a gas such as benzole vapour, and 
the action is carried out at a temperature of about 850 deg. 
to 1000 deg. and a pressure of from 50 mm. to 80 mm. Hg. 


N°458,085 





The porcelain bases are drawn from a hopper A and fed by a 
rotating dise B into an inclined electrical ly heated furnace C. 
In the furnace they roll down the U-shaped 
rate at which they pass is regulated by the rolls E 
yeep through another rotary disc F.. The two dises 
B and F form gas-tight seals at the ends of the furnace, and are 

rotected from its heat by the water jackets GG. The 

nzole vapour is introduced at H and the spent gas evacuated 
at J.—December llth, 1936. 


TRANSMISSION OF POWER. 

458,439. June 20th, 1935.—Hypravuiic Covupiines, The 
Daimler Company, Ltd., Coventry; and L. H. Pomeroy, 
49a, Lilli m-road, Leamington; Warwick. 

This is a design for a hydraulic transmission coupling of the 


N°458,439 


Fig.2 








Féttinger type, in which the two members are built up of steel 
ressings welded together. The general form of the i 

is indicated in Figs. 1 and 2 and their assembly in Fig. 3. They 

are wee together at A A and riveted to the hub B.— December 

21st, 1936. 


MACHINE TOOLS AND SHOP APPLIANCES. 


458,424. June 19th, 1935.—-CenrrRiruGaL Castine PRrocessEs, 
W. Ridley, 18, Cromwell-road, Beeston, Nottingham ; 
P. H. Wilson, 21, Trevose-gardens, Nottingham; and 
Cochranes (Middlesbrough) Foundry, Ltd., Ormesby Iron- 
works, Middlesbrough-on-Tees. 

This is a scheme for coating the interior of moulds used in 
centrifugal casting with a layer of such material as ferro-silicon 
with the object of producing unchilled castings. The mould 
and its spinner are of normal design and are indicated at A. 
The molten metal is supplied from the tilting cup B down the 
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spout C into the distributing trough D. In the bottom of the 
trough there is a’ passage housing the conveyor worm E. The 
worm is driven by the motor F and is supplied with ferro-silicon 
from the hopper G. The material is kept in a state of agitation 
by the spring fingers H, which rattle over the helix as it rotates 
and ensure a continuous supply. The ferro-silicon is applied to 
the interior of the mould by the discharge end of the helix, just 
in advance of the delivery of the molten iron by the casting 
trough.— December 21st, 1936. 





458,425, 
8 


June 19th, 1935.—Grinpine Macuines, Speed 
6 haa Ltd., 727, Thames 


House, Millbank, London, 


This is a contrivance for polishing the surfaces of hard mate- 
rials, such as stone, glass, or steel, which have already been 
ground to a true . The grinding is first effected bj 
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abrasive wheels attached to the inclined spindles A A rotating 
in the head B on the end of the main spindle C. The wheels 
are then replaced by the felt polishing D D, which are con- 
nected with the inclined spindles by the flexible couplings E E, 
made of rubber and canvas, or such like material, so that the 
pads get a full bearing on the object to be polished.—Decem- 
ber 21st, 1936. 





SHIPS AND BOATS. 


458,433. June 20th, 1935.—TuHE Construction or MorTor 
Boats, H. Scott-Paine, The British Power Boat Company, 
Hythe, Southampton. 

This invention is concerned with the construction of smali 
high-speed boats, made of wood, having a sharp chine. The 
frames are made each of four separate pieces of wood, two A, 
for the bottom, and two B, for the sides, connected together by 
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brackets. The frames are stiffened by caps C of Canadian rock 
elm, or by strips D of metal. In order to prevent the frames from 
buckling sideways under stress they are braced together by 
battens E, which may serve phe: Je: peeat baer gs 4 
. that the stringers ight a’ reinfo wit 
metal strips and that the skin planking should be laid diagonally. 
—December 21st, 1936. 


ORDNANCE AND ARMOUR. 


458,432. June 20th, 1935.—Armovrtne Moron Boars, H. 
Scott-Paine, The British Power Boat Company, Hythe, 
Southampton. 

This invention is concerned with the armouring of the engines 
of a motor boat which may have to go into action and be sub- 
jected to shell fire. The armouring comprises a substantial 
steel hood A supported by the bearers B B. These bearers run 


Ly 
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for a considerable length of the boat so as to distribute stresses. 
One of the essential features of the idea is that the connection 
between the hood-and the bearers is made through the rubber 
cushions C, which are provided with metal shoes or rubbing 
pieces, top and bottom. The hood is held down in place by the 
rigging screws and tail pieces D and can be readily lifted off 
when not required.— December 21st, 1936. 


MISCELLANEOUS. 


457,789. June 5th, 1935.—THe TREarTMENT or GRASS AND 
OTHER VEGETABLE SuBsTaNcEs, €. Goodall, Park-lane, 
Tutbury, Burton-on-Trent. 

This invention relates to the treatment of cut grass and other 
vegetable substances capable of being used as cattle foods, and 
has for its object to enable such substances to be preserved 
for winter use, and to extract'from them constituents which 
are valuable for nutritive, medicinal, or other purposes. Grass 
obtained from pasture land, golf courses, aerodromes, or the 
like, is first passed through a mincipg machine, like a chaff- 

tting hine, wherein it is cut into short lengths, and is at 
the same time crushed. It is not the aim of the operation to 
pulp the grass. The purpose of the cutting and crushing is to 
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liberate or facilitate the extraction of the entrapped moi i 
The product is then 3 ago ergs @ squeezing machine which may 
resemble a pug mi is to i ini 
Steed thro aes waite boa 
a n s ueezing 
is to enanett tbs moisture and allow it to be drained away. 
Alternatively, the mincer may be used mainly or only for cutting 
the grass into short pieces, and the squeezer for crushing the 
grass. When the ist is extracted at the squeezer, the 





is ex 
grass is then taken to a temporary storage chamber or direct to 
a drier where it is finally dried by an air current with or without 
the aid of a gentle heat insufficient to cause any serious deteriora- 
tion in the constituents of the grass. When the material is 
merely crushed by the squeezer, it is discharged on to an endless 
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eanvas band and caused to pass through rollers, where the 
moisture is removed, the grass being carried on by the band 
to a receptacle or drier. The moisture extracted from the grass 
is collected as it contains valuable constituents, such as 
chlorophyl, some vitamins, and also ferments, all of which can 
be extracted and applied to useful purposes. The amount of 
pic age tituent bee the moist _ pend gg extent to 
which the grass is broken up in the cutting Squeezing 
operations, and these can be adjusted so as to leave in the 
grass to be dried a variable proportion of the constituents 
that would otherwise be removed with the moisture. The 
illustration shows a set of rolls for crushing and macerating the 
grass.— December 7th, 1936 


457,781. Jume 4th, 1935.—Prastic Mareriats ConTAINING 
RupseRr, D. D. Pratt, The Chemical Research Laboratory, 





Teddington, Middlesex. 
The object of this invention is on agar improvements 
in the production of plastic materi containing natural 


rubber or its allied natural materials, or derivatives and pitch, 
bitumen, or the like. It consists, broadly, in a process of pro- 
ducing such materials by bringing ther in the absence of 
synthetic polymerisation products of diolefines, natural rubber, 
or its allied natural materials or derivatives and pitch, bitumen, 
or the like, in the of a solvent therefor and then 
removing the solvent. Thus a solution of one component 
may be smioved to dissolve the other component, or solutions 
of both of components, in appropriate solvents are brought 
together and the solvent or solvents are then removed wholly 
or in part. For imstance, rubber may be dissolved in a low 
boiling neutral fraction of low-temperature tar oil, and to the 
solytion there is added pitch as such or dissolved in the same or 
a different solvent, the solvent being then removed wholly or 
in part, and most conveniently by vacuum or steam distillation. 
Tar pitch, for instance, is dissolved by heating in a solution 
of rubber either milled or latex, in low-tem ture tar oils, 
boiling point 100-150 deg. Cent. The low — solvent is 
then removed by distillation in steam and the residual product 
dried by further heating at 120 deg. Cent. Or bitumen is dis- 
solved in a rubber solution and the solvent oil removed by 
distillat under a a P . “s by any ee ee portion 
of oil can be retained by the rubber bitumen complex. Again, 
bitumen may be dissolved in a benzene solution cf rubber and 
the solvent removed by distillation under atmospheric pressure. 
—December 4th, 1936. 


458,462. February 15th, 1936.—Mxzans ror E.iminatine 
OcctupEeD GasEs FROM AN Enciosure, W. J. Tennant, 
111-112, Hatton-garden, London, E.C.1 

This invention concerns a thod of ing up” the 
interior of electrical discharge tubes, so that they are freed from 
occluded gases. The discharge tube is shown at A and has two 
temporary connections B and C with a mercury vessel D. It 
will be noticed that C dips down into the mercury and that it is 
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surrounded for part of its length by the cooling jacket E. F is 
a connection to a vacuum pump. In action the mercury vessel 
D is heated and mercury vapour goes up the branch B into the 
discharge tube. The vapour carries away the occluded gases, 
which are sucked away by the connection F, while the mercury 
vapour is condensed to the liquid state and falls back into the 
vessel D. During the process an electric discharge is, of 
course, maintained between the electrodes of the tube A for the 
purpose of heating it.—D ber 21st, 1936, 








Forthcoming Engagements. 


Secretaries of Institutions, Societies, dc., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 








To-Day 

Inst. or ExecrricaL ENGINEERS: METER AND INsTRU- 
MENT SxcTION.—Savoy-place, W.C.2. “Performance of 
Second: Noise Meters in Terms of the Primary Sound,” 
B. A. G. Churcher and A. J. King. 7 pin. 

Inst. or Exxcrricat ENGINEERS: #NortH-EAsTERN 
Sruprents’ Section.—Armstrong College, Newcastle-on-Tyne. 
“Voice Frequency Telegraphy,” J. A. Stanfield. 7 p.m. 

Inst. oF MercHanicaL ENGINEERS.—Storey’s- , §.W.1. 
“Factors Limiting Practical Steam C Riicienc y,” an 
informal discussion, opened by Major W. Gregson. 6 p.m. 

Inst. or Metats: Sxerrrecp Locat Sxcrion.—Conjoint 
meeting with the South Yorkshire Section of the Institute of 
Chemistry, Non Section of the Applied Science Depart- 
ment of the University, St. George’s-square, Sheffield. 7.30 p.m. 

Inst. oF Sanrrany Encrngers.—Caxton Hall, 8.W.1. Presi- 
dential address, 6.15 p.m. 

Juntor Inst. or ENnorineers.—39, Victoria-street, S.W.1. 
“* Causes of Deterioration in Paper Insulated Cable,” Prof. R. O. 
Kapp. 7.30 p.m. 

Kerentey Association oF ENGINEERS.—Queen’s Hotel, 
Keighley. ‘“ The Manufacture of Steel Castings,’ Dr. Dadswell. 
7.30 p.m. 

MancHEstEeR Assoc. oF ENGINEERS.—Engineers’ Club, 
Albert-square, Manchester. ‘*The Design of Dies and Tools 
for Press Work,” N. C. Wilson. 

West or Scor.anp Iron anD Street Inst.—Royal Technical 
College, Glasgow. “ Stress in Steel,” G. W. Austin. 7.15 p.m. 


Sarurpay, Fes. 13rx. 


Finsspury Trcunicat Cottsez Op Stupents’ Assoc.— 
Trocadero Restaurant, Piccadilly Circus, W.1. Annual dinner 
7 p.m. 





Monpay, Fes. liru. 

Enoeuvgers’ GERMAN CrrcLe.—lInst. of Mechanical Engineers, 
Storey’s Gate, S.W.1. Die Aufladung von B kraft hi 
Feuerungen, Insbesondere fir Dampfkessel und in der 
Chemischen Industrie, (Supercharging Ap 
Combustion i Boiler Furnaces, 
Industry), Herr Dr. W. G. Noack. 6 p.m. 

Inst. or Merats: Scorrisu Locat Szcrion.—Joint meeting 
with the Inst. of Automobile Engineers, Scottish Centre. Inst. 
of Engineers and ipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Copper and its Alloys in Automobile 
Design,” B. P. E. Neave. 7.30 p.m. 

Inst. or SrrRuctuRAL Encinggrs: Mipianp Countries 
Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘‘ The Stability of Columns and 
Beams,” A. Noel Procter. 6.30 p.m. 

WOLVERHAMPTON AND District ENGINEERING Soc.—Victoria 
Hotel, Wolverhampton. ‘“* Large Gas Engines,” F. Gibbons. 


7.30 p.m. 
Turspay, Fes. lérn. 

Inst. or Cirvit ENGINEERS.—Great George-street, S.W.1. 
** Modern beg a in Broadcasting Radio Transmission 
and Television,” Sir Noel Ashbridge. 6 p.m. 

SHEFFIELD METALLURGICAL Assoc.—198, West-street, Shef- 
field, 1. “Impact Testing.” 7.30 p.m. 

Wepnespay, Fes. 177TH. 

Inst. or CuEmicaL Encrxrers.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘“‘Chemical Methods of Treating 
Sewage: British Practice,” J. H. Garner; “* Modern Chemical 
Treatment of Sewage in the United States of America,” H. H. 
Hendon; “Chemical Treatment of Sewage in Germany,” 
Dr.-Ing. K. Imhoff. 5.30 p.m. 

Inst. or Crym Enargeers.—Great George-street, S.W.1. 
Informal meeting. ‘“‘ Co-ordination of the Chemical and Engi- 
neering ts of Water Supply, with Special Reference to 
Corrosion blems,”’ a discussion introduced by G. H. Hum- 
phreys. 6 p.m. 

Inst. or FurL: Norru-WestTerNn Section.—Constitutional 
Club, St. Anne’s-street, Manchester. ‘‘ Engine Testing,” H. R. 
Ricardo. 7 p.m. 

Inst. or Marine Eneineers.—Northampton Polytechnic, 
St. John-street, E.C.1. “Special Materials for Engme Con- 
struction,” Dr. 8. F. Dorey. 8 p.m. 

Inst. or Propuction Encinerrs.—Priory Rooms, Upper 
Priory, Birmingham. ‘The World Position of Commercial 
Aircraft,” Lord Sempill. 7.30 p.m. 

Newcomen Soc.—Victoria and Albert Museum, Cromwell- 








road, S.W.7. “ Notes ona rk mae Japanese Craft, with seg 
Reference to Materials and Technique,” W. A. Young. 
5.30 p.m. 


Tuurspay, Fes. 187rx. 

Norru-East Coast InstrrvuTion oF ENGINEERS AND SHIP- 
BUILDERS: TrEs-sIDE Brancu.—Cleveland Scientific and 
Technical Inst., Corporation-road, Middlesbrough. A paper 
by J. Tutin. 7.30 p.m. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. “* Railways or Law,” Kenneth Brown. 7.30 p.m. 

Royat ArronauticaL Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. ‘ Possible Lay-outs for Air-cooled 
Engines,” A. H. R. Fedden. 6.30 p.m. 

Fray, Fes. 197s. 

Inst. oy MrcHanicaL ENGINEERS.—Storey’s-gate, 8.W.1. 
Annual general eT “ Ventilation with Air Conditioning 
in Modern Buildings,” E. R. Dolby. 5.30 p.m. 

Inst. or Merats: BrirminecHam Locat Sxrcrion.—James 
Watt Memorial Inst., Birmingham. ‘ Non-ferrous Welding,” 
H. W. G. Hignett. 7 p.m. 

Junton Inst. or Enctnerers.—39, Victoria-street, S.W.1. 
Informal talk on ‘‘ Surveying,” by E. B. Lockett. 7.30 p.m. 

Turspay, Fes. 23rp. 

ILLUMINATING EncInEERING Soc.—E.L.M.A. Lighting Service 
Bureau, 2, Savoy-hill, W.C.1.  ‘‘ Diffusion and Shadows,” 
H. Long. 6.30 p.m. 4 

Inst. oF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Hall, York House, Great Charles-street, Birmin, gham. “ Servo 
Mechanisms Used in Automobile Engineering,” 8. H. Grylls. 
7.30 p.m. 

Inst. or Crviin Encingrers.—Great George-street, S.W.1. 
“* West Middlesex Main Drainage,” D. M. Wateon. 6 p.m. 

Inst. or EnGIneERS anD SHrPBuILpERs In ScoTLanp.—39, 
Elmbank-crescent, G - “Road Planning and Con- 
struction in Relation to y,” W. H. Budgett. 7.30 p.m. 

SHEFFIELD METALLURGICAL Assoc.—198, West-street, Shef- 
field, 1. ‘‘ Modern Ideas of Electrical Conduction and Cohesion 
in Metals,”’ Pref. N. F. Mott. 7.30 p.m. 





Wepnespay, FrEs. 247TH, 

Inst. or Crviz Enoryegrs: SrupEnts’ Sxcrio%.—Great 
George-street, 8.W.1. “‘ The Work of the Metropolitan Water 
Board,” H. F. Cronin. 6.30 p.m, 

Royat Soc. or Arrts.—John-street, Adelphi, W.C.2.— 
** Alloys,”’ Professor W. L. Bragg. 8.15 p.m. 

TrRourRsDAY, Fes. 257TH. 

Inst. or ExectricaL Encineers: Sours Mripianp Centre. 
Midland Inst., Birmingham. “The San Francisco-Oakland 
Bay Bridge,” Prof. J. Husband. 7 p.m. ; 

Inst. or SrrucTURAL ENGINEERS.—Inst. of Civil Engineers, 
Great George-street, S.W.1. ‘‘ Strength Tests for Cement,” 
Dr. W. H. Glanville. 6.30 p.m. 

Royat Amronautica, Soc.—Royal Soc, of Arts, John- 
street, Adelphi, W.C.2. ‘* Power Siividadbadins in the Air,’ 
N. 8. Muir. 6.30 p.m. 

Fripay, Fes, 267n. 

Inst. or Cammicat Excrvgers.—Hotel Victoria, Northum- 
berland-avenue, W.C.2. Fifteenth annual corporate meeting. 
llam. “ amare bing and Practice,” M. B. Donald. 
2.15 p.m. Annual di . 7,30 p.m. 

Insr. oF Marine Enoiveers.—The Guildhall. Annual 
dinner, 7.30 p.m. : 

Inst. or MxcuanicaL Enouveers.—Storey’s-gate, 8.W.1. 
Educational Group. ‘‘ The Training of Apprentices for Crafts- 
manship,” A. P. M. Fleming. 6 p.m. 

Inst. or SrrvcruraL Engineers: MipLtanp CoUNTIES 
Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘“‘ Soil Mechanics and Concrete 
Pile Driving,” M. J. C. McCarthy. 6.30 p.m. 

Junior Inst. or ENGINzERS.—Princes Galleries, Piccadilly, 
W.1. Institution dinner. 

Norru-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. “Vibration in Engine 
Structures,” L. J. Le Mesurier and R, Stansfield. 6 p.m. 

Monpay, Maron Isr, 

Rovat Soc. or Anrs.—John-street, Adelphi, W.1. “ The 
Physics and Chemistry of Paintings,” F. 1. G. Rawlins. 8 p.m. 
Wepnespay, Marcu 3np, anv TuHurspay, Marcu 47H. 
First INTERNATIONAL ELBOTRODEPOSITION CONFERENCE. 

i Industries House, W.1. 


Fray, Maron 5ru. 

Junior Inst. or Encrveers.—39, Victoria-street, 8.W.1. 
“ Street Fire Alarm Signalling,” L. E. Calvo. 7.30 p.m. 

MANCHESTER Assoc. or ENcrxeeRs.—Grand Hotel, Aytoun- 
street, Manchester. Annual dinner and dance. 7 p.m. 

Wepnespay, Marcu 10ru, anp Taurspay, Marca Litn. 

Inst. or Metats.—Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. Annual general Pr page 170 

’ Wepyespay, Marcu 171TH, To Frmay, Marcu 19rsa. 


Inst. oy Navan Arcuirecrs.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. Annual meeting. 
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PERSONAL AND BUSINESS ANNOUNCEMENTS. 





L. Srerne anp Co., Ltd., refrigeration engineers, have 
ch their London address to Sterne House, 183, Queen 
Victoria-street, London, E.C.4, 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers 





Arisa Craic, Ltd., Chiswick, has received an order for two 
twin-eylinder Diesel engines of 16/24 H.P. from the Brazilian 
Naval Commission. 








CATALOGUES. 





A. ReyRoLLe anv Co., Ltd., Hebburn-on-Tyne.—Pamphlet 
No. 1016 on the firm’s universal cartridge fuses. 

GrReENWoop anp Baruiey, Ltd., Albion Works, Leeds.— 
Latest brochure on ‘“‘Greenbat’’ hot forging machines. 


Dramonp BrowEer Company, Ltd., Brent-crescent, North 
Circular-road, N.W.10.—-Particulars of ‘“* Diamond” soot 
e 

Soac Macutne Toots, Ltd., 7, Juxon-street, 8.E.11.—Steck 
list 8.224, containing particulars of new and reconditioned 
machine tools. 


Mitcosett Enerveertne Company, Ltd., 1, Bedford-square, 
W.C.1.—Illustration of a number of installations of coal and 
ash-handling plants and conveyors. 

Brerrish THERMosTatT Company, Ltd., Windmill-road, 
Sunbury-on-Thames, Middlesex.—Publication No. 301a, dealing 
with hydraulically operated motorised valves. 

Meratectric Furnaces, Ltd., Cornwall-road, Smethwick 
Birmingham.—Lists of temperature-indicating and ding 
equipment, and electric furnaces of several types. 

Genera Execrric Company, Ltd., Magnet House, Kingsway, 
W.C.2.—Catalogue Section W (3) of wiring su lies, armature 
and instrument wires, insulating materials, insulators, tools, &c. 

Enoutsx Execrric Company, Ltd., Bradford.—Abridged 
price list of motors an trol . Publication No. T 16, 
on steam turbine plant, and a brochure on 150 to 3500 B.H.P. 
oil engines. 

Turner’s Aspestos CEMENT Company, Trafford Park, 
Manchester, 17.—Brochures on “ Turnall” glazed panels, 
stipple glaze decorated sheets, and plain white sheets, and 

reinforced aluminium foil. 


W. T. Hentey’s Te.ecrarx Works Company, Ltd., Holborn- 
E.C,1.—Catalogues on “‘C.M.A.’ and ‘ Nonazo’ 
; “*C.M.A.’ and ‘ Nonazo’ Tough Rubber-sheathed 
Cables”; ‘Flexible Cords”; “Henley Wi System, 
Metal Sheathed”’; ‘ Henley Wiring vg ar ok tal Sheathed 
with Earth Continuity Conductor”; “ Henley Wiring System, 
Tough Rubber Sheathed.” 
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A Seven-Day Journal. 


London’s Telephone System. 


MARKED progress is.recorded in London’s telephone 
system in the first annual report on the London Tele- 
communications Region. Reductions in telephone 
charges in January and October of last year greatly 
stimulated the demand for telephone service, and a 
record increase in business was secured. The number 
of exchange lines increased by 54,000 to 600,000, an 
increase of over 1000 lines per week, whilst the number 
of telephones in use at the end of 1936 was 1,022,000, 
an increase of 9 per cent. as compared with 7-6 per 
cent, in 1935. The total number of calls originating 
in London during the year was 1,007,000,000, an 
increase of 78,000,000 over the total of 1935. Follow- 
ing the introduction of fifty free calls a quarter to 
residential subscribers, the weekly traffic was fre- 
quently 3,000,000 calls in excess of the previous 
year’s figures. In the London area there are now 256 
telephone exchanges, of which 104 are automatic and 
140 of the manual type. There are also five trunk 
exchanges, two toll exchanges, and five tandem or 
junction switch centres. Last year nineteen exchanges 
were opened ; twenty-two exchanges are now in the 
course of construction and the erection of new build- 
ings to house another thirty-one automatic exchanges 
has been commenced. New automatic equipment has 
been designed for use in small areas, and it has been 
decided to introduce automatic telephone working 
in a number of outlying districts in the London region. 
The number of engineering workmen now employed 
in the London region is 10,200, an increase of 1000 on 
last year. Whilst excellent use is still made of the 
day training school at Dollis Hill, a new school has 
been set up in the Royal Telephone Exchange building. 


The Yorkshire Electric Power Company. 


Ar the forty-fifth ordinary general meeting of the 
Yorkshire Electric Power Company, held in Leeds on 
Monday, February 15th, Mr. Robert Armitage, J.P., 
who presided, explained that the revenue for the 
year 1936 was 12 per cent. greater than in 1935, 
while the sales of electricity to consumers, excluding 
exports to the Central Electricity Board, increased by 
20 per cent. The figures marked a further reduction 
of the average price paid by the company’s con- 
sumers, and the total reduction in price made in the 
last five years represented on last year’s sales an 
allowance to consumers of £150,000. The demands 
for supply were such that the full employment of the 
new Thornhill power plant was assured, whilst pro- 
spective.demands called for extensions at the Ferry- 
bridge station. Orders had therefore been placed for 
new machinery and it was expected that the work of 
installing it would be completed in two years. Since 
the Ferrybridge station was set to work in 1927 it had 
distinguished itself on more than one occasion by 
generating electricity at lower cost than other similar 
stations, but the new plant would be even more 
efficient. It would also increase the station to more 
than three times its it capacity. The site was 
admirably suited for the larger plant and the excep- 
tionally low costs of generation should be a further 
inducement to manufacturers to establish electro- 
chemical industries in the vicinity of the station, a 
district which presented many advantages to 
industrialists. 


Road versus Rail Traffic. 


In a Journal note of October 23rd we summarised 
the reserved-decision of Mr. Gleeson Robinson, the 
‘Traffic Commissioner for the Metropolitan Area and 
Licensing Authority for the London Traffic Area 
regarding the application of Bouts-Tillotsons Trans- 
port, Ltd., for the renewal of licences for road trans- 
port vehicles, which were opposed by the four main 
railway companies, mainly on the ground that suit 
able transport facilities already existed, and were in 
excess of the i ts. The Commissioner 


decided that licences should be granted for 128 | 2°C°P 


vehicles and forty-two trailers, and the railway com- 
panies decided to refer the matter to the Appeal 
Tribunal, consisting of Mr. Rowand Harker, K.C. 
(Chairman), Mr. E. 8. Shrapnell-Smith, and Mr. F. C. 
Fairholme. Mr. Rowand Harker, who, on Monday, 
February 15th, announced the Tribunal’s decision, 
said that the appeals had been presented to them as 
test cases. So far as they were able to judge, the 
question the appellants sought to test was whether 
or not it was in the public interest that all, or sub- 
stantially all, road transport services on the trunk 
roads of England, Scotland, and Wales should be 
eliminated, thereby giving the appellants a monopoly, 
except in exceptional circumstances, of all traffic on 
those routes, It was no part of the Tribunal’s function 
to decide such a question. If the suggestion of the 
railway companies that their “rates structure ” was 
imperilled was well founded, on which question the 
Tribunal could express no opinion, then the companies 
must seek their remedy elsewhere. In conclusion the 


Chairman said that the Tribunal was of the opinion 
that the appellants did not prove that the transport 
facilities provided by them in the district, or between 
the places intended. to be served by the respondents, 
were suitable transport facilities. Consequently no 
overriding circumstance was proved. which would 
make it in the public interest that the respondents’ 
application for a new “ A” licence should be refused. 
The appeals were dismissed and fifty guineas costs 
awarded against each of the four railway companies. 


The Sleaford Railway Accident. 


WE regret to have to record a serious derailment of 
the 10.45 a.m. L.N.E.R. express from York to 
Lowestoft, which took place at 12.44 p.m. on Monday, 
February 15th, about one and a-half miles from 
Sleaford Station, and resulted in the death of four 
platelayers and injuries to another platelayer and 
several passengers who were travelling in the train. 
The train, which was composed of an engine and 
tender with ten coaches, was running a little late and 
was slowing down to stop at Sleaford when the 
accident occurred, just after it had passed the signal- 
box north of Sleaford Station. There are two sets of 
lines at this point, one the main line and the other a 
loop line, which is used when it is desired to avoid the 
station. When the engine left the track the first four 
coaches were drawn along the rails, the fifth and sixth 
coaches capsized, and the following two coaches were 
tipped over and crashed into the platelayers’ hut, 
between the two sets of lines, in which the men were 
taking their midday meal. Two platelayers were 
killed instantly and two others died from the injuries 
they received. The telephone and telegraph systems 
were dislocated and the accident caused considerable 
delay to traffic, as it was*necessary to work all trains 
through Sleaford by means of a single line. The task 
of clearing the wreckage from the main and the loop 
lines took so long that normal working was only 
resumed on Wednesday. 


Roads and Bridges in Scotland. 


In a speech made in Edinburgh on Friday, Feb- 
ruary 12th, the Minister of Transport made reference 
to the recent in the development of Scottish 
roads and bridges. The circuit from Edinburgh to 
Glasgow, by Glencoe, Inverness, Perth, and back to 
Edinburgh, totalling 365 miles, had, he said, been 
completed at a cost of £5,000,000, and since 1934 many 
hundreds of miles of Class I roads had been improved 
at a cost of £4,250,000. When in May next the Ministry 
of Transport takes over the trunk toads of the United 
Kingdom, some 1200 miles out of 4500 miles would be 
Scottish roads. During the last two years the net 
Road Fund revenue collected from Scotland had been 
£4,238,000, while payments to Scotland out of the 
Fund had amounted to £4,930,000. In the matter of 
bridges the Exchequer had recently contributed 
£412,000, or 75 per cent., towards the cost of the 
Kincardine bridge, while £5625 out of 4 total of £7500 
had been paid by the Treasury towards the cost of 
engineers’ reports on a possible site for the new bridge 
at Queensferry. Unfortunately, that scheme, like 
the Severn and Humber schemes, had had to give 
place to the more pressing demands of national 
defence, but the project was not rejected. The time 
to consider the project for a new Forth bridge would, 
Mr. Hore-Belisha said, be when the pressure of 
defence was less great or when, for any other reason, 
orders fell off. Experience in the past had shown that 
there had been too great.a lapse'of time between the 
decision to adopt a public works policy and the pre- 
paration of the schemes. That was a 
delay, he thought, which im the future might be 
curtailed by an adequate exercise of forethought, 
and plans ought to be advanced to a reasonable state 
of readiness. While the Government clearly could 
not commit itself or its suecessors to the definite 
tance of particular schemes to be carried out at 
some future date, it did realise the national advantage 
of a proper timing of the execution of public works, 
and those authorities which had matured plans would 
naturally be at an advantage. 


Use of Coal in the Mercantile Marine. 


On Tuesday, February 16th, a Conference, fully 
representative of this country’s shipping, coal, and 
marine engineering interests, was held under the 
chairmanship of Captain H. F. C. Crookshank, the 
Secretary for Mines, to discuss the possibility in the 
national interest of securing an increased use of coal 
in the mercantile marine. Represented at the 
Conference were the Chamber of Shipping of the 
United Kingdom, Liverpool Steam Ship Owners’ 
Association, British Coasting and Near Trades’ 
Association, Lloyds Register of Shipping, Shipbuild- 
ing Employers’ Federation, Consultative Committee 





of Shipbuilders and Engineers, Combustion Appliance 





Makers’ Association (Solid Fuel), Mining Association 
of Great Britain, Mine Workers’ Federation, British 
Coal Exporters’ Federation, Coal Utilisation Council, 
Institute of Marine Engineers, Institution of 
Mechanical Engineers, and Institution of Naval 
Architects. The shipowners said that other things 
being equal, they would..give preference to a fuel 
produced in this country, but. they pointed out that 
supplies of bunkers. must. be reliable as.to quality, 
quantity, and price. Attention was drawn to the 
increased efficiency of modern appliances and to 
the importance of efficiency trials being made ona 
large scale to give clear comparative data. The 
Combustion Appliance Makers’ Association (Solid 
Fuel), after a full discussion, moved the following 
resolution :—‘‘ That this. Conference welcomes. the 
steps which have been taken to bring to the attention 
of the interests concerned the possibility in. the 
national interest of obtaining an increased use of coal 
for bunkering purposes. With the object of examin- 
ing the matter in further detail and of formulating 
proposals designed to secure the object in view, the 
members of the Conference agree to recommend 
the setting up at an early date of a Committee repre- 
sentative of the shipping, coal, and marine engineer- 
ing interests attending the Conference.” The 
resolution was carried without dissent, and it was 
decided to set up the suggested Committee under the 
chairmanship of Sir Alfred Faulkner, the Under 
Secretary for Mines. 


The Speke Aircraft Factory. 


Tue Lancashire site for the aircraft factory to 
be built under the Government “ Shadow Seheme ” 
referred to in our Journal note of January 29th, was 
announced on Friday, February 12th, when the 

iverpool City Council agreed to sell to the Air 
Ministry between 70 and 100 acres at Speke. It 
may be recalled that the Liverpool Corporation has 
purchased some 2000 acres of land at Speke and has 
already spent £200,000 in connection with housing 
schemes and on its development for the aviation 
industry. Rail, road, air, and sea services are avail- 
able, and a seaplane base is to be reported on. The 
contract for the construction of the fattery has, 
it was announced by Mr. W. E. Rootes, chairman of 
Rootes Securities, Ltd., been let to Sir Robert 
McAlpine and Sons, of London, and preliminary work 
was begun on Monday, February 15th. The first 
sods were cut. by Alderman W. Denton, the Lord 
Mayor of Liverpool, and Sir Thomas White. The 
factory, which is to be completed in about thirty 
weeks, will, it is expected, cost £500,000, and when 
finished will employ 5000 workpeople. The original 
decision, we may recall, was to build the factory at 
White Waltham, near Maidenhead, but it raised so 
many protests that the Government decided to con- 
sider another site. Speke is appropriate in that it 
is Liverpool’s aerodrome, and is one of the principal 
junctions proposed by the Maybury Committee in 
its report on the future development of air services 
throughout the United Kingdom. The principal 
recommendations of that report were discussed in 
our issue of January 29th. 


The Defence Programme. 


THE White Paper (Cmd.. 5374), issued on Tuesday 
evening, February 16th, before the discussion of the 
Government’s £400,000,000 loan proposals in the 
House of Commons on Wednesday, February 17th, 
states that, taking the programme as it stands to-day, 
it would be imprudent to contemplate a total expendi- 
ture on defence during the next five years of much 
less than £1,500,000,000. The Paper gives in outline 
the objectives aimed at, with an indication of the 
principal measures necessary for the reconditioning 
of our forces, as part of the co-ordinated plan drawn 
up by the Government. It is stated with regard to 
the Navy that three capital ships, similar to those of 
the 1936 programme, which cost £8,000,006 each, 
are to be ordered early in the new financial year, 
while there are to be seven more cruisers and probably 
two additional aircraft carriers in the 1937 pro- 
gramme. Along with these important, additions to 
tonnage a considerable increase in the personnel of 
the Royal Navy is foreshadowed, together with a 
substantial augmentation of the Fleet air arm. The 
modernisation of the Regular Army provides for 
improved equipment and better conditions with 
higher maintenance costs, In the near future, two of 
four new infantry battalions and one of two new tank 
battalions are to be formed, and better barracks are 
to. be provided and large munition reserves are to be 
accumulated. For the Royal Air Force a large 
number of new aerodromes are to be completed and 
seventy-five new operational stations are to be con- 
structed, both at home and abroad, while aircraft are 
to be provided to equip new squadrons. The defences 
of strategic points in various parts of the Empire are 
to be modernised. 
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The Principles 


and Practice of 


Automatic Control: 


No. V. 
(Continued from page 177, February 12th.) 


Tse Stemens AUTOPILOT FOR AIRCRAFT. 


E Siemens automatic aircraft pilot illustrates 

very clearly the practical application of several 
of the aspects of automatic control discussed in 
general terms in the preceding articles. 

This device in its full application is designed to 
govern the attitude or motion of en aeroplane with 
respect to three principal axes and also to control 
the height of flight. The three-axis control, govern- 
ing the setting of the elevator, ailerons and rudder, 
consists of three separate units which are identical 
except as regards the nature of the primary detectors 
embodied in them. For our present purpose we shall 
devote chief attention to the rudder control. The 
object of this control is to preserve the aircraft on a 
given straight horizontal course by counteracting 
any transitory accidental force acting to deflect the 
aircraft off that course. 

The primary detector responding to any angular 
departure from the set course consists as indicated 
in Fig. 11 of a magnetic compass. Since the directive 


Course Indicator 


€. Control Valve. 
D. Coupling Valve. 


A. Gyroscope. 
8. Electro - Magnet. 
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of meeting changes in the weather and other condi- 
tions. If the bowl is continuously rotated the 
set course will be continuously varied or, in other 
words, the set course will become a circle instead 


of a straight line. Provision is made for rotating |. 
This 


the bowl at any one of six different speeds. 

feature is of interest as illustrating the fact that 
automatic control may readily be applied not merely 
to preserve the controlled quantity x-constant but 
alternatively to make it vary in some desired manner. 

The secondary detector responsive to velocity 
of departure from the set course consists of a gyro- 
scope with its axis of spin normally aligned parallel 
with the fore and aft direction of the aircraft. 

Since gyroscopes are not infrequently employed 
as velocity detectors it is desirable to take this 
occasion to say a few words about their action. 
Reverting for a moment to the electro-magnet 
of the primary detector we note that the armature 


is controlled by two springs. The object of these |. 


springs is obvious. If they were absent the current 
flowing through the coils of the magnet, whatever 


Motor Generator 


To Rudder 


G. Gentle Return. 
H. Servo - Motor. 


E. Pressure Regulating Valve. 
F. Oil Pump. 


FiG. 11-THE RUDDER CONTROL UNIT OF THE SIEMENS AUTOPILOT 


force of a magnetic compass is slight it is necessary 
to magnify it in some way before a useful response 
to change of course can be derived from the compass. 
To this end the compass needles—two are employed 
to increase the directive force—are mounted on a 
float which is immersed in an electrically conductive 
liquid. The bowl containing this liquid carries two 
quadrantal conductors while the float carries a third 
quadrant which, lying a little below those on the 
bowl, bridges the gap between their ends. Alternating 
current from a motor generator is transmitted through 
the float to the bridging quadrant where it divides, 
one part of it passing along one half of the bridging 
quadrant and through the conductive liquid to one 
of the bowl quadrants and the other part passing 
similarly to the other bowl quadrant. If the bridging 
quadrant is exactly in its mid position the resistances 
of these two paths will be equal and the current 
will be equally divided between them. If however 
the aircraft is off the set course the bowl quadrants 
will have moved relatively to the bridging quadrant 
with the result that the path through the conductive 
fluid on one side will have increased in length and 
its resistance will accordingly have risen. The current 
will therefore be divided unequally and the inequality 
of the division will increase with increase in the 
departure of the aircraft from the set course. The 
two parts of the current are rectified separately and 
are then led in opposition to each other to an electro- 
magnetic. The effective current through this 
magnet is proportional to the departure of the aero- 
plane from the set course and reverses its direction 
with a reversal in the direction of departure. The 
movement of the armature of the electro-magnet 
is in this manner the effective response of the primary 
detector to angular departures from the set course. 
The set course is that for which the bridging 
quadrant equally divides the gap between the 
bowl quadrants. A handle is provided whereby the 
bowl may be rotated by the pilot in order to select 
the set course. A sensitivity regulator is inserted 
in the compass float circuit. By means of it the 


pilot may adjust the strength of the response exhibited 
by the electro-magnet and thereby vary the ratio 
of that response to the response of the secondary 
This adjustment is of value as a means 


detector, 





its value might be, would, if the armature were 
free from friction and all other restraining forces, 
turn the .armature into one definite position. The 
springs provide an 0 ing force which increases 
in magnitude with the deflection of the armature 
from its.zero position. As a result the armature 
will turn until the electro-magnetic couple is balanced 
by the opposing couple applied by the springs. In 
this way the equilibrium position of the armature 
provides a measure of the net current flowing through 
its coils and therefore of the angular departure 
of the aircraft off its set course. A similar econ- 
sideration is applicable to the gyroscopic velocity 
detector. 

In Fig. 12 we represent a gyroscope: spinning 
with angular velocity ¢ about a fore and aft axi 
and mounted within a gimbal ring which is free to 
turn on an athwartship axis. The athwartship axis 
may be regarded as mounted on bearings fixed to 
the aircraft structure. The spin being in the direction 
indicated let us suppose that the aircraft is turning 
to port off its course with angular velocity 6. ‘The 
two velocities ¢ and 6 may be compounded as shown 
in the side view (A) into a single rotation about an 
imaginary axis I.A. lying in the vertical plane through 
the centre of the dise and inclined with its upper 
end I tilted aft. The disc is therefore in a condition 
analogous to that of a “ drunken ” saw or to a fly- 
wheel rotating about an axis which is neither in its 
plane nor at right angles to it. Since half the mass 
of the disc is on one side of the axis of rotation and 
half on the other the centrifugal force arising from 
the rotation about IA. results in the production of 
a couple T about the athwartship axis. This couple 
acts to set the plane of the disc at right angles to the 
imaginary axis that is to say to tilt the forward end 
of the disc axle downwards. If the i 
axis were a real axis fixed in space the value of the 
couple T would be } 6 ¢1/g where I is the moment of 
inertia of the disc about its axis of spin and the 
disc would precess about the athwartship axis until 
it found equilibrium with its plane at right angles 
to the fixed axis I.A.. Actually the i axis 
is not fixed in space but as the side view (B) shows 
follows up the tilting movement of the disc. The 
third side view (C) shows the real position of equi- 





librium. While the disc is endeavouring to set its 
plane at right angles to the imaginary axis that 
axis is following the disc but at a losing rate. When 
the diso has moved through 90° the imaginary axis 
has moved through the angle 8. In this condition 
the two velocities 6 and ¢ are collinear and reinforce 
one another, the imaginary axis coincides with the 
disc axle and the disc axle is vurtical. It is to be 
noted that in the position of equilibrium the axle 


jof the dise is coincident or parallel with the axis 


about which the aircraft as a whole is turning and 
that the precession of the disc into the equilibrium 
position is such as to make the sense in which it is 
spinning on its axle agree with the sense in which 
the aircraft is swinging off its course. 

Allowance being made for the fact that the 
imaginary axis is not fixed in space but moves in 
the manner described the true value of the gyro- 
scopic couple T is 6¢I1/g or twice the previously 
given value. This is the value of the couple when the 
dise is in the initial position (A). In the position 
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Fic. 12—ACTION OF A CONSTRAINED GYROSCOPE 


(C) the couple is zero and in any intermediate position 
(B) it has an intermediate value. The gyroscopic 
couple therefore corresponds exactly with the electro- 
magnetic couple of the detector except 
that it is a measure of. the velocity of departure 6 
of the aircraft off its set course and not of the 
departure 6 by itself. As in the case of the electro- 
magnet, springs are applied to oppose the gyroscopic 
couple. Hence at any given rate of turning 6 of 
the aircraft the gyroscope will precess about the 
athwartship axis until the gyroscopic couple T, 
falling with the of the precession from the 
initial value 6 ¢1/g towards zero, is balanced by the 
opposing couple applied by the springs, which couple, 
initially zero, rises as the precession . With 
the springs in action therefore the gyroscope will 

into a position of rest and the amount of 
this precession will be a measure of the velocity 6 
with which the aircraft is turning off its course. The 
precession will be opposite in sense for opposite 
directions of turning. Other aspects of the gyroscope 
will be considered in subsequent articles as the 
occasion for their discussion arises. 

If the movement of the aircraft is sharp and 
sudden the gyroscope may precess into its position 
of rest with sufficient momentum to carry it some 
way beyond that position. Momentarily the spring 
couple would then be more powerful than the gyro- 
scopic couple. with the result that all the conditions 
would be present for the setting up of an oscillation 
of the gyroscope about its position of rest. This 
oscillation is eliminated or reduced as shown in Fig. 11 
by means of a dashpot coupled to the gyroscope. 

The Siemens automatic pilot is of that class of 
automatic control apparatus in which the control 
organ—the course-setting rudder in this case—is 
deflected in accordance with the joint indication 
of the departure detector and the velocity detector. 
The actual rudder deflection at any instant is the 
algebraic sum of two parts, one proportional to, or 
varying with, the departure § and the other pro- 
portional to, or varying with, the velocity of departure 
6. To this end as shown in Fig. 11 the two detectors 
are coupled to the ends of a floating lever which in 
turn is connected by a link and lever to the control 
valve of a servo-motor. In this way the position of 
the valve is determined by the separate response 
movements of the two detectors or by their joint 
response. : 

The valve governs the admission of oil under 
pressure to one end or the other of a servo-motor 
cylinder, the piston unit of which is coupled to the 
rudder of the aeroplane. In order that the rudder 
may not be moved to the full limit of its travel on 
the slightest opening of the valve a “ follow-up_ 
motion is required. In this case the follow-up is 
obtained not as shown earlier in Fig. 8 by coupling 
up the valve casing with the rudder but by referring 
the rudder movement back to the valve itself. It 
is for this purpose that the valve is coupled to the 


floating lever joining the two detectors through a 
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link and intermediate lever and not directly. One 
end of the intermediate lever is connected to the 
piston of a dashpot. The cylinder of this dashpot 
carries a rack with which there engages a pinion 
or semi-pinion. ‘This pinion is mounted on and 
rotates with a shaft to which the servo-motor piston 
unit is coupled and from which motion is transmitted 
to the rudder rod. 


The action of this can best be followed 
if we imagine the liq the dashpot frozen solid 
and the dashpot™ moving in one with its 
cylinder. If the joint indication received from the 


detectors moves the control valve to the right the 
servo-motor piston unit will be moved to the left 
and the rudder deflected. At the same time the 
pinion and rack will move the to the left 
with the result that the intermediate lever will 
move the control valve to the left in opposition to 
its original movement and the ports will be reclosed. 
It is obvious that the greater the response of the 
detectors the greater will be the original movement 
of the control valve and the greater will be the 
reverse movement which it must make in order to 
reclose the ports and stop the movement of the 
rudder. It follows therefore that the arrangement 
fulfils the prime function of a follow-up device in 
so far that any given original movement of the control 
valve results in a definite deflection. of the rudder 
of proportional or otherwise dependent amount. 
Some small degree of time lag between the driginal 
movement of the control valve and the attainment 
by the rudder of the corresponding deflection is 
clearly essential to the operation of the arrangement. 
If there were none the valve ports would never 
open and we would be presented with the reductio 
ad absurdum previously discussed. The precise 
object. which the dashpot Gis intended to fulfil 
has not been disclosed to us by the Siemens Company. 
It is officially described as providing a “ gentle 
return.’’ We may surmise however that it is required 
in order to prevent the follow-up action taking 
place too sharply or in other words for the purpose 
of providing a means of controlling the time lag 
between the movement of the control valve and 
the attainment by the rudder of a proportionate 
deflection. 

Two other details shown in Fig. 11 may be noted. 
At D a valve is provided whereby under the control 
of the pilot the two ends of the servo-motor cylinder 
may be placed in communication when it is desired 
to cut out the automatic control of the rudder and 
revert to personal steering. At E a pressure-regulat- 
ing valve governed by a cam on the rudder arm shaft 
is inserted in the supply pipe between the oil pump 
and the servo-motor valve. This valve is designed 
to regulate the pressure applied to the servo-motor 
piston in such a way that the force applied to deflect 
the rudder increases as the deflection increases. 

The control units governing the elevator and 


the ailerons are each duplicates of the rudder control 


unit except as regards the nature of the primary 
detector and the disposition of the axle of the gyro- 
scope. The three units are quite separate and 
operate independently of each other. 

The primary detector of the elevator unit is a 
pressure head of the Pitot tube type. If the nose 
of the aeroplane dips downwards the machine will 
start to dive and therefore its speed will increase. 
If the nose tips up the machine will start to climb 
and therefore the speed will fall.off. The increase 
or decrease of the speed will to a first approximation 
at least be directly proportional to the angle of dip 
or rise of the nose. Hence a Pitot tube, a device 
primarily responsive to changes of speed, is also 
applicable as a means of detecting angular movement 
of the aeroplane about the transverse axis. The 
secondary detector consists of a gyroscope with its 
axle normally aligned vertically. The gyroscope 
is coupled to an electro-magnet in the same manner 
as is shown in Fig. 11. The current. supplied to the 
magnet is automatically regulated to maintain pro- 
portionality with the pressure indicated by the 
Pitot tube. 

The primary detector of the aileron unit consists 
of a pendulum the deflection of which is translated 
into a direct current of electricity flowing, in one 
direction or the other according to the direction of 
the pendulum deflection, round an electro- 
as at B Fig. 11. This magnet is coupled to the 
secondary detector, a gyroscope with its axle normally 
aligned vertically. 

In addition to these three control units the Siemens 
equipment in its complete application provides a 
means for regulating the height of flight of the aero- 
plane in an automatic manner. The height control 
originates in an altimeter the indications of which 
are arranged to govern the activity of a small electric 
motor coupled to the engine throttle. The altitude | fans 
control is quite sree from the three axial control 
units but it operates in close association with the 
elevator control. If for instance the aeroplane when 
flying at the desired height as determined by the 
altimeter setting encounters an air pocket and drops 
to a lower level, then the response of the altimeter 
to the change of level will initiate through the 
electric motor a movement of the throttle which will 
increase the engine output. Under this higher 
output the speed of the aeroplane will rise. This 
increase of speed will be detected by the Pitot tube 
of the elevator control unit which will consequently 





initiate a movement of the elevator of the same kind 


as it would initiate if when the aeroplane was flying 
horizontally the nose dipped and the speed began 
to rise with the dive. In other words the elevator 
will be raised and therefore the aeroplane will begin 
to return towards its former level. Conversely if 
the aeroplane. encounters.a vertical gust which lifts 
it above its set height the altimeter will reduce the 
throttle opening and lower-the speed of the machine. 
The Pitot tube will detect the reduction of and 
will initiate an elevator movement of the same kind 
as that which it would initiate if while the aeroplane 
were flying horizontally the nose tipped up and the 
machine began to climb. In other words the elevator 
will be lowered and the aeroplane will begin to 
descend towards its previous level. 





It may be noted that the altimeter provides in 
effect a primary detector as regards height of flight 
but that there is no secondary detector responsive 
to rate of change of height. Hence it might seem 
from fundamental principles that the correction of 
an accidental displacement from the set height 
might. originate an indefinitely sustained, and not a 
decaying, oscillation of the aeroplane about the set 
height. This argument is not strietly correct. The 
altimeter ought really to be regarded as an additiona! 
primary detector associated with the elevator control 
unit. As that unit already contains a secondary 
detector in the form of its gyroscope there is no 
necessity to provide a secondary detector specifically 
co-operating with the altimeter. 

(To be continued.) 








The Works of Kodak, Ltd. 


No. IL. 
(Continued from page 193, February 12th.) 


AVING described the film coating and _pre- 
paration departments, it might be considered as 
the next logical step to deseribe the manufacture of 
the cameras in which the film is used. As, however, 
the works organisation and the nature of the i 
cesses unite the film manufacture and the film 
developing and printing and separate the camera 
making into a totally different sphere of activity, it 
is proposed to follow the same order in this article 
and follow the film right through from its manu- 
facture to its delivery to the customer, together with 
the prints derived therefrom, then describing the 
camera manufacture and finally some of the 
other departments which are allied to the general 
organisation. 
Among the developing departments one of the 
newest and therefore most interesting is perhaps the 
Cine Kodak and Kodachrome department. 


Tue Cove Kopak anp KopacHROME DEPARTMENT. 
The Cine Kodak developing machines used by 
Kodak, Ltd., were designed and manufactured in the 


firm’s own shops. On arrival the spools are numbered 
and spliced into one continuous length, which is led 





may be run up to speed before being switched in by 
closing the atmosphere valve, which is visible in the 
centre of the illustration. 

These compressors are of differing capacities from 
50 to 350 cubic feet, with a total of 710 cubic feet at 
15 1b. pressure. This variation of size is to enable a 
seasonally fluetuating load to be continually balanced 
by the use of different combinations of compressors. 
Igranic starters are used together with Igranic pressure 
switches, which cut off the current should the water 
supply to the water seal in the compressor fail. 

The chemical room, where the chemicals are mixed, 
is equipped with various porcelain jars and stainless 
steel tanks. These tanks are provided with 4 H.-P. 
electric flameproof stirrers. They vary in size between 
15 and 150 gallons capacity. The chemicals are 
handled by seven Gwynne pumps and three 
Tungstone compressed air rubber acid pumps, taking 
their supply of compressed air from the Nash com- 
pressors. 

Hot water is obtained from a 200-gallon calorifier 
with auto control operated by a Bristol free vane air 
relay controller. The temperature is maintained 
within 1 deg. ahove or below the required figure. A 





over racks into the necessary developing and printing 
solutions and then into drying cabinets. Owing to 
the highly corrosive powers of the chemicals, stainless 
steel and fibre are extensively used in the apparatus. 
The Kodachrome plant, which has just been laid down 
to handle the new coloured film, was partly made in 
Kodak Park, Rochester, U.S.A., and partly at the 
Harrow works. 

The Kodachrome process need not be described 


here ; suffice to say that the film is run into tanks 


containing various solutions and then into drying 
cabinets. The air for the latter is heated by electric 
ere and the circulation is provided by Buffalo 
oo compact air filters. The chemical tanks are 
agitated by means of compressed air. A battery of 
five Nash “Hytor” air compressors is shown in 
Fig. 12. In these compressors the air never comes into 
contact with an oily or greasy surface and its relative 
humidity as delivered is controlled to a certain extent 
at the compressor itself, thus obviating condensation 
troubles. The air inlets are carried up to the roof and 
fitted with silencers, except in the case of the small 
compressor on the extreme left of Fig. 12, which draws 
air from the room itself through a silencer. Non- 
return valves and atmosphere valves are in 
in the run of each compressor so that one machine 





rather interesting scrubbing tower is fitted over the 
chemical mixing sink to prevent dust, the greatest 
enemy of the film industry, from being set free in the 
air. The entire sink is enveloped im a hood leading to 
an air duct which merges into a waist. Into this 
waist is led a nozzle from a Davidson high-pressure 
fan (6in. water gauge). The waist now broadens out 
into the filtering chamber, the filtering medium being 
porcelain rings. A water spray is arranged at the top 
of this chamber and the tower terminates in the tisual] 
chimney. The fan is operated by means of a water 
Switch so that it cannot be started before the water 
itself is turned on. 

All the various sumps in this department are 
equipped with float switch operated alarm bells, 
which ring in the control room in the event of an 
automatic pump failing to start up, thereby causing 
a danger of flood. This department is not air con- 
ditioned, but filtered air is injected by fans and 
extracted by fans. 

A large department is maintained for developing, 
printing, and enlarging of every variety. Some idea 
of the volume of this work may be obtained from the 
fact that during the summer months some 30,000 
prints are made per day. The developing of film 
spools that are used in the ordinary “ still ” camera 
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is carried out on Kodak automatic developing 
machines. 


THe Kopak AUTOMATIC DEVELOPING MACHINE. 


This machine is illustrated in Figs. 13 and 14 and 
consists essentially of two parts, the first a series of 
tanks containing the necessary developing,. rinsing, 
fixing, and washing solutions, and the second a 
drying chamber. Auxiliary to these parts are the 
necessary mechanical devices for feeding the films into 
the machine, passing them through the solutions for 
the requisite time, transferring them from one solution 
tank to the next, and from the final washing tank to 
the drying chamber, passing them through the drying 
chamber, and finally discharging them dry and ready 
for printing. 

The framework of the developing, fixing, and wash- 
ing portion of the machine is rigidly constructed of 
steel channel and angles, suitably arranged to carry 
the conveying and elevating chains and their driving 
mechanisms. It is mounted on timber sole plates and 
timber cross bars to carry the various solution tanks. 
Two endless chains with side plates, specially formed 
to provide vee-shaped notches, lin. apart on the upper 
side, one on either side of the machine, are carried 
on brass channel rails, which, in turn, are mounted on 
steel angles carried on the vertical channel members. 
A short portion of the chain forms a feeding platform 
and the film rods carrying the films to be processed 
are placed in the vee-shaped notches. The films are 
previously unspooled, and the backing paper removed. 
The use of special double clips permits the order 
applicable to the job being secured in the upper jaws, 
the clips themselves slipping over the film rod. A 
special bottom clip is attached to the lower end of the 
tim and its weight keeps the film fully extended. 
Four films are the maximum number that can be 





which is arranged to form an exhaust duct, as already 
mentioned. Suitably attached to the two sides of 
the drying chamber are chain guides carrying endless 
horizontal conveyor chains identical with those 
running through the developing end. of the machine. 
These chains, however, travel at a linear speed 
of 3in. per minute. The effect is automatically 
to space the films in the drying chamber at 3in. 
centres, giving increased space between the films for 
air circulation and preventing the possibility of films 
sticking to each other due to agitation by the hot air 
currents. The film rods are finally deposited on a 
stationary carrier from which they are taken to the 
printing machines. The time occupied in passing 
through the chamber for drying purposes is 37} min. 

Tanks.—Kach tank is with two bottom 
outlets, one of which is always available for draining. 
The rinse tanks have overflow holes in the sides near 
the top. The capacity of the machine is 240 films per 
hour under all conditions of humidity, assuming that 
the existing stoneware tanks are used and that four 
films are placed on each rod. It would be possible, 
however, to raise the capacity to 300 films per hour 
by the use of stainless steel tanks, accommodating 
five films on each rod. 

The film spools are taken to the printing depart- 
ment, which will shortly be equipped with Kodak 
automatic printers of type H. Since this machine has 
only just been produced, a short description of it 
may: be of interest. 

Tae Kopak Automatic Printer, Tyre H. 

This printing machine is designed to utilise the 
average density of the negative as the criterion of 
printing exposure. The platen is the same as that 
used on the Rochester automatic printer, and is 
therefore of the normal pattern. The machine is 





Fic. 17-LENS GRINDING AND INSPECTION 


carried on each rod. The lin. spacing is maintained 
throughout the processing until the rods are trans- 
ferred to the drying chamber. As a rod with films 
approaches a tank it is picked up by hooks on a 
vertical chain, lifted clear of the tank, lowered into 
the solution and earried forward through the tank, 
by means of the vee grooves on the horizontal chain. 
The transference to the next vertical chain is carried 
out when the edge of the tank is reached, and in 
every case the film rod is transferred from hori- 
zontal to vertieal chain, or vice versd, as the situation 
demands. After the final washing the film rod is 
transferred to the drying chamber, visible in Fig. 14, 
in a similar manner and deposited on the horizontal 
conveyor chains which run through this chamber. 
The stripper plates for dropping the films into the 
developing tank are adjustable, and can be fixed 
in any one of five positions which give development 
times from 10 min. to 14 min. to compensate for the 
weakening of the developing solution. The dura- 
tion of time in the various tanks is as follows :— 





Dev lon 10 to 14 min. 
Rinse ... 4 min. 
Fixing 14 min. 

First washing . 4 min. 
Second washing... 4 min. 
Third washing . 14 min. 


Drying Chaniien. "The adivine chamber consists of 
a steel angle framework covered with galvanised steel 
sheets on the sides and top. The entrance end of the 
drying chamber is partly covered with galvanised 
sheet steel baffles to form a@ light and air lock, and the 
discharge end is open. The double floor with space 
between is of wood, and is so made that it forms an 
exhaust duct. A fan can be installed to facilitate the 
exhaust of moisture-laden air if required. Mounted 
on the top of the chamber are three port-hole type 
fans, drawing air in through metal gratings situated 
on each side. The air drawn in by the fans passes 
over the flame from a suitable number of gas burners, 
and thus attains the required temperature for drying. 
It then passes through the fan and into the drying 
chamber for drying the film. The moisture-laden 
air exhausts through the floor of the chamber, 





equipped with two photronic cells of the Weston type, 
mounted above the printer and measuring the amount 
of light diffusively transmitted through the negative. 
The current set up in these cells by the light gives a 
deflection on a galvanometer having a scale divided 
into ten divisions. Ten buttons mounted in front of 
the operator are individually connected to calculated 
resistances which vary the lamp voltage. The use of 
these buttons according to the reading of the galvano- 
meter enables a direct relationship to be obtained 
between the average density of the negative and the 
lamp strength, and therefore the exposure. The 
actual printing operation is carried out by a foot 
treadle which operates a timing mechanism giving a 
constant exposure of one second. A judging light, 
having a constant value for any grade of paper, is 
brought into action by means of a knee switch. For 
different sizes of film and therefore different negative 
areas, a horizontal mask is provided, moved auto- 
matically for the 127, 120, and 116 sizes of film by 
means of a three-way mercury switch connected to 
different resistance values. For other sizes the printer 
ceases to be autometric, but is used as an ordinary 
printer, a button marked S shorting out the auto- 
metric system. The print is automatically released 
by the upper movement of the platen and then passed 
by means of a chute to the developing dish. Except 
during actual exposure an amber screen covers the 
printing light. A variable resistance is pro- 
vided for adjusting the mains voltage to a predeter- 
mined value. Another adjustment is provided to 
cater for exposures required to be different from the 
generally accepted standards. One lamp of 500 watts 
at 190 volts acts as pilot, judging, and exposure lamp. 
Its use makes the photo-electric characteristics 
identical regardless of the mains voltage. 
Operation.—When the switch on the printer is 
closed, the lamp burns at low voltage as a pilot lamp, 
the light passing through an amber screen. When the 
knee lever is moved to the left, the lamp burns more 
brightly as a judging lamp, the light still passing 
through the amber screen, Its intensity in this case 
is different, according to the setting of the masks, 


i.e., for 127, 120, or 116. The movement of the knee 
lever raises the negative clamp. A negative is placed 
over the lighted area, and the numbered position of 
the galvanometer noted. The knee lever is released, 
clamping the negative in position, and allowing the 
lamp to return to its pilot voltage. The numbered 
button corresponding to the reading on the galvano- 
meter needle is depressed. The paper grade to be used 
is then selected, either by the galvanometer indication 
or by the operator’s judgment. In the former case 
the soft grade is selected for divisions 0 to 3, medium 
for 4 to 6, and hard for 7 to 9. The paper is placed 
over the negative, which operation depresses the 
paper clamp, thus holding it in position. The treadle 
is then operated by the foot, when the platen comes 
down, numbering the reverse side of the paper, swing- 
ing the amber screen to one side and operating a 
timing mechanism which gives a time exposure of 
one second at a voltage determined. by the number of 
the button depressed. At the conclusion of the one 
second, the light reverts to the pilot light. 
On release of the treadle the platen comes up, swing- 
ing the amber screen back into position, tripping the 
paper clamp automatically, which releases the exposed 
paper, which now slides into the developing dish by 
gravity. The numberer strikes. an inked pad. In the 
case of cut negatives, any subsequent movement of 
the knee lever operates a catch plate which eatches 
the negative released by the raising of the negative 
clamp. The above method of operation applies only 
to the three sizes enumerated. In the case of all other 
sizes a button is depressed, and the printer is then 
operated as an ordinary printer, the largest print 
size accommodated being large postcard. 

Since the exposure and paper selection are both 
indicated by the machine in the cases of the three 
common sizes, it is possible for an unskilled operator 
to obtain good-quality prints without any knowledge 
other than the preseribed method of operating the 
machine. 


FINISHING DEPARTMENT. 


From the printing machines the photographs are 
passed to the washing tanks, and thence to the dryers 
or glazers, according to the desired finish. The only 
material which has been found to stand up to the 
cozrosive action of hypo. is stainless steel, and most 
of the wash tanks in this department which have been 
in satisfactory operation since 1928 are made of this 
material. 

The glazing machines, of which there are five, 
consist. of two 2ft. lengths of tube, #in. thick, the 
outer being 25in. diameter, the inner 23}in. diameter’ 
They are solid drawn, the outer bemg chromium 
plated on the outer face. The ends of the two tubes 
are sealed with a ring, thus forming a circular tank 
which is supplied with water and heated by either 
gas. jets or electric elements. Fig. 15 shows a gas- 
heated type. Small electric motors cause these drums 
to rotate. The prints are fed on to a belt, and thence 
transferred to the hot chromium plated face of the 
drum. Glazing takes place during one revolution, 
the photographs falling off when dry. They are then 
sorted, packed, and dispatched. 

The “art” finishing machines are similar to the 
glazers, except that the chromium-plated surface is 
replaced by a canvas belt. The enlarging depart 
ment, which is situated above the ha eg and 
printing, is equipped with, besides numerous sinks 
and tanks, nine “.Velox ’’ type glazing machines and 
an “art” dryer, with a drum of 4ft. 6in. dia. In the 
chemical production department is installed a 6ft. 
diameter anhydrous salts vacuum dryer, the vacuum 
being 30in. and the normal output some 3 tons 
per week. It may be of interest to state that the 
24in. diameter mixer shaft is of vanadium steel, 
and the mixer is rotated pewip a chain of gears by 
a 30 H.P. motor. 


Tue SENSITISED PAPER DEPARTMENTS. 


The paper rolls are kept in large stores. Before 
use they are cleaned and treated, and brought to the 
building in which the coating takes place. This 
building has a floor area of about 120,000 square feet, 
and contains the departments devoted to the pro- 
duction of sensitising emulsions, paper-coating tracks, 
—in principle similar to the film-coating track already 
described—a paper-cutting department, sorting, pack- 
ing and slotting departments, and, finally, the slitting 
department. Owing to the nature of the product, 
the greater part of this building is under very low red 
lighting. The ground floor of the building is devoted 
to the paper-cutting department. The coated rolls 
of paper are stored in darkness in a store having a 
capacity of 1200 rolls. 

Orders for papers are received either direct at the 
works or from the head office in London, in the latter 
case by means of a Creed tele-machine. A girl at 
the Kingsway office types out the order, which is 
transmitted to Harrow by a private post-office line, 
connected to a machine which types out the order. 
Some idea of the organisation required behind this 
department may be obtained from the fact that the 
weekly output is some 1,125,000 square feet of photo- 
graphic paper, and that 300 different grades of paper 
are supplied in any size ordered by the customer and 
in any quantity! The orders are first taken to a 
department which provides dimensions to which the 
operator may most economically cut the paper. It 





may be me yntioned here that most of the cutting of 
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paper is performed upon guillotines, but a guillotine 
has one great disadvantage. The face of the paper 
pile behind the knife is smooth, but the face of the 
paper pile in front of the knife is rough, and any face 
of paper cut on the front of the knife has to receive 
a second cut of about in. on the back edge of the 
knife. All this has to be taken care of in this office. 
The orders are now taken to the cutting machines. 
There are six of these machines, four of which print 
the word “ Velox ” on the back of the paper. 

The roll of paper is mounted behind the machine 





spooling machines are used and there is also a special 
re-spooling machine, where faulty parts from the 
centre of a roll of paper may be removed. The ends 
are held, while a joint is made, on a suction table. 


THe Camera BurmipING DEPARTMENTS. 


Coming at last to the manufacture of the actual 
camera for which the films are made, and which after 
all is the foundation stone of the film industry, the 
first part to be dealt with will be the lens, The lens 
may be said to “ make” the camera, and upon the 





Fic. 18—CAMERA MANUFACTURING SHOP 


and led under a rotating blade, the speed of rotation 
of the knife with relation to the rate of feed of the 
paper determining the length of the rectangle of 
paper cut from the roll. The output of this machine 
is about fifty large sheets per minute. 

The order is now moved to the guillotine depart- 
ment, where there are fourteen Greig’s guillotines, of 
which six are driven individually by electric motors 
and eight from shafting by belts. There is also one 
deckie or fancy edge individually driven guillotine. 
This knife must, of course, have a perpendicular 
motion instead of the angular movement, and owing 
to the unexpected toughness that paper possesses, 
not much more than lin. thickness can be cut at a 
time. 

From the guillotines, if the order is small in area, 
the paper is taken direct to the packing benches, 
but if the order is for large sheets of paper, it is taken 
to an examining bench where any defective sheet is 
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set aside. The order now moves on to the packing 
tables. There are sixteen of these, and they are 
worked by teams of three girls. The first girl checks 
the ticket and grade of paper, the size of cut, square- 
ness, edges, &c., and generally passes the papers as 
fit for packing. The second girl gets the packing 
materials from store and packs the order, and the 
third collects the labels and applies them. A stock 
of from 5,000,000 to 6,000,000 labels is kept, made up 
of some 3000 different labels, for apart from the 
standard sizes the customer may ask for any variation 
of ¥;in. or 1 mm. 

A large unordered stock is built up to prevent 
wastage from other orders, and this stock is found 
very helpful in maintaining the “‘ one-day ” rush order 
service. Orders for the East and Far East are dried 
at 100 deg. for twelve hours, packed while dry in 
tinfoil and the usual packing and then sealed in tins. 
The paper discarded at the examining bench is taken 
to a department where the areas suspected of being 
even slightly faulty are removed and the remainder 
made up into orders and held in the stock store. For 
photostat roll production three slitting and three 





accuracy with which it is made depends the quality 
of the camera. 

The lens department has to handle some fifty 
different types of lenses ranging from F 1-9 to F 7-7. 
The smallest standard size is the Cine-Eight F 3-5, of 
4-5 mm. diameter and down te 3/10mm. thick. The 
largest would be 25mm, in diameter. The glass 
blanks are usually bought with a certain degree of 
convexity or concavity already in them. The lenses, 
from five to perhaps sixteen in number, are then 
mounted, by means of @ rosif paste, on cast iron 
tools. It is the curvature of the tools that controls 





There is one sixty-spindle machine with a capacity of 
500 lenses per day, besides a variety of six and eight- 
spindle machines. The sixty-spindle machine is 
shown in Fig. 16, while one of the six-spindle machines 
is shown in Fig. 17.. Here again the rough lenses are 
mounted on tools, either of concave or convex 
curvature, according to the design and face of the 
lens. The tools are mechanically rotated against 
cast iron grinding cups, two of which are visible in 
Fig. 16, which have been lined with Swedish pitch, 
the polishing medium being rouge. The polishing 
movement of either the tool or the cup is mechanical 
and can be varied by adjusting the stroke of certain 
sliding cranks. 

Should lenses mounted round the outside of the 
tool be polished down more than those at the centre, 
or vice verad, by altering the stroke of these sliding 
cranks the time of contact per revolution of the grind- 
ing cup and the rings of lenses may be varied, thereby 
altering the rate of polish. The Newton interference 
test is adopted for testing the lenses both during the 
polishing process and on its completion, and the 
required plates in pairs are tested in the laboratory 
by means of a spherometer. It is now only required 
to “centre” the lenses before they are finaily 
inspected. The centre of focus of the lens needs to be 
adjusted to lie at the centre of the circle formed by the 
periphery of the lens, The lens is mounted in a late. 
A beam of light is projected on to the lens and the 
lens is manceuvred until the reflected light ceases to 
move as the lens is rotated. The centre of focus is 
then found and the peripliery of the lens true.t up. 
Each lens is then given a final clean and test. 

The Cabinet Department and Camera Service.—The 
cabinet department is responsible for the production 
of professional studio cameras, the view camera, 
camera stands, and the many different kinds of 
apparatus so essential to and beloved by the pro- 
fessional photographer. The shop is fitted with electric 
band saws, edging machines, and ripping machines, 
which can perform the ripping operation at a rate of 
300ft. per minute. A cutter that planes all four edges 
of a rectangular piece of wood and a routing machine 
with a velocity of 20,000 r.p.m. are provided and there 
is also the usual complement of circular saws and 
planing machines. A Tilghman’s sand blasting 
equipment taking air at 25 lb. pressure from a com- 
pressor with a capacity of 280 cubic feet per minute 
is installed and a supply of air at 75 lb. is maintained 
for paint spraying by two Broom and Wade com- 
pressors. A Sturtevant dust extraction plant has 
been installed with success in this department. 


Tue CaMERA MAKING DEPARTMENT. 


The camera proper consists of the shutter and the 
box or chamber which forms the main body of the 
instrument. The shutter, which may be one of many 





FiG. 20—-CAMERA ASSEMBLY TOOL 


the curvature of the lens, and they call for consider- 
able care in manufacture. These tools are rotated 
by power against a cast iron grinding cup, which is 
manually moved across the diameter of the lens 
blank. A form of emery is used as the actual grinding 
medium. There are four progressive grinding opera- 
tions, each taking off 1/10 mm., both sides having 
to be ground. After grinding the lenses are polished. 





varieties, is a very exact and delicate assembly of 
plate pressings. Both on account of the small size 
of the parts and the accuracy required considerable 
skill and very fine machinery have to be employed. 
The other parts of the camera may be made of 
metallic plates, or in the case of rivets, spindles, and 
so on, of brass or steel rod, of Tenite, a plastic material, 
which is itself a by-product of the Kodak works, or, 








Fes. 19, 1937 


THE ENGINEER 


209 








in the case of the box itself, of cardboard, leatherette, 
or wood. The wood portions are made in the 
cabinetmaking department and the remainder 
of the camera in the camera’ making depart- 
ment itself, a building having a floor space 
of some 210,000 square feet and having galleries 
around it providing another 16,000 square feet. 
Fig. 18 is a general view of'this shop. Visible in the 
centre of the engraving is an. open-ended box of rect- 
angular form. It is arranged to run on a rail so that 
it can be placed at. varying distances from the 
operator, who is stationed on the extreme right 
of the illustration. The adjustment for distance is 
made by means of a chain and. ratchet gear. 
Within the box is an illuminated focussing panel or 
* target,”” on which the cameras mounted on the 
operator’s desk are focussed. The distance between 
the target in focus and the desk then gives the 
necessary focal length of the lens, by which the 
focus adjustment on the camera is set by the operator. 
In the foreground of the illustration can be seen 
Kodak box cameras being assembled. Fig. 19 shows 
the method of operation. The board arrives cut to 
the requisite size and generally already covered with 
its outer covering, as shown on the right of the bench, 
where one box has been folded. It is then folded over 
a special jig as shown, the edges are glued and the jig 
is fitted into an outer jig which keeps it all together 
during drying, as shown on the pile of jigs on the right 
of the illustration. The glueing operation is carried 
out on the glue roller visible in the foreground, 
though ** Nature’s weapons ”’ are occasionally adopted 
by the operators, as the illustration depicts. A con- 
veyor system is used to convey the parts and the 
finished products from hand to hand in the case of 
the box cameras, but the folding cameras, which are 
rather more complicated, are passed on by hand. 

The production of the metallic parts necessitates 
an extensive battery of presses, each of which can be 
adapted to make a wide variety of parts, and from 
each of which great accuracy is expected. First 
come nine No. 39 Bliss Hornig type presses with 
adjustable tables. One press is fitted with an auto- 
dial feed. They are all belt drive from line shafting 
in groups of three. Then there are six Bliss No. 21 
inclinable presses with individual electric drive, two 
Rhodes» inclinable presses with special adjustable 
tables, and one large inclinable Rhodes press. Next 
come one 80-ton Taylor and Challen non-inclinable 
and one Henry Wright dicing machine with variable- 
speed control and automatic strip feed. Then there 
are four No. 20 Bliss inclinable presses, one large 
Schuler double-action toggle drawing press, complete 
with air compressor for 500 Jb. per square inch and 
pneumatic bolster, one Schuler gripper feed and eight 
Schuler inclinable presses. All the Schuler presses 
have adjustable stroke and are inclinable. The list 
is completed by one heavy overhung Taylor and 
Challen press. 

Not only is extreme accuracy required in the press 
department, but the automatics which handle the 
small pins, rods, spindles, &c., have also to work to 
the finest limits. For example, there are five Brown 
and Sharpe 0.0.G. machines, which operate at 
6000 r.p.m, Some of the work handled by them has a 
finished diameter of jin. If an inaccuracy should occur 
the result would be a wastage which justifies all 
possible precautions regardless of any other reason 
for accuracy. In addition, the automatic bay con- 
tains one B.S.A. fin. high-speed automatic, one 
Index No, 24 of the same type, a Pitler 9in. lathe for 
general work, two Herbert l}in. capstan lathes, and 
one Schaubalin Villeneuve precision chasing lathe. 
There are also two small watchmaker’s auto-drills 
and one cold-heading machine by Waterbury for use 
on rivets and similar very small parts. The next 
machining department is the buffing bay, wherein are 
eight double-ended variable speed lathes driven by 
4 H.P. motors. Finally comes the finishing depart- 
ment equipped with an extensive nickel-plating plant 
and a new ehromium plating bay. Three large elec- 
tric resistance type j ing ovens having 20-kW 
side resistances and one 35-kW bottom resistance type 
japanning oven are used. Nine japanning spray 
hoods are also installed, all with independent filtering 
and washing plants. The entire department is 
serviced with compressed air at 75 lb. pressure from 
three Broom and Wade compressors, with a total 
output of 320 cubic feet per minute, a 500 cubic 
feet Reavell container balancing the outputs and the 
demand. Most elaborate precautions are taken to 
ensure complete absence of any water and oil from the 
air, which would have disastrous effects should they 
find their way into some of the very delicate machinery 
of a Kodak high-class shutter. These precautions 
include a multi-tube air precooler before the 500 cubic 
feet capacity container. Mushroom separators in 
the container, innumerable condensation blow-down 
points in the line, and an arrangement of piping 
such that all the branches come out of the top of the 
main line and are led upwards before being carried 
to the various required points. 

Before leaving the camera department the tool- 
room attached to it, which services all the tools and 
provides. the necessary jigs, moulds, forms, &c., 
should be mentioned. Illustrated in Fig. 20, this 
department forms a complete engineer’s shop on its 
own, equipped with all the necessary tools for the 
maintenance and assembly work required by the press 
. departments, and so on. It is by no means the only 





shop of its type in the works, as there are various 
other shops to be described later for maintaining the 
machinery of the works, for example, for servicing 
the entire maintenance side of the factory, besides 
fabricating most of the machinery, a fitter’s shop and 
stores, an electrical shop and stores, a pipe-fitters’ 
shop and stores, and a carpenter’s shop and stores 
are provided. At the moment, each shop is in a 
different building, but a new building is in course of 
construction which will not only increase the size 
of each shop by about 50 per cent., but will house 
them all under the same roof. The fitter’s shop is 
equipped with three horizontal drilling machines, 
three milling machines, nine lathes, and three grinding 
machines of different types, two of which are fitted 
with magnetic tables. The third is used solely for 
the grinding of knives from the film-slitting machines, 
as the greatest accuracy is desired for this work. 
The equipment of the shop is completed by mecha- 
nical saws, electrical and pneumatic hand tools, 
a forge, a sheet metal shop fitted with various shears, 
bending machines, and . A service of com- 
pressed air is maintained at 75 lb. pressure by a 
90 cubie feet per minute supply. The carpenter’s 
shop is equipped with three thicknessing machines, 
two overhanging planes, three saw benches, one band 
saw, a lathe, two mortising machines, and a drilling 
machine. 

The next department to be deseribed is responsible 
for the supply of the wrappings and boxes required 
for the finished product, the literature and directions 
which go with the wrappings, the general printing 
work carried out by the firm, and the supply of the 





very large amount of coloured advertising material 
and'so on that is required. 


Tue LETTERPRESS AND CaRDBOX DEPARTMENT. 


Nearly all of the printing required at the Kodak 
factory is carried out on the premises, a great deal of 
it being in three colours. Perhaps one might mention 
that instruction sheets, &c., are printed in fourteen 
different languages. A Dawson, Payne and Lockett 
machine with auto feed by vacuum, feeding face 
upward, has recently been installed. It is of the stop 
cylinder type. This machine has a capacity of some 
3000 sheets per hour, and will take from five-sheet 
card to bank paper. Two Miehle machines, each with 
a Spiess rotary continuous feeder and an output of 
some 2000 sheets per hour are also installed, one taking 
254hin. by 40in. and the other 29}in. by 96in., from 
tissue paper to thick sheet. Then there is an auto- 
matic suction feeding Heidelberg, with an output of 
2700 sheets per hour, up to 12}in. by 9in. of any 
reasonable card down to manifold paper. There 
are also three Chandler and Price machines, and, 
finally, a Falcon auto feed with an output of some 
2800 sheets. Two Greig guillotines are also installed 
in this department. Here are made the rubber dies 
used for the printing of sensitised post-cards. This 
printing from rubber is necessary, as sensitised paper 
will not stand the lightest impression which would 
inevitably be caused through printing from metal 
type. In this building is also housed the box-making 
equipment for the packing department. 


(To be continued.) 
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Buitpinc RESEARCH. 


Structures and Strength of Materials.—Arrangements 
have been made for the continuation or commence- 
ment of several researches in collaboration with the 
Institution of Civil Engineers. The investigation 
into the behaviour of reinforced concrete piles during 
driving, which was started in collaboration with the 
Federation of Civil Engineering Contractors, is now 
being continued with the co-operation of the Institu- 
tion, and research has been commenced in co-opera- 
tion with the Institution on the problem of the 
vibratory method of placing concrete. In addition, 
the Institution is subscribing to the work on soil 
physics. 

The work on reinforced concrete piles has shown 
the need for greater control of the conditions at the 
head of the pile and for further information about the 
behaviour of the reinforced concrete itself and of the 
ground under impact loads. Particular attention 
has been paid to the development of a form of head 
packing which does not vary during driving, and 
which can be controlled in such a manner as to vary 
the cushioning effect within limits, in order to produce 
stresses of known magnitude in the pile. 

The vibration of concrete is being studied on a 
special machine which has been designed and con- 
structed at the Building Research Station to cover 
the range of frequencies, amplitudes, and accelera- 
tions likely to be met with in practice. 

The research on soil physics is pr along 
two main lines, the first comprising the laboratory 
investigation of the mechanical properties of soils, 
and the second the recording of observations on 
actual structures and the examination of foundation 
failures. It has been found possible in several cases 
of failures of embankments to obtain useful correla- 
tions between the results of the laboratory tests 
and the behaviour of the embankments. 

Investigations into the behaviour of reinforced 
concrete have continued in collaboration with the 
Reinforced Concrete Association. In particular, the 
behaviour of reinforced concrete frames has been 
studied at incipient failure and within certain limits 
has led to simplified methods of design. Other 
investigations in collaboration with the Association 
include the examination of the behaviour of excentric- 
ally loaded reinforced concrete. columns, the bond 
between steel and concrete with particular reference 
to deformed bars and the influence of the sand content 
in conerete on its strength and workability. 

The research into the grading and workability of 
concrete for the Road Research Board has led to the 
development of a new form of workability test, the 
compacting factor test which forms an extremely 
useful laboratory method of classifying concrete 
mixes. One of the most important findings is that 
the best grading for a particular aggregate depends 
on the workability required. Where a high degree of 
workability is essential and a high water content 
must be used it is best to use an aggregate containing 
a high sand content. 

A major investigation into the strength of weak 
bridges has been commenced. This entails full-scale 
tests to destruction on a number of typical bridges 
in order to arrive at some scientific and satisfactory 





method of assessing safe loads. Preliminary tests 
have already shown that strengths of the bridges may 
easily be very greatly different from those indicated 
by the loads normally assumed to be safe. This work 
is being carried out for the Ministry of Transport. 

Two very comprehensive investigations have been 
carried out on behalf of steel producing firms into 
the behaviour of stanchions and beams with particular 
reference to the use of high-tensile steel. It is felt 
that the portion of this work dealing with the shear 
strength and web buckling of beams is particularly 
important and will influence the use of the material 
in practice to a considerable extent. ; 


Roap RESEARCH. 


Road Usage.—Sufficient experience has been 
obtained with the motor cycle and sidecar outfit, 
which has been used to measure the skidding 
characteristics of road surfaces, for the road engineer 
to adopt it as an every-day apparatus to keep a 
control over the roads under his care. The values 
obtained have been shown t6 give reliable indications 
of the slipperiness of road surfaces. They have 
emphasised the value of surfaces which are “ rough ” 
and clean and have shown that the study of the 
problem of slippery roads from the point of view of the 
road surface involves two factors : (a) the lubricating 
film between the tiré and the road, and (b) the rough- 


_|ness of the surface or other attributes of the surface 


preventing film formation. These have been and are 
being studied in the laboratory by means of a small 
laboratory apparatus. The results so far obtained 
show that on roads it is unlikely that true fluid 
friction is ever found, but that a combination of 
solid and fluid friction is present. 

Development of Special Testing Plant.—The large 
road testing machine which was commenced last year 
has been completed and put into service. It consists 
of a 12-ton lorry, tethered to a centre post, running 
round a track 110ft. diameter at 40m.p.h. A 180H. P. 
electric motor takes the place of the normal petrol 
motor and arrangements are incorporated for 
traversing the lorry in a radial direction so that two 
strips of track about 30in. wide are subjected to wear. 
Other special items of equipment which have occupied 
the attention of the staff during the year are :—(a) An 
apparatus for recording surface irregularities of 
roads. This apparatus provides its own datum line 
and can be used on any road without the provision of 
datum rails or any other accessories. It draws a 
profile of the surface and gives a numerical index of 
the surface condition as regards irregularities ; 
(b) a machine for moulding large road samples under 
rolling compaction, i.e., the type of compaction the 
material would receive when consolidated by a roller 
or by traffic. 


METALLURGICAL RESEARCH. 

Behaviour of Materials at High Temperatures.— 
Work throughout the year has been carried out at the 
National Physical Laboratory in accordance with the 
programme recommended by the Supervisory Com- 
mittee of the Metallurgy Research Board. 

Further research on the behaviour of metals under 
deformation at high temperatures has been carried 
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out in continuation of the work on mild steels and 
commercial irons, which has already been described 
and published. Some tests on pure iron creep 
specimens have been made, and a further supply of 
iron is being prepared. 

The investigation of the influence of the initial 
conditions of steels on their properties at high 
temperatures has been continued, using a low-carbon 
steel and a low-carbon, low-molybdenum | steel 
obtained in various conditions from the manu- 
facturers. One of the low-carbon steels obtained for 
this work proved to have unusually poor creep 
properties, and a good deal of attention has been 
devoted to this and other similar materials in order 
to reveal the causes of weakness. The history of 
manufacture of these materials has been collected 
and the effects of annealing temperature and time, 
rate of cooli in size and orientation are being 
studied. A complete solution to the problem has not 
yet been found. 

Some further work has been undertaken on the 
investigation of the nature of creep under complex 
stress systems due to combined tension and torsion 
stresses. The magnesium alloy tube used in this work 
has been found to exhibit marked directional pro- 
perties, and the conclusions reached are not applicable 
to isotropic material. The possibility of finding a 
more suitable experimental material is being 
considered. 

Research on Light Alloys.—A report has been pre- 
pared describing the mechanical properties of 
magnesium alloys at elevated temperatures. Arising 
from some preliminary work described in a previous 
report an alloy contaming cadmium 8 per cent., 
aluminium 8 per cent., silver 2 per cent., was con- 
sidered suitable for stressed parts up te 150 deg. Cent. 
It was found that further additions of silver did not 
increase the strength beyond 250 deg. Cent., and for 
this reason experiments on other alloys containing 
various elements have been carried out. The most 
promising elements for the purpose in view appear 
to be aluminium, manganese, silver, calcium, and 
cerium. In ternary alloys the best combination of 
elements are aluminium and silver for temperatures 
up to 150 deg. Cent. and cerium and calcium for 
temperatures up to 200 deg. to 250 deg. Cent. An 
alloy containing cerium 6 per cent., calcium 2 per 
cent., press forged and heat treated at 500 deg. for 
one hour and quenched had an ultimate tensile stress 
of 15 tons per square inch and an elongation of 4 per 
cent. at 200 deg. Cent... This alloy might be suitable 
for stressed parts at temperatures up to 250 deg. Cent. 

A monograph on magnesium and_its alloys is in 
the press. It consists of a compendium of information 
on the several aspects of the subject with special 
attention to work carried out at the National Physical 
Laboratory, and is divided into sections which include 
a summary of the methods of production, uses and 
more important physical properties, melting and 
casting, plastic deformation, mechanical working 
and heat treatment, corrosion, mechanical properties 
and constitution. 

Alloy Steels ——Work has been continued on the 
properties of normalised and tempered copper- 
chromium steels in the form of 3}in. diameter bars. 
The range of composition has been extended by a set 
of steels -containmg nickel, nickel chromium and 
manganese as additional elements. The presence of 
tantalum has been found to increase the depth of 
penetration of nitrogen in steels to be surface 
hardened by nitriding and promising tests have been 
made on cast turning tools containing a high propor- 
tion of tantalum carbide formed by the addition of 
tantalum (with tungsten and chromium) to a melt of 
pig iron. This work has been extended to include 
investigation of the corresponding effects of niobium 
on steel and examination of some niobium-iron 
alloys of high purity. 

Cracking of Boiler Plates—-Many specimens of 
boiler plate have been subjected to prolonged tensile 
stress while immersed in hot caustic soda inside the 
large pressure vessel, and it has been found in general 
that stresses exceeding the yield stress rapidly produce 
failure. Further tests are in progress with higher 
concentrations of caustic soda and with the addition 
of other reagents, and also with the specimens under 
stress made cathodic to the rest of the bomb so that 
hydrogen may enter the metal. The nature of the 
gases evolved from steel and of the corrosion products 
formed in caustic soda has been investigated. 

Tests are continuing of the behaviour of boiler 
plate specimens with riveted and welded joints 
subjected to repeated bending stresses at slow speeds 
under conditions comparable with those which may 
occur in a boiler. 

WaTER POLLUTION RESEARCH. 

Base-exchange Process of Water Softening.—Experi- 
ments have been continued at the Department’s 
Chemical Research Laboratory on the effects of 
various conditions of operation on the efficiency 
of the process of softening water by means of repre- 
sentative commercial base-exchange zeolites. The 
zeolites employed included glauconites, treated clays, 
and synthetic products. Although some of the 
synthetic products are manufactured in this country, 
the mineral glauconites and the treated clays are 
all imported. Further experiments have been made 
with the object of preparing base-exchange materials 
trom British clays. It has been discovered that a 


satisfactory material for use in softening water can 





be prepared from fuller’s earth by treatment with 
hydrochloric or sulphuric acid followed by drying, 
baking at about 600 deg. Cent., and then treatment 
with solutions of sodium aluminate and sodium 
silicate. Certain firms are taking steps with a view 
to developing the use of this material on a commercial 
scale. 

Exchange Properties of Synthetic Resins.—It was 
mentioned in the last annual report that experi- 
ments at the Chemical Research Laboratory had 
led to the discovery that synthetic resins prepared 
from certain phenolic substances and tannins have 
marked base-exchange properties and can remove 
calcium and magnesium from hard water. It had 
also been discovered that resins ing acid 
exchange properties can be obtained from aromatic 
bases such as m-phenylenediamine and toluidine. 
By treating natural waters first with a base-exchange 
resin and then with an acid-exchange resin, the salts 
in solution can be removed. Many of the resins are 
insoluble not only in water, but in dilute solutions 
of acids and alkalis; they can be regenerated by 
solutions of acids or of salts such as sodium chloride. 
The work on these resins, which has been continued, 
has included measurements of their absorptive 
capacity for gases. 

These discoveries have created widespread interest. 
Inquiries have been received from many parts of 
the world. Several firms are already manufacturing 
the resins in small quantities and investigating the 
commercial possibilities of the resins, particularly 
for the treatment of natural waters. 


Rapio RESEARCH. 


Study of the Ionosphere—An ment was 
instituted at the beginning of 1936 whereby telephonic 
notification is received from the Royal Observatory, 
Greenwich, when any sudden bright eruption is 
observed upon the sun. One of these eruptions 
oceurred on February 14th, 1936, and it was found 
that this was also one of the rare occasions on which 
a complete cessation of echoes from the ionosphere 
was observed. The cessation was found to last 
from 3.20 to 3.40 p.m. G.M.T. Another of these 
eruptions was reported on May 26th and was followed 
by a complete cessation of echoes at 7.30 a.m. G.M.T. 
on May 28th. 

Return of Waves from the Middle Atmosphere.— 
The most important result in connection with the 
investigation of the ionosphere has been that a closer 
study of the atmosphere below the Heaviside Layer 
has revealed regions capable of returning very short 
waves to the earth. Three distinct regions of this 
kind have been observed between 6 kiloms. and 
60 kiloms. above the earth. Echoes from the lowest 
of these appear to belong to a system of multiple 
reflections irom sharply defined heights which usually 
lie about 6 kiloms., but are not infrequently found 
at 10 kiloms. A second and apparently independent 
group of echoes returns from levels between 15 kiloms. 
and 50 kiloms. It would appear that the ionisation 
in this region is almost certainly replenished by local 
thunderstorms. A _ thunderstorm mechanism is 
probably involved also in the replenishment of the 
lower region, but further study is necessary before 
the evidence relating to these two regions can be 
unravelled. This applies with greater force to a 
third region situated at about 60 kiloms. which does 
not appear to be closely related to the other two. 
Isolated trials on high frequencies, including those in 
use for television, have not yet included any frequency 
so high that its return from the middle atmosphere 
can be regarded as unusual. 

LuBRICATION RESEARCH. 


Journal Bearings. — An — inv tion on the 
influence of water on the lubricating value of a com- 
mercial motor oil has been carried out during the 
year. A number of samples of a straight mineral oil 
were carefully dried,.and known quantities of distilled 
water varying from 0-005 per cent. to 1 per cent. by 
weight were added ; the mixtures were thoroughly 
homogenised. A journal] friction machine was used 
for the investigation, the bush being “ run-in” with 
a dried sample of the oil, and observations being 
made of the seizing temperatures and of the friction 
throughout the range from air temperature to seizure. 
The friction-temperature curves thus obtained were 
taken as the criteria of lubricating value. The 
maximum quantity of water which did not affect 
the lubricating properties of the oil was 0-01 per cent. 
A quantity of 0-02 per cent. reduced the seizing 
temperature by 15-20 deg. Cent. and caused an 
increase in minimum friction. The seizing tempera- 
ture was reduced from 200 deg. Cent. to about 
140 deg. Cent. by 0-05 per cent. water ; the friction 
was erratic and the bearing threatened to seize at 
temperatures of about 70 deg. Cent.; the minimum 
value of the coefficient of friction was further 
increased. Quite small quantities of water thus have 
an important effect on a mineral oil. : 

Tests have been started on a commercial type of 
rubber bearing with water lubrication. This is 
octagonal in shape. The variation of friction with 
speed is being determined for a series of increasing 
loads, with a view to finding the load at which some 
kind of failure occurs. 

Tests have been made on the small journal friction 
machine of a sample of synthetic oil supplied by the 
Fuel Research Station. This was prepared by the 
aluminium chloride process, and the test) was made 





to see whether it could be added as a diluent to a 
commercial motor oil. A marked decrease of seizing 
teraperature was found, however. The work is now 
suspended until further synthetic oils have been pre- 
pared at the Fuel Research Station. 

Extreme Pressure Lubricant Testing Machines.— 
The four-ball machine has been continuously in use 
throughout the year. In this machine a }in. ball is 
rotated under load in the cavity formed by three 
similar balls held firmly in'a cup containing the 
lubricant being tested. If the load is sufficiently 
high seizure occurs after a certain time, which is 
measured, and the coefficient of friction rises to about 
0-5. After a period of high friction recovery occurs, 
the coefficient of friction falling to a value of about 
0:12. The test lasts for one minute, and then the 
wear impressions made on the balls are measured. 
Tests are made at a series of loads. The time to 
seizure and the wear are plotted against load. 

A striking difference is shown by the different types 
of lubricants as regards the time taken to recover from 
the seizure. Mineral oils give a long ragged seizure 
lasting from fifteen seconds to as much as the whole 
minute of the test ; a vegetable oil gives a smooth 
peak on the friction chart, recovery occurring in 
from three to five seconds ; extreme pressure lubri- 
cants give a still quicker recovery. A report on the 
preliminary tests will shortly be . The roller 
machine has been completed, but no opportunity of 
carrying out tests on it has as yet occurred. 

Physical Properties of Surfaces.—In connection 
with the work done for the Committee at Cambridge, 
a method has been devised for measuring the surface 
temperature of sliding metals. It has been found, in 
agreement with theory, that the temperature reached 
depends upon the load, speed, coefficient of friction 
and thermal conductivity of the metals. With 
readily fusible metals the surface temperature may 
reach the melting point, while with less fusible metals 
local surface temperatures may exceed 1000 deg. 
Cent. With lubricated surfaces under boundary 
lubrication conditions the temperature may reach 
600 deg. Cent., which is sufficiently high to cause 
local decomposition of the lubricant with consequent 
breakdown of the boundary film. 

FurNACE DEsian. 


Further work has been carried out on the scientific 
principles on which the design of furnaces can be 
based. The investigations have been undertaken in 
the Mechanical Engineering Department of the 
Imperial College of Science and Technology with the 
financial assistance of the Department. 

During the year direct thermopile measurements of 
the radiation from combustion gases containing water 
vapour and carbon dioxide have been made, using 
the apparatus previously set up for determining 
radiation coefficients. This consists of a long tube 
of heat-resisting nickel-chromium steel, of inside 
diameter Ift., through which the products of com- 
bustion from a small gas-fired furnace are passed. 
Two circular holes of diameter lin. were cut in this 
tube at opposite ends of a horizontal diameter, and a 
water-cooled metal box with a slightly smaller hole 
was arranged to face the tube so that the three holes 
were in line. Inside the box a concave mirror 
focussed the narrow pencil of radiation from the 
combustion gases on to a sensitive thermopile, in 
front of which was a further small aperture. Thus, 
only radiation from the gases fell on the thermopile, 
all radiation from the tube walls being cut off. The 
thermopile was calibrated by exposing it to the radia- 
tion from an electrically heated blackened plate at 
known temperatures, placed behind the further hole 
in the tube. The gas temperatures were measured, 
as before, by extrapolating to zero diameter the 
readings of three platinum, platinum-rhodium thermo- 
couples of wire diameter 0-02in., 0-Olin., and 0-005in. 

A small correction had to be made for absorption 
of radiation by the water vapour in the air between 
the experimental tube and the thermopile. Further, 
when the gas in the furnace was shut off there was a 
small residual reading (about 5 to 10 per cent. of the 
total) over and above that to be expected from water 
va’ in the air. This was subtracted from the 
results. The final results for the radiation from thé 
combustion gases are 10 to 15 per cent. below those 
calculated from Schack’s curves—which, for water 
vapour, are based on E. Schmidt’s determinations— 
and about 10 per cent. above those obtained from 
recently published thermopile measurements for 
water vapour and carbon dioxide separately, made 
by Hottel and Mangelsdorf. In some types of 
problem 25 per cent. would be considered a wide 
margin, but in many industrial problems the accuracy 
with which the temperatures, emissivities, &c., can 
be specified introduces far greater uncertainties. The 
work on gas radiation has now reached a stage at 
which the results can be usefully applied to problems 
of furnace heating and furnace design. 

The results of these experiments agree fairly well 
with the radiation coefficients as previously deter- 
mined, but indicate that those were rather high. 
Since, however, the original results were based on a 
temperature difference of only about 100 deg. Fah. 
between gas and tube and involved an uncertain 
correction for convection, the newer direct determina- 
tions are more reliable. The mean values of observa- 
tions now available are probably less than 25 per cent. 
wrong, whereas there was a much larger uncertainty 
in Schack’s original calculations. 
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The British Industries Fair at Birmingham. 


SOME NEW DEVICES, MACHINES AND DEVELOPMENTS. 
No. I. 
(Continued from page 183, February 12th.) 


Tue GENERAL Erecrric Company. 


ELE CORSE geared motors of the latest 
\J design are shown by the General Electric Com- 
pany, of Witton, Birmingham. They are available 
as squirrel-cage machines from 1 to 20 H.P. and as 
slip-ring machines from 10 to 20 H.P. for operation 
on 440-volt, three-phase, 50-cycle circuits. Each size 
of machine is made for a wide range of outputs and 
speeds and may take the forms of protected, totally 
enclosed, or cowl type motors (Fig. 11). The single 
or double reduction gears are of the r type, 
similar in design and construction to those of G.E.C. 
standard machines, the motors complying in every 
respect with British Standard Specification No. 168. 

The ‘‘ Motostar ”’ combined motor and starter unit 
(Fig. 12) was mentioned in our article on the year’s 





FiG. ,11—GEARED{MoTOR-G.E.C. .'j) 


progress in electrical engineering. It is a new 
machine with the motor and starter combined. No 
framework or wall mounting space is required for the 
starter or external wirjng between the latter and 
motor. The connections between the two form an 
integral part of the arrangement, and all the user has 
to do is to connect the supply to the three machine 
terminals. The machine consists of a standard totally 
enclosed cowl-cooled squirrel-cage motor and a 
‘ direct-to-line ” contactor starter with three over- 
load trips. It is stocked in a range of outputs from 
1to 10H.P. The control system may be push button 
on the starter or by remote control. 

A new aerodrome beacon for guiding airmen is 
another G.E.C. exhibit. The usual airline beacon 
merely shows either a flashing point or pillar of light 
from whichever direction the aeroplane approaches, 





Fic. 12—**MOTOSTAR"* UNIT—G.E.C. 


and the pilot, to get on to his right course, has first 
to identify the beacon, then fly over it, refer to his 
map, and finally set his true course by compass. 
These four operations may not only distract the 
airman’s attention dangerously, but in bad visibility 
may result in much wasted time if the machine has 
to circle the beacon while the pilot “gets his 
bearings.””’ The new G.E.C. beacon—Fig. 13— 
tells the pilot at a glance when he is off his course, 
and whether seriously or only slightly. A pilot 
approaching it on the proper course sees a regular 
slow flash. If he is slightly off his course to the right, 
he sees groups of double flashes, while if he is slightly 
off-course to the left, he sees triple flashes. If he 
should be very badly astray he sees a rapid succession 
of flashes. Course correction then consists of nothing 
more than flying the machine until the beacon can 
be seen to give the ‘‘ true course ”’ indication. 

As beacons of this type will be employed on the 
Empire air mail routes and for use on the desert 


attention for several weeks or months at a time. 
Electricity is generated by a small petrol motor 
which is started automatically by a light-sensitive 
cell at dusk, and stopped at dawn by the same 
means. Special precautions are taken to exclude 
dust and sand, and if a lamp should burn out a new 
one is immediately brought into circuit, and, at the 
same time, a red warning light at ground level shows 

















FiG. 13—-AERODROME BEACON-—G.E.C. 


the maintenance engineer when he makes his 
periodical round, that a new bulb is needed. 

An A.C. are welding set is another new G.E.C. 
exhibit. The primary is wound for single or three-phase 
current and the adjustable secondary voltage is 70/80. 
Stability and current control are provided by a choke 
coil, from which tappings are taken to a current 
selector switch. The transformer and choke coil are 
enclosed in an oil-filled tank. 


W. C. Hotmgs anp Co., Lrp. 


In the Gas Section of the Fair one of the most 
interesting exhibits is that of a stereo metal melting 
pot—Fig. 14—in which the gas burners are actually 
inside the molten metal. This arrangement is claimed 
to have several advantages, among which is that the 
heat of combustion is entirely liberated in a space 
surrounded by the material to be heated so that no 














sections, they are specially designed to work without 











14—SOFT METAL MELTING POT—HOLMES 


Fic. 


heat is supplied to brick combustion chambers or flue 
ways, and the attainment of high efficiency is thereby 
facilitated. The melting pot is exhibited by W. C. 
Holmes and Co., Ltd., of Huddersfield. In order to 
obtain proper combustion gas and air are premixed 
in suitable proportions... Gas is supplied to the 
carburettor—Fig. 15—or proportioning device at 
approximately atmospheric pressure, the gas pressure 
being reduced from ordinary mains pressure by means 
of a governor, and air is drawn in also at atmospheric 
pressure, so that the air-gas ratio remains at any 
predetermined figure irrespective of the demand 
made by the burners. The volume is regulated by 
a slide valve actuated by a diaphragm, and the 





air-gas ratio can be varied to suit any calorific value 
of gas by adjusting the areas of the air and gas ports 
by the hand wheel provided. The correctly pro- 
portioned air-gas mixture is sucked into a turbo- 
compressor, which thoroughly mixes and compresses 
it, and then delivers it to the burners vid two well- 
designed flame traps at a pressure of about 20in. W.G. 
The heating elements are suspended in the pot in 
such a manner as to give uniform heat distribution 
throughout the metal, and the products of combustion 
are delivered at about the surface of the metal, the 
intention being to form a layer of inert gas above the 
surface and so to discourage the formation of dross. 














Fic. 15—GAS CARBURETTOR FOR MELTING POT— 
HOLMES 


Suitable arrangements allow the temperature of 
the pot to be maintained at any predetermined 
level. It is said that the metal may be allowed to 
freeze and again be reheated without fear of any 


damage. 
Stewarts AND Lioyps, Lrtp. 


One of the most interesting exhibits on the stand 
of Stewarts and Lloyds, Ltd., of Glasgow, Birming- 
ham, and London, is the new Elderslie tubular 
steel shore, illustrated in Figs. 16, 17, and 18. 
Although primarily intended for use im graving docks, 
it can be adopted wherever supports of variable 
length are required for temporary purposes. The 
shore consists of two steel tubes, the outer usually 
7in. outside diameter by }in. thick and the inner 
5}in. outside diameter by jin. thick, telescoped 




















FiG. 16—-LOCKING HOOK OF STEEL SHORE— 


S. AND L. 


together. Three recessed sockets are welded on to the 
inside of the end of the outer tube, and seven rows of 
three keys each shaped to fit these recesses are welded 
at intervals on the outside of the inner tube, thus 
allowing the shore to be adjusted to seven different 
lengths. Normally, these are 18ft. to 24ft. at lft. 
intervals. The use of these shores instead of ordmary 
timber shores is claimed to provide greater strength, 
reliability, and economy. To adjust the shore for 
length the inner tube is withdrawn slightly and rotated 
enough to bring the keys clear of the sockets, and then 
pushed in or pulled out to the required size. -It is 
then rotated back to the locking position. To avoid 
measuring or confusion, the overall length of shore 
given by each adjustment is marked on the tube 
above the upper key. In use, the load on the shore 
prevents the locking keys from shifting, but, as illus- 
trated, a locking hook is provided to prevent them 





from slipping when being moved into position. 
The end of the shore to go next the ship is belled out 
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and in it is fitted a hardwood plug, which can easily 
be renewed. The other end of the shore, which rests 
on the dock altars, is fitted with a square steel plate, 
rounded at the corners and outer edges, and having a 
hardwood chock bolted on the bottom edge to prevent 
damage to the altars. Eyes are welded on as shown 
in Figs. 16 and 17, to take ropes for handling 
purposes, and drain holes are drilled on the bottom 
line of the outer tube to prevent water gathering 
imside the shore. 

The weight complete is about 4} cwt. i.e. about 














Fic. 17—TUBULAR STEEL SHORE-S. AND L. 


the same weight as the usual 18ft. wood shore, and 
less than the 6 cwt. to 7 ewt. of the average 24ft. 
wood shore. 

Shores which are slightly different in detail are 
available for different purposes, or modifications may 
be made to suit specific requirements. The use of 
the shores and the method of handling them is illus- 
trated in Fig. 18. 

A wide variety of tubes and fittings, jomts (many 
of which are sectioned) and protective coverings are 
also of interest on this stand. Various products 
made from tubes, a selection of brass valves, and 




















variations in bar diameter, bad contact with the 
electrodes, supply variations, &e., all interfere with 
accurate results. The device used by Radiovisor 
Parent, Ltd., however, gives satisfactory results. It 
consists of a light-sensitive cell which measures the 


ture over long periods without attention. The 
heater shown in Fig. 20 is used.for heating 
straight lengths of steel bar, gin. in diameter, 
the heating length being 6in., but only approxi- 
mately lin. at the centre is observed. It is, 
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FiG. 19-LIGHT-ACTUATED APPARATUS FOR FUEL BURNER CONTROL—RADIOVISOR 


visible radiations emitted from the hot body and a 
relay which controls the heater. 

Radiations from a selected area of the heated body 
are focussed and received by a light-sensitive cell 
contained in a light-tight chamber. A filter of 
narrow spectral transmission, usually ing a short 
band in the red or infra-red spectrum,'is interposed to 





FIG. 18-—-ELDERSLIE TUBULAR STEEL SHORES IN USE 


fittings, and a display of steel and iron castings, and 
foundry and forge pig iron are shown. 


RaDIOVIsOR Parent, Lip. 


Two new devices are shown by Radiovisor Parent, 
Ltd., of 28, Little Russell-street, W.C.1. One is a 
device for controlling the temperature of electrically 
heated bars and the other for controlling the fuel 
supply to oil burners. As regards the former, the 
advantages of direct heating, whereby a metal rod 
may be brought up to any desired temperature by 
passing a heavy A.C. at low voltage through it, are 
well known. Current is used only during the actual 
period of heating, which may be some 15 to 30 seconds ; 
radiation and conduction losses are reduced to a 
minimum ;~the heat is generated in the body of the 
metal and heating is effected without undue scaling, 
loss of material, and distortion. But without some 
automatic warning device to operate the current 
supply when the correct temperature is reached, 
under or overheating must result with a temperature 
gradient of, say, cold to 1000 deg. Cent. in 20 seconds. 
Normal temperature measuring methods or control 
devices have proved impracticable, and it is unreason- 
able to expect an operator to measure each bar with a 
radiation pyrometer or alternatively to judge each 
piece by the eye. While timing seems to offer a 
solution to the problem, it has been found that slight 


absorb all rays except those to be measured. The 
filter eliminates any interference due to spectral 
response in the cell and variations from daylight or 
other illumination which are bound to occur. The 
cell is connected to a valve and relay eircuit adjustable 
over a wide range of temperature conditions and fed 
with current from a 200/250-volt supply. 

The wavelength selected combined with the 
minimum area observable under average conditions 
sets a lower limit of 800 deg. Cent., at which tempera- 
ture full automatic control to within 30 deg. Cent. 
can be obtained. Since, however, the light intensity 
emitted increases far more rapidly than the tempera- 
ture and the relay switching points are fixed, control 
to much closer limits is obtained at higher tempera- 
tures. Heating may thus be controlled in either of 
two ways. Current can be switched off immediately 
the desired temperature is reached and remain off 
until such time as a cold bar is substituted or the 
current can be re-applied automatically as soon as 
the bar has cooled by approximately 30 deg. to bring 
it up to its maximum temperature again, and so on, 
until the operator is ready to work upon it. 

Instruments of this kind are not intended to replace 
or become calibrated pyrometers in the strict sense of 
the word, but are to be regarded as pyrometric control 
devices, which can be set against a standard pyro- 





meter or to repeat an operation at a certain tempera- 





however, designed with adjustment on the electrode 
blocks for a varying heated and although the 
maximum capacity in this case is fin., it can also be 
applied to intermediate sizes by means of the heat 
control box, shown at the right-hand side. 

After the depression of a foot pedal, which opens 
the electrode blocks, a bar is placed in position and 
heating is initiated by a hand switch on the left-hand 
side of the machine. From this stage onward the 
operation is entirely automatic, in that heating ceases 
immediately the current temperature is reached. 
The receiver containing the filter optical system and 
light-sensitive cell is supported on the machine and 
is connected by armoured cable to the cast iron control 
box fixed on the adjacent wall. The box contains all the 
electrical circuits, alarm signals, &c., contactor equip- 
ment being housed in the base of the machine itself. 
With a full-sized bar, jin. in diameter, a temperature 
of 1000 deg. Cent. can be obtained in eight seconds 








Fic. 20—ELECTRIC HEATER FOR METAL BARS— 
RADIOVISOR 


with 25 kVA, which is only consumed during the 
heating process. The Radiovisor control system is, 
of course, applicable to other heated bodies requiring 
control of the kind described. 

The light-actuated apparatus for controlling the 
fuel supply to oil burners is shown in Fig. 19. It can 
form an integral part of the burner or it can be 
installed separately to control existing installations. 
The rays of light emitted when combustion of the oil 
takes place impinge upon the light-sensitive cell A 
housed in a focussing tube through which a stream of 
cold air is continuously passing, thus ensuring that 
any carbon which may be blown back from the com- 
bustion chamber will be kept clear of the glass 
envelope of the cell. The control box is shown at B. 

One of the advantages of this type of control is its 
speed of operation, which is normally between two 
and three seconds. In special cases it is possible to 
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reduce this short period to practically instantaneous 
working. If ignition, oil or air failure should occur, 
the light-actuated apparatus will interrupt the supply 
of electrical energy until such time as the fault has 
been cleared, when by pressing a button the burner 
will begin to operate again. A warning light or bell 
can be installed to operate automatically if the 


burner fails. 


EVERSHED AND VIGNOLES. 


A system of drainage pump control, known as the 
‘* Noflote ”’ system, is exhibited by Evershed and 


Vignoles, Ltd., of Acton-lane Works, Chiswick, W.4. 


An electrically driven pump dealing with drainage is 


often required to operate automatically and to start 
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for cutting up heavy pieces like billets, welding, and 
so forth, which are familiar to our readers. There 
are also some novelties and what might be described 
as an information bureau, where technical experts 
are prepared to discuss the best method of 
tackling any welding job. 

A somewhat novel development exhibited is the 
multiple cutting of machine parts. This may be done 
either by the method illustrated in Fig. 21 or by 
stacking plates one above the other. The latter is 
exemplified by a set of six gear wheels, shown run- 
ning in gear, which were cut in one operation. The 


mounted in tandem, and guided simultaneously. 
The blow-pipes are mounted on a horizontal bar 








FiG. 21—BLOWPIPES MouNTED IN TANDEM—BRITISH OXYGEN 


when a sump has filled up to some predetermined level. 
Up to the present float switches have been used, but 
this new system has been devised to overcome their 
disadvantages. The equipment (Fig. 23) consists 
of two adjustable level rods passing through insu- 
lators and held in clamps. Cables connect the rods 
to a precision relay, which opens and closes a small 
switch that operates in turn the pilot switch of an 
automatic starter. A small isolating transformer 
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FIG. 23—DRAINAGE PUMP CONTROL—EVERSHED 
reduces the mains voltage to 30 volts for the operating 
equipment. The level rods are adjusted to the levels at 
which it is required to start and stop the pump. 
When the sewerage reaches the upper rod level the 
pump is started, whilst, when the level falls below 
the end of the lower level rod, it stops. 


THe British OxyGen Company, Lrp. 


On the stand of the British Oxygen Company, Ltd., 
Thames House, Millbank, Westminster, there are a 
number of machines for cutting and welding, with the 
aid of the oxy-acetylene blow-pipe, such as machines 


attached to the two arms of two universal machines, 
and are guided in the way familiar in cutters of the 
British Oxygen Company’s make. 

The building up of worn machine parts by both the 
oxy-acetylene blow-pipe and by the spraying 
piston is demonstrated in several ways, and in 
Fig. 22 we show a crankshaft being sprayed to make 
good wear of the crank pins. The sprayed parts are, 
of course, subsequently trued up by grinding. By 
these means practically any class of steel can be 
applied to worn parts, and great savings effected in 
maintenance. High-speed steel tips can also be 
applied to cutting tools of a cheaper material. Weld- 
ing pipes by the Linde process and copper welding are 
also being demonstrated. 


Tue British THERMOSTAT Company, LTD. 


A novel form of remote-control valve, which has 
been primarily devised for regulating heating supply 
systems, but seems to be applicable to a number of 
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FIGS. 24 & 25—-REMOTE-CONTROL VALVES— 
THERMOSTAT 


other services, is @xhibited by the British. Thermo- 
stat Company, Ltd., of Sunbury-on-Th Two 
examples are illustrated by the engravings, Figs. 24 
and 25, while a section through one is given in 
Fig. 26. 


method illustrated is to have several blow pipes. 


provide a very positive control of the valve, energised 
by the comparatively feeble effort of a thermostat, 
without involving the harsh action of a directly con- 
nected electric motor. The actual power for operat- 
ing the valve is, nevertheless, provided by a small 
enclosed electric motor, which can be seen in the 
engravings mounted on the top of the unit. This 
motor drives a small gear type oil pump, which forces 
oil from a reservoir beneath the pump into a flexible 
metallic bellows attached to the top of the valve 
spindle, and acts in opposition to a spring. 

The motor is controlled by a thermostatic switch, 
and, while it is running, holds the valve open against 
the force of the spring. When the motor is stopped 
the oil escapes back from the bellows to the reservoir 








FIG. 22—SPRAYING CRANKSHAFT TO MAKE GOOD WEAR-—BRITISH OXYGEN 


and the valve closes. There are thus two definite 
positions for the valve, fully open and fully closed. 
There is, however, a hand wheel which can be screwed 
down to prevent the valve closing completely, and 
so allowing a certain amount of flow in any cireum- 
stances. 

If it is desired to have a more delicate control] than 
just open and closed, the “inching ”’ type of valve, 
as shown in Fig. 25, is used. In it the general con- 









Bellows Chamber 


Valve Spring 





FIG. 26—SECTION THROUGH REMOTE-CONTROL 
VALVE—THERMOSTAT 


structional features are very similar to those of the 
valve just_described, but the opening of the valve is 
kept in strict proportion to the temperature change. 
The difference lies in the provision of a ball valve, 
which makes communication between the bellows 
and the oil reservoir, and is under the control of the 
thermostat. A spring, operating through a lever tends 
to keep this valve closed, and is opposed by the pres- 
sure generated in the bellows of the thermostat, so 
that the actual pressure maintained in the valve 
bellows, and hence the extent to which the valve is 
opened, is governed by the pressure in the thermostat 
bellows, and is strictly proportional to the tem- 
perature. 








for cutting out locomotive frames in one piece, others 


In the design of these valves the aim has been to 


The sensitivity of this control can be gauged from 
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the statement that a temperature change of 1 deg. 
Fah. in the thermostat bulb may produce a pressure 
change of 10 lb. per square inch inthe bellows chamber, 
while on account of the area of the valve-operating 
bellows the total operating force on the valve spindle 
is greatly amplified, and, in the case of the larger 
valves using a 7in. diameter bellows, amounts to 
385 Ib., less frictional losses in the valve gland, for 
| deg. Fah. of temperature change, so that for 3 deg. 
Fah. of temperature change the operating foree is 
over half a ton. 

The motorised inching units are controlled by a 
thermostat of the vapour pressure type, the bellows 
of which is normally incorporated in the unit and 
connected to the sensitive phial by a capillary tube, 
which may have a length not exceeding 20ft. For 
application at a greater distance than 20ft., an inde- 
pendent thermostat unit is employed, and connected 
to the valve by a flow and return oil pipe of fin. overall 
diameter. The motors fitted to these units are of 
robust construction, totally enclosed and moisture- 
proof. For A.C. circuits, motors of the induction type 
are fitted and consume 30 VA. D.C. motors are 
rated at 15 watts. The valves incorporated in these 
units are normal globe valves with packed glands, 
using soft steam packing, and suitable for steam or 
hot water. For refrigeration applications, a special 
type is supplied in which precautions are taken to 
prevent freezing at the gland. It will be readily appre- 
ciated that by a simple application of the rack and 
pinion principle, these units can be adapted to work 
dampers and similar apparatus. 


ParRKER-HaAtE, Lip. 


Experience has shown that efficient filtering is 
one of the most important safeguards to ensure 
long life and reliability in all kinds of engines and to 
improve manufacturing efficiency and safety in many 








Fic. 27—** DISCOFLEX"’ 


important industries. Consequently, the demand for 
filters during the last ten years has gone up to a very 
considerable total. 

According to Parker-Hale, Ltd., of Birmingham, 
the requirements to be met by a filter should be: 
A very fine degree of filtration available in the filter 
if required; filtering cartridges that are not fragile, 
which last indefinitely without replacement, are 
self-cleaning or easy to clean, and do not choke 
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FiG. 28—CAPACITY AND FILTERING CLEARANCE 
CURVES—PARKER - HALE 


easily ; if accidentally choked, the filtering cartridge 
should not allow the pressure to build up ; the filter- 
ing cartridges should be so constructed that they 
can be made from any required material; the degree 
of the fineness of filtering ought to be easily adjustable, 
and the resistance through the filter should be small 
and easily adjustable. 

The “ Discoflex”’ filter, made by the Discoflex 
Filter Company, Ltd., an associate company of 
Parker-Hale, Ltd., has been specially evolved to 
give very fine filtering, and at the same time be 








easily cleaned, or even be self-cleaning, and of robust 
and simple construction. As will be inferred from the 
drawing, Fig. 27, the “* Discoflex ” filtering cartridge 
consists of a number of discs, some of them 
flat and some with raised edges; mounted in a pile 
and slightly compressed together. The pressure of 
fluid on one side of the discs causes them to flex slightly, 
thus forming fine clearances between the flat discs 
and the raised edges of adjacent dises, allowing the 
fluid to pass through these clearances, which can 
be easily regulated, either by the quantity of fluid 
which is passed through them, or by altering the 
initial compression on the discs. It is therefore 
claimed that there can be no limit to the fineness 
of filtration, which simply depends on the size of the 
clearances. If coarser filtration is required, the 
quantity of passing fluid is increased, and no altera- 
tion whatever to the construction of the filter is 
necessary. If the unit cartridge in which the discs 
are mounted is horizontal, the disc surfaces will be 
vertical, and thus all the dirt collected on the discs 
runs off into the sump provided for the purpose. 
In this case the direction of flow is from outside in. 
The dises can be made of any desired material, such 
as hardened steel, stainless steel, copper, brass, 
bronze, nickel, aluminium, glass, any plastics, or any 
metal alloy obtainable. They are very robust and 
practically indestructible. The self-cleaning type 
*“ Discoflex ” filters, of which the drawing, Fig. 27, 
is an illustration, are particularly suitable for cases 
where a definite quantity of liquid is in continuous 
cireulation. The self-cleaning action is obtained 
by arranging an inner inlet tube with closed end 
inside the filter body, having a narrow slot directed 
tangentially towards the top part of the filtering 
edges of the cartridge. All the incoming oil has to 
pass through this slot, thus forming a powerful jet 
which continually flushes the top of the filtering 
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FILTER—PARKER - HALE 


cartridge. From actual experience, so the firm claims, 
it is found that solid matter contained in liquids 
does not stick to the filtering edges of the cartridge ; 
but a very small amount of it may lodge on top of 
the cartridge. By flushing the top with the jet of 
incoming oil, the cartridge is kept perpetually clean. 
If, however, a small amount of matter for some 
reason remains embedded between the discs of the 
cartridge, by turning the cartridge round it will be 
completely cleansed. 

In Fig. 28 are shown typical capacity and filtering 
clearance curves for a standard cartridge with eighty 





“THe Encincer” 





filters the discs flex more with cold oil, owing to the 
natural increase in pressure, thus allowing the thick 
oil to pass easily. Four standard production models 
are available, varying in capacities from 100 to 
600 gallons per hour. 


Josprpx Lucas, Lrp. 


The latest Lucas windscreen wiper, Fig. 30, with the 
motor mounted on the engine side of the dash, is one 
of the exhibits of Joseph Lucas, Ltd., of Great King- 
street, Birmingham. Incorporated with the motor is 
a reduction gear-box, which transmits the drive to a 
continuously rotating final shaft with a rubber 
coupling. A crank on the end of the shaft is con- 
nected by links to two clutch-boxes.on the screen rail 
and transmits motion to the wiper spindles. The 

















Fic. 29—AIRCRAFT ELECTRIC STARTER—LUCAS 


switch is incorporated with one of the clutches. The 
action of pulling out and turning a knob puts the 
blade on to the sereen, engages the dog clutch, and 
switches on the motor. A useful feature is separate 
control on the passenger’s side, which enables the 
second arm to be parked independently while the arm 
on the driver’s side is in operation. The wiper arms 
are fitted with a four-ply rubber blade, which gives a 
very clean and even wipe, and the blades are readily 
detachable for replacement. ; 
As the wiper motor is mounted out of sight, and its 
size is not limited, as is the case with wipers mounted 
directly on the screen, it is possible to provide a 
motor which has ample power to ensure a clean 
even wipe under all weather conditions. In opera- 
tion, the wiper is practically inaudible, since the motor 





FIG. 30—WINDSCREEN WIPER ASSEMBLY—LUCAS 


filtering edges. It will be seen from this graph that 
for all normal capacities the filtering clearances vary 
from 0-00000lin. to about 0-0002in. Both the 
pressure and the clearances, as well as capacities 
of all filters, can be easily adjusted for every cart- 
ridge by altering the initial compression on the filter- 
ing discs, or by altering the number of discs in the 
assembly. This flexibility becomes particularly 
useful with lubricating oil, the viscosity of which 
varies much with the temperature, so that in ordinary 
filters a by-pass valve to the filter must be provided 
for starting the engine from cold. With “ Discoflex ” 





and gear-box are mounted on the engine side of the 
dash away from the occupants of the car. A further 
precaution is taken to secure silent operation 
by mounting the units on sheets of sponge rubber, 
and also by providing a rubber coupling in the 
driving shaft. An alternative wiper lay-out, having 
all the moving parts enclosed is particularly suitable 
for cases where the type described cannot be accom- 
modated. In general the lay-out is similar to that 
illustrated, the motor being mounted on the engine 
side of the dash. It is, however, linked by means of a 
flexible drive to a gear-box mounted on the screen 
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rail. This gear-box reduces the rotary drive from the 
motor to an oscillating motion which is taken to the 
wiper arms by means of a shaft, portions of which are 
flexible. The flexible portion is somewhat similar 
to a Bowden cable, but it is made more efficient for 
transmitting movement by fitting a series of specially 
shaped steel beads over the inner cable to reduce 
friction between the cable and the outer casing. 

The aircraft direct cranking electric starter shown 
in Fig. 29 is another Lucas exhibit. It is designed 
to crank an engine continuously with the power 
available from a standard aircraft accumulator, and 
consists of an electric motor driving reduction gear- 
ing operating an automatic meshing and de-meshing 
mechanism from an adjustable torque overload 
release. A pinion, mounted on the electric motor 
armature shaft, drives a crown gear. This is integral 
with a spur pinion which meshes with three planetary 
gears, mounted on the barrel and running in a 
stationary gear fastened to the housing. The planetary 
gears drive the barrel containing the torque overload 
release, @ spring-adjusted multiple-dise clutch. The 
externally splined clutch discs are driven by the 
barrel and the internally splined dises drive the 
spline nut. Threaded within this is a screw shaft 
which is caused to advance at the first rotation until 
the stop nut rests against the back end of the threads. 
The starter jaw advances with the screw shaft and 
meshes with the engine jaw. 

A friction brake is used to make the jaw advance 
into mesh before rotating. This consists of a three- 
piece friction ring having tips which fit into corre- 
sponding slots in the jaw. It is held in place on the 
barrel plate by a spring of predetermined tension. 
The rear faces of the starter jaw teeth are sloped so 
that when the engine starts, the jaw is put out of 
mesh. The clutch has a safety device to allow only 
the desired amount of torque to be used when turning 
the engine over, and also to protect the starter from 
possible damage in case of engine back-fires. 

(To be continued.) 





Fire Precautions in Major Electrical 
Stations. 


THE precautions that should be adopted in respect of 
fire in power stations and major system sub-stations 
arising from failure of electrical plant are discussed in a 
paper read by Mr. F. C. Winfield before the Institution of 
Electrical Engineers on February llth. It is explained 
that while electrical duplication or multiplication of plant 
is recognised as essential, true physical segregation of 
duplicates has received less attention. It is, however, 
emphasised that the rare occurrence of serious fires or 
explosions justifies a different treatment, and that it 
suffices in general to segregate duplicates in two separate 
groups. The condition of rarity is secured only by the use 
of sound plant and good protective gear, and it is essential 
that this condition should be maintained. It is also 
desirable that it should be improved upon. Despite all 
precautions, fire cannot be absolutely precluded. The 
only ultimate safeguard must be a reasonable fire section- 
ing of the plant, so that a fire or explosion is limited in 
its worst effect to a section or group of plant items which 
in emergency can be done without. The second stage is 
the limitation of the consequent damage following a fire 
to a degree which will ensure that the subsequent emer- 
gency state shall not continue too long, as during this period 
the essential principle of electrical duplication no longer 
holds, and dteottieal faults are relatively frequent. This 
leads to the discussion of additional precautions which 
can be taken to decrease the consequent damage by 
improvements in design within the agreed fire sections and 
by fire-fighting arrangements. The chief point is that “the 
eggs shall not be carried in one basket.”’ On the other hand, 
the conditions do not require that this principle shall be 
carried so far that each “‘ egg "’ is in a separate basket. A 
single clear division of plant into two parts is frequently 
sufficient. The governing principles in fire considerations 
may be enumerated in three classes :— 

(a) Provision which Ought Always to be Made.—({1) The 
use of switchgear and plant of adequate capacity, soundly 
designed and constructed, and provided with suitable 
automatic protective arrangements. (2) The complete 
electrical and fire sectioning into at least two duplicate 
parts of the switchgear, transformers, cables, &c., supply- 
ing an electric system or independent portion of a system. 
(3) Minimum arrangements for fire fighting. (4) Heating 
of buildings to reduce risks of insulation failures. 

(b) Provisions which are Easy and Inexpensive to Make 
and which Reduce the Spread of Fire or Consequential 
Damage Within a Fire Section.—(1) Sealing of holes in 
floors or internal parts of any single fire section which has 
natural structural barriers. (2) The elimination of com- 
bustible matter not inherent to plant, e.g., waterproofing 
of cables, oil stores, &c. 

(c) Provisions which, whilst not Essential, are Desirable 
and Should be Applied where the Importance or Special 
Conditions of the Station Justify the Expenditure.—(1) Floor 
drainage to remove oil quickly. (2) Permanent and local 
fire-extinguishing plant, either automatic or remote- 
controlled, if the station is permanently attended. 

These points are considered in detail, and the fire 
sectioning arrangements are illustrated. 

The author’s recommendations concerning transformers 
are of particular interest. While his general remarks 
apply equally to those units, it is suggested in view of the 
large quantities of oil involved, that it is desirable in general 
to go beyond mere group sectioning, and to adopt unit 
sectioning, preferably in independent chambers, The 
pier type of foundation, as opposed to the complete raft, 
is very suitable for transformers, and has the advantage 
that it permits a large part of the area immediately below 
to be filled with screened rubble to act as a fire quencher 
and to assist oil drainage. All large transformers could 





with advantage be provided with protective relays of the 
gas collection type or failing this ought at least to be fitted 
with temperature alarms. Where possible, indoor trans- 
formers should be mounted in chambers adjacent to outer 
walls, and opening to the outside. Alternatively, in special 
cases of smaller sizes, the use of direct air-cooled trans- 
formers may be considered. 

Investigation abroad is pursuing the production 
of a non-inflammable alternative to oil and some 
success has been achieved with substances such 
as Pyranol, which is costly. It has, however, 
many unusual properties, but would appear to be 

inly applicable to small transformers and to 
require further investigation and experience before it 
can be recommended fully.* As it attacks normal insu- 
lations, it calls for special materials, and it is not suited 
to circuit breaker work. 

Means of closing ventilating outlets may be of advan- 
tage in indoor transformer chambers. Where relatively 
large oil-immersed transformers must be mounted in these 
chambers, it is desirable to consider the consequent damage 
possible from oil fires and to stiffen precautions accord- 
ingly. The use of automatic fire apparatus has much to 
recommend it in difficult cases. 

For outdoor transformers a screened ballast surround, 
12in. to 18in. deep, with drainage, is desirable, and where 
transformers are necessarily placed in close proximity, 
intermediate barrier walls may be necessary. In such 
lay-outs, and, indeed, in any arrangement of fire section- 
ing, it should always be borne in mind that in attacking a 
fire the local brigade is likely to spill much water about 
and duplicate items of plant should, if possible, be arranged 
so that the attack on one item does not jeopardise its 
duplicate. In this connection the use of cable-sealing 
terminals, instead of the open type, is now to be recom- 
mended where commercial and ical considerations 
permit. The treatment of oil-immersed reactor banks is 
similar to that of transformers. 

There is one important zone, the author states, that is 
not generally — with direct protection, namely, 
the bus-bars. This zone usually includes, in addition to the 
circuit breakers themselves, the bus-bar isolators, and most 
frequently the feeder isolators. It is possible to provide 

ial protection for this zone by lightly insulat- 
ing the switchgear from earth and from the associated 
cables and by employing a fault device to operate when 
current flows through a single earth connection, or, alter- 
natively, by employing a system of protection which 





balances all the currents to and from the bus-bars and 
which again requires insulation of cable sheaths from the 
switchgear. Finally, a system of time-graded leakage 
protection can be employed. The problem is actually 
much more complex than many of its advocates realise, 
and there are several weaknesses to guard against. It is 
clearly important that no system of bus-bar protection 
should impair the reliability of supply. It is, for exarnple, 
desirable to employ two master relays in series for the 
final tripping control, so that no inadvertent operation 
during maintenance or otherwise shall produce tripping. 
Again, a serious difficulty lies in guaranteeing that the 
remote end of connected feeders shall be cleared when a 
bus-bar fafilt occurs, as otherwise only 50 per cent. of the 
bus-bar faults are i against. Where the feeder 
protection is of the impedance type, this requirement is 
sometimes met directly and if of the pilot type it ‘is 
possible with certain complications to secure it. Time- 
graded feeder protection will usually meet this point, but 
long time grading of several seconds is imperative, and 
since the bus-bar pri ive ts proposed are 
all of the earth fault type, time delay of this order intro- 
duces the danger of phase faults. 

No single example has come to the author’s notice in 
which a major sub-station fire in this country has pro- 
duced any serious consequential fire or damage to other 
property or persons. Nor has the author any knowledge 
of bus-bar or circuit breaker failures producing injury to 
operators which might have been prevented by bus-bar 
protection. Based on actual experience therefore the 
problem is one of security of supply, and it is necessary 
to be sure that additional protective gear of this type 
will give such added seeurity. Protective gear cannot 
prevent failures and may produce them. 

If a bus-bar fault occurs, disconnection of all the circuits 
connected to that bus-bar is inevitable, whether by pro- 
tective devices or by hand. The author’s outlook is that 
whilst academically the principle of bus-bar protection is 
sound, practically he requires very solid guarantees that 
the form of protection proposed is nearly foolproof, and 
he is somewhat undecided on this point. 

Small oil content circuit breakers are dealt with towards 
the end of the paper, where the author explains that these 
have taken two forms, the expansion or water type 
breaker, and the air blast breaker, which are stated to 
present certain inherent difficulties of their own, which 
will no doubt be minimised or eliminated in the normal 
progress of design. 








Railcar for Trailer Haulage. 





HE first oil-engined railcar built by the Associated 
T Equipment Co., Limited, of Southall, was placed in 
service on the Great Western Railway three years ago this 
month. Since that date seventeen cars have been ordered 
from the makers by the G.W.R., and between them over 
1} million miles have been covered. The last of these 
seventeen, and the eighteenth ordered by the same railway, 
is illustrated in Fig. 1. It has been designed to haul a 


tail load comprising a trailer coach, horse-boxes, or other 
vehicles amounting to about 60 tons, and differs in several 
respects from its forerunners. The design embodies a 
number of improvements and certain features which were 
rendered necessary by the class of work in which the car 
It has, for instance, standard draw- 


will be engaged. 





the frame, in‘ the new design the power units have been 
altered and the height reduced so that the floor is quite 
level. The engines have also been moved so that they are 
now mounted opposite to one another at the centre of the 
chassis. The mounting of the radiators has been altered 
somewhat in that although they remain as before slung 
beneath the car, each immediately in front of one engine, 
no reliance is placed on draught due to the car’s motion 
for cooling, and all draught is provided by large slow- 
speed fans driven by belts and bevels. Besides getting 
over the uncertain factors due to side winds, speed varia- 
tion, and the variable degree of “‘ blanking” caused by 
cuttings, and so forth on the route, this arrangement 
allows the radiators to be placed parallel to the engine 








Fic. 1—260 H.P. 


gear and buffers, steam heating, and vacuum brake pipes, 
and carries in a special large luggage compartment an 
exhaust heated boiler for heating the trailer coach. In 
general principles of construction the chassis remains 
the same as those used for previous cars. It has two A.E.C. 
130 B.H.P. oil engines mounted on either side of the main 
frame, and each drives through a fluid fly-wheel, a pre- 
selective epicyclic gear-box, and through suitable variable 
reduction gear a separate bogie. The engine on the right 
drives the leading bogie, that on the left the trailing bogie. 
A view of one of the engines is shown in Fig. 4. But 
whereas in former cars the engines stood slightly above 

* According to the Jan issue of the General Electric 
Review, Pyranol transformers have been built in sizes as large 
as_10,000 kVA.—Epb., Taz ENGINEER. 











RAILCAR AND TRAILER 


centre line, thus facilitating erection and maintenance 
work. 

The drive is similar in principle to that previously used. 
but the epicyclic gear-box now has five speeds instead of 
four, and the reverse gear is incorporated in the final drive. 
The final drive itself, formerly by a centre worm and wheel 
mounted in both axle-boxes is now by double-reduction 
gear. One reduction is by constant mesh helical gears 
carried in a casing at the rear of the main gear-box, 
and the second reduction is by spiral bevels in the inner 
driving axle-box of the bogie. Two pinions are used, 
either of which may be engaged to give opposite directions 
of motion. The outer axle-box is also bevel driven, but, 
of course, needs no reverse gear. 





To improve riding qualities both the bogie wheel bases 
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and centres have been increased, the former from 7ft. 
to 8ft. 6in. and the latter from 40ft. to 43ft. 6in.; also 
longer side bearing springs have been fitted. The car is 
now a heavier vehicle, owing to the extra weight caused 
by the fitting of standard draw gear and buffers, the use 
of a stiffer frame and the carrying of steam heating boilers, 
auxiliary water tank and other equipment. In running 
order, it has a total weight of 33 tons 12 ewt. Apart from 
the alterations connected with the bogie centres and wheel 








ean be operated by direct mechanical means. No. 18 
A.E.C. railcar has not been completely so fitted as yet, 
the throttle being still manually controlled. To change 
this, however, would be a simple matter. As at present no 
trailers fitted with driver's cabs are available, such an 
alteration is not yet nec All other control gear, 
however, is ready for remote control, as it is electro- 
pneumatically operated. The reverse engine stop and 
clutch are operated by air cylinders, but the admission is 





type accelerator allows the use of either or both feet on 
long runs, while the throttle levers on each side of the 
table allow the car to be driven standing up for short 
journeys. : 

The exterior appearance of No. 18 has been changed 
a little from that of earlier types by the elimination 
of the valances, except over the [immediate area of 
the engines, and by the necessary adoption of standard 
draw-gear, buffers, &c. 





FIG. 2—EXHAUST HEAT BOILER EQUIPMENT Fic. 


bases, the other principal chassis dimensions remain the 
same, that is to say :— 


Length over headstocks .. G62ft. 
Length over buffers ee ae .. .. 66ft. Sin. 
Frame width ... - 3ft. 2in. 
Frame height above rail 3ft._llin. 
Overall width... ... ... Sit. eg 
Wheel diameter 3ft. lin. 


For trailer heating, the boiler installation, illustrated in 
Fig. 2, is fitted in the luggage compartment. It-consists 
of a Clarkson thimble tube type boiler and an economiser, 
both heated by the engine exhaust. The feed is auto- 
matically controlled by a switch connected with an elec- 
trically driven feed pump. Water tanks are carried 
beneath the floor. For single working, Clayton Dewandre 
heaters are used. An improvement has been made in the 





controlled by electric pneumatic valves, wired up to 
switches or press buttons on the driver’s control table. 
Air is also admitted to the sanding valves by the same 
system. The struts in the gear-box for preselecting the 
gears are pushed forward by a series of solenoids bearing 
directly on them, and carried as a unit in the side cover of 
the box. To save current, the return circuit from these 
solenoids passes through a pneumatic switch connected 
to the clutch operating cylinder air inlet pipe, and thus, 
although a gear may be preselected, no current passes to 
the solenoid until the clutch switch pedal is depressed ; 
when the pedal is released the current is cut off. The 
reverse switch has an interlocking cylinder connected to 
the brake train pipe and cannot be moved until the brakes 
are applied and the vacuum in this pipe is destroyed. This 
prevents the driver trying to reverse the car when running. 
The reverse switch handle is loose, and is taken by the 
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ventilation of the passenger compartment by the fixing of 
an air scoop across the full width of the roof. Inside it 
are a number of pipes, passing through the roof, but pro- 
jecting out of it in order to prevent the ingress of rain. 
If rain should enter the tubes, it is caught in a galvanised 
tank from which it drains into the gutter. The scoop is 
connected to a series of adjustable, hinged ventilators, 
fitted to the top of the panel dividing the driver’s and 
passengers’ compartments. By means of the two sets of 
ventilators—one at the front and the other at the rear of 
the passenger compartment—air is drawn in at the front 
and extracted at the rear, giving a continuous current 
just beneath the ceiling. 


THe Conrrout GEAR. 


For a railear to operate with a trailer and still retain 
one of its greatest advantages for short-distance work, it 
must be capable of control from the trailer. Without 
trailer control the train set would have to be turned round 
at each end of the journey, so as to have the driver in the 
railear at the leading end. The provision of driving 
positions in two or more different cars entails the use of 
some control operating system, which can be worked 
through couplers, which means that none of the controls 





driver to whichever end he is driving from. It cannot be 
withdrawn except in neutral position, and when it is 
withdrawn it automatically engages neutral in the gear- 
box and isolates the preselecting and clutch switches. 
Yet another safeguard is found in the mounting of a 
switch on each reversing axle-box. They are connected 
to the striking gear and are wired up in such a way that 
unless both axles are set for the same direction, the clutch 
in the gear-box cannot be engaged. This prevents the 
car being driven with the dogs not fully home. 

A new feature of the driver’s control table is the fitting 
of an engine. revolution meter which, when the ¢ar is 
running in top gear also acts as a ometer. There 
are two pointers, each recording the speed of a separate 
engine. The advantage of this type of instrument, apart 
from its instant record of lag on the part of either engine, 
is that with a clearly marked scale the engine-driver can 
see exactly when to change gear. The pointers by dropping 
to zero also give warning of any excessive heating. The 
instrument is visible in the centre of Fig. 3, which shows 
the driver’s control position. The reverse lever is on the 
left, together with the starter and heater buttons. The 
small lever in the centre is the preselector for the gears, 
while the vacuum brake handle is on the right. A treadle 








3—DRIVER’S CONTROL POSITION 


Whilst in actual service, the car will not be called upon to 
make fast runs its ability to do so has been demonstrated 
by the fact that it has covered at different periods by 
itself 22} miles at 67} m.p.h., 39} miles at 61 m.p.h., 
19} miles at 62} m.p.h., and with one trailer coach. 35} 
miles at 554 m.p-.h. and 16 miles at 564 m.p.h. 








SIXTY YEARS AGO. 





Tse Patents for Inventions Bill of 1877 excited much 
controversy as soon as it was introduced by the Attorney- 
General. In it the principle of the preliminary examina- 
tion of specifications before granting a patent was 
embodied. The Government was determined to adopt this 
principle but many people inside and outside Parliament 
were opposed to it. There was much written upon the 
subject in our own columns both in the form of leading 
articles and as letters from correspondents. In our issue 
of February 23rd, 1877, we developed the argument against 
the principle of preliminary examination as we saw it. 
The institution of an examination for novelty or otherwise 
was we said something entirely new to our law. The 
practice obtained in America and it was contended that it 
presented an obstacle to the re-patenting of old inventions. 
It was however notorious, we said, that it provided no 
such hindrance. In three years, 1872-1874, out of 212 
patent actions reported in the United States, 53 resulted 
in the destruction of patents on the ground of want of 
novelty. The principle, we continued, would require in 
practice nothing short of infallible wisdom or omniscience 
on the part of the examiners. An invention might be 
destroyed at its inception by reason of the difficulty or 
impossibility of inducing an examiner to perceive in it 
the one, perhaps delicate, distinction between it and 
something that had gone before. Had Watt’s invention of 
a separate condenser been referred to an examiner of his 
own period it was quite-conceivable that it would have 
been rejected on the score of novelty. It would probably 
have been held that the separation of the condenser from 
the cylinder was a mere detail introduced simply for the 
purpose of setting up a claim to an invention. The history 
of Siemens’ regenerative furnace provided a concrete 
case of that kind. His first application for a patent in 
Germany was refused because it had been found that in 
an old house belonging to an order of medieval knights 
two chambers underneath the floor had been filled with 
stones and alternately heated by a furnace and cooled by 
air drawn through them to heat the hall. Fortunately, 
we added, the doors of the English Patent Office were open 
to Siemens. The Bill proposed that the new system should 
be started by the appointment of not more than six 
examiners. Counting provisional and final specifications 
the number of documents which those examiners would 
be required to study would on the basis of recent figures 
be about 7400 a year. Each document would therefore 
have accorded to it an examination lasting on the average 
not more than an hour and a half. The search, it was 
true, was to be restricted to the specifications and pub- 
lications preserved in the Patent Office and to such other 
works as the examiner might be acquainted with. That 
restriction, however, did not narrow the examiners’ task 
to any material extent. At the date of writing there were 
in the Patent Office about 100,000 specifications of British 
patents, 180,000 specifications of American patents, 180 
volumes of French specifications, and a library of over 
50,000 volumes. The Bill laid it down that in addition 
to their principal duties the examiners were to prepare 
indexes and arrange and abridge the specifications. They 
were, further, to act by rota known only to themselves. 
There would therefore be no opportunity of their dividing 
the work into classes presided over by examiners specially 
qualified to deal with them. 
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Rail and Road. 


SouTHERN Rattway ELecrrirication.—It is expected 
that a full electric service to Portsmouth will be possible 
before the end of May next. 


UNDERGROUND Raiuway FoR PraGcuE.—At a cost of 
about 7 million pounds, it is proposed to build an under- 
ground railway in » Ozechoslovakia. There will 
be three lines, and it is hoped the new railway will be 
ready by 1942, 


New G.W.R. Dmecror.—At a recent meeting of the 
board of directors of the Great Western Railway Company, 
it was announced that Mr. Arthur Windham Baldwin— 
second son of the Prime Minister—had been appointed 
a director of the company. 

Spanisu Locomorive Borer Expiosion.—On Sunday, 
February 7th, soon after leaving Tortosa Junction, on the 
Barcelona—Valencia main line, the boiler of the engine 
hauling the Sevillano express blew up. The engine was 
blown to pieces, two Poo sr were badly three 
railway servants killed, and sixteen passengers injured. 

RECONDITIONING 4 CHINESE RaiLway.—At a cost of 


during the next seven years. work 
includes the reconstruction -“g three large inelud- 
ing the Yellow River Additional rolling stock is 


to be purchased, and the 

PartitionEp Wacons For Fracime Freicnr.—After 
a number of experiments the Great Western Railway 
Company has designed a new type of wagon for the 
transport of fragile articles with a minimum risk of 
damage. These wagons, pe Bs of which are to be built, 
have their iosecious’ Sk fitted with a series of adjustable 
partitions which can be set to St bok Sie bods tay fe 
position, 

L.M.S. Aprormsrments.—The fo! 


llowing appointments 
the directors of the L 


have been a 8, Railway 
Company :— . Nash, resident mechanical @e- 
neer, Melton Cuasbaban (M. and G.N. Joint Line), to 


first assistant to works superintendent, Derby (locomo- 
tives); Mr. A. Shires, inspector, 

engineer (bridges), Manchester ; Mr. F. W. Whittingham, 
district assistant, Abergavenny, to be district assistant, 
Chester; Mr. A, J. Fossey, chief inspector, Sowerby 


Bridge, to be district assistant, Abergavenny. 


Itatian Ratuways.—The annual report of the Italian 
State Railways for the year ended June 30th, 1936, has 
been issued. It shows that the year 6589 kiloms. 
of line was a ~ 13,752 kiloms. doubling work was 
in progress, and the of 2820 kiloms. was in 
hand. A total length of 3241 ki ms. of line was electrified, 
whilst 650 kiloms. of route was being electrified, and was 
due for completion in 1937. During the year under review 
it was decided to convert a further 1054 kiloms. of line. 
The latter included the Milan—Bologna—Ancona and Rome— 
Leghorn routes. 

Great SovrHern Ramway's New Locomortves.— 
Five new 4-4-0 passenger locomotives have been placed 
in service on the Great Southern Railways, Ireland. They 
were designed by Mr. A. W. Harty, and built at the com- 
pany “ab eae works. gong 8 eye is 10ft. 3fin. 
ong, the wor! pressure l uare inch, 
and the total heating surface with the vuperhester 1254-1 


square feet. Other dimensions are : 18in. 
by 26in. stroke; coupled wheels, 5ft. 84in. diameter ; 
coupled wheel base, 9ft.; length of engine and tender, 


43ft. 44in.; the weighs 53 tons 3 ewt. in working 
order, of which tons is available for adhesion. At 
85 per cent. boiler pressure the tractive effort is 18,800 Ib. 


Roap Accrpgnts.—In a 

meeting of the American of Civil Engineers, Mr. 
A. H. Vey, of New Jersey, gave statistics on traffic 
accidents and their relation to major way improve- 
ments. He said that there were more fatalities per million 
miles in ° ae Kees eo vagy lane roads than on either 
two or ft ive be 
3-61, 2-75, and 3-53 deaths. Migs age cry, eagle 
freedom of movement possible on the wider roads 
aecounted for the higher accident rate. On a 2-mile 
length of road the conversion of a four-lane road into 
two two-lane roads reduced the accidents by 36 per cent. 
in five months. He added that while the shortness of 
the period made the figure inconclusive it indicated an 
important improvement, 

Rattway ELEcTRIFICATION IN AMERICA.—The Pennsy]- 
vania Railroad Company of the United States proposes 
to electrify a further 773 miles of track during the next 
eighteen months. When this work is completed the rail- 
way will have electrified 2677 track miles of rail, which 
represents 41 per cent, of the total electrically operated 
standard track in the United States. Included in the 
‘aot west of Philadelphia: pF line from Paoli, Pa., 
just west o Lancaster to Harris- 
aang: bs freight line from oon Pa., near Trenton, 

vid Columbia to Enola pot. near Harrisburg ; 
m9 freight line from Columbia, Pa., vege the course 
of the Susquehanna River to Perryville, M , and the 
freight line from Monmouth Junction, a, "to South 
Amboy, with the necessary yards, connecting branches 
and equipment. 


eens meng ren Rarway ScuoiarsHir.—One 
scho: p to Faculty of Engineering or Faculty of 
Arts and Sciences at University is being offered 
by the Canadian Pacific Railway, subject to competitive 
examination, to apprentices and other male employees 
under twenty-one years of age, enrolled on the permanent 
staff of the company, and to minor sons of loyees. 
The company maintains ten scholarships at McGill, the 
new one being to fill a vacancy resulting from the gradua- 
tion of a previous winner. To the successful entrant free 
tuition will be given as follows :—Faculty of E 
Chemical, civil, mechanical or electrical engineering, four 
years’ tuition on senior matriculation, or five years’ 
tuition (including one year in the Faculty of Arts and 
Science) on junior matriculation ; architecture, five years’ 
tuition in the School of Architecture. Faculty of Arts 
and Science ; four years’ tuition in the Arts Division or the 
School of Commerce. 
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Miscellanea. 


Scortanp’s Empmz Exmsrrion.—Captain 8. J. 
Graham, the general er of Scotland’s Empire 
Exhibition, recently stated that the new exhibition, which 
is to be opened next year, will have a value of about ten 
million pounds and be the Empire Exhibition since 
Wembiey.. The Exhibition will pe held in Bellahouston 
Park and one of its features will be an 





observation 
from 260ft. to 300ft. high on top of a 170ft. high hill. 


Air and Water. 





Destroyer Launcn.—The second of two “I” class 
destroyers, being built by Yarrow and Co., and the last of 
four of that class being built on the Clyde, was launched 
on Thursday, February llth, and named H.M.8. 
“ Tvanhoe.” 


Appirions To Lioyp’s Reeister.—It has been decided 


tower | by the Committee of Lloyd’s Register of Shipping that in 


future the overall length of all ships, classified in the 
Register, shall be given in addition to the between perpen- 


that | diculars length given at present. 





Papers wil be invite on on: ee and lay-out of 
heat economy, &c.,; ioc) eanagaRlicee hotelier Gootdane 
slag utilisation, steel works refractories, ee 
reactions, including the physical chemistry of steel 

inaking, th constitution of slags, non-metallic incusions | as 


have recently been approved. The linking of these two 
rivers is as one of the schemes of its kind 
in the and ble with the construction of the 


Panama Canal. As a result of the raising Don 


t | the difference between its level and that of the Volga will 


be 236ft., the waters released from one river to the other 
harnessed to drive the turbines of electric 

stations. The scheme embodies shen aoenibaatio€d of three 

stations with a total 


o-Armeisk, where the Sarpinsk 
reservoir waters flow into the Volga River. 

Untrep States Steet Inpustry.—According to esti- 
mates received by the American Iron and Steel Institute, 
over 290 million dollars will be spent by the American 
ens Sanee conces ee ee ee 
coming year. This figure is based upon information 
received from eighty-five companies canntibating 90 per 
cent. of the total capacity of the industry. ing 1937 
at least three new t-furnaces will be two 
to replace old furnaces and one new one. New coke ovens 
with an annual total capacity of a million tons of coke are 
to be installed. January two new continuous mills 
were put into and the construction of five more 
Din fend oc Cec A MA ct. When these new mills 
are in production there will be twenty-seven continuous 
mills in the country with a total annual of more 
than 12 million tons of sheets, strips, and plates. At the 
beginning of 1936 the estimated pen ee 
for the steel industry was 200 million dollars and 
mate was exceeded by 16 million dollars during the year. 


Szconpd CoNFERENCE oN InpuUsTRIAL Puysics.—The 
second Conference on Industrial Physics will be held 
under the auspices of the Institute of Physics in Birming- 
ham from March 18th to 20th next. The of the 
Conference is “‘ Optical Devices in Research and 
An exhibition of instruments, and books 
cognate to the subject of the Conference is being 
0 eo en ee eee ni- 
versity of Birmingham. A section will be devoted to 
popu ae applications of optical devices, including photo- 
The presidential address on “ Spectroscopy in 
Industry ” will be delivered by Professor A. ower, 
and, sa addition, a number of lectures and discussions 


Encrverrs Requirep rorR THE Navy.—The Royal 
pasa has a large number of openings for apprentices and 

young engineers between the ages of twenty and twenty- 
eight years. These men are required for the engine room, 
electrical, and ordnance artificer branches. 

Lonpon’s Surprine in 1936.—Last year 30,570 vessels 
arrived in the Port of London. Ocean-going ships from 
Empire and — ports totalled 13,784, and coasters 

lying between United Kingdom ports numbered 16,786. 
the year 43,014,535 tons mgt pnt were handled. 


Lioyp’s Reeister or Surprrve.—At a recent meeting 
of the General Committee of Lloyd’s Register of Shipping, 
probe William C. Currie, the deputy chairman of the Penin- 

sular and Oriental 8S.N. Company and of the British India 
8.N. Company, was elected a member of the General Com- 
mittee, in succession to the Hon. Alexander Shaw. 


PortsmoutH ArmPporT.—At a recent meeting of the 
Portsmouth Docks and Airport Committee the question 
of eg i er air base at Langstone Harbour 

It was decided that, in view of 
the new sage Seaeoved financial terms conceded by the 
Air Ministry, the airport should be proceeded with on a 
barrage plan. 

Prorosep Cana Across Nicaracua.—Plans for the 
construction of a second ship canal across Central America, 
linking the Atlantic and Pacific oceans, are to be brought 
before Congress in Washington for approval during the 

session. The new canal would be made across 

jearagua, and its estimated cost is over 144 million 

pounds. It would be 172-8 miles long, 70 miles of which 
would be across Lake Nicaragua. 

Arecrart RecistratTion.—The British Corporation 
and Lloyd’s Register have given up aircraft registration, 
and a new registration society for flying craft, known as 
the Air Registration Board, has been formed. Sir Maurice 
Denny has been elected Chairman and Mr. T. R. Thomas, 
who has relinquished his post as Principal Surveyor in 
London for the British Corporation where he initiated 
aircraft survey work, is to be his secretary. 

TransaTitantic Arr Mar..—The United States House 
of Representatives has approved a request for funds to 
subsidise a Transatlantic air mail service between New 
York and this country. The subsidy is estimated at 
£180,000 and the service will probabiy begin next 
November. Imperial Airways announces that it expects 
to be in a position to operate alternate experimental 
services by the time the American company is ready to 


Brrrise Destroyers rn CoLuision.— While carrying out 
exercises off Maita, on Tuesday, February 16th, the steering 
gear of the destroyer H.M.S. “ Active” jammed and she 
was involved in a collision with H.M.S. destroyers 
“* Worcester ” and “‘ Antelope.”’ The three ships reached 

under their own steam. The bows of the 
* Worcester ” were badly damaged, and she had a heavy 
list, but the other two destroyers were only slightly 


New Dutcx Lovers.—The second of two new cargo 
liners for the fleet of the Rotterdam Lloyd was launched 
at Flushing on Saturday, February 6th. Named the 

” she is a twin-screw motor liner with an 
overall length of 511ft. 3in., a breadth of 62ft. 6in., and a 
depth of 40ft. 8in. Her deadweight capacity is 10,000 
tons and she will be by two eight- ay 
Schelde-Sulzer oil engines, each developing 4000 B.H.P 
at 120 r.p.m. 

New Moror Yacut “ Parrante.”—On Thursday, 
February 11th, the any cath motor yacht to be built in this 
country was launched from and Nicholson’s yard 
at Northam. - She is the “ Philante ” and belongs to Mr. 


sre |'T. O. M. Sopwith. The new ship is 263ft. long, 38ft. in 
extreme 


ussions breadth, moulded depth of just over 
cussions shal bo informa phe rae they wi deal 20ft. The machinery consists of two M.A.N. oil engines, 
bei Visi pe racer subject to industrial each of 1500 B.H.P., designed to give the yacht a cruising 
Dr a ae te tee laboratories | speed of about 14 knots. She has been specially fitted to 
~ iw P ood 6 tow the “ Endeavour II” to America for the America 


and ssembecship: a qgun ‘0 oll iakeceath “Manion giee 
and mem is open to in’ 

ticulars may be obtained from the Secretary, the the Institute 
Mey tyes 1, Lowther-gardens, Exhibition-road, London, 


Deer Drawine Streer.—In a 
Strip Steel for Deep Drawing 
convention of American Iron and Steel Engincers, Mr. J. 
Winlock said that there are two conditions to be 
avoided in annealing steel for deep drawing The 
fin isthe production of oo large a grain sine thesecond 
is the production of too small a grain size. A sheet 
This = 


property 

small a grain si 
and often shows marked stu when attempts are 
made to prevent these from occurring. Experience has 
some 


84 grains per square inch at a magnification of 100 dia. 
(corresponding to a grain diameter of one-eighth of an 
inch at the same magnification) does not ‘‘ draw coarse,’ 
nor does it present too great a degree of “ toughness.” 
Neither does it present too great a stubbornness in pre- 
venting the occurrence of stretcher strains during the deep 
drawing operation. 





Cup race. 

Arm Rovte in tHE Hesrives.—A note in Flight says 
ar the “geen of a survey of flying-boat bases between 

the Hebrides has now been made. Captain 

Gyn hertd. director of West of Scotland Air Services, 
has completed negotiations at Greenock, where a site 
has been selected in the Great Harbour. Sheds will be 
built, the existing slipways enlarged, and a crane erected. 
Captain Glyn Roberts intends to survey a stretch of water 
at Mull, and complete plans to establish a chain of safe 
harbourages at Greenock, Mull, Skye, and Stornoway. A 
large floating raft will be anchored in Stornoway harbour. 

Tuames Conservancy Boarp.—In his annual review 
of the activities of the Thames Conservancy Board, Lord 
Desborough said that on Monday, February 8th, the flow 
was at the rate of 7500 million gallons a day, as compared 
with the standard average for February of 2399 million 
gallons. The capacity of the river was 4500 million gallons. 
Last year the total rainfall in the Thames catchment area 
was 30-36in., which was 2- 12in. above the normal standard 
average. The natural flow of the river for the year, as 
measured at Teddington Lock, was 710,789 million gallons, 
equivalent to 12-9in. of rain over the catchment area 
and 42-44 per cent. of the year’s rainfall. The river 
was at its lowest in October, when the daily average 
flow was 641-2 million gallons. The amount which the 
Metropolitan Water Board and the suburban water 
companies required from the Thames each day was 
200 million gallons, which still left an ample flow. 
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THE REGISTRATION OF ENGINEERS. 


Ir little has been heard recently in this country 
about the registration of engineers, it is not 
because the matter is dead. It is only in abeyance 
and may be revived at any moment. Consequently 
it is desirable that any steps taken by foreign 
countries in this direction should be studied, since 
there is always a possibility that they may prove 
serviceable here. We have therefore read with no 
little interest in the February number of Mech- 
anical Engineering the report of a committee of 
the Engineers’ Council for Professional Develop- 
ment—happily reduced to E.C.P.D.—on the 
subject of Professional Recognition. America, 
we need not remind our readers, is in the very 
peculiar position that one may step over a border 
line from one State to the next and find different 
laws in foree. A confusion which would be intoler- 
able in a continent of smaller dimensions results. 
In the matter of the registration and recognition 
of engineers whose calling may necessitate opera- 
tions in many States this diversity is very undesir- 
able, and efforts to reach unification are more or 
less continuous. It is on that task, indirectly, if 
not directly, that the committee to which we have 
referred is engaged. Part of the E.C.P.D. pro- 
gramme is to develop procedure and make recom- 
mendations for “ bri some correlation into 
the various methods of formal recognition of the 
development of an engineer.” How much needed 
such correlation is in America is manifest from the 
fact that out of the forty-eight States, thirty-five 
have registration laws enacted at different dates 
(since 1907), and in varying circumstances. In 
three out of the thirty-five States the registration 
is very limited, affecting only a fraction of the 
profession. Such being the position, it is not 
surprising that a committee of 1935 expressed the 
opinion that the E.C.P.D. should address itself to 
the improvement and unification of the laws. 

We do not propose to deal seriatim with the 





recommendations made in the Report before us. 
In part they are of little interest outside the 
United States, but there are two, at least, which 
seem to merit consideration in this country. The 
first of them aims at the standardisation of the 
requirements for admission to any grade of mem- 
bership of the “ participa’ ting engineering societies.” 
The desirability of that course is so manifest that 
one wonders why it has not been followed for 
years in this country as well as in America. We 
need not remind our readers that over and over 
again efforts have been made to obviate the dupli- 
cation of the examinations of our two leading 
institutions, but without success. There is 
admittedly ‘little difference between them, and no 
difference which could not be removed if complete 
co-operation were effected. An un 

between the two institutions on this would go a 
long way towards unifying the status of members. 
Perhaps that consummation is now not so 
remote as it was only a few years ago. 
The third of the great institutions, the ‘“ Elec- 


215 | tricals,”’ is in a rather different position. Its work 
226 | is in great part more specialised, and representing 


a relatively young profession, it has not yet set 
such a high 1 standard for membership as 
the other two. For these reasons it would hardly 
be ible to include it in an examination scheme 
which would form the basis of a registration system. 

At the same time, the Institution is in the happy 
position that it represents a great profession and 
industry and has not a single competitor. Thus, by 
its own weight alone, it would be able to establish 
standards for the profession of electrical engineer- 
ing. Much has already been done by all three 
Institutions to raise the status of engineers, but a 
great deal remains to be done, and in that connec- 

tion the recommendations of the American com- 
mittee should be as useful in this country as on 
the other side of the Atlantic. .A second recom- 
mendation which seems also to be worthy of con- 
sideration here touches primarily upon a subject 
which is almost peculiar to America. At the same 
on | time it opens up a suggestive line of thought for 
British engineers. The recommendation is that 
“ the professional degree be eliminated as a degree 
course.” The professional degrees are C.E., M.E., 
E.E., &c., and have never been liked by the engi- 
neering profession. The argument is that a 
graduate without any practical training in engi- 
neering should not be in a position to call himself 
a Civil or Mechanical or Electrical Engineer. We 
have in this country no degrees of quite the same 
kind ; on the other hand, we have no degree which 
by the mere fact of its possession shows that the 
holder is a qualified engineer. The favourite 
degree amongst engineers—the B.A. of Oxford and 
Cambridge excepted—is the BSc. It can be 
secured wholly by following a university curriculum 
and is quite attainable by graduates with little or no 
knowledge of applied engineering. Even the higher 
degrees like M.Se., Ph.D., and D.Sc. do not carry a 
guarantee of practical engineering competence. At 
the moment the only qualification that does carry 
that guarantee is membership of one of the great 
Institutions. In ing we should like to express 
the earnest hope that the efforts made from time 
to time to overthrow the present basis of corporate 
membership so as to make the Institutions 
open to men without workshop or field experi- 
ence will always be frustrated. To return 
to our point. It will, we think, be seen 
on little consideration that if a professional degree 
were established by the co-operation of the major 
societies and institutions it would prove of value 
to the holders and to employers. Without going 
into details it may, we think, be said with little or 
no doubt that a degree which interfered neither 
with existing degrees nor with the qualification for 
membership of the greater Institutions could be 
devised. An example of the type of degree which 
would meet the requirements we have in mind is 
the B.Eng. in Mining granted by Sheffield Uni- 
versity. It requires that the candidate shall have 
had eighteen months’ approved practical experi- 

ence and to have passed a practical examination 
at a mine. 

Several remarks in the American committee’s 
Report show that it is in favour of the registration 
of engineers. In this country istration has 
always been opposed and always will be if its 
intention is to prevent practice by unregistered 
persons. We need not repeat the well-worn argu- 
ments against it. But whilst compulsory registra- 
tion would be resisted, voluntary registration 
would be welcomed. That is shown by the ever- 
growing membership of examining Institutions, 
for it is recognised that such membership carries 
with it the assurance of the possession of qualities 





as high at least as those that could be given by 
State registration. But inequalities exist and there 
is no standard. The Institutions accept as an 
alternative to part or the whole of their examina- 
tion, degrees conferred by Universities, but, as we 
showed in a series of articles printed in our issues 
from November 2nd to December 7th, 1934, there 
is nothing like uniformity in these degrees. Further- 
more, there is no commonly accepted standard of 
workshop or field experience in the Institutions. 
Variations occur between the Institutions them- 
selves, and in each Institution there is considerable 
latitude and elasticity. Difficult as it might be, it 
should be possible to remove these anomalies. If 
that were done we might secure in this country all 
the advantages of registration without the unde- 
sirable limitations which it imposes. 


Traftiec and Safety on the Roads. 


Ir is generally agreed that the road system of 
this country, although greatly improved upon its 
state some thirty years ago, is still inadequate to 
deal with the traffic it now bears, and demands 
large-scale reconstruction if it is to meet future 
needs. In many parts of the country the main 
roads only allow for one line of traffic in each direc- 
tion. They are infested with sharp corners, 
dangerous cross roads, steep hills, weak bridges, 
slippery surfaces, and other defects too numerous to 
mention. Much of the new construction since the 
war has been found by dire experience faulty in 
design, while lack of foresight has resulted in the 
use of others being limited and rendered dangerous 
by ribbon development. The symptom of. the 
ailment which first attracted the attention of the 
public was the appalling rise in the annual number 
of accidents on the roads. As a result an investi- 
gation of the circumstances affecting each fatal 
accident was undertaken and statistics drawn up. 

We were among the first to recommend that this 
form of investigation should be undertaken 
scientifically, and we have since attentively 
scrutinised the results with the object of discovering 
what these statistics could reveal. Although these 
official police-gathered facts seem to show that in 
only a negligibly small percentage of accidents are 
road conditions to be held a contributory factor, 
we are by no means alone in reaching the con- 
clusion that such a view is mistaken. Despite 
restrictive legislation which has limited speeds 
and attempted to provide for the needs of pedes- 
trians by special crossings, despite intensive propa- 
gamda and frequent admonishments to road users 
to take care, despite the increased severity of 
magistrates and the watchful care of police 
patrols, the number of accidents has shown little 
sign of falling. It is the view of many, including, 
not only the motoring associations, whose views it 
might be claimed are biassed, but also other 
influential bodies, that much of the blame for acci- 
dents lies in the out-of-date design of the roads 
themselves. We, ourselves, have contended that it 
should not be beyond the powers of engineers so 
to design the roads that no accident could be of a 
serious nature except as the result of the very 
grossest negligence. For accidents arise because 
it is too much to expect of human nature that 
judgment shall never fail and attention be always 
on the alert. Accidents in fact occur owing to 
momentary inattention, temporary panic, or unfor- 
tunate misunderstandings between two or more 
road users. Properly designed roads could ailow 
for such natural weakness and limit the number of 
places at which any failure of judgment could have 
unfortunate consequences. As most people must 
be now aware, these conclusions have received 
actual practical endorsement as a result of the 
investigations of Mr. Bennet, County Surveyor of 
Oxfordshire. Since so many interested bodies 
hold views similar to those discussed, it is not 
surprising that the Memorandum on the Lay-out 
and Construction of Roads, receatly issued to 
highway authorities by the Ministry of Transport, 
has been received with almost unanimous approval. 
For though it is stated therein that the Minister “ is 
ware that the number of accidents definitely 
attributable to some specific imperfection in the 
highway itself does not form a large proportion of 
the total,” yet the principles recommended for the 
design of new roads and reconstruction of the old 
are just those which engineers desiring to construct 
safe highways would themselves have recom- 
mended. It is clear that in the preparation of the 
Memorandum two chief requirements of good 
roads have been kept in mind—that they should 
promote fluidity of the flow of traffic and that they 
should be safe for all road users. Nor is it curious 
to find that, in fact, these two requirements lead 
by separate paths to designs which are almost 
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identical. For many accidents are caused because 
a mixed traffic flows along the roads, motors at 
40 m.p.h. or over, heavy vehicles at 30 m.p.h., 
cyclists at 10 m.p.h. or so, and pedestrians and 
horse traffic at under 5 m.p.h. Segregation at one 
and the same time limits the risk of collision and 
helps the flow. Unfortunately, at cross roads, and 
especially roundabouts, no suitable means of segre- 
gation has yet been found, except the expensive 
one of bridging-over, and traffic streams of differing 
classes of vehicles must necessarily cross one 
another. But suitable arrangements can be made 
whereby all vehicles are caused to slow down to a 
safe speed at such points. Thereby what danger 
there is can be reduced. In some matters, such as 
the height of kerbs and the use of light-coloured 
surfacing materials, the Memorandum is concerned 
almost solely with safety, while the recommenda- 
tions as to the planting of trees, the provision of 
grass verges, and the cultivation of shrubs and 
hedges, show a welcome realisation of the fact that 
roads are more than mere efficient tracks for high- 
speed traffic. 

It will thus be seen that the ministerial attitude 
is in some respects inconsistent. For though not 
convinced that responsibility for the numerous 
accidents can be to a large extent laid upon the 





faulty design of the highways, the Minister recom- 
mends reconstruction of the roads on a plan 
designed particularly to make them safe. How- 
ever, those bodies which hold a different view of 
the matter are hardly likely to quarrel with him 
on such a case, though they may well hold to their 
belief that the new roads when built will cause a 
very substantial reduction in the number of 
accidents. Those interested in the roads are 
likely to be more concerned as to the rapidity with 
which the work is to be carried out and as to 
whether new arterial roads are to be laid down or 
the old ones reconstructed. The Minister is now 
to have under his own administration 4500 miles 
of the main roads of the country, and it will be 
expected that the work of re-aligning or recon- 
structing them will be energetically taken up. 
Since, however, those roads constitute quite 
a small proportion of the total mileage of highways 
in this country, highway authorities, too, will be 
expected to start work on what remains. It is 
greatly to be hoped that the Minister will be 
able to secure adequate grants to allow the work 
to go forward. For it is useless to publish a 
Memorandum full of admirable precepts if the 
funds necessary to put them into practice are not 
forthcoming. 
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Accounting Principles for Engineers. By CHARLES’ 
Rerretz, Ph.D., and CLARENCE Van SIcKLE, M.A. 
McGraw-Hill Publishing Company, Ltd., London. 
1936. Price 24s. net. 


Tuts book first appeared under the title of ‘“ Cost 
Finding for Engineers,”’ but after looking through it, 
it is soon evident that the new name is far more con- 
sistent with its contents. Cost finding has for a con- 
siderable time been closely associated with the 
specialised study of cost accounting, a subject which 
is but lightly touched on in this work. 

We are fully in agreement with the authors when 
they state that with “the development of high- 
speed tools, and with the swift handling of materials 
by mechanical conveyors, and with the rapid change 
from manual to automatic machine production, have 
come stringent demands upon costs to meet these 
fundamental industrial changes.” It is further 
agreed that by attending a few lectures it is not 
possible to obtain even a general working grasp of 
accounting. To understand this subject it is necessary 
to be grounded in fundamental principles, and then 
to be traimed by actually undertaking the varied 
accounting activities related to a manufacturing 
enterprise. 

This book is divided into five distinct sections, 
each one dealing with a separate phase of accounting. 
Part I presents the basic principles of general account- 
ing technique, set out in an orderly manner, describ- 
ing the purpose of accounts, and sounding a warning 
note by pointing out that the absence of accounts has 
brought about the death of many an establishment, 
simply because there was no basis for measuring 
profits or losses. The student is initiated into the 
principles of debit and credit, the method employed 
in recording plant transactions, ledger operation, the 
means adopted for accounting for depreciation and 
depletion, and subsequently is shown the way in 
which accounting statements are constructed. 

Part II develops the fundamentals of asset valua- 
tion, both current and fixed, and it is clearly demon- 
strated that through the operation and maintenance 
of assets products are manufactured. 

Part II describes in detail the use of control 
accounts as applied to a factory, and gives a clear 
insight into the means adopted by the accountant to 
ensure inventory controls, expense controls, and 
equipment controls. A useful chapter explains care- 
fully the handling of pay-rolls and their importance, 
and the necessity for accuracy, rapidity, and safety 
in getting the wages to the worker. It is important 
to appreciate the way in which the pay-roll produces 
@ basis from which a distribution of labour costs may 
be made to the various expense accounts. The part 
played by the pay-roll as a foundation for obtaining 
cost accounts is discussed. 

Part IV is intended to pave the way for higher cost- 
finding procedure by describing the processes of unit 
product cost finding. The principles and operation of 
revenue accounts are very clearly set out. The authors 
define revenue accounts as those which bear the names 
of special departments or divisions of the business 
for the purpose of ascertaining the costs and profits 
of the particular department or division. But, as 
they truly say, the use of revenue accounts can in no 
way take the place of an organised and efficient cost 
system. The revenue accounts most frequently used 
are the manufacturing, the marketing, the adminis- 
trative, and the profit and loss accounts respectively, 





and the chief items involved in these are set out in 
different forms. The value of monthly operating 
statements is discussed, and the method of preparing 
them is described. 

Part V is a very short section purporting to give 
an outline of advanced cost finding. It is certainly 
true that the most important function of the cost 
accountant is “ to develop reports and present them 
to the management and engineers in order to assist 
them in the formulation of plant policy and to enable 
them to guide and control future developments.” 
The authors suggest that ‘‘a sparkling piece of 
psychology is involved in the use of standards that 
should be understood by cost accountant, the engi- 
neer, and the management.” They further point out 
that standards or “‘ bogies ” have the effect of shift- 
ing the determination of what shall constitute a fair 
day’s work or output from subjective to objective 
factors. We are in fullest accord with the contention 
that, however complete in all technical details, the 
cost accounts will serve no useful purpose unless they 
meet the needs and desires of the engineer and the 
management. While the authors indicate the value 
and aims of cost accounting, the reader will be 
definitely disappointed if he looks for an elucidation of 
cost accounting methods, but if he reads the book for 
the purpose of understanding the principles underlying 
general accountancy, with a view to a more intelligent 
appreciation of costing at a later date, and the neces- 
sity for interlocking both accounts, he will find this 
treatise most helpful; indeed, it is one that might 
with advantage be read by all engineers. At the 
same time it is a pity that each page is still headed 
“Cost Finding for Engineers” instead of applying 
the new and more apposite title of “‘ Accounting 
Principles for Engineers.” 

Each chapter terminates with a number of sugges- 
tive and pertinent questions, which the student will do 
well to answer for himself after he has made a careful 
study of the preceding chapter. The book concludes 
with 120 pages of very useful problems having a dis- 
tinct bearing on the subject-matter of the text. 

In reading this work we cannot fail to notice a 
number of significant omissions, and we should like 
to have seen the authors clearly develop the value of 
budgetary control of a business, a phase of accounting 
which has been much to the fore in recent years. The 
development of standard costs for continuous manu- 
facture has also received much thought by accountants 
and is a subject that might have been given more 
notice by the authors. Again, we should have wel- 
comed a comprehensive bibliography indicating to 
the reader where to find further detailed information 
on the wide range of subjects covered in a relatively 
small compass. 





The Analysis of Engineering Structures. By A. J. 8. 
PreparD, D.Se., and J. F. Baker, M.A., D.Sc. 
London: Ed. Arnold and Co., Ltd. 1936. Price 
30s. net. 

In these days when so many books devoted to 

the theory of structures have already appeared, the 

conscientious teacher in a school of engmeering may 

find it a little difficult to explain the reasons for a 

further publication. To the preface, therefore, of 

such a work one naturally looks in the first place, 
and it is now often found that some special line of 
research by the author or authors has been at least 


a factor leading to the presentation of a new work 
for the already overburdened student of engineering. 
In the case of “The Analysis of i 
Structures ” one good reason for the publication is | 
at once a t, Ase by the authors they 
were both members of the Steel Structures Research 
Committee, one of them being its technical officer, 
and it is claimed that the results achieved have 
completely modified the outlook on the design of 
steel building frames. It is true that the chief results 
of this important work have already been published 
in the three reports of the Committee, but the 
student will welcome the description of the work 
of the Committee in Chapter XIX, where the clauses 
in the “Code of Practice” relating to the design 
of steel buildings are quoted and explained. The 
preliminary investigations of the Committee are 
then described, the method adopted being generally 
to determine the stresses in the framework of various 
buildings during construction, special attention being 
paid to the design and effects of the connections. 
The effects produced as the outside walls, partitions, 
floors, and fireproofing of the columns were added 
were examined. The maximum stresses having been 
deduced a scheme of design was evolved, the data 
being in convenient tables. Detailed 
calculation for a seven-storey building frame explains 
the application to design, the arrangement conform- 
ing to existing practice. It is important to note that 
wind load designing is not discussed since it is being 
studied by a Committee of the Am. Soc.C.E. Nor 
is provision made for earthquake shock—a subject 
engaging the attention of civil engineers in Italy, 
the United States, the Punjab, and especially in 
Japan. 

The student is very fortunate in having presented 
in a convenient form this full account of the work 
of the Steel Structures Research Committee, and the 
engineer in practice, should he wish to adopt the 
Code of Practice, will find this chapter of great help. 
It is evidently fortunate that the authors have in 
this case not too rigidly adhered to the exclusion 
of problems of practical design. Chapter IV on 
elastic theorems and Chapter V on elastic displace- 
ments present much important matter in di 
Castigliano’s theorems and Saint Venant’s principle 
frequently omitted from text-books on structures. 
Influence lines are very clearly and fully treated in 
Chapters XIV and XV. 

This book fulfils its primary object, which is “ to 

t to the student of engineering a general 
outline of the theories upon which the design of 
structures is based,”’ but as the student is supposed 
to have already mastered standard text-books on 
strength of materials it may be taken for granted 
that he will also have read some standard text-book 
on the theory of structures, and in many cases will 
hardly have much time for further study in this 
line. It is to the teacher of engineering that the 
authors’ work will appeal. It can hardly be con- 
sidered as a work of reference. While the many 
references to recently published work are very 
valuable the newly treated features are, in many 
cases, very condensed, and the chapters on reinforced 
concrete, slabs, dams, and retaining walls show little 
novelty in treatment, and are in some cases very 
meagre. The book is excellently produced and the 
authors are right in calling attention to the diagrams. 
These are neat, illustrate the text, and are to be 
found where the reader wants them. 








Letters to the Editor. 


(We do not hold ourselves responsible for the opini 
correspondents.) 


EARLY THREE-PHASE ALTERNATORS. 


Srr,—In connection with the description of the new 
23,000-kW turbo-generator set at the Dublin Electricity 
Works, which appeared in your issue of January 29th, 
it is stated that the engine-driven alternators installed 
in 1903 are believed to be the first three-phase plant in 
the British Isles. 

Questions of priority are often very difficult to deter- 
mine, but I should like to point out that three-phase 
alternators were installed in the Neptune Bank power 
station of the Newcastle-on-Tyne Electric Supply Com- 
pany as long ago as 1900, or some three years prior to the 
installation of the Dublin plant. The Neptune Bank 
station started with reciprocating engines, but a 1500-kW 
Parsons three-phase turbo-alternator was added in 1902, 
This was probably the first instance of the use of a three- 
phase turbo-alternator in a public power station, 

As industrial power stations, it may be men- 
tioned that C. A. Parsons and Co., Ltd., installed in the 
year 1900 a three-phase turbo-alternator of 150-kW 
capacity at 2520 r.p.m. in the Ackton Hall Colliery. 
This set, which was probably the first three-phase turbo- 
alternator in the world, did good work for more than 
twenty years, and is now preserved in the Science Museum 
at South Kensington. These, and other early machines, 
were illustrated in your pages a few years ago and full 
descriptions of them will be found in the recently published 
book on “The Development of the Parsons Steam 
Turbine.” R. H. Parsons. 


8 of our 








Newcastle, February 11th. 
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The Balsdean Pumping Station of the 
Brighton Corporation Waterworks. 


WING mainly to sanitary appliances and 
domestic conveniences installed in the modern 
house, the demand’ on Brighton Corporation’s water- 
works undertaking is steadily increasing. While the 
last official Census revealed a relatively smal] growth 
in the population supplied, the use of these arrange- 
ments has led to a steady increase in the demand for 
water. The war and post-war periods had the effect, 
as in many other places, of preventing the realisation 
of a scheme of new works to develop the water 
resources to an extent commensurate with the 
demand, but in 1930 the waterworks engineer, Mr. 
A. B. Cathcart, drew attention to the fact that in a 
dry year, such as 1929, the minimum yield of the 
existing wells was insufficient to meet the maximum 
needs. 
Wells and springs in the chalk provide the Brighton 
supplies, and it is fortunate that the period of 
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maximum seasonal demand does not coincide with 
the period during which the yield of these sources is 
at a minimum. It was, nevertheless, estimated that 
if the consumption of water throughout the statutory 
area continued to increase at the 1930 rate, in the 
year 1951 there would be a demand of about 
20,000,000 gallons per week, which could not be met. 

The Council therefore resolved to secure and 
develop an additional source of supply and instructed 
its engineer accordingly. As the necessity for ultimate 
development had been ised for some time, the 
Corporation acquired in 1925 the Balsdean Manor 
Estate, which, with purchases of neighbouring lands 
at subsequent dates, resulted in the acquisition of a 
watershed of about 1330 acres, consisting almost 
entirely of uninhabited downland used solely for 
sheep grazing and agricultural purposes and devoid 
of risk of interference with any other of the Corpora- 
tion’s sources of supply. The site lies on the upper 
chalk near its junction with the underlying middle 
chalk, about 4 miles due east of Brighton, in a dry 
valley running southwards to the sea and about 
2 miles from the coast. 

Reporting on the site in 1930, the late Dr. H. 
Lapworth expressed the opinion that although the 
area, of the surface watershed and the geological 
formation indicated that a minimum yield of more 
than 1} million gallons per day could not be antici- 
pated with certainty, a larger supply might be 
obtained when bore-holes had been sunk and adits 
driven. The actual yield as proved in July, 1933, 
when heading driving had to be abandoned, was no 
less than 4} million gallons per day. It was antici- 
pated by comparison with other wells of the under- 
taking that the seasonal fluctuation in the levels of 
the water table might have a range of about 150ft., 
but the actual range was found not to exceed 40ft., 
which is probably attributable to the fact that the 
present yield is mainly obtained from a single large 
fissure having a comparatively free outlet to the sea. 

Before the underground work was begun estimates 
of capital and running costs were prepared for steam, 
oil, and electrically driven plant capable of pumping 
2 million gallons in two eight-hour shifts, a sufficient 
length of heading being driven to impound the yield 
of twenty-four hours. As the site lies within a short 
distance of one of the Brighton Corporation’s 11,000- 
volt overhead lines, the Corporation’s electrical 
engineer, Mr. W. N. C. Clinch, was able to offer a 
very favourable tariff, which, in conjunction with the 


t.e., low capital cost of plant and buildings, reduced 
labour charges, flexibility and minimum standby 
costs, resulted in the adoption of electric motive 
power. In practice this decision has been amply 
justified, as shown by the following figures, which 
compare the cost per 1000 gallons per 100ft. head 
pumped electrically at Balsdean with the cost at a 
modern triple-expansion steam plant of similar daily 
capacity :—Labour and current cost per 1000 gallons 
per 100ft. head at Balsdean for week ending January 
2nd, 1937 (10-5 million gallons pumped), 0-272d.; 
labour and coal cost per 1000 gallons per 100ft. head 
at Falmer steam pumping station for week ending 
January 2nd, 1937 (17-4 million gallons pumped), 
0- 295d. 

At an estimated cost of £103,280 a scheme for 
developing the site was prepared and approved by 
the Council in January, 1932. The approval of 
the Minister of Health to the necessary preliminary 
works for developing the site and proving the 
yield was obtained in June of the same year, 
and in the following month a contract was placed 
with Le Grand, Sutcliff and Gell, Ltd., of Southall, 
Middlesex, to sink a winding shaft, 8ft. in diameter, 
240ft. below the surface, together with two 4ft. 
diameter bore-holes, to accommodate the pumps. 
In due course a new pumping station, of which we 
give a general arrangement and section in Figs. 3 
and 4, was built at Balsdean. 

The ground level at the site is approximately 190 
above Ordnance Datum, and all save the upper 30ft., 
which is in friable coombe rock, is in the upper chalk 
formation, which is sufficiently hard and homogeneous 
to need no lining of any kind. Each bore-hole was 
sunk to a depth of 250ft. and lined with brickwork for 
a depth of 30ft. below the surface. Not until a depth 
of 180ft. was reached was water encountered, and it 
was therefore possible to dig the greater portion of the 
shafts, but beyond this depth the more expensive 
method of percussion boring with chisel and grab had 
to be adopted. 

During the progress of this work about 14 miles of 
waterbound macadam road, 12ft. wide, was con- 
structed, departmentally by direct labour, to give 
access to the site. When this work was completed 
in December, 1932, a contract was placed with C. V. 
Buchan and Co., Ltd., of Brighton, to drive headings 
for the purpose of linking up the three shafts and inter- 
cepting the water-bearing fissures from which the 
supply was to be obtained. These headings are 5ft. 6in. 
wide by 6ft. 6in. high, and the floor carries a wagon 
track, with a clean water channel or grip on one side, 
3ft. wide by 3ft. deep, and a smaller grip, lft. by lft., 
on the other side to convey the fouled water from the 
workings; the adits are driven without inclination 
in either direction, and the floor level is 20ft. below 
Ordnance Datum. The latter is a practical compromise 
intended on the one hand to avoid the risk of influx 
of the sea water during heavy pumping if the heading 
be too low, and, on the other hand, to avoid the risk 
of a dry heading, should the water table fall to an 
unusually low level during a period of drought. It 
was anticipated that to impound the yield of twenty- 
four hours and to enable the pumping to be confined 
to two shifts, about } mile of heading would be sufii- 
cient, and having regard to the direction of the 
underground flow in this locality and the normal 
direction of the water-bearing fissures, the headings 
were driven east and west of the winding shaft 
with a short northerly branch to link up the two bore- 
holes containing the pumps. 

Driving in two directions from the winding shaft 
(Fig. 1), made two-face working with its inherent 
economy possible, and by continuous working with 
compressed air tools and blasting, an average progress 
of about 10 lineal feet per twenty-four hours was main- 
tained at each working face. The first water-bearing 
fissure was encountered about 200ft. east of the shaft. 
Others were met with at intervals until on June 27th, 
1933, an exceptionally large fissure was struck in the 
east heading, which gave such a great inflow of water 
that the works were flooded and had to be quickly 
abandoned. 

During the progress of the work the headings were 
unwatered by an electrically driven centrifugal bore- 
hole pump with a capacity of 1,000,000 gallons per 
day, fixed in the winding shaft. A similar pump of 
double the capacity was fixed in one of the bore-holes 
as soon as the main heading was extended to this 
point. To supply these pumps a temporary sub- 
station with transformers and switchgear for stepping 
down from 11,000 to 400 volts to suit the pump 
motors was erected, whilst to deal with the output 
from the pumps some 500 yards of the permanent 
18in. steel main was laid from the site over the hill 
and into an adjoining dry valley, where after measure- 
ment over a recording weir the water was discharged 
into a series of ploughed channels and disposed of 
by broad irrigation. This scheme of utilising a portion 
of the permanent main avoided the disadvantages of 
surface disposal near the site, and the risk of estab- 





recognised advantages of electrically operated pumps, 





lishing short circuit conditions by means of surface 


fissures, with consequent waste of pumping power and 
falsification of the true yield. 

After the flooding of the works, the water rose in 
the shafts to a level of 3-4ft. above Ordnance Datum, 
and a test of the yield made continuously over a period 
of seven days and limited only by the capacity of the, 
temporary pumps, indicated a supply of not less than 
34 million gallons per day, with a depression of 16ft. 
After the installation of the permanent plant, a sub- 
sequent test indicated a yield at benching level of 
4} million gallons per twenty-four hours, of which 
about 3? million gallons are obtained from the excep- 
tionally large fissure in the eastern heading. The yield 
was found to have a total hardness of 17 deg. Clarke, 
a chlorine content of 0-3 grains per gallon, and the 
irreproachable qualities of the high-class potable 
water normally obtained from the chalk formation. 
Owing largely to a local fold in the chalk, the head- 
ings were driven in the base of the upper chalk, which, 
save for one or two short lengths, was sound through- 
out and required no support. Following customary 
practice, pockets were excavated and 6in. bore-holes 
sunk at intervals in the floor, wherever any likelihood 
of water was indicated, but these produced little, if 
any, additional supplies. 

The actual yield of the site and the depression due 
to pumping necessitated a larger plant than was 
originally proposed and rendered unnecessary the 
adoption of variable-speed A.C. commutator motors. 
The amended scheme provided for bore-hole pumps of 
4 million gallons per sixteen hours capacity, or 
6 million gallons per day driven by auto-synchronous 
induction motors, and after the larger scheme had 
received the sanction of the Ministry of Health the 
work was put in hand. 

The first sections of the delivery main consist of 
18in. lap-welded mild steel pipes, 25ft. long, lined 
internally with bitumen in. thick and coated 
externally with }in. of bitumen protected by two 
layers of hessian wrapping. Spigot and socket 
joints were made with run lead in the usual way, but 
about #in. depth of lead yarn was served into the 
joints before running, to prevent damage to the 
bitumen coating by the molten lead. Between the 
pumping station and the service reservoirs in Brighton 
the total length of main slightly exceeds 5 miles, of 
which about one-third is in mild steel. Owing to 
market fluctuations and on account of the increased 
yield of the site it was found economical when the 
remainder of the main was laid to use spun iron 20in. 
pipes, 18ft. long, which were laid by Squires and 
Sons, Ltd., of Selby, by direct labour. 

On the brow of the hill west of the pumping station 


a local reinforced concrete service reservoir of 
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2 million gallons capacity, having a top water level 
of 424ft. above Ordnance Datum and capable of 
receiving the whole output of the pumps, has been 
built. By means of the 20in. spun iron pipes the 
supply is gravitated from this point to four existing 
service reservoirs at Rottingdean and Brighton. As 
the capacity of one of these reservoirs was insufficient 
to accommodate its proportion of the new supply, a 
new reservoir of 14 million gallons capacity was con- 
structed at Queen Park-road, Brighton. The 
Balsdean and Queen Park-road reservoirs are both 
of the usual ferro-concrete construction, reinforced on 
the Hennebique system, with flat roofs supported at 
intervals on columns. The depth of the water is 
17ft. and 15ft. respectively. To facilitate cleaning and 
repairs a division wall with duplicate control valves 
is incorporated in the Balsdean reservoir, which was 
constructed by G. Perey Trentham, Ltd., of 63-69, 
New Oxford-street, W.C.1. The contractor for the 
Queen Park-road reservoir was Gray’s Ferro-Concrete 
Company, Ltd., of 75, Victoria-street, Westminster. 

The pumping plant, of which we give views in 








Fig. 2 and on page 218, consists of two Harland 
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electrically driven centrifugal bore-hole pumps, each 
capable of delivering 6 million gallons per twenty- 
four hours against a total head of 448-5ft. Each 
pump consists of two stages at the bottom of the 
bore-hole, about 220ft. below the surface, and two 
booster stages on the same shaft at the surface, and 
is driven at a speed of 1000 r.p.m. by a synchronous 
motor directly mounted on the spindle. The bore- 
hole unit consists of two single-inlet gun-metal 
impellers mounted on a stainless steel shaft with 
gun-metal guide ‘passages housed in cast iron end 
covers and chambers and fitted with rubber-lined 
delivery and suction bearings. The strainer is of 
fabricated mild steel with a perforated copper body. 
The rising main is built up of 24in. diameter lap- 
welded mild steel tubes, 8ft. long, with steel flanges 
welded on. Enclosed in a 5in. mild steel lining tube 
and running in water-lubricated bearings lined with 
lignum vite, the vertical 3}in. diameter shaft is 
in 8ft. lengths with double tapered keyed and screwed 
couplings. Lubrication water is obtained from the 
delivery main after passing through cloth and 
charcoal duplicate filters. 

The booster pump consists of two single-inlet pro- 
pellers and is similar in construction to the bore-hole 
pump, except that fabricated mild steel end covers 
with long securing bolts are used to carry the 
suspended weights. A water-cooled Michel journal 
thrust bearing mounted on the main cast iron bed- 
plate carries the weight of the rotating parts and the 
out-of-balance hydraulic thrust. From each set the 
delivery is led to a common 18in. mild steel main on 
which is fitted a cast steel air vessel and deadweight 
relief valve to counteract the shock due to an 
emergency shut-down. A tilting disc type non-return 
valve with a geared main sluice valve and by-pass is 
fitted on the outlet to each pump, together with a 
3in. air release valve to discharge air trapped in the 
rising main on starting up. To facilitate dismantling 
a working clearance between the delivery main and 
the rising main is obtained by means of a Johnson 
flexible joint. Details of construction are up to this 
point substantially in accordance with standard 
design, but a slight departure from orthodox practice 
is that in order to avoid risk in the event of a sudden 
stoppage no foot valve has been provided above the 
strainer. Consequently on shutting down a set the 
column of water in the rising main discharges through 
the impellers and for some minutes the set runs in the 
reverse direction as a turbine. The speed attained in 





exciter is fitted with ball journal and thrust 
and the motor with a roller journal bearing at the 
top and a water-cooled Michel journal thrust 
at the bottom. A flexible coupling transmits the 
drive from the motor to the pump. Starting and 
stopping is effected by a push-button from a control 
pillar and by an Allen West liquid starter. Mecha- 
nical interlocks ensure that the starting operations 
are carried out in the correct , and when the 
rotor resistance is entirely cut out of circuit, a slight 
adjustment of the exciter field brings the main motor 
into step. 

A supply of A.C. at 11,000 volts, 50 eycles, from 











Fic. 6—-INSTRUMENT PANEL 


the Brighton Corporation’s electricity department 
enters the station through dual feeders, and is taken 
to the high-tension sub-station, where it is trans- 
formed down to 3000 volts for the main motors and 
to 400 volts and 230 volts for the auxiliaries and light- 
ing. The high-tension board shown on page 218 is 
made up of six metal-clad bus-bar compound-filled 
units, with 300-ampere interchangeable truck type 
circuit breakers, with horizontal isolation, having a 
rupturing capacity of 150,000 kVA. They are capable 
of hand or remote-control operation by means, in 
the latter case, of a motor fed from a 30-volt trickle- 








Fic. 5—-CABLES AND DELIVERY MAIN IN BASEMENT 


this direction is 700 r.p.m., but as the thrust pads of 
both the pump and motor Michel bearings have been 
backed off to accommodate both directions of rota- 
tions no adverse effect is experienced. Another 
result of the omission of a foot valve is that the pump 
starts up with an empty rising main and with the 
booster impellers running.in air. Adequate pre- 
cautions have therefore been taken to lubricate the 
booster pump neck rings during the starting period, 
to evacuate the air trapped in the rising main by 
means of an air release valve at the top of the column, 
and to ensure that any shock when the water reaches 
the booster impellers will not prove detrimental. 

As it was found that the water levels in the bore- 
holes were sufficiently steady to render possible the 
use of constant-speed motors, a high efficiency has 
been secured over the whole working range. Syn- 
chronous motors were adopted by reason of the fact 
that the low price for current is based on a power 
factor of not less than 0-95, which, by means of 
these motors, can readily be obtained. They are of 
the drip-proof vertical spindle type, and the stators 
are wound for a 3000 volts, 50-cycle, three-phase 
supply. The 25-volt exciter is mounted on top of the 
main motor, and is coupled to it by a flexible coupling, 
which drives a tachometer through a vee belt. The 





charged battery. Two of the units control the incom- 
ing supply, two the pump motors, vid the main trans- 
formers, and two the auxiliary and lighting supplies, 
vid the auxiliary transformers. All the units are 
equipped with current and potential transformers, 
no-volt overload relays, indicating lamps and the 
necessary interlocks. Themainself-cooled transformers 
for the pump motors are rated at 600 kVA, and are 
wound for 11,000/3000 volts, with plus and minus 
tappings, giving 24, 5, and 7} per cent. on the high- 
tension side. The primary/secondary connections 
are delta-star with earth neutral. No low-tension 
switchgear is employed between the transformers and 
main motors. For the auxiliary supplies there are 
duplicate 100-kVA transformers wound for 11,000/ 
400 volts and a two-unit iron-clad low-tension switch- 
board controls the fuse main distribution board. A 
meter panel with auxiliary kWh and kVAh meters, 
check meters with time switches and maximum 
demand indicators, completes the sub-station equip- 
ment. 

For handling the plant in the pump house there is a 
three-motor Herbert Morris crane with a lifting 
capacity of 30 tons. The arrangement of the cables 
and delivery main in the basement is shown in Fig. 5, 
where it will be seen that the cables are carried over- 





head. All recording and indicatmg imstruments in 
the pump house are mounted on a centralised el 
(Fig. 6), constructed by George Kent, Ltd., of Luton. 
Each set of pumps has an ammeter and voltmeter 
power factor indicator, and three pressure gauges. 
In the centre of the panel are the Venturi recorder and 
level indicators and recorders for the reservoir and 
bore-holes. As the station is normally operated at 
night, all the instruments are internally illuminated, 
and there is a system of high and low water alarms 
and interlocks. All the pumping and electrical plant 
was supplied by the Harland Engineermg Company, 
Ltd., of Alloa, N.B. 

The following figures obtamed on the official trials 
show how closely the test figures agree with guar- 
anteed figures :— 

Official Trials of Pumping Plant. No. 1 Set, Tested September 
27th, 1935 ; No. 2 Set, Tested January 20th, 1937. 











| No. 1 set. | | ao, 2 set. 
Duration after attaining steady con- 
ditions, hours... 4} 5 
Aver total head, excluding “only 
friction in bore-hole rising main, feet... 450-26 449-26 
Quantity pumped, average of Venturi 
and closed reservoir a —— 1,221,950 | 1,257,320 
Water HP... 617 570-56 
Electrical input measured on ‘high- 
tension side, and including all trans- 
former and cable losses, kWh . 2681 2741 
Power factor .. Unity Unity 
Actual power consumption Per ‘water 
H.LP. per hour, kWh 3 0-964 0-961 
Makers’ guarantee, k kWh nee 0-973 0-973 
oe 
Actual overall efficiency [= 
percent. .. 77-37 77-60 
Makers’ guarantee, per cent. 76-80 76-80 


It will be perce ceived that ‘the ac ctual figures show an 
improvement on the makers’ guarantees of about 
three-quarters of 1 per cent, a remarkably close result. 
A margin of 2 per cent. was allowed either way before 
a penalty or bonus payment became due. 

The pump house, of which we give a view on 
page 218, presents a good appearance. It consists 
of a building, 65ft. by 28ft. 6m. by 28ft. 6in. high to 
the feet of the roof trusses, with the transformer 
house, workshop, office, and store, and basement 
for the pipes and cables at the rear. The brick walls 
are faced with picked Crowborough stocks and arti- 
ficial stone dressings, while the roofs are covered with 
copper sheeting. Internal walls are plastered and 
finished with a glazed tile dado, whilst glazed bricks 
have been used for lining the walls of the annexe, the 
basement and pump wells. The floors of the pump 
house and pump wells are covered with encaustic 
tiles, and those of the annexe have granolithic sur- 
faces for resisting wear. The office has a wood block 
floor, with plaster walls and a teak dado. All sashes 
are of solid bronze, and doors and frames are of oiled 
teak, which makes painting unnecessary. A ‘“‘ Robin 
Hood” boiler and radiators serve for heating the 
building. Two cottages have been built for the use of 
the foreman and assistant, who enjoy pleasant sur- 
roundings. The grounds of the station are laid out 
with grass verges and flower beds, enclosed by a 
wrought iron railing, 6ft. high, with ornamental 
gates and a carriage drive inside the main entrance is 
surfaced with concrete. The building work was 
undertaken by Mr. W. R. Saunders, of Brighton, to the 
designs of the architect, Mr. E. Wallis Long, 
L.R.I.B.A. The whole scheme described was carried 
out to the designs and under the superintendence 
of Mr. A. B. Catheart, M. Inst. C.E., M.I. Mech. E.., 
Waterworks Engineer to the Brighton Corporation, 
to whom we are indebted for the particulars and illus- 
trations in this article. 








Underground Sub - Stations. 


THe problem of finding sites for sub-stations for the 
supply of electricity to new housing estates is con- 
stantly presenting itself to electrical engineers. Economy 
demands that these sites must be as near as possible to the 
actual or estimated “ centre of gravity ” of the load, and 
a brick building or sheet steel kiosk is not always per- 
missible. An alternative scheme, often found to be 
advantageous, is to provide a number of small under- 
ground transforming and feeding points at suitable positions 
with regard to the load, and to feed them by “tee” 
connections from a high-voltage feeder, which may be part 
of a ring main, or from a radial feeder capable of exten- 
sion to deal with more remote networks at a later date. 
The low-tension network is in this way reduced to small 
and compact sections, which may be arranged if necessary 
to permit of parallel operation. Long distributors carry- 
ing heavy currents, with consequent losses and bad regu- 
lation, are thus eliminated, the supply to the area is 
made more flexible, and possible supply interruptions are 
confined to smaller areas. The scheme is not practicable 
if the normal type of sub-station is used, as the cost would 
be prohibitive, but the underground scheme overcomes the 
difficulties. 

For use on this scheme the Hackbridge Electric Con- 
struction Company, of Walton-on-Thames, has produced 
a range of transformers designed to be buried under- 
ground, either direct or in an outer case. Access is gained 
to the transformer in each case through a manhole. The 
transformer may be buried under the pavement, verge, or 
roadway, and the disadvantages of the ordinary type of 
sub-stations are avoided. 

High-tension switchgear takes the form of high-rupturing 
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ONE-QUARTER CUBIC YARD OIL ENGINE-DRIVEN EXCAVATOR 


THOS. SMITH AND SONS (RODLEY) LTD., ENGINEERS 




















GENERAL APPEARANCE OF EXCAVATOR AND ARRANGEMENT OF CRAB, ENGINE AND CONTROLS 








capacity tetrachloride fuse isolators, which are either incor 
porated in the transformer itself or placed in an addi- 
tional manhole adjacent to the transformer. On the low- 
tension side the cable from the transformer is taken to a 
disconnecting box from which the requisite number of 
distributors radiate. Unobtrusive pillars, which can be 
mounted within the thickness of an ordinary brick wall, 
can be used for sectionalising the network and for inter- 
connecting adjacent networks. The transformers are 
made in two main types, both of which are claimed to be 
completely moisture-proof and to be capable of giving 
reliable service for many years without maintenance. 
The type most suitable for the heavier loads is enclosed 
in an outer case (Fig. 1), composed of specially treated cast 
iron, which is said to be non-porous and immune from 
oxidation due to the moisture in the soil. It is fitted 
with a water-tight manhole lid and with integral cable 
dividing boxes through which the high-tension and low- 
tension cables are introduced, and sealed off by plumbed 
jomts and terminated inside the case by porcelain insu- 
lators. The transformer is introduced through the open- 














FiG. 1—TRANSFORMER IN CASE 


ing, normally closed by a lid, at the top of the case, and is 
connected to the supply terminals by short lengths of 
V.I.R. cable or by copper strips or rods. 

The transformer is hermetically sealed to prevent the 
ingress of moisture and allowance is made for expansion 
of the oil by side pockets behind the cooling tubes. These 
pockets are separated from the main tank by sheet steel 
walls, which are only pierced at a level with the bottom of 
the pockets. When the transformer is hot it is filled with 
oil to the level shown in Fig. 2, through a valve on the 
top cover, and care is taken to ensure that no air bubbles 
are left at the top. As the transformer “ breathes ” the 
surplus oil flows into the side pockets, which contain 
nothing but dry air at a normal pressure when the trans- 
former is at its maximum temperature. The windings 
are of normal design and have an off-circuit tapping 
switch on the high-tension side. 

For smaller loads or for use in places where an even more 
simple arrangement is preferred, the type of transformer 
shown in Fig. 4 is supplied for direct burial in the ground. 
The case like that of the other transformer is treated to 
prevent porosity and corrosion, and it is serrated to 
give a greater heat-radiating surface. It is also tapered 
vertically to allow of its easy removal from the ground. 

The method of installing this type of transformer is 
shown in Fig. 3, where it will be noted that the cable glands 





are accessible through the manhole which is large enough 
to allow of the passage of the transformer. If necessary, 
the transformer lid may be provided with a low-tension 
switch fuse with an external operating handle. 


Tapping Switch 
Handwheel & 
‘ndicator Plate 








Baffle Plate 
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FIG. 2—SECTION THROUGH TRANSFORMER 


Referring to these underground transformers at a 
meeting of the Midland Sub-Centre of the Institution of 
Electrical Engineers, the late Mr. J. T. Smith, who at the 
time was city engineer of the Leicester Corporation 
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FiG. 3—METHOD OF INSTALLING TRANSFORMER 


electricity undertaking, explaizied that he had transformers 
of this kind operating on full load for a considerable period, 
with very satisfactory results, and the facility obtained 
for the rapid expansion of the system was most valuable. 





The advantages of the system were many, but they might 
be summarised as (a) no site in the ordinary sense was 
required, which naturally meant economy ; (6) proximity 
of the sub-station to the areas of maximum load density, 
with consequent economy in copper, better regulation, and 
greater network adaptability ; (c) since the buried units 
needed no attention, maintenance was reduced to a 
minimum, painting and renovation of buildings were 
eliminated, whilst the disconnecting pillars only needed 
attention in the event of a fuse blowing ona fault; and 

















Fic. 4—TRANSFORMER FOR DIRECT-BURIAL IN 
GROUND 


(d) owing to the absence of a building there was a reduction 
of capital and insurance costs. 

The loads are necessarily somewhat limited by the 
restricted heat radiation obtainable, the approximate 
maximum load for the ribbed tank direct-buried type being 
150 kVA, and that for the outer tank type 200 kVA, 








A Small Oil-Driven Excavator. 





A SMALL excavator, driven by an internal combustion 
engine, for general contracting purposes, which has 
recently been brought out by Thos. Smith and Sons 
(Rodley), Ltd., of Rodley, near Leeds, is illustrated above 
and by other engravings and sketches. It has a 
bucket capacity of } cubic yard and by simple adaptations 
can be used as a navvy shovel, a trencher, a skimmer, a 
drag-line, a grab crane, or can be used for ordinary crane 
work and pile-driving. The total working weight is 6 tons. 

It has, it will be seen, caterpillar tracks, which involve 
a ground pressure of only 71b. per square inch. The 
tracks are 11}in. wide and are 7ft. 4in. long by 6ft. 2tin. 
wide overall. The weight of the machine is transmitted 
to the tracks by five large cast steel rollers on each side 
and the driving gear comprises manganese steel bevels 
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and forged steel chains. The frame, as will be observed 
on @ close study of the front.view, is built up of plate 
members welded together by the electric, are process. It 
gives a clearance of 9}in. between the underside and the 
ground. 

The superstructure is fully revolving and turns on a 
live ring of ten tapered rollers. The slewing rack is 
cut from the solid and the machine can be turned at the 
rate of 6 r.p.m. The swivelling bed-plate is another piece 
of all-welded construction and reaches from the foot of 
the jib to the tail end. On it there are mounted the crab, 
the engine, transmission gear, &c. The engine may be 
either a 28/24 B.H.P. Hyland petrol-paraffin four-cylinder, 





which has a consumption of } gallon per hour, or a McLaren 
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Supercharging for Oil Engines, 
Boilers, and Chemical Plant. 


Tue lecture on “ Supercharging Applied to Internal 
Combustion Engines, Boiler Furnaces, and in the Chemical 
Industry,” by Dr. W. G. Noack, of Brown-Boveri, of 
Baden, before the Engineers’ German Circle, on Monday, 
February 15th, proved of particular interest, on account 
of its wide range. It was excellently illustrated by recent 
applications of supere i Dr. Noack said that in 
connection with power generating or heat conversion plants 
the processes known as “ supercharging ’’ were those in 
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SKIMMER SCOOP 
VARIOUS 


two-cylinder, 19 B.H.P. with Bosch fuel pump and 
atomisers, having a fuel consumption of $ gallon per hour. 

Power is transmitted to the machinery by a Renold 
duplex roller chain totally enclosed in an oil bath. The 
rope barrels of the crab, which, it will be seen, are in line 
on one shaft, are operated by outside band type clutches, 
which are in turn controlled by relay clutches, so 
that very, little effort is required of the driver in handling 
the levers. The barrel brake bands are in halves and are 
interchangeable with each other. The power for slewing 
and travelling is transmitted through flat plate friction 
clutches and machine-cut gearing. All the small shafts, 
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CRAB AND CONTROLS 


including lever shafts, are splined and the longer shafts 
are squared for gears and clutches. 

As will be seen from the sketches, it is only necessary to 
have two jibs for all the various adaptations of the machine 
and the same bucket is used for skimming and trenching. 
The derricking unit, which is used for adjusting the long 
jib of the dragline, consists of a self-sustaining worm gear 
enclosed in a cast steel oil case and is fitted with an auto- 
matic brake. The dragline fairlead is arranged at the 
front of the swivel so as to be independent of varying 
positions of the jib. The hoisting and dragging speeds are 
100ft. per minute and the travelling speed { m.p.h. 
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ADAPTATIONS 


which certain stages which generally took place under 
atmospheric conditions were caused to occur under 
‘‘ raised pressure,” that pressure being attained by special 
charging devices. 

’ By the inerease of pressure certain chemical and 
physical effects were considerably increased, so that it was 
possible to reduce the dimensions of the respective 
apparatus. At the same time, the working losses became 
smaller. However, the improvement’ of the process 
efficiency could only be attained if the increase in pressure 
was realised with the expenditure of hardly any extra power. 
That condition could be fulfilled if the charging com- 
pressor was driven by a gas turbine, the driving medium 
of which was exhaust or flue gas from the supercharged 
apparatus itself. In such a case all the energy expended on 
compression was conserved in the system, as the work of 
compression was stored up under the form of potential 
power and heat, while all compression losses were regained 
under the form of useful heat in the power or heat flow. 

Supercharging could be used for all kinds of internal 
combustion engines, for furnaces, particularly for steam 
boilers, and for various processes of the chemical industry. 
It was practically applied for the first time during the 
war to aeroplane engines, in order to maintain the output 
constant at great altitudes. From that application followed 
that of the supercharging of stationary engines, particu- 
larly the charging of marine oil engines. The most 
interesting supercharged engines to-day were the fast- 
running engines for railears and for submarines. The 
charging pressures for internal combustion engines 
reached generally up to 1-3 to 1-5 atmospheres absolute. 
The resulting increase in output of the supercharged engine 
was from 80 to 100 per cent. of its value when uncharged. 

Considerably higher pressures were used for super- 
charging the furnaces of steam boilers. The Velox steam 
generator was supercharged steam boiler in which the 
increase in pressure was, however, not only employed to 
raise the output of the combustion chamber, but also the 
velocity of the flue gases in the fire tubes. That arrange- 
ment meant very much better heat transmission, so that 
besides the volume of the combustion chamber all the 
dimensions of the heating surfaces and flue gas channels 
could be made considerably smaller. In the Velox boiler 
the charging pressure varied between 1-8 and 3-4 atmos- 
pheres absolute and the combustion chamber output 
reached ten to twenty times that which was realisable at 
atmospheric pressure. Steam generators with pressure- 
charged firing were therefore very compact and light and 
were just as easily regulated as were internal combustion 
engines. An important factor was the properties which 
were thus imparted to steam generators for ships and loco- 
motives and for peak load and standby power plants. 
The very high efficiency, which was an inherent quality of 
such generators, made them valuable for power plants in 
regular service. 

The chemical industry offered a wide field of application 
to pressure charging, as it speeded up certain chemical 
processes and could intensify their effects ; it also allowed 
a reduction in the size of the apparatus used. 

The most important elements of charging were the com- 
pressor and the gas turbine; both of the turbo type. As 
such they were each clearly limited in their operation to 
predetermined working conditions fixed by their own 
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characteristics. Happily, the characteristic curves of the 
compressor and the gas turbine were fairly similar and 
the operation of charging was such that the charging set, 
designed for a defined service load, would also operate at 
other loads of the plant practically as advantageously, 
without any adjustment or regulation. Thus, the charging 
set could be left to itself. 

The coming of the axial compressor had meant further 
progress in the supercharging process, as this new type of 
compressor was smaller, much more efficient, and had 
characteristic curves highly favourable to charging. 

The gas turbine, also, had reached a high degree of 
perfection, to which achievement the development of high- 
temperature proof metals had contributed considerably. 
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OF ONE-QUARTER CUBIC YARD EXCAVATOR 


As an independent unit the gas turbine, however, was not 
yet able to hold its own. That was all the more remarkable 
as it had practically no equal to-day as a machine 
operating at practically no loss when inserted in the heat 
and power circuit of the charging process. 








Fire Engine for Ilford. 





THERE has just been delivered to Ilford Fire Brigade 
by Leyland Motors, Ltd., Lancashire, the enclosed type 
500 g.p.m. fire engine, illustrated by the accompanying 
e vings. The basis of the machine is a six-cylinder 
** F.K.” chassis. It has forward control and is claimed to 
be the first forward-controlled enclosed type fire engine to 
be produced. The short wheel base chassis gives easy 














FIRE ENGINE 


REAR VIEW OF 


manceuvrability in confined spaces, and the forward posi- 
tion of the driver provides, of course, advantages of 
increased accommodation for equipment and personnel. 
The chief officer sits close to the driver, in the same com- 
partment, but on the opposite side of the engine. Behind 
the chief officer and driver is a transverse seat with full 
communication between the two. It is totally enclosed 
by sliding doors at each side and will accommodate four 
of the crew. The main portion of the body is open at the 
back, but enclosed at the top and has two longitudinal 
seats along each side. The pump is in an accessible position 
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at the rear. One of the many advantages which this 
particular machine has over the open type is that pre- 
liminary fire preparations can be undertaken by the crew 
whilst the machine is actually travelling to a fire. Breath- 
ing apparatus can be donned and adjusted by the men, 
whilst those in the compartment at the rear can prepare 
for action with the first-aid equipment or pump and have 
them ready for instant use when the scene of the fire is 
reached. The open back also allows late members of the 
erew to board the machine whilst it is in motion. The 
first-aid reel containing 180ft. of hose is placed trans- 
versely across the rear compartment on the bulkhead, 
whilst the suction hose is neatly a in tunnels 
which form the seat boxes, and can be slid out from the 
rear. Commodious hose lockers are formed under the 





tactor is also fitted, as usual, with a no-voltage release to 
cut the motor out of circuit in the event of a failure of the 
supply. 

The casing consists of a heavy cast iron base and front 
cover with a machined flanged joint with a dexine gasket, 
giving a hose proof enclosure as defined in B.S8.8. No, 587— 
1935. By slackening clamp fixing serews the complete 
interior, mounted between two. mild steel clamps, can be 
removed partially or completely to facilitate ec 
up. Unless otherwise specified, four cable holes, two in the 
top and two in the underside of the starter, are tapped for 
lin. conduit screwed directly into the case, and conduit 
plugs are supplied to fill the holes not used. 

Other forms of cable fittings and sealing boxes can, how- 
ever, be fitted. The packed push buttons in the front of 




















NEW FIRE ENGINE FOR ILFORD 


longitudinal seats. A 35ft. light extension ladder and hook 
ladder are arranged on the roof and they can be reached 
without difficulty from the floor of the body at the back. 
The machine is also equipped with an amber flashing sign, 
electric bell, and a portable searchlight with 100ft. of 
cable, which stands on a bracket built over the nearside 
front wheel. The fire engine, which is one of the Leyland 
lighter models, is powered by a six-cylinder petrol engine 
developing 85 B.H.P., and even with a body of this type 
can reach speeds up to 60 m.p.h. On test at the works its 
pump, rated at 500-700 gallons per minute, delivered as 
much as 750 g.p.m. 








Small Motor Starters. 





THE hose proof starter, shown in the accompanying 
illustrations, has been developed by Allen, West and Co., 
Ltd., of Brighton, for small motors that may be directly 





the cover are spring loaded and provided with grease 
rings. Standard starters have “ start ’’ and “‘ stop ”’ push 
buttons in the front of the cover ; but, if required, remote 
push buttons may be used. A stop push button is always 
embodied in the front cover for resetting overloads. The 
starter is suitable for A.C. motors up to 74 H.P. 








NEWSPRINT SHIPS FOR CANADA. 


KEELs of two newsprint carriers for the Donnacona 
Paper Company will be laid shortly at the yards of George 
T. Davie, Lauzon, Quebec. The ships will be operated on 
the Richelieu River-Lake Champlain waterway from the 
St. Lawrence to New York. Approximately the same 
size as the other ships which use the Champlaia waterway, 
they will have slightly greater carrying capacity. C-I. 
engines will be installed. Prior to 1935 no power vessels, 
with the exception of tugs, used the inland route from the 
St. Lawrence to New York. A few years ago the Donna- 


























HOSE PROOF MOTOR 


connected across the line. It is particularly well suited for 
use in dairies, paper mills, and other establishments in 
which the hose is used daily and where a waterproof 
enclosure is essential. The contactor is of the triple-pole 
air-break type with a double break on each pole. A fourth 
pole is incorporated for maintaining the operating coil 
circuit. All the contacts are faced with silver. The three 
limb operating magnet is said to be silent in operation. 
Overload magnetic type releases with adjustable oil 
dashpot time lags and a restrainer device are provided on all 
three phases and may be reset by a “ stop” button. By 
altering the setting of the self-locking dashpots overloads 
roay be adjusted from approximately 25 per cent. upwards, 
the calibration plate being scaled in amperes. The con- 





STARTER 


cona Paper Company called for a survey of the route to 
determine if power-driven newsprint carriers could be 
successfully operated from its mills on the St. Lawrence 
to New York. Messrs. Lambert and German, Montreal 
naval architects, together with engineers of the paper 
company, travelled over the route by motor boat and 
reported that motor ships could make the run, provided 
they were of shallow draught. The idea was left at that 
until 1935, when the keel of the first power vessel was laid 
at the Lauzon shipyards. She was launched as the 
** Donpaco,” and went into service immediately. The 
operation of this ship proved successful, and last year the 
Donnacona Company placed another vessel in service, the 
** Newscarrier.”” 











Mechanical Stokers for Marine 


Boilers.* 
MARRINER, A.M.1. Mar. E. 
No. IL 
(Continued from page 198, February 12th.) 


MeronanicaL Strokers FoR Water Tuse Bormuers— 
Taytor System. 


Tue multiple-retort underfeed stoker dealt with in this 
section of the paper, i.e., the Taylor stoker, is intended for 
use in connection with water-tube boilers. In conjunction 
with its land counterpart the marine type not only 
embodies the mechanism for firing fuel and for discharging 
ash without admitting superfluous air to the furnace, but 
it also embodies the same method of fuel burning. 


Metuop or Burnina Coat. 


The fuel is fed to the fire from below, throughout its 
entire length, thus permitting the fuel bed surface to be 
constantly radiant and immune from the periodic damping 
effect which, as a result of hand firing, is usually associated 
with the use of coal at sea. 

This underfeeding process is such that the gaseous 
distillate from the fresh coal passes upwardly within the 
fuel bed, thus being consumed to a large degree in the 
surface layers of the fire and resulting in combustion 
taking place with extreme rapidity and shortness of flame. 

The means for underfeeding are also such that active 
combustion can be regulated over as large an area of the 
grate as is practicable, so that all sections of the fire may 
burn fuel at approximately equal ratings which in turn 
permits a high average rating being obtained from the 
whole of the grate area. 

This method is efficient and flexible and, in spite of 
restricted furnace volumes, is characterised by relatively 
smoke-free funnel conditions with the minimum of excess 
air. 


By G. T. 


INSTALLATIONS. 

This stoker is in service in the Canadian Pacific Steam 
ships, Ltd., s.s. ‘“‘ Beaverhill ” and the Southern Railway 
Company’s train ferry vessels s.s. “‘ Twickenham Ferry,” 
s.s. ‘‘Hampton Ferry,” and s.s. “Shepperton Ferry.” 
It is also being fitted to two new vessels now under con- 
struction for Messrs. Osaka Shosen Kaisha, and a further 
unit is being built for Messrs. Mitsubishi Jukogyo Kaisha, 
making a total of twenty-three stokers, of which sixteen 
are in operation. 

S.8. “ Beaverhill,” Canadian Pacific Steamships, Lid.— 
This cargo vessel—10,000 gross tons, approximately 
6500 S.H.P. at 14} knots—was constructed in 1927 and 
was converted from hand firing to mechanical stoking in 


1931. The principal particulars of the four stoker-fired 
boilers are as follows :— 
Boiler Data. 

Typeofboiler . Babcock and Wilcox 

Boiler heating surface ... ... 3192 sq. ft. 

Superheater heating surface ... 690 sq. ft 

Air heater heating surface 3600 aq. ft 

Furnace volume 400 cu. ft. 


12,400 Ib. per hour 
250 Ib. per sq. in. gauge 
650 deg. Fah. 


Normal evaporation 
Steam pressure . ; 
Final steam temperature .. 


Feed water temperature .. 212 oe Fah. 
Water Wall Data. 
Type of water wall ... Taylor 
Area of water wall ..._ . 50 aq. ft. 
Stoker Data. 

Type of stoker ... Taylor 
Size... 5 retort, 19 tuyere 
Grate area (P.G.A. y: * 77 aq. ft. 
Air temperature to stoker wind 

box ‘ 250 deg. Fah. 
System ‘of ash disposal Rotary discharge 


Stokehold illustrations of ‘this installation are shown 
in Figs. 11 and 12, the former being a fore-and-aft section, 
while the latter is a *thwartship section. The open stoke- 
hold system: for forced draught is used and as the vessel 
operates on the North Atlantic route the rotary system of 
ash disposal has been ad , 80 that discharge of ash 
with sealed furnaces un: service conditions can be 
carried out. 

In this installation the coal is fed by firemen to the 
stoker hoppers from bunker outlets situated at the firing 
floor level. 

It will be observed that the rear walls of each furnace 
are water cooled, and it is believed that these are the first 
water-cooled walls to be installed in a merchant ship. 

In February, 1937, the mechanical stokers in this vessel 
will have completed six years’ operation, and permission 
has been granted to state that during the period to dato 
(January, 1937) the stokers have on no occasion been 
responsible for any delay ; in fact, since the mechanical 
stokers have been fitted the owners can depend to a more 
precise degree on the vessel maintaining her schedule. 

Southern Railway Train Ferry Steamers, s.s. ‘* Twicken- 
ham Ferry,” 8.8. ‘‘ Hampton Ferry,” 3.8. ‘* Shepperton 
Ferry.’’—These three vessels are each 2839 gross tons and 
develop approximately 4500 S.H.P. at 16} knots. The 


principal of the four stoker-fired boiler units 
with which each vessel is equipped are as follows :— 
Boiler Data. 

‘Type of boiler Yarrow 

Boiler heating surface . ge 2354 sq. ft. 

Superheater heating surface 395 sq. ft. 

Air heater heating surface . 2154 sq. ft. 

Furnace volume ... 630 cu. ft. 


16,000 Ib. per hour 
20,000 Ib. per hour 
250 Ib. go 3 in. gauge 


Normal evaporation 
Maximum continuous evaporation 
Steam pressure 


Final steam temperature (approx. ) 460 deg. Fi 
Feed water temperature... 270 deg. Feh: 
Stoker Data. 
Type of stoker Taylor 
Size ; 4 retort, 19 tuyere 
Grate area (P. G.A. ) ae 62 sq. ft. 
Air temperature to stoker wind 
box 380 deg. Fah. 


System of ash disposal... Dead plate storage 
This installation is shown in a Figs: 13 and 14, these 





"* The Institute of Marine Engineers, February 9th. 
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being fore-and-aft and ‘thwartship sections respectively | being run directly on to the train deck, where the coal is Osaka Shosen Kaisha Ships ‘‘ Nos. 680” and “ 681,”"— 
through the stokehold. discharged into the bunkers in the stokehold below, and| These two vessels, at present being constructed in the 

In this case the closed stokehold system of forced | as these bunkers feed directly into the stoker hoppers, no | Nagasaki Yard of Messrs. Mitsubishi Jukogyo Kaisha for 
draught is used, and as the vessels operate on the short | manual handling of coal takes place. cargo passenger service, are 7000 gross tons, developing 














Fic. 15--S.S. “ Shepperton Ferry.” View Looking Thwartships, Showing Mechanical Fic. 18-—Front View of One of the [Stokers for Messrs. Osaka Shosen Kaisha Showing 
Stokers Under the Two Forward Boilers. Drwing Mechanism. 





run between Dover and Dunkerque and in so far as it Fig. {15 [shows the stokers under the two forward; 6500 S.H.P. at 16} knots. Each ship will contain three 


was not thus necessary to incorporate means for dis-| boilers in the “Shepperton Ferry.’”’ A condition of | sioker-fired boiler units, the principal particulars of which 
charging ash with sealed furnaces under service conditions, | cleanliness is maintained approaching that experienced | are as follows :— 
the rear ends of the stokers are provided with dead plates | with oil fuel. : 
and ash storage accommodation sufficient to accommodate A*furnace view of one of the ‘‘ Twickenham Ferry ” s Boiler Data. es 
; Type of boiler .++ «s+ «+s Mitsubishi three drum 
Boiler heating surface... ... ... 4160 aq. ft. 
Superheater heating surface ... 1188 sq. ft. 
Air heater heating surface ... ... 2862 sq. ft. 
Furnace volume ... ... ... ... 884 cu. ft. 


Normal evaporation +» ess 21,100 Ib. per hour 
Maximum continuous evaporation 26,400 lb. per hour 
Steam pressure ose . «+ 9384 Ib. per sq. in. gauge 
Final steam temperature ... ... 735 deg. Fah. 

Feed water temperature ...... 275 deg. Fah. 


Stoker Data. 


Type ofstoker ... ... ... ... Taylor 
Size eae dnhicisond 21400 ane san!) See, 2B tayere 
eerie ea Sy 
Air temperature to stoker wind 
ee ie eee eee 
System of ash disposal... ... ... Power dump discharge 


This installation is shown on Figs. 17 and 19, the former 
being a fore-and-aft section through the stokehold, while 
the latter is a thwartship section. 

As in the case of the s.s. “‘ Beaverhill,’’ these ships will 
use the open stokehold forced draught system, and as they 
will operate on a 56-hour run across the Yellow Sea 
between Osaka and Dairen, a power-operated dump system 
for discharging ash into a pit at the rear of the stokers will 
be used, which will permit the ash being discharged 
without excessive air entering the furnaces. The rear 
doors, through which ash is removed, will be kept shut 
except when ash is being withdrawn from the pit, which will 
take place immediately prior to a dumping operation, so 
that when these doors are opened the ash accumulation 
on the dump plate will be sufficiently heavy to prevent 
air infiltration to the combustion chamber. 

The stoker hoppers will be charged by firemen, the coal 
falling by gravity through chutes which will be filled from 
all the ash which might be formed during a double crossing, , stokers is shown in Fig. 16. This view was taken from the | a coaling platform running 'thwartships above the fronts 
so that the doors through ‘which the ash is removed and | rear looking towards the coal feeding rams. of the stokers. If the coal bunkers should be emptied 
which are kept shut during operation need only be opened | Experience in service with these installations has shown | down to the level of this coaling platform the chutes can 
when the vessels are in port. that the flexibility of the steam plant is at least equal to | then be removed and the hoppers charged by hand from 

The construction of each ship permits railway coal trucks | that experienced with oil fuel. the firing floor level with coal, which will then be extracted 





Fic. 16—Furnace View Looking Towards,Coal Feeding Rams of One of the Mechanical Stokers of the s.s. ‘‘ Twickenham Ferry.” 
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FiG. 17—Fore-and-aft Section Through Stokehold of Osaka Shosen Kaisha Cargo-passenger Fic. 19—Cross Section Through Stokehold of Osaka Shosen Kaisha Cargo-passenger 
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from bunker openings at the level of the floor plates. 

Figs. 18 and 20 show the three stokers for one of these 
vessels in the shops prior to shipment to Japan, the former 
being a front view showing the driving mechanism and 
the latter a view of furnace parts. 


OPERATION. 


The quantity of coal burned is governed by the operator 
decreasing or increasing the flow of air and yet the natural 
tendency of the marine operator is to try to meet load 
fluctuations by changing the stoker speed. Alterations 
to stoker speed mefély alter the amount of fuel which is 
fed to the furnace ; they do not alter the amount of fuel 
burned. The amount of fuel burned is governed by the 
amount of air passing through the fire, so that temporary 





Fic. 20 


load fluctuations are met by increasing or decreasing the 
supply of air to the fire 

Of course, this does not mean that there is never any 
necessity for altering the stoker speed. Obviously, if a 
high rate of fuel burning is prolonged while the stoker is 
running at a speed corresponding to a low rate of com- 
bustion the stoker speed would eventually have to be 
increased to prevent the fuel bed being wasted away and 
vice versd. The stoker fuel bed may be regarded as a type 
of reservoir from which fuel may be consumed at a variable 
rate; that is to say, it should be the endeavour of the 
stoker operator to adhere as closely as possible to a constant 
stoker speed which does not exceed that corresponding to 
the average rate at which fuel is consumed. 

Fires can be banked almost instantly without any risk 
of damage to the stoker and in this connection it is impor- 





** Beaverhill.”’ 


Fic. 21—S.8S, 


tant to have the main air dampers close fitting. The stoker 
parts are protected from the direct heat of the fire by 
arranging the fuel bed so that these parts always have on 
them a good layer of * green ”’ coal and/or burned residue. 

To give some impression of the life of the stoker parts 
two photographs (Figs 21 and 22), which were taken 
on board the s.s. “‘ Beaverhill ’? on Devember 9th, 1936, 
are reproduced. The tuyeres as shown on these 
photographs have been in use for 17} months without 
replacement and the water wall has had no part replaced 
since the time of its original installation 5} years ago. 

The s.s. ‘‘ Beaverhill ” and the Southern Railway train 
ferries have both experienced heavy weather, and ‘during 
shese conditions, mechanically and otherwise, the stokers 
operated normally. 


CoNnSTRUCTION. 


The construction of the Taylor stoker is such that as 
many parts as possible are interchangeable, and in this 





-~View Showing Furnace Parts as Erected in Shop of Two of the Stokers for Messrs. Osaka Shosen Kaisha. 





View of Tuyeres Looking Towards Coal Feeding Rams After 174: Months’ Service. 





connection it may be noted that the parts in the furnace 
are arranged so that they can be replaced from the furnace 
without having to loosen any connections from the under- 
side of the stoker. All the gear reductions are transmitted 
through machine-cut spur gears running in oil baths. All 
the bearings are either phosphor-bronze or white metal 
and with the exception of the power box unit, lubrication 
is obtained by means of Tecalemit grease gun fittings. The 
furnace parts, which are made of cast iron, are so designed 
that they offer a minimum area on the furnace side with 
several times this area on the underside, thereby offering 
a large surface to the cooling effect of the air on its way to 
the furnace. 

Preheated air temperatures of 380 deg. Fah. are being 
used and, based on land experience, higher temperatures 


can be satisfactorily used so far as the stoker structure is 


conceé 
Sarety Devices. 


The power box on each stoker is fitted with a safety 
shearing pin so that this will fail in the event of foreign 
matter in the coal fouling the stoker mechanism. 


RANGE OF FUELS. 


When land and marine installations as a whole are 
reviewed, coals having a range of calorific value between 
9285 B.Th.U. and 14,900 B.Th.U., range of ‘volatiles 
between 12 and 35 per cent., range of ash between 4-5 and 
23 per cent., and ash fusion temperatures between 2048 deg. 
Fah. and 2822 deg. Fah., have been satisfactorily burned 
during the past five years. From the above it will be 


obvious that the shipowner has additional latitude in the 
selection of coal, and while these represent the ranges in 
analysis of the fuels that have been burned during this 
period, it does not necessarily follow that these ranges are 
limiting values. 

The maximum size of coal that may be satisfactorily 
burned is 3in. cube but as coals may be used having a 
fineness down to 50 per cent, through an tin. mesh, it will 
be seen that the size limit of the coal should be offset by 
there being no reasonable limit of fineness. 

If the vessel happens to be operating on a service where 
the shipowner is unable to purchase fuel at a reasonable 
price, of which no piece is over 3in. cube, a coal crusher can 
be installed, which, although perhaps never used, may 
prove useful to the shipowner in negotiating his coal 
contracts. 

It is interesting to note that in connection with the 





Osaka Shosen Kaisha stokers some 80 tons of Japanese 
coal were shipped to this country and were burned on a 


land stoker under varying conditions of load, &c., which 
was followed by an inspection of the stoker; the results 
obtained from these tests were satisfactory. 

In April, 1934, similar tests were. carried out by Sir 
Harold Yarrow in conjunction with the Southern Railway 
Company, when various grades of British coal were tested 
in the experimental shop at Scotstoun, and, in order to 
ensure that the Southern Railway installation would be a 
success, one ofthe train ferry boiler units, complete with 
stoker, self-trimming bunkers, and ash withdrawal arrange- 
ments, was completely erected and tested prior to being 
sent to the shipbuilders. 


Horse-Ppower ConsuMED Per Ton or Coat BURNED. 


Generally speaking, the electrical power consumed by 
the stokers is so small that conversion can be rhade without 
altering the existing generating set. In. the case of the 
8.8. “‘ Beaverhill”’ the power to drive each stoker works 
out at approximately 1-12 H.P. per ton of coal burned 
per hour ; forced draught fans are required and where air 
heaters are fitted induced draught fans should also be 
fitted if the open stokehold system of forced draught is 

ed. However, the te power of these is 


. aggregate |} 
| approximately the same as for hand firing, for although a 


greater air pressure may be necessary for the stokers, the 
quantity of air used and gases discharged is less. 
ADVANTAGES. 

The following are the main advantages which have been 
found by the use of multiple-retort stokers as compared 
with hand firing :— ’ 

1. Saving in coal. 

2. Use of cheaper range of fuels. 

3. Steady supply of steam with greater flexibility. 

4. of ash simplified. 

5. Reduction of stokehold personnel when three or 
more men are employed per watch. 

6. Improved conditions in stokehold. 

7. Increased rating of boilers, resulting in saving of 


space. 
8. Increased life of boilers and brickwork, due to the 
conditions of combustion being continuous. 
9. Better control of superheat. 


In considering the installation of stokers the above have 





Fic. 22——S.S. “ Beaverhill”’ Rear Water Wail After 5} Years 


Service. 


to be balanced against other factors, such as interest and 
depreciation on the increased investment, &c. 


Mecuanrcatty Freep Steam versus Dreset 
INSTALLATIONS. 


It is of interest to note that in the case of the Southern 
eee vessels, at least twelve different types of pro 
ulsion were fully — by both Sir Westcott Abell, 
.B.E., and Mr. McQueen, these including steam 
reciprocating engines np geared turbines with Scotch and 
water-tube boilers using coal, oil and mechanically fired 
coal. Proposals with Diesel and Diesel-electrie were also 
considered. The final selection was steam turbines, water- 
tube boilers, and ical stokers, and it is important 
to note that the alternative arrangement finally considered 
was direct Diesel. That is to say, had mechanical stokers 
not been put forward the machinery selected might have 
been Diesel. 


It is interesting to record that the fuel consumption with 
mechanical stokers is actually working out well below the 
figure of 1-2 1b. of coal per §.H.P., as allowed for when 
making these comparisons. 

CoNCLUSION. 


As regards the question of efficiency of mechanical 
stokers, it is somewhat difficult to give any figures which 
would illustrate a true picture of the undoubted advan- 
tages. It would perhaps suffice to state that in the 
installations mentioned which are operating the fuel con- 
sumptions under service conditions are within 5 per cent. 
either way of 1 lb. of coal per S.H.P. per hour. These 
figures can, of course, be further improved by the use of 
additional heat recovery devices in the boiler unit, coupled 
with the advantages of higher superheat and pressure. 

There are so many conditions which influence trials, 
especially with hand firing. It is well known that with 
highly trained firemen and picked coal it is possible for a 
short period to obtain a high efficiency—but even here 
not equal to normal operation with mechanical stokers— 
and when it comes to the question of cleaning fires, of 
using inferior coal and of burning the trailings from a 
bunker, the advantages of mechanical firing become still 
more obvious. 

The fact remains that those marine engineers who have 
tried the modern marine stoker do not intend to revert to 
hand firing in the construction of any future vessels of the 
same class. Also, upon reviewing the Bennis, Erith-Roe, 
and Taylor marine installations operating from British 
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ports, which now total sixteen, it may be said that the 
mechanical stokers, in addition to economies obtained, 
render available for efficient use a range of fuels which 
cannot be economically burned with hand firing. 








Extensions to the Works of Thomas 
Bolton and Sons, Ltd. 


As a consequence of the present activity in the engi- 
neering trades, Thomas Bolton and Sons, Lid., of Widnes, 
manufacturers of copper alloys, recently undertook con- 
siderable extensions to their Staffordshire works. This 
firm has two works in North Staffordshire, situated 
respectively at Froghall and Oakamoor, two villages in the 
valley of the river Churnet. The extensions referred to 





bronze, cupro-nickel, and nickel silver—are cast into 
forms appropriate to their subsequent treatment and the 
castings are then distributed to various departments for 
rolling, extrusion, piercing, drawing, drop-stamping, &c. 
They eventually leave the works as wire, sheets, strips, 
bars, sections, tubes, strand, or forged and/or machined 
components. Exceptionally heavy ingots of cadmium 
copper are cast. These ingots weigh up to about 14} ewt. 
each, and are rolled and drawn into heavy gauge wire for 
use as tramway trolley wire. The object of using such 
large ingots is to reduce the number of joints necessary in 
trolley wire, as joints are potential centres of failure when 
the wire is in service. 

The stamping and machining department has a floor 
area of some 15,000 square feet. The drop-stamping 
equipment is located at one end of the building, and con- 
sists of fuel-fired muffle furnaces for preheating, a battery 
of drop-stamps, trimming presses, and hardness testing 
machines of the Brinell and Vickers diamond pyramid 





CASTING 


are at the Froghall works, and are the latest of numerous 
extensions which have been made to them since they were 
first established in 1886. The new plant is now in opera- 
tion. The extensions consist of two new buildings, of 
which one is devoted to the alloying and casting of metals 
into bars or cakes for subsequent fabrication in other 
departments, and the other to drop-stamping and 
machining: 

The casting shop is a building of 11,000 square feet floor 
area, with a.single span roof, 55ft. wide, high pitched with 
a jack roof to ensure plentiful ventilation. It has six 
groups of “‘ pot ” furnaces arranged centrally to ensure a 
plentiful amount of natural lighting from the sides of the 





SHOP 


types. An electric furnace is installed for heat-treating 
purposes. The bars or blanks are heated to the appro- 
priate temperature, forged to shape between steel dies 
under the drop hammers, and then trimmed to remove 
“flash.”” The stampings are subsequently machined in 
the same building, with or without heat treatment, accord- 
ing to the nature of the metal or the specification to be 
met. Hardness tests when required are carried out on the 
forgings after machining. The equipment can produce 
stampings weighing up to about 26 lb. each. The firm does 
not, however, compete with the manufacturer of small 
drop stampings for general purposes. It is concerned 
chiefly with the production of components of a specialised 





STAMPING AND MACHINING DEPARTMENT 


building. The furnaces are arranged with a separate 
chimney to each four, the chimneys being earried through 
the jack roof. This arrangement assists the ventilation, 
to which particular attention has been paid in order to 
make the working conditions as good as possible for the 
men, who are also protected from heat radiation wherever 
possible. An electric crane is fitted over each group of 
furnaces for lifting the crucibles of molten metal and 
transporting them to the moulds into which the metal is 
poured. These crucible furnaces are used for all the special 
alloys, but for the production of standard brasses and 
several other alloys electric furnaces are installed. The 
alloys—brasses, aluminium bronzes, phosphor bronzes, 
manganese bronze, cadmium copper, gun-metal, silicon 





nature in alloys which call for precise and experienced 
control in working and subsequent heat treatment. The 
bulk of the floor area of this building is reserved for the 
machining equipment, consisting of automatic and other 
lathes, boring machines, milling machines, planing 
machines, &c., and their auxiliaries. Pressing and punch- 
ing equipment is also installed. Individual electric drive 
has been adopted throughout, the power for which is 
derived from the firm’s own generating station nearby. 
The raw materials treated in this machining shop are 
either “‘ stock ’’ from other departments (bar, rod, strip, 
&e.) or drop-forged parts from the stamps in the same 
building. The products include machined components 
for a great variety of purposes. The firm manufactures 





chiefly components in special alloys to strict specifications 
and copper components which the ordinary machinist is 
unable to undertake. A large proportion of the output of 
this machine shop consists of aircraft parts, such as valve 
guides in phosphor bronze, connecting-rod small end 
bushes in wrought gun-metal, undercarriage components 
in manganese bronze, &c. Other typical products are 
bolts and nuts in high-tensile copper alloys, sealed copper 
tubes for element sheaths. in electric water heaters, 

heavy machined pump rods in various alloys; heavy 
tubular copper bus-bars, spot-welding electrodes in 
cadmium copper, valve seats for oil engines in aluminium- 

nickel bronze, electric generator and motor end rings in 
H.C. copper, copper jointing strip for concrete roads, 

bridges, aerodromes, reservoirs, &c., and pantograph 
contact strips for electric railways in copper and cadmium 
copper. Included in this building are offices for the 
accommodation of departmental and inspection staff and 
for the use of visiting inspectors. 











AccorDING to Russian statistics, the exports of pig 
iron from that country amounted to 670,000 metric tons 
in round figures in 1936, as compared with 331,000 tons 
in 1935 and 115,000 tons in 1934. As in the two previous 
years the lion’s share of the exports in 1936 were sent to 
Japan which received 357,000 tons. The next. largest 
deliveries are credited to England with 82,000 tons, as 
against no tonnage in 1935 ; Belgium-Luxemburg imported 
78,000 tons, Sweden 55,000 tons, and the United States 
28,000 tons. In the case of manganese ore the Russian 
exports in the first eleven months of 1936 amounted to 
535,000 metric tons, or 36,000 tons less than in the corre- 
sponding period in 1935. The largest importer last year. 
taking the place of Germany, was France, which took 
TAG ERO Sones, Sh comaredl. rs PA ONP fone: ie the first 
eleven months in 1935; Belgi uu g received 
47,000 tons, as against 23, 000 tons ; a Germany bought 
only 12,000 tons, as contrasted with 206,000 tons in the 
first eleven months. in 1935; while England merely 
imported 6000 tons, as against 13,000 tons in the same 
periods respectively. 

As the largest consumer of Russian pig iron, Japan has 
largely availed herself of this product in view of the 
national scarcity of iron and steel. According to the 
Japanese Minister for Economic Affairs, it is calculated 
that the country will not have to depend upon Soviet 
deliveries after the close of the present quarter, by which 
time the Japanese national production will be considerably 
increased and further additional supplies be available from 
Manchukuo. 

The expansion in Russian exports of pig iron last year 
was due to the development im the production of this 
material. Russian statistics show that the total output of 
pig iron amounted to 14-4 million metric tons, as com- 
pared with 12-48 millions in 1935; that of steel to 16-3 
millions, as against 12-42 millions; and that of rolled 
products to 12-3 million tons, or an increase of 32 per 
cent. over 1935. Although advocated, if perhaps not quite 
expected, the Russian production did not reach the level 
of that in Germany, which turned out 15,303,000 tons of 
pig iron and 19,157,000 tons of steel. But the Russian 

programme for 1937 aims at surpassing the possible output 
of Germany by the manufacture of 16,000,000 tons of 
pig iron, ag tons of steel, and 15- 5 milliqn tons 
of rolled prod 

Taking iio gp: the numerous industrial 
and other developments which are asserted by the Russian 
newspa) to be still in course of execution in various 
parts of that country, there is no doubt that most of the 
production of iron and steel will still be wired for 
home consumption, and no one can foresee when the inland 
expansion in these directions will cease. The programme 
for 1936, according to the Commissioner for the Heavy 
Industries, was entirely carried out, and it must be left 
for the future to decide whether Russia will become a 
serious competitor in international markets for finished 
steel products. 











MANUFACTURERS’ AND TRADE CaTaLoGcuEs.—The Com- 
mercial and Technical Department of the Leicester City 
Libraries is engaged in building up a collection of manu- 
on catalogues. Firms are therefore invited to 

ly a complete set of their current publications which 

be indexed in the card catalogue, both under the firm’s 

name and the particular productions in which they 
specialise. 

Luioyp’s Reoister ScHoLarsHip.—The General Com- 
mittee of Lloyd’s Register of Shipping offers a scholarship, 
value £100 a year for three years, to be awarded on the 
results of the Studentship Examination of the Institute 
of Marine Engineers in June, 1937. The scholarship is 
intended to assist marine engineering students to take 
an advanced course of instruction in engineering subjects. 
The age limit is eighteen to twenty-three years. The 
closing date for entries is May Ist, 1937. Full particulars, 
entrance forms, and copies of previous papers, may be 
obtained on application to the Secretary, the Institute 
of Marine Engineers, 85, The Minories, London, E.C.3, 


“Wier” anv ‘“ Arpotoy”’ Megrat ALLoys.—We 
understand that the patent litigation between the Tool 
Metal Manufacturing Company, Ltd., the manufacturers 
of ‘‘ Wimet ”’ hard metal alloys, and the British Thomson- 
Houston Company, Ltd., the manufacturers of ‘‘ Ardoloy ”’ 
has now been settled. It was claimed by Tool Metal 
Manufacturing Company, Ltd., that.“ Ardoloy ” con- 
stituted an infringement of Patent No. 213,524, which 
covers tools made of a sintered mixture of carbide and 
certain auxiliary metals. The British Thomson-Houston 
Company has now agreed to recognise the validity of 
the patent and the claims made by T.M.M.C., to accept 
a licence under the patent, and to make certain payments 
to the patentees, 





Fes, 19, 1937 


THE ENGINEER 


231 








Markets, Notes. and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Steel Trade Developments. 


The recent characteristics of the iron and steel 
markets have’ ‘become more ‘noticeable of late, and 
the difficulty consumers find in placing orders for steel 
for reasonable delivery and of obtaining deliveries which 
are badly in arrears has become more pronounced. The 
decline in the production of steel in January of 107,500 
tons was not altogether expected, and if, as is suggested, 
the shortage of raw material such as basic and hematite 
pig iron and scrap leads to the steel makers seriously 
curtailing their operations, the consuming industries such 
as the constructional and general engineers and ship- 
builders will be faced with a bleak prospect. Only a 
small part of the Continental quota which was released 
after a long delay last December has been delivered, and 
although this week a quota for another three months has 
been released, no allocations have been made to the 
distributing organisations, and it is not anticipated that 
the steel will be available for many weeks. It is reported 
that steel furnaces in Wales may have to close down owing 
to the difficulty of obtaining scrap, although, of course, 
this may be imported free of duty. Official advances in 
home trade prices have been restrained by the authorities, 
but the steel makers have benefited to some extent by 
the withdrawal of rebates to certain consuming industries, 
and it is now stated that as from the end of May the 
rebate of 5s. per ton on plates and sections allowed 
shipbuilders will not be given on new business. Efforts 
are being made to meet the shortage, and, for instance, 
the Treasury announces that on the recommendation of 
the Import Duties Advisory Committee used railway 
rails have been added to the Free List as from February 
17th. These rails are extensively used for the purpose of 
re-rolling into light rails, colliery arches, and various 
other products, whilst used rails of medium or light 
section are in demand for relaying sidings, underground 
work, and contractors’ tracks. Home supplies of used 
rails suitable to meet these requirements are inadequate, 
and the existing duty of £3 per ton makes it impracticable 
for supplies to be imported. To supply these products 
from new semi-manufactured steel would impose a further 
undesirable strain, say the Committee, upon the available 
supplies of raw steel. Only a limited quantity of export 
business has been entertained by the steel makers during 
the past few weeks, and in a number of cases premiums 
have been charged. This week the quotations for black 
sheets for export have been advanced £1 to £13 f.o.b. 
for 24-G. basis, and by a similar amount for galvanised 
sheets, making the quotation £15 15s. basis 24-G. 

Rise in Steel Exports. 

The exports of iron and steel from this country 
during January, according to the Board of Trade Returns, 
were the largest at 215,030 tons, valued at £3,442,177, 
since July, 1936, when the total reached 216,129 tons, 
valued at £3,381,781. This is particularly interesting 
in view of the call that was made last autumn upon the 
British jron and steel industry to increase its exports and 
also in view of the complaints of a shortage in the home 
market. In most departments the figures show increases 
over the previous month. The exports of pig iron in 
January amounted to 13,042 tons, compared with 9492 tons 
in December. Of this total, 8073 tons consisted of forge 
and foundry iron, and 4969 tons of acid quality. Denmark 
was the largest customer, taking 2729 tons, France took 
2234 tons, and Belgium 1372 tons, whilst 1030 tons was 
sent to Germany. Exports of ferro-alloys, however, 
declined from 1540 tons in December to 754 tons in 
January. Semi-finished material in the shape of ingots, 
blooms, billets, and slabs were exported to the extent 
of 1342 tons, against 1388 in December, whilst exports 
of sheet bars, tin-plate bars, wire rods, and bright steel 
bars totalled 2995 tons, compared with 1080 tons in the 
previous month. General descriptions of steel exported 
showed a considerable decline from 17,115 tons in 
December to 8666 tons in January. Angles, shapes, and 
sections were exported to the extent of 4226 tons. This 
is the first month that this material has been separately 
enumerated, as previously it has been included with 
bars and rods. Exports of girders, beams, joists, and 
pillars reached 3716 tons, compared with 1886 tons in 
December, whilst the quantities of hoop and strip exported 
remained fairly constant at 3601 tons against 3594 tons 
in December. Plates and sheets jin. thick and over were 
exported to the extent of 14,642 tons in January, compared 
with 13,865 tons in the previous month, whilst exports 
of sheets under fin. thick showed a rise to 16,052 tons from 
15,507 tons in December. Exports of galvanised sheets 
also increased to 22,709 tons, compared with 16,173 tons 
in December, and tin-plate rose to 36,058 tons, compared 
with 32,487 tons in the previous month. There was little 
change in the exports of tubes, which, in December, 
totalled 22,769 tons, and in January 23,706 tons. South 
Africa ‘took the largest quantity in January of 23,803 tons, 
India coming next with 19,536 tons, and then the 
Argentine with 17,446 tons. Exports to Denmark 
amounted to 12,961 tons, and to Australia 12,216 tons. 


January Imports Lower. 


A sharp decrease occurred in the imports of iron 
and steel during January, the total being the lowest since 
November, 1935, at 83,077 tons, valued at £794,352, com- 
pared with 94,793 tons in December, valued at £901,694. 
This decline was not unexpected, as it was known that the 
Continental steel makers were seriously behind with their 
deliveries against the Fs sems In the case of pig iron the 
imports totalled 14,556 tons, compared with 22,859 tons 
in December. Of the January total, 11,596 tons came from 
India, against 20,366 tons in December. The imports of 
ferro-alloys in January were rather less at 7058 tons, com- 
pared with 7395 tons in December. Imports of blooms, 
billets, and slabs, however, showed a slight improvement 
to 27,877 tons, against 24,496 tons in December. Of the 





January total, the largest quantity came from France, of 
10,636 tons, Belgium sending 7674 tons and Germany 
3828 tons. During January 3498 tons of sheet bars were 
imported, compared with 10,748 tons in December. 
Details of the imports by countries, however, are not given 
in the January Board of Trade Returns. Imports of wire 
rods totalled 2645 tons, compared with 8025 tons in 
December, whilst imports of angles, shapes, and sections 
totalled only 682 tons, This is the first time that these 
descriptions have been given as a separate item and they 
can only be compared with the figures for January, 1936, 
of 5403 tons. Girders, beams, joists, and pillars imported 
in January totalled 1699 tons, against 1201 tons in 
December. Of the January quantity, Belgium sent 173 
tons, France 892 tons, and other foreign countries 634 
tons.. Hoop and strip imports totalled 4437 tons, against 
1882 tons for the previous month. Imports of plates and 
sheets reached 2207 tons. compared with 1501 tons in 
December, whilst 2393 tons of wrought tubes were 
imported, compared with 2788 tons in December. Imports 
of railway material reached 549 tons, against 247 tons in 
the previous month. The largest imports of steel in 
January came from Belgium and totalled 18,599 tons, 
France coming next with 14,883 tons and India third with 
11,596 tons. Luxemburg sent 9311 tons, Sweden 8227 
tons, Canada 3471 tons, and the United States 2006 tons. 


The Pig Iron Market. 


In spite of efforts to ration production amongst 
consumers and to increase outputs, the position as regards 
supplies in the pig iron market shows no signs of improv- 
ing. The demand, if anything, continues to increase, and 
with the shortage of scrap the steel makers’ requirements 
of basic and hematite iron are naturally on a higher scale ; 
but the production of pig iron during January showed a 
decrease of 20,700 tons compared with the December 
figure: There is no doubt that the situation of the steel 
works with regard to future supplies of basic iron is 
creating alarm, and efforts are being made to increase the 
imports. It is difficult, however, to see from what source 
any substantial additions can come, although a certain 
amount of iron may be obtained from Russia. It is 
unfortunate that the steel makers did not take the oppor- 
tunities which were presented of buying foreign pig iron 
in the early autumn of last year, but apparently at that 
time they were under the impression that they would be 
able to obtain sufficient for their 1937 requirements. The 
searcity of foundry iron is also severe, and on the North- 
East Coast the producers have sold their output until the 
end of June and for the most part are declining new 
business. The situation has become slightly easier in this 
locality, and recently a thousand tons was shipped to 
Scottish consumers, who have been kept very short owing 
to the urgent needs of local users. The position with 
regard to Midland foundry irons is no better and a rationing 
system is in full force. Consumers, who in the majority of 
eases have no stocks, are obliged to work on hand-to- 
mouth supplies. This has diverted a considerable amount 
of business to Derbyshire makers, who in some instances 
have accepted contracts for delivery up till the end of 
September. The pressure upon the Scottish producers 
from local consumers has increased greatly of late, largely 
as a result of the difficulty of obtaining imported pig iron. 
Most of the Scottish works are now in arrears with 
deliveries and few of them have any stocks worth mention- 
ing upon which to draw. In Lancashire the situation, 
although tight, does not seem quite so constricted as in 
some other districts. Most of the Lancashire users booked 
well ahead in the autumn and are receiving fairly regular 
deliveries against their contracts. It is also claimed that 
when contracts expire they are renewed for a shorter 
period and a lower tonnage. In the hematite market the 
situation has become more stringent and few of the makers 
are in @ position to accept fresh business. Heavy quan- 
tities are passing into consumption and anxiety is felt 
regarding future supplies. 


The British Iron and Steel Federation’s monthly 
statement for January gives the production of pig iron as 
650,700 tons, compared with 671,400 tons in December and 
595,500 tons in January, 1936. The output included 
164,600 tons of hematite, 342,800 tons of basic, 120,800 
tons of foundry, and 11,000 tons of forge pig iron. Steel 
ingots and castings were produced in January to a total 
of 998,900 tons, against the December figure of 1,019,200 
tons and 911,700 tons in January, 1936. At the end of 
last month 114 furnaces were in blast, two having been 
blown in and two, which had been temporarily damped 
down, restarted. The report does not give details, but the 
two latter furnaces referred to were at. the works of Colvilles, 
Ltd., Glasgow, whilst one was blown in at Shotts Iron 
Company, Ltd., and one at the Skinningrove Iron Com- 
pany, Ltd. The following table gives the average monthly 
production over a period of years and the production for 
the past four months :— 


Pig iron. Steel. 
Tons. Tons. 

1913—Monthly average ... 855,000 638,600 
1920 w * -.- 669,500 755,600 
1929 ti ie 632,400 803,000 
1934 * a 497,400 737,500 
1935 ss 535,300 821,600 
1936 % 640,500 974,900 

October 670,300 1,060,500 

November ... 643,100 1,001,300 

December ... ... 671,400 1,019,200 
1937--January ...... ... 650,700 ... 998,900 
Current Business. 


Swan, Hunter and Wigham Richardson, Ltd., 
Wallsend-on-Tyne, have received an order for a passenger 
motor vessel of about 26,500 tons gross from the Shaw, 
Savill and Albion Line. A new foundry, to be known as 
Melton Foundry, is being constructed for the Warrington 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


Light Castings Company, Ltd., at Bewsey, Warrington, 
to replace the present one in Napier-street. It will cover 
an area of more than 3 acres and will be employed chiefly 
in the production of light castings for the building and 
electrical engineering trades. Important orders for the 
Turkish Government have been secured by Ashmore, 
Benson, Pease and Co., Ltd., Stockton-on-Tees, through 
H. A. Brassert and Co., Ltd., consulting engineers, 
London. These include two blast-furnaces, and the total 
value of the contracts placed is over £250,000. Hurst, 
Nelson and Co., Ltd., Motherwell, have obtained orders 
for 20-ton steel rail tank wagons for Low Temperature 
Carbonisation, Ltd. The Egyptian Government has 
placed with Ransomes, Sims and Rapier, Ltd., Ipswich, 
a@ contract valued at £210,000 for the construction of 
sluice gates on the new Mohammed Aly Barrage. Ninety - 
four pairs of sluice gates and six powér-operated machines 
of special design for use with them are to be constructed, 
and the work, which will be commenced within the next 
few months, will extend over three years. The Doncaster 
Engineering Company, Ltd., has been amalgamated with 
the Standard Railway Wagon Company, Reddish, and as 
from February Ist the former company ceased to trade. 
The General Electric Company, Ltd., is to supply electrical 
equipment for the new Ebbw Vale works of Richard 
Thomas and Co., Ltd. The Department of Overseas 
Trade announces that the following contracts are open for 
tender :—Singapore Municipality : Steel spigot and socket 
pipes, roller supports, collars, &c. (London or Singapore, 
March 17th). Montevideo, State Electricity Supply and 
Telephones Administration: 559 steel masts, tubular 
type or lattice pylons, complete with crossarms for high- 
tension overhead power transmission lines (Montevideo, 
March 16th). 


Copper and Tin. 


The market for electrolytic copper has main- 
tained its strength largely as a result of a renewed buying 
in the United States. Whilst there are expectations of 
fresh labour troubles in that country, consumers of copper 
apparently think that the time is ripe for covering their 
forward requirements. The advance in the domestic price 
from 13c. to 14c. has made little impression on the demand. 
Consumption also may expand since estimates for expendi- 
ture by the utility companies on new construction and 
maintenance during 1937 reach a very high figure. There 
is a distinct shortage of prompt electrolytic copper, and 
most of the business done lately has been for forward 
delivery. As a matter of fact, holders of prompt. metal 
available for the market have been able to obtain fair 
premiums. An interesting report is current that the large 
consumers in the United States intend to oppose the 
renewal of the import duty of 4c. per Ib. on copper, which 
is due to expire on June 30th. They claim that practically 
all the domestic producers are oversold and that imports 
from abroad will become necessary. Continental con- 
sumers have taken fair quantities, but in a number of 
countries Government regulations as well as financial 
restrictions make business difficult to arrange. In the 
London standard market a firm tone has prevailed. There 
is a feeling, however, that the recent increase was too 
rapid to sustained, and that the market would be 
the healthier for a setback.... Some disappointment 
has been expressed in the tin market that the conclusion 
of the American strike was not followed by more active 
buying. Probably, however, American consumers are 
acting cautiously since the labour situation there seems 
by no means stable. Reports are current that trouble is 
possible in the steel industry, which would presumably 
affect the tin-plate department, one of the largest con- 
sumers of tin in America, The cessation of business in 
the East at the end of last week owing to the Chinese 
New Year holidays, also had a repressing effect upon the 
market, and prices generally have had’ a downward 
tendency. Any renewal of American or Continental 
buying upon a substantial scale would probably quickly 
be reflected in an upward movement. 


Lead and Spelter. 


The first effect of the settlement of the American 
motor trade strike was a rise in prices in the lead depart- 
ment, but later values declined when it was seen that the 
news had little effect in the direction of encouraging 
buying. This, again, points to the fact that the American 
and the British markets for lead are entirely divorced by 
the operation of the American import duty, and that there 
is no more than a sentimental relationship between the 
two. Most of the large consumers of lead appear to be 
well bought, and recently, for the first time for several 
months, a quantity of Burma lead was declared on the 
open market. Of late all the arrivals of Empire lead 
have gone direct to consumers’ works. There is little 
doubt that the manufacturers of finished lead materials 
have heavy order books and that their requirements this 
year will be large, although it is possible that the quantities 
needed will be rather less than in 1936... . Considerable 
interest continues to be shown in the spelter market, 
although it is largely speculative in character. Prices, 
however, have fluctuated as a result of profit taking, but 
far more confidence in the future of this metal is now being 
expressed than for the past year or two. It is suggested 
that the statistical position of spelter is rapidly improving, 
and that the demand in all the chief consuming countries 
has expanded considerably of late. The requirements 
of the American market, have been well maintained 
throughout the recent troubles, and at the end of January 
the statistics showed a reduction in the stocks of 10,600 
tons on the month, the total being 34,143 tons. Produc- 
tion in the United States amounted to 40,025 tons, 
deliveries to 50,638 tons, and the unfilled orders to 
76,544 tons. The world’s production in 1936 is placed at 
1,638,297 tons, but the figures for Italy and Spam for the 
last half of the year have had to be estimated. — 
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Current’ Prices ' ‘for Metals'and Fuels. 


Makers ' official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. Export. 
(D/d Teesside Area) 

NE, Coast— £ s. d. $e S, 
Hematite Mixed Nos,.*... 417 6... 314 6 
No. 1 418 0... 315 0 

Cleveland— (D/d Teesside Area) 
mee rs cS 43 6... -- 
No. 3GMB... . Ie vk, Be —_— 
No. 4 Forge ... - eae is. AL Ee — 
Basie (Lame Bi--omhen).. a ay geek — 
MipLaNnps— 
Staffs.— ee rasan Station) 
North Staffs. Foundry... 4 6 0. ‘ _ 
» Pa EE Oa — 
Basie (Lace bh vauay fe Ge tae — 
Northampton— 
Foundry No.3 ... ... 4 3 6... _ 
Fooge ist a OE BS _ 
Derbyshire— 
~ sae agin 460 — 
Forge eee 410 a 
ScoTrnanp— 
Hematite, f.o0.t. Sidsinedi 4-27 '@*. ~s 
No. 1 Foundry, ditto ... 410 6.. — 
No. 3 Foundry, ditto ... 4 8 0.. ie 
Basic, d/d (Less 5/-rebate) 4 2 6. — 
N.W. Coast— {4 18 oaja Sie 
Hematite Mixed Nos.*...; 5 3 6 ,, Sheffield 
5 9 6 ,, Birmmgham 
bd a 
MANUFACTURED TRON. 
Home. Export. 

Lancs. anp YorKs.— se 4, s. d. 
Crown Bars ... .. - 010 0... 10 0 
Bent Mer a ee Oe 6 

MiIpLanpDs— 

Crown Bars ... . -- 1010 0.. 10 10 0 
Marked Bars (Staffs.) 6. BB Gi OO:0. 12 10 0 
No. 3 Quality wecwstes Lo ee uP — 
No. 4 Quality por Sarees nC —_ 

ScoTLanp— 

Crown Bars ... ... ... 11 10,0. 10 100 
BES bon tee Bat cee ES xe Bs lt 2.6 

N.E. Coast— 

Common Bars Beiaiivey am 10 100 
Best Bars... 6 ete ee Oe ase iH 36 
Double Best Bars - 1110 0 11 12 6 

NORTHERN IRELAND AND Free State— 

Crown Bars, f.0.q.... 20 UT 65. _ 
STEEL. 

Home. Export. 
LONDON AND THE SouTH— £s. d. & ad, 
Angles i: Sere. 9 26 
See a AS ees... 10 2 6 
SON sc ee Se ae ee ca 9 2 6 
Channels.. Sie gee. a eT = 
Rounds, Sin. oaks OD 6 ae Be E.. 10 2 6 
under 3in. iS 6 ... 910 0 
Flats under 5in., 912 6.. 910 0 
Plates, jin. (basis) ... 915 6 .. 912 6 
ae ie oes: ee 917 6 
% ek 6 se ee Oe. 10 2 6 
» yo Sear | el ee 10 7 6 
Un. & to}fin.incl. ..10 3 0.. 10 15 0 
Boiler Plates, jin.... ... 10 5 6 .. 1015 0 
Nortn-East Coast-— £ s. d. £ s. d. 
BING oo ose ea ee a 9 2 6 
; Tears i eS 10 2 6 
FOUN ine og bk a 9 26 
Channels... .. so B,D, 9 7 6 
Rounds, in. and « up -i0/40 2: @... 10 2 6 
” under 3in. ian: SARE: B52 910 0 
Plates, jin. (basis) ... $10 6.. 912 6 
wo. iiss a oe a 917 6 
” ROG costs: ore) ee ee 10 2 6 
as fein. .. 10-5 6.. 10 7 6 
Un. & to jin. iil: ove ge @ RESO 10 17 _ 6 
Boiler Plates, jin... - 10 0 6.. 1015 0 

MIpLanDs, aND LEEDs anpD DistRictT— 

£ a. ad. fa. d, 
MB: 35 4, Wier wicks 4 oR Eis 9 2 6 
> atic: aset cows. Wi eR: OBB G24 
Joists ie see 8 a 9 2..6 
Channels. 73 SU Bs O83 9 7 6 
Rounds, Sin. tnt up ue BOD OO 10 2 6 

a under 3in. met Sa Oe 910 0 
Flats, 5in. and under ... 910 0.. 910 0 
Plates, jin. (basis) 913 0. 9.12.6 

» Sinwisi? Pate iP TEA 917 6 
rs Sasi het As ee eas 10 2 6 
»  }m.. fr (es La iby 10 7 6 
Un. & to jin. incl. 918 0O.. 10 17 6 
Boiler Plates, jin .. ihc. BA 1015 0 








only from associated British Steelmakers. 


STEEL (continued). 


Home. Export 
Guiascow anp District— £ s. d. 2 a.’ di 
MOE See. ass ans nae RY a 9 2°6 
Ta Sock chk. eee at AO a ee 10 2 6 
Joists 93 0.. 9 2 6 
CHAM kn igen ee 5 @ 18 Bins 9 7 6 
Rounds, 3in.andup.... 10.3 0.. 10 2 6 
” under 3in, ao8 850 fx 910 0 
Flats, Sin. and under ... 910 0 .. 910 0 
Plates, jin. (basis) Peas | dan eh 912 6 
» fin. : es, eR ee 917 6 
» tin. 20:0. 8 lo 2 6 
” xin. ... 216,845 10 7 6 
Un. & te fin. incl. ae O88 06, 10 17. 6 
Boiler Plates, jin a Bal ee ee i015 0 
Sourm Wares AREa— £ s. d. £ s. d. 
Angles 8s BBs 9 2 6 
Tees... -10 3 0... 10;;:3 4 
Joists. 2 OR O56 9 2.6 
Channels... ... ... = Cee 9 7 6 
Rounds, 3in. and up . 10 BeBe wr? 6 
” under 3in. 910 0.. 910 0 
Flats, 5in. and under 910 0.. 910 0 
Plates, ~ jin. (basis) 913 0.. 912 6 
pide” abe . CAB oe 917 6 
” tin. ... Ce See 10 2 6 
ig ps 10 8 O.. 10 7 6 
Un, ¥in. to fin. incl. 10 3 0... 10 17 6 
IRELAND—¥F.O.Q. Beast. Rest or IRELAND. 
£ s. d, £s.d 
RE eh ei BR Oe 910 6 
WR. sii a A: ee 1010 6 
Joists Sears fae en 918 0 
Cueshe: ist J at ase: a 915 6 
Rounds, Sin. andup ...10 8 @.. 10 10 6 
* under 3in. ae 8 8 0 
Plates, jin. (basis) 1; 4a: 6. 918 0 
a Bis he 9sy eI, D Bae 10 3 0 
Ore Sa te 10 8 0 
eet fein. . 28S M6 10 13 0 
Un. sin. to sini ined. ky RGR He 10 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £1 £ s. d. 
11-G. to 14-G., d/d -11 10 0... ... f.0.b. 12 10 0 
15-G. to 20-G., d/d 242 15 02.0 On. Fo.b 1? HO 
21-G. to 24-G., d/d 1s OO" i". es se ee 
25-G. to 26-G., d/d wos, de Ae. © nc. , 0s be ee BOO 
South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 


Australia £11 5s. Irish Free State, £13 5s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. Sa: & 
4-ton lotsand up... ... 14 0 0 
2-ton to 4-ton lots Re ee 
Under 2 tons ie? ee @ 


Export : India £16 10s. c.i.f.; South Africa, £15 10s. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £15 17s. 6d. f.o.b. ; 
Sweden, £14 15s.; Irish Free State, £14 15s. f.0.q.; 
General, £15 15s. f.o.b. 
Tin-plates 
20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. to 20s. 9d. 
Tin-plate Bars, d/d Weish Works, £6 2s. 6d. 


Billets. £ s. d. 
Basic (0-33% to 0-41% C.) ‘ hy 4 oe 
» Medium (0-42% to 0-60% C.) ithe 
» Hard 0-61% to 0-85%C.) Se ty fee 
» (086% to 0-99%C.) ... .9 2 6 
és » (1% C. and up) % WT 1 6 
Soft (up to 0- 259% C.), 500 tons and up .. .6 6 0 
Rails, Heavy, 500-ton lots, f.o.t. . 810 0 
is Hes fe4 sae .710 0 
FERRO ALLOYS. 
Tungsten Metal Powder.. 3/14 per lb. 
Ferro Tungsten _ 3/- per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6p.c.carbon £21 10 0 T/- 
” » 6p.c.to8p.c. £21 0 0 7/[- 
» S8p.c.toldpec. . £21 0 0 7/- 
9 » Specially Refined ... 
” » Max. 2p.c. carbon £32 10 0 11/- 
e » Lp.c.carbon £35 15 0 1i/- 
” is » 0°50p.c.carbon £36 10 0 12/- 
” » Carbon-free ... 9$d. per Ib. 
Metallic ehromium.., .. 2/5 per Ib. 
Ferro Mataanees (loess), 16p.c. £11 15 Ohome 
Silicon, 45 p.c. to 50 p.c. £12 0 0 seale 5/- p.u. 
- os TS pe. £17 0 0 scale 6/- p.u. 
» Vanadium... 12/8 per lb. 
» Molybdenum... ‘ 4/6 per Ib. 
Titanium (carbon free) - 9d. per Ib. 
Nickel (per gd < £180 to £185 
Cobalt ... ... 1{/- to 7/1 per lb, 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 
(Official Prices, February 17th). 


Corprzn— 

CR a £658 17. 6to £58 18 9 
Three months ... £58 18 9tof59 0 0 
Electrolytic aie £53 10 Oto £54 10 0 
Best Selected Ingots, d/d. Bir- 

mingham’ ....... £64 5 0 
Sheets, Hot Rolled £91 0 0 

Home, Export. 

Tubes, Solid Drawn (basis) ... 13}d. 13}d. 

»  Brazed (basis) 13}d. 134d. 

Brass— 

Ingots, 70/30, d/d Birmingham £51 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy Ligd. 11}. 
»  Brazed 133d. 133d. 

Tiv— 

ee Bae ee . £231 10 0 to £231 15 0 
Three months ... , £232 10 Oto £232 15 6 

Leap: Cash and Forward £28 6 3 

SPecrer : caw ea a £25 12 6to £25 13 9 

Aluminium Ingots (British) ... £100 to £105 

FUELS. 
SCOTLAND. 

LaNARKSHIRE— Export. 
(f.0.b, meal Unscreened) 17/- to 17/6 
Hamilton Ell : ‘ 18/- 
Splints 20/- 

AYRSHIRE— 

(f.0.b, Ports)—Steam 17/— to 17/6 

FireseIRE— 

(f.0.b. Methil or eet ws 5 
Prime Steam .. ; 17/6 
Unscreened Meviention 17/6 

Loratans— 

(f.0.b. Leith)—Hartley Prime 17/6 
Secondary Steam ... 17/- 
ENGLAND. 

Yor«suire, Soura Hurt— 

B.S.Y. Hards. . 18/6 to 18/9 
Steam Screened 17/— to 17/6 
Nogsraumeeriaxp, NEwcastLe— 
Blyth Best 19/- 
» Second... ... 17/6 to 18/6 
» Best Small ... 14/6 
Unscreened 18/— to 19/- 

DurHam— 

Best Gas... ... 18/6 
Foundry Coke 26/6 to 27/6 

SHEFFIELD— Inland. 

Best Hand-picked Branci ... 27/6 to 29/6 —_ 
South Yorkshire «i. 24/+ to 26/- — 
Seconds ... . 22/- to 23/- a 
Canpirr— SOUTH WALES. 

Steam Coals : 

Best Admiralty ets 24/- to 25/- 
Best Seconds som Tee 22/- to 24/~ 
Best Dry Large 20/— to 25/- 
Ordinaries... 21/— to 23/- 
Bunker Smalls 17/- to 18)~ 
Cargo Smalls ... 16/— to 17/- 
Dry Nuts 29/6 to 30/6 
Foundry Coke 32/~ to 47/6 
Furnace Coke 26/— to 27/- 
Patent Fuel ... 23/6 

Swansza— 
Anthracite Coals : 
Best Large 36/- to 40/- 
Machine- made Cobblee.... 41/- to 48/6 
Nuts oF 40/- to 48/6 
Beans 25/— to 35/6 
Peas Sa 19/— to 23/6 
Rubbly Culm... 12/- to 12/6 
Steam Coals : 
Large Ordinary 19/- to 25/- 





FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of bat biog poe tax of ld. per gallon. 


Ex Ocean Installation. Per Gallon. 
Furnace ‘Oil (0+ 950 ame 3$d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Flood Control. 


WHEN the Seine reached a record flood level in 
1910 and inundated the low-lying parts of Paris, proposals 
for works to avoid any repetition of that disaster included 
the construction of reservoirs for impounding water near 
the flood sources. The idea of such reservoirs had long 
been entertained..fur_the particular purpose of feeding 
canals and maintaining river levels for navigation in times 
of drought, but it was not until 1920, after a succession of 
essere alarms at the rising of the Seine in Paris, that a 
lief in the partial efficacy of reservoirs to combat floods 
led the Department of the Seine to undertake a survey of 
the regions in which they were to be constructed. Mean- 
while, more urgent work had to be carried out in raising 
the embankments to a higher uniform level, removing 
barrages in and around Paris, and replacing them with an 
important sluice barrage at Chatou which can be opened 
fully when necessary, narrowing islands that obstructed 
the waterway and dredging the river to a normal depth of 
3:2 m. between Paris and Rouen. This removal of 
obstructions to the flow of the Seine through Paris has 
diminished considerably the risk of floods within the city, 
and it is only on a few occasions that navigation has been 
stopped during recent years by the height of the bridge 
arches. Nevertheless, in view of ible unforeseen 
contingencies there is hope that the reservoirs will play an 
appreciable part in controlling floods, though certainly to 
a less extent than was at first supposed. As flood reservoirs 
and nothing else, their construction would probably not 
have been undertaken, but it is fully justified by the 
maintenance of inland waterway levels during periods of 
drought, The effect of reservoirs in combating floods is 
regarded as of secondary importance, though not negligible, 
and it is calculated that when the four reservoirs are com- 
pleted, they will reduce the 1910 level of the Seine in Paris 
by 8in. 


The Barrage Reservoirs. 


The main reason why the Department of the 
Seine undertook the construction of the barrage reservoirs, 
with the assistance of the State, was the necessity of 
umping more water out of the Seine. No more pumps can 
fe installed until the present minimum flow of 35 cubic 
metres @ second is increased. Sites for reservoirs are not 
easily found, because they have to be near the affluents of 
rivers, and the land must have an impermeable subsoil 
and be of little value for cultivation. In the upper valley 
of the Seine such sites exist in the granitic region of the 
Morvan and the heavy clay country of the Champagne. 
A start was made on the two smallest reservoirs, the 
Crescent and the Bois de Chaumagon, one on the Cure, an 
affluent of the river Yonne, and the other on an affluent of 
the Cure. The former was completed five years ago, and 
both have proved the correctness of the assumption that 
the low-water level in Paris could be raised to provide 
further supplies to industrial users without interfering 
with navigation. After this success there was no hesita- 
tion in putting in hand the third reservoir, Champaubert- 
aux-Bois, near the Blaise, a tributary of the Marne. A 
depression in the Der forest was cleared and closed in by 
three barrages or rather dykes to impound 23 million 
cubic metres of water supplied on one side by a canal from 
the Blaise and delivered as required to the Blaise lower 
down for discharge into the Marne. The Champaubert- 
aux-Bois reservoir is nearly completed, and preparations 
are now being made to start upon the fourth and largest 
reservoir, with an area of 1300 acres and a depth at one 
point of 150ft. It will impound 82,500,000 cubic metres 
of water. This is the Pannesiére-Chaumard reservoir on 
the river Yonne, in the ment of the Niévre. The 
Yonne is a tributary of the Seine, which will thus be 
directly controlled, and the reservoir will, at the same time, 
augment supplies to the canals and a power station will 
provide 18 million kWh a year. These four reservoirs will 
impound a total volume of 128 million cubic metres of 
water, which will increase the volume of the Seine in Paris 
by 50 per cent. during low-water periods. This completes 
the first part of the , and, if it be found neces- 
sary to proceed further with the scheme, plans are ready 
for the construction of four more reservoirs with a total 
capacity of 278 million cubic metres. It will be observed 
that the utility of the reservoirs for flood control is reduced 
by the necessity of maintaining a minimum level for power 
production. 


The Labour Attitude. 


Two inciderits that have occurred during the 
past fortnight are characteristic of the complications and 
difficulties which beset industry and affect the national 
interest. Workers in the engineering and metal trades in 
the Paris district jimi a 15 per cent. advance. in 
wages as compensation for increased living costs. 
Employers claimed that the collective contract in June 
last fixing minimum wages for a year was inviolable, but 
as the franc was subsequently devaluated, Monsieur Blum 
announced that wages could be adjusted by arbitration 
to any increase in living-costs arising out of that devalua- 
tion. . Living costs have been driven up by causes other 
than devaluated currency, so that workers take no account 
of devaluation and insist upon preserving the margin 
between wages and the total inflation of prices. The super- 
arbitrator awarded the men a wage advance of 8} per cent. 
There is no appeal against that award, but the men will 
not accept it as final, and announce their intention of 

ing a further claim for a 10 per cent. advance. This 
is what employers have always said would happen. The 
other event is the difficulty in arranging with the C.G.T. 
for working seven days a week on the Exhibition, which 
cannot be got ready for May Ist unless everyone shows a 

i to make a special effort. An arrangement has 
been reached whereby the C.G.T. will take in hand the 
recruiting of men for making up extra shifts, in co-opera- 
tion with employers and the ibition authorities, and 
the forty hours’ week will be suspended to allow of work 
being continued on Saturdays and Sundays. Beyond forty 
hours the men must receive higher pay. It is feared that 
recruiting by the C.G.T. will embarrass employers in the 
selection of suitable hands. 





British Patent Specifications. 


When an invention is communicated from abroad the name and 
address of the communicator are pri in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office: 
rth ng go $5. 8 thampton-buildings, Chancery-lane, W.C.2> 
le. . 

The date first given is the date of application ; the second date, 
os the ond @ the cBridgmons, 4 the die of the eccepsonce of th 
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INTERNAL COMBUSTION ENGINES. 


458,700. September 27th, 1935.—TarorrLte 
H. R. Fedden and The Bristol Aeroplane 
Peay = House, Bristol. 

This is an ment for automatically controlling the 
throttle of a supercharged aeroplane engine according to the 
pressure in the induction pipe. The casing of the appliance 
is connected with the induction pipe by the branch A. In it 
there is the barometric capsule B and the servo motor cylinder 
C, which operates the throttle valve. The servo motor is supplied 


Conrrots, A. 
Company, Ltd., 
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with oil under pressure, say, from the lubricating system, 
by the port D, while E and F are exhaust . It is controlled 
by the combined action of the sleeve valve G and the piston 
valve H. The sleeve valve is connected with one end of the 
barometric capsule by the lever J, and the piston valve with 
its other end by the lever K. The piston valve is also under the 
control of the pilot vid the connection L. It will be seen that 
the servo motor is always responsive to the atmospheric pressure, 
but the pilot can always trol the throttle opening by the 
piston valve H.—December 24th, 1936. 





ELECTRICAL APPLIANCES. 


459,163. July 3rd, 1935——-ExLxcrropEs or Etxcrric Dis- 
cHARGE TusEs, W. L. W. Schallreuter, 89, Scrubs-lane, 
London, N.W.10. 

This invention relates to electric discharge tubes of the hot 
eathode type, in which the working tem: ture of the elec- 
trodes ranges from 700 deg. to 1200 deg. Cent. A metal shield, 
which functions both as cathode and as anode until working 
temperature is hed and th fter, continues to function 
as anode surrounds, but is disposed in spaced relationship to 
the emissive portion which is formed as a solid body by pressing 
and heating to a temperature of the order of 1300 deg. Cent. 
a mixture in powder form of the followi inqpetionts in pro- 
portions by weight of the order given saa, ron emitting 
ingredient 40 to 50 per cent., a compound of refractory metal 
20 per cent., a reducing agent 5 per cent to 10 per cent., and an 
ingredient which thermally and electrically is substantially non- 
conductive under working conditions of the electrode is 
chemically inert with regard to the other ingredients and which 
also is of large thermal capacity or specific heat, 25 to 30 per 
cent. As shown in the , there are mounted concen- 
trically within a cylindrical envel A an open-ended per- 
forated metal cylinder B, and a -shaped emitting body C, 





N°459,163 








which latter is centred by an insulating ring D within the 
cylinder B, and together therewith constitutes an electrode of 
self-heating type, internal diameter of the cylinder being 
substantially twice the diameter of the body C. en starting 
the tube, the emitting body, which is tially non-con- 
ducting or an insulator when cold, takes. no in the initial 
discharge, which is carried entirely by the shield, which latter 
then functions as a cold cathode, and, in view of the high cathode 
drop, quickly becomes incandescent, producing a it heat in 
the zone therewithin where the emitting ly C is located. 
Thus the emitting body rapidly reaches the working tem- 
ane metoncey eainrscrandinn es mir organs sree ap eayloveaaae 
perature been attained emitting y; latter acts 
sascualeuapiete id contin ely ne working the anode 
iternating-current ly; us duri i 
drop ie low. It is that the following ingredients 
should be adopted :—. the electron-emitting ingredient, 
barium oxide, 40 per cent.; as the metal compound, 
tungsten carbide, 20 per cent.; as the reducing agent, zirco- 
nium metal, 10 cent.; and as the substantii "Rag gue 
ductive chemi: ro inert ingredient, zirconium oxide, 30 per 
cent.—January 4th, 1937. 
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MACHINE TOOLS ANO SHOP APPLIANCES. 
N°458,469 
458,469. June Ilth, 1936.— BSL argent yi fe 
iver Ser CooLmnc Sy = i 
Device, G. M. Nell, 6201, Si RN | 
Second Boulevard, Detroit. N i N | 
ichigan; and _ Chicago N ; N ? 
Pneumatic Tool Company, Ny | N t 
Pneumatic Build- Nui N 4 
ing, 6, East 44th-street, N a | 
New York, United States NE | SN 
of America. N | N ; 
This is an t for N 7 | N : 
preventing the sets or snaps Ni NN I 
of pneumatic riveting tools Ne ey) i 
from becoming overheated in \’ oi 
operation. The tool is of nor- S, Aes 
design, except that a NZ } = 
p A is bored in the side NN aN 
of the barrel to conduct part of N. Z N 
the exhaust gases to the ports Ni ZN 
BB. These are opened at C on Si AS 
the reaction of the set from the \ Bae 2S 
blow of the piston and the cold 
exhaust is directed on to the \ peer / 
a pet of the set by the oe 
fe D.—December 21st, 1936. Eaneeereteneainaill 
Bee tile 
Ned 





LIGHTING AND HEATING. 


457,797. June 5th, 1935—Execrric Lames, R. A. Coustal, 
Stabe Garibaldi, Saint-Maur (Seine), ane 
The lighting effect of this lamp depends upon the luminescence 
of such substances as zinc por hee 89 when excited by a high- 
frequency current. { The material A is enclosed in a pear-shaped 
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glass or quartz bulb, which has a diameter approximately equa 
to its height, and is highly evacuated. The electrodes for the 
electric circuit are shown at B and C, but may be, either one or 
both, exterior to the bulb.—December 7th, 1936. 


WELDING. 


June Ist, 1935.—ELecrropEes ror Arc WELDING, 
. Sarazin, 46-50, Boulevard d’Asnieres, Neuilly-sur- 
Seine (Seine), France. 

This is a machine for continuously coating electrodes used in 
arc welding with deoxidising reagents. The metal core is supplied 
in the form of wire by the reel A, and first passes through the 
straightener B. It then goes into an extrusion press C filled 


459,132. 
R 
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with the coating material. The entrance te the press takes 
the form of a brake, so that, as the wire is pulled forward by 
the wheel D, it is put. under considerable tension and is kept 
in the centre of the extrusion orifice. This arrangement, together 
with the inclined form of the extrusion press, ensures an even 
coating on the wire. The electrode | are sawn off at E 
and taken away for drying by the conveyor F.—January let, 
1937. 


METALLURGY. 


459,130. May 24th, 1935.—Srriepine Coatines From CoaTED 
Metat Artictes, W. W. Triggs, 57/8, Lincoln's Inn-fields, 
London, W.C.2. 

In this specification it is explained that it is sometimes 
desirable to remove a coating of rhodium plating (or, incidentally, 
one of any of the platinum group of metals) from, say, a silver 
article without damaging the silver. As it is usual m i 
with rhodium first to provide a base coating of nickel, advan 
is taken of this base coating to detach the rhodium. The article 
is put in a bath which will dissolve nickel, but will not affect 
the silver or the rhodium. This solution penetrates through the 
very thin film of rhodium and dissolves the nickel, when the 
thodium flakes off. An — solution is made up as 
follows :—Phosphoric acid, 667 ¢.c.; water, 333 c.c.; aluminium 


sulphate, 56 ; sodium chloride, 56 grammes.— 
December 24th, f936. 


MISCELLANEOUS. 


458,486. July 17th, 1935.—Tus Propvucrion or DisPERsIONS 
or Sotmp Carponaceous Matrer in Om, W. W. Groves, 
30, Southampton-building lion, W.C.2. 

According to this invention, dispersions of coal and oil poor 
in ash and in some cases even free from ash are made in one 
operation in the following manner :—A thick viscous paste of 
water and coal which may be produced by grinding coal in, 
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water in any desired grinding a) tus, for instance, in a tube 
mill er an essthating trios: z Kneaded with about an equal 
quantity of oil (calculated ne: the dry coal) in a kneading 
apparatus so as to form a coherent, plastic mass. During this 
kneading ——e the water contained in the paste of first 
separates sepapletely and may be drawn off. Simul- 
taneously a consi portion of the ash is removed, together 
with the aqueous paste. By a subsequent washing with water 
ing the kneading this ash removal can be anced. B 

adding the oil by di (in two or three portions) and simul- 


taneously washing with water it is possible to diminish the ash |. 


content of the paste of coal to about 0-5 per cent. During the 
entire operation the plastic condition of the dispersion of coal 
and oil is maintained. During the grinding with water the 
hydrophile gangue is thoroughly broken up and wetted. During 
the kneading of the very viscous paste an intensive mixing of 
the water phase and the oil phase is produced by the shearing 
force of the kneading movement, and the ash, together with the 
water, is eliminated from the dispersion of c and oil. The 
separation may be hastened and the extent of the ash removal 
and desiccation may be increased by adding, according to the 
character of the coal and the oil, a small proportion of an acid 
ora base. For instance, the ash removal from, and desiccation of, 
lignite, with the use of lignite tar oils, may be favoured by the 

dition of acids, for instance, hydrochloric acid, sulphuric acid, 
acetic acid, oleic acid, or a phenol. On the other hand, the ash 
removal from, and desiccation of, coal by means of coal tar oil 
is considerably lerated by the p of a small quantity 
of a base, for instance, caustic soda solution, caustic potash 
solution, or aniline. The acid or base may be added to the 
aqueous paste before or during ‘the kneading or to the oil.— 
December Vith, 1936. 


458,152. April 18th, 1936.—DisrimiLine Systems, The Distillers 
Company, Ltd., TF, Torpichen-street, Edinburgh, and 

A. J. V. Underwood, 38, Victoria-street, London, 8.W.1. 
This is a scheme for economising steam in distilling plant 
operated by high-pressure steam, and is claimed to effect a 
saving of about one-third as compared with the usual system 
of using « reducing valve. The process” ists in subjecting 
the hot effluent from the distillation unit to a a evaporation 
at reduced pressure whereby a portion of the sensible heat of 
the effluent is converted into the latent heat of the vapour 
formed, and in then returning such vapour to the unit under 
such conditions that it will condense and give up its latent heat. 
In order to ensure condensation, having regard to the respective 
temperatures and pressures involved, the — of the 





























vapour produced will normally require to raised; the 
N°458,152 
F 
Cc 
-—G 
D 
HA B +" 
/- 
+ 
— 





necessary rise of pressure of the vapour may be produced by an 
ordinary mechanical compressor or by a thermo-compressor 
of the injection type. The base of a steam distillation column 
for alcohol wash concentration is represented at A. The hot 
effluent passes (if desired, but not necessarily, through a pre- 
heater B) to a partial vaporisation vessel C by way of a pipe D. 
Steam for the column A is supplied by a high-pressure supply 
pipe E through a thermo-compressor F, and thence passes 
at suitably reduced pressure by way of the pipe G to the foot 
of the column A. e surface of the hot effluent in the vessel 
C is subjected to the suction of the thermo-compressor F and 
becomes partially vaporised at the reduced pressure, the water 
vapour — (and possibly traces of alcohol) — added 
to the low-p steam passing along the pipe G. The 
rised waste effluent escapes from the vessel C by the 





unva 
pipe H.—December 14th, 1936. 
458,872. September 7th, 1935.—Mzans anD METHOD oF 


Treatine Liquips, The Submarine Signal Company 
(London), Ltd., 9, Victoria-street, London, S.W.1. 

This is an apparatus for producing emulsions, and depends 
for its action on the vibratory action of a diaphragm under the 
influence of an electro-magnet. The gnet is shown at A 
with its electric leads B, and is mounted on a water-cooled base 
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C. itis supplied with alternating current and acts in conjunction 
with an armature D. This armature is fixed to the flexible 
diaphragm E. Above the diaphragm there is a closed space F 
into which the liquids to be emulsified are fed by the funnel G. 
They pass through the narrow space H where they are subjected 
to the “‘ compressional wave energy ”’ of the magnet and thus 


emulsified. The delivery outlet is shown at J.—December 29th, 
1936 
459,065. November 25th, 1935.—Rerractory GLasses, The 


General Electric Company, Ltd., t+ House, Kings- 
way, London, W.C.2, and J. H. Partridge, Research 
Laboratories of the G.E.C., Wembley, Middlesex. 

This invention relates to glasses having high softening 
temperatures and high electrical resistivity. Such glasses, it 
is claimed, may be made with an expansion coefficient between 
5x 10-6 and 3x 10-* per degree Centigrade containing not more 
than 55 per cent. silica ; some lime, but not more than 12 per 
cent., and some zinc oxide, the total of lime and zinc oxide 
together being not less than 13-5 per cent.; not less than 20 per 


cent. alumina, and either no alkali or alkali amounting to 
than 2 per cent.—January Ist, 1937. 





Forthcoming Engagements. 


Secretaries of Institutions, Societies, -c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the — 
of the week preceding the meetings. In all cases the TIME @ 
PLACE at which the meeting is to be held should be clearly stated. 





To-pay. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, 3.W.1. 
Annual general meeting. ‘‘ Ventilation with Air Conditioning 
in Modern Buildings,” E. R. Dolby. 5.30 p.m. 

Inst. of Mrtats: BrauincHam Loca Sxction.—James 
Watt Memorial Institute, Birmingham. ‘* Non-ferrous Weld- 
ing,” H. W. G. Hignett. 7 p.m. 

Junior Inst. or ENGINEERS.—39, Vietoria-street, S.W.1. 
Informal talk on “‘ Surveying,” by E. B. Lockett. 7.30 p.m. 

Saturpay, FeBRvaRyY 20ru. 

NortH or Eneranp Inst. oF MINING AND MECHANICAL 
Enoreers.—Neville Hall, Newcastle-upon-Tyne. ‘* Machine 
Mining in Northumberland and Durham,” A. C. Moonie, 
2.30 p.m. 

Monpbay, Fresruary 22nd. 

Braprorp ENGINEERING Soc.~—Bradford Technical College- 
‘“A New Type of Infinitely Variable Speed Gear,’ M. Carter. 
7.30 p.m. 

Inst. or Etecrricat ENGINEERS : 
—Armstrong College, Neweastle-u 
Rupturing Cap tecti 


Norrs-EastTeRN CENTRE. 
n-Tyne. “ Lay-out and 
vices in Motor Circuits,” 





ity of Pr © 
J. O. Knowles. 6.15 p.m. 
. Turspay, Fes. 23rp. 

ILLUMINATING ENGINEERING Soc.—E.L.M.A. Lighting Service 
Bureau, 2, Savoy-hill, W.C.1.  ‘‘ Diffusion and Shadows,” 
H. Long. 7.0 p.m. 

Inst. or AuToMOBILE ENGINEERS.—James Watt Memorial 
Hall, York House, Great Charles-street, Birmingham. “ Servo 
Mechanisms Used in Automobile Engineering,” 8. H. Grylls. 
7.30 p.m. 

Inst. or Crviz Encineers._-Great George-street, S.W.1. 
““ West Middlesex Main Drainage,’ D.M. Watson. 6 p.m. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN ScoTLAND.—-39 
Elmbank-crescent, Glasgow. ‘‘Road Planning and Con- 
struction in Relation to Safety,” W. H. Budgett. 7.30 p.m. 

SHEFFIELD METALLURGICAL Assoc.—-198, West-street, Shef- 
field, 1. ‘‘ Modern Ideas of Electrical Conduction and Cohesion 
in Metals,”’ Prof. N. F. Mott. 7.30 p.m 

Wepnespay, Fes. 24rx. 

Inst. or Civiz Enorngers: Stupents’ Ssecrion.—Great 
George-street, S.W.1. “‘ The Work of the Metropolitan Water 
Board,” H. F. Cronin. 6.30 p.m. 

Inst. or MECHANICAL ENGINEERS : 
Mappin Hall, St. George’s-square, Sheffield. 
T. C. Macnamara. 7.30 p.m. 

Norru-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS : 





YorKSHIRE Brancu.-— 
“ Television,” 


GrapuaTe Section.—Bolbec Hall, Newcastle-upon-Tyne. 
“ Recent Developments in Industrial Lighting,” J. W. Howell. 
7.15 p.m. 

Royat Soc. or Arts.—John-street, Adelphi, W.C.2.— 


“ Alloys,” Professor W. L. Bragg. 8.15 p.m. 
THurspAy, Fes. 25rH. 

Inst. or ELrecrricaL ENnerxerrs.—Savoy-place, Victoria 
Embankment, W.C.2. ‘‘ Applications and Construction of 
On Load Tap-changing Gear on Transformers,” H. Diggle. 
6 p.m. 

Inst. or Evectricat ENGINEERS: SoutH MIDLAND CENTRE ; 
Inst. or MecHanicaL ENGINEERS: MIDLAND CENTRE; Inst. 
or Crvi. ENcGINgERS: BIRMINGHAM AND District Assoc.— 
Midland Inst., Birmingham. Annual joint meeting. ‘‘ The San 
Francisco-Oakland Bay Bridge,’”’ Prof. J. Husband. 6.30 p.m. 

Inst. or Mecnuanicat Enorngers: NortH-WEsTERN 
Branon.—Engineers’ Club, Albert-square, Manchester. 
*“ Modern Forms of Water-tube Boilers for Land and Marine 
Uses,” Dr.-Ing. F. Munzinger. Read by E. Watson Smith. 
7.15 p.m. 

Inst. oy MecuanicaL Encingers: YorKsHIRE Brancu.— 
Technical College, Great Horton-road, Bradford. ‘‘ Television,” 
T.C. Macnamara. 7.30 p.m. 

Inst. oF SrrucTURAL Enciverers.—Inst. of Civil Engineers, 
Great George-street, 5.W.1. ‘‘ Strength Tests for Cement,” 
Dr. W. H. Glanville. 6.30 p.m. 

Royat AgronavuticaL Soc.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. ‘ Power Measurements in the Air,” 
N. 8. Muir. 6.30 p.m. 

Fripay, Fes. 26TH. 

Inst. or CHEMICAL EnornereRs.—Hotel Victoria, Northum- 
berland-avenue, W.C.2. Fifteenth annual corporate meeting. 
ll a.m. “ Leaching in Theory and Practice,’’ M. B. Donald, 
2.15 p.m. Annual dinner. 7.30 p.m. 

Inst. oF Marine Encinerers.—The Guildhall. 
dinner. 7.30 p.m. 

Inst. or MECHANICAL ENGINEERS : East MIDLANDS BRANCH. 
—Dujon Restaurant, Peterborough. ‘‘ Feed Mechanisms,” 
B. P. Cooper. 7 p.m. 

Inst. or MecuanicaL Encrneers.—Storey’s-gate, S.W.1. 
Educational Group. “The Training of Apprentices for Crafts- 
manship,” A. P. M. Fleming. 6 p.m. 

Inst. or Srrucrurat Encingers: Miptanp CouNTIES 
Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘Soil Mechanics and Concrete 
Pile Driving,’”’ M. J. C. McCarthy. 6.30 p.m. 

Junior Inst. or Encineers.—Princes Galleries, Piccadilly, 
W.1. Institution dinner. 

Nortx-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. “ Vibration in Engine 
Structures,” L. J. Le Mesurier and R. Stansfield. 6 p.m. 

Saturpay, Frepruary 277TH. 


Royat Inst.—21, Albemarle-street, W.1. 

Negative Electrons,” Lord Rutherford. 3 p.m. 
Monpay, Marcu Ist. 

Inst. or MEcHANICAL ENGINEERS: WESTERN BrancH.— 
Merchant t ’ Technical Co! , Bristol. ‘“‘ The Main and 
Auxiliary Machinery of the “ Queen Mary,’ ” J. Austin. 7.15 p.m. 

Royat Soc. or Arrs.—John-street, Adelphi; W.1. “ The 
Physics and Chemistry of Paintings,” F. I. G. Rawlins. 8 p.m. 

WeEpDNEsDAY, Marcu 3xp, AND THURSDAY, Marcu 4TH. © 

First INTERNATIONAL ELECTRODEPOSITION CONFERENCE,— 
British Industries House, W.1. 

THorspay, Manon 41x. 

Inst. or British FoUNDRYMEN: SHEFFIELD AND DisTRICT 
Brancu.—King’s Head Hotel, Sheffield. ‘‘The Manufacture 
of Iron and Steel Castings in Green Sand,” C. J. Dadswell, T. R. 
Walker, and F. Whitehouse. 7.30 p.m. ; 


Annual 
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Inst. oy MecuanicaL ENGINEERS: Scottish Branou.— 


Royal Technical College, Glasgow, ‘‘ The Work of the National 
Physical Laboratory with Special Reference to Engineering,” 
H. J. Gough, 7.30 p.m. 


Fripay, Marcu 5ru, 

Inst. or MecuantcaL EncinEgRS : East MipLanps BRANCH. 
—College of Seaclony, Leicester. ‘The Expectations of 
Aircraft Design,’ N. A. V. Piercy. 7 p.m. 

Inst. or Mecuanicay ENGIneErs,—Storey’s-gate, 5.W.1. 
Informal meeting. ‘‘ War-time Supply of Liquid Fuels,” H, A. 
Humphrey. 6.30 p.m. 

Junior Inst. or ENGINeERS.-39, Victoria-street, S.W.1. 
“ Street Fire Alarm Signalling,” L. E. Calvo. 7,30 p.m. 

MancuestTerR Assov. oF EnGINnEERS.—Grand Hotel, Aytoun- 
street, Manchester. Annual dinner and dance. 7 p.m. 

Monvay, Marom 8TH. 

Inst. or Transport.—Inst. of Electrical Engineers, Victoria 
Embankment, W.C.2.. ‘‘ Notes on Commercial and Operating 
Aspects of Trollybus Operation,” T, E. Thomas. 5.30 p.m. 

Tuespay, Maren 9ru. 

Inst. or MecHANICAL ENGINEERS : SoutTH WaLEs Brancu.—— 
Royal Metal Exchange, Swansea. ‘Modern Developments in 
Application of Electric Welding,” J, H. Paterson. 6 p.m. 

Wepvespay, Marcu l0rs. 
Inst. or Wetpinc.—Inst. of Mechanical Engineers, Storey's- 
te, 8.W.1. “The X-ray Examination of Welds,” V. E. 
i 6.30 p.m. 

Wepnespay, Marcu 10Tn, anp Tuurspay, MAxrcn |irH. 

Inst. or Metats.—Inst. of Mechanical Engineers, Storey’s- 
gate, 8.W.1. Annual general meeting. Programme, page 170. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Mr. Ropert ANDERSON MacGrecor, M.!I. Mech. E., has 
been appointed by the Government of India as Metallurgical 
Inspector in the Indian Stores Department. 


Bremincuam Execrric Furnaces, Ltd., has acquired, by 
an agreement with G. Siebert G.m.b.H., sole manufacturing and 
ey rights in the Kaercher electrically heated salt bat for 

reat Britain and the British Empire (except Canada). 

A. C. Wickman, Ltd., Coventry, has been appointed sole 
agent in Great Britain and Ireland for the te: A: poured and 
balancing machines made by Messrs. Losenhausenwerk, Diissel 
dorf, Germany. 


Mr. Artuur Dansre, assistant secretary of the Institution 
of Naval Architects, will retire at the end of February after 
forty-four years’ service in the Institution. At the Council 
dinner on February llth, the President, the Rt. Hon. Lord 
Stonehaven, on behalf of the Council, made a presentation to 
Mr. Dansie in recognition of his long services to the Institution. 








CONTRACTS AND ORDERS. 
The Bditor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest reader. 





Tux WestineHousr Brake anp Siena Company, Ltd., 
has received a contract for the battery-charging equipment 
for the fire appliance batteries at the new L.C.C. Fire Brigade 
Headquarters. This equipment will be of the metal rectifier 
type, and will be supplied ae the electrical contractors, 
the Bower Engineering Works (Electrical and General), Ltd., 
14, Nicholas-lane, E.C.4. 


Ransomes anp Raprer, Ltd., Ipswich, have secured from 
the tian Government a £210,000 contract for the construc- 
tion of sluice gates for the new M y » which 
is being built at a cost of £2,260,000 at the junction of the Nile 
north of Cairo. Ninety-four pairs of sluice gates and six power- 
operated machines for use with the gates are to be built. The 
work will pooge wae rage eer pebewenes. Aly 
Barrage is i to t e ° existing tta 
and Damietta barrages. Work has been proceeding on it since 
last October. 

Tue Generat Etectric Company, Ltd., has received an 
order for part of the i ersgcad for a mill for rolling hot and cold 
7 and tin-plate, which is to be installed by Richard Thomas 

Co., Ltd., at Ebbw Vale. The complete order has been 
divided between certain prominent British firms. At the 
Fraser and Chalmers Engineering Works, the G.E.C, will uce 
approximately 3000 tons of mechanical plant to wings 
supplied by the United Engineering Company, of America. 
This machinery will consist of the cold rolling section of the 
scheme, which includes three skin pass mills (comprising six 
housings, each of 56 tons), shearing line, and a number of 
coilers, de-coilers, shears, ing device, and all auxiliary 
apparatus in connection with the manufacture of cold roll sheet 
and tin-plate. The electrical equipment, which is being manu- 
factured at the G.E.C. Witton ineering Works, Bir- 

ingham, includes the motors for the cold strip mill, of which 
the most important are three D.C. machines, each of 1500 H.P. 
output. In addition, the electrical plant to be built at Witton 
includes a number of motors for the continuous hot strip mill, 
motor control oe 2000-kVA transformers, two 11,000- 
volt remote ¢ ically controlled metal-clad switchboards, 
and over 100 D.C. reversible steel works motors for driving mill 
auxiliaries. 











Bertin Motor SHow anp Lerezic Fair.—At the meeting 
of the Engineers’ German Circle, held on Monday, February 
15th, it was announced by Dr. Davies that a large number of 
engineers from various of the country are visiting the 
Berlin Motor Show and Leipzig Fair. The main party will 
travel in the North German vd liner “ Bremen,” leaving 
Southampton on the morning of Thursday, February 25th. It 
is aL to meet several engineers from America who are 
travelling from New York in the “ Bremen.” 

Direset Encine Users Association ANNUAL DINNER.— 
The annual dinner of the Diesel Engine Users Association took 

lace at Pagani’s Restaurant on Wednesday evening, February 
if , and over 120 members and attended. The chair 
. T. Hornbuckle, President of the Associa- 
tion. The toast of ‘ The Association ”’ was ably proposed by 
Dr. 8. F, Dosey of Lloyd’s i of Shipping, and the Pre- 
sident mded. i pleasure was given by the 
presence of Mr. Percy Still, who served the Association for more 
than twenty-six years as its honorary secretary, and who did 
so much in the early days of the oil engine to her its work. 
Mr. Percy Still peopeustl ths toast of “‘ Guests,”’ and in the 
absence of Mr. J. Kewley, Mr. W. Roylands Cooper replied. 
After dinner there was an opportunity for further conversation 
and exchange of views between oil engine builders and users. 
and a very pleasant evening was spent. 
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British Iron and Steel Federation. 


On Thursday, February 18th, the annual dinner 
of the British Iron and Steel Federation was held in 
the Great Hall at Grosvenor House, with the President 
(Colonel Sir Charles Wright) in the chair. The 
attendance appeared to be up to the capacity of the 

‘ vast hall, and must therefore have approached, if it 
did not exceed, one thousand. The evening was made 
notable by a very remarkable oration—that is the 
right word—delivered by Mr. Winston Churchill. 
The toast he proposed was that of “ The Iron and 
Steel Industry,” and he had no difficulty in introduc- 
ing into it a strong and stirring eulogy of the Defence 
Programme. He spoke particularly of the vital 
importance of a great Navy and stressed the point 
that whatever the progress of aeronautics might be, 
our huge Empire could not be held together without 
a Navy strong enough to ensure the peace of the seas. 
No part. of his speech was more heartily applauded 
than this, but throughout it breathed a confidence in 
the high destiny of Great Britain and her ability to 
fulfil that destiny, and so stirred the audience that 
he had over and over again to rise to his feet and bow 
his acknowledgment of the applause. The response 
was made to this speech by Sir Charles Wright, quite 
briefly, and then Sir Robert Horne proposed ‘‘ The 
Guests ”’ in a speech which was equally composed of 
humour and seriousness. As an old Chancellor of the 
Exchequer he spoke of the vast sum, £1,500,000,000, 
which is to be expended on rearmament, commended 
the decision of the Government to raise many millions 
by loan instead of direct taxation, said that the 
country could find the money without difficulty, and 
pointed out that very nearly all of it would be re- 
spent in this country itself, and a great part of it in 
the Special Areas. He concluded with a reference to 
the good work done by Sir Charles Wright. The 
President having responded in a few words, the 
tables broke up and general conversation ensued. 


The Chairmanship of Vickers Ltd. 


Ir is officially announced by Vickers, Ltd., that 
General the Hon. Sir Herbert Lawrence, G.C.B., has 
expressed his desire to be relieved of his duties as 
chairman of the company from the conclusion of the 
forthcoming annual general meeting of the company. 
General Lawrence will, we are informed, retain his 
seat on the board for the time being. He will be 
succeeded as chairman of the company by Mr. A. A. 
Jamieson, who has been *; member of the board for 
over eight years. Generel Sir Herbert A. Lawrence, 
who has been the chairman of Vickers, Ltd., since 
1926, is a managing partner of Glyn, Mills and Co., 
and is chairman of the Bank of Roumania. He is, 
further, a director of the London, Midland and 
Scottish Railway Company, the Sun Insurance Office, 
the Sun Life Assurance Society, and Dalgety and Co., 
Ltd.; he is also chairman of the London Committee 
of the Ottoman Bank. Mr. Jamieson is a director 
of eleven companies, and is a member of the London 
Committee of the Ottoman Bank ; he is also on the 
board of the Union Discount Company of London, 
Ltd., Robert Fleming and Co., Ltd., and six trust 
companies, including the Metropolitan Trust Com- 
pany, Ltd. 


A Beopoced Minteiel Gubcliaew Testing 
Station. 


THe Department of Scientific and Industria’ 
Research has under consideration a proposal, put 
forward by a number of switchgear manufacturers, 
that a national switchgear testing station should be 
established for proving designs of switches up to a 
normal rating of 250,000 kVA. While there are a 
few private stations capable of carrying out tests up 
to considerably higher ratings than this, representa- 
tions have been made that there is a serious lack of 
facilities for the independent testing of the smaller 
sizes of switchgear made by a number of manufac- 
turers. It is proposed that the station should be 
established at the National Physical Laboratory so 
that reports on tests would carry the Laboratory’s 
hall-mark. The estimated cost of the plant and build- 
ings is about £70,000. While the primary object would 
be the proving of designs of switchgear, requiring 
a generator capable of providing outputs suitable for 
switches having ratings up to 250,000 kVA, it is not 
unlikely that there may be a demand for tests at 
considerably smaller ratings and voltages, such as 
would be applicable to various types of fuses, and if 
this were the case it might be economical to install 
plant of smaller size for work of this kind, so that the 
requisite tests could be carried out at lower cost. 
Although it has been estimated by switchgear makers 
that the amount of work given would cover the main- 
tenance costs and charges for depreciation, a guarantee 





of £7500 per annum for ten years is regarded as 
necessary if the Government is to be approached with 
success. The views of electrical manufacturers and 
of others directly or indirectly interested are sought 
on the following questions :—(a) Is there a general 
need for a testing station of the kind proposed ; 
(6) is it desirable that it should be under Government 
control so that the certificates would carry the conse- 
quent authority ; (c) assuming that the answers to 
(a) and (6) to be affirmative, is it to be expected that 
in time it will become general practice for users to 
require, from manufacturers, evidence of proof tests 
of switchgear and fuses ; (d) will certificates of type 
tests.be likely to assist export trade; (e) are you 
prepared to take part in providing a guarantee fund ? 
After receiving replies, preferably not later than 
March 20th, the Department of Scientific and Indus- 
trial Research proposes to issue a more detailed 
questionnaire concerning the various aspects of the 
subject. 


The New American Battleships. 


AccorDING to an official announcement, the two 
new United States battleships, which are to be laid 
down in June next, will be propelled by geared steam 
turbines instead of the electric drive, comprising 
generators and motors, which was fitted to the last 
five battleships constructed for the United States 
Navy, and also the two large aircraft carriers the 
“Lexington” and “Saratoga.” It is stated by 
Rear-Admiral H. G. Bowen, the Engineer-in-Chief of 
the American Fleet, that by adopting geared steam 
turbines instead of the electric drive, a saving of 
20 to 25 per cent. in space and in weight can be 
effected. This saving in space and weight is to be 
utilised to provide a higher speed, with a heavier 
armament and improved armoured protection, along 
with a greater aircraft-carrying capacity. The 
battleships are restricted by Treaty to 35,000 tons, 
and it is understood that the propelling machinery is 
to be designed for a speed of from 26 to 27 knots. 
The guns will, in all probability, be arranged in three 
turrets, and, depending on Japan’s attitude towards 
the Treaty agreement to limit the calibre to l4in., 
either twelve 14in. guns or nine 16in. guns will be 
mounted. The twelve 14in. guns will, if adopted, be 
mounted four in a turret, a system first employed in 
the French battleship “‘ Dunkerque,” while if 16in. 
guns are decided upon, then an mt of 
three guns in a turret, as in the ‘“ Nelson ” and the 
‘“‘ Rodney,” is likely to be followed. The two new 
battleships will replace older ships in accordance with 
the replacement programme decided upon in Wash- 
ington last year. 


Engineers and the Territorial Army. 


At a meeting of employers in the City of London, 
held at the headquarters of the London Regiment at 
Finsbury-square, E.C., on Friday, February 19th, 
some 600 directors of engineering and industrial firms 
were present. The meeting was presided over by 
Lord Hirst of Witton, and a resolution was passed :— 
“That every employer shall personally interest him- 
self in securing that 5 per cent. of his male employees 
enlist in the Territorial Army, and particularly that 
employees with training in any branch of engineering 
shall enlist in an appropriate unit.” It was also 
agreed that an appeal should be made to the Lord 
Mayor of London to hold a meeting in the City 
to secure co-operation between employers in bringing 
London Divisions of the Territorial Army up to 
strength. Lord Strathcona, Under-Secretary for 
War, spoke of the difficulty of providing technicians 
and skilled mechanics in the Territorial Army. He 
stated that in London there was a shortage of 90 per 
cent. in these categories, although all they were asking 
for was 100 foremen and 1850 skilled men. It was 
stated by Major G. Lillywhite that the types of tech- 
nical men most needed were journeymen tradesmen, 
such as blacksmiths, electricians, fitters, welders, 
and moulders in the operating units, and men of the 
foreman and charge-hand type in the Ordnance 
workshops. 


Safety in Mines. 


Tue Royal Commission on Safety in Coal Mines 
resumed its sittings at Caxton Hall, Westminster, on 
Monday and Tuesday, February 22nd and 23rd. At 
Monday’s meeting the chairman, Lord Rockley, said 
that a suggestion had been made that the Coal Mines 
Act should be amended to bring the mine owner into a 
position similar to that of a factory owner under the 
provisions of the Factory Act. Evidence was given 
by Sir Evan Williams, who spoke on behalf of the 
Mining Association of Great Britain. Sir Evan said 
that under the present law an owner was debarred 
from taking part in the technical management of a 





mine, unless he possessed a competent manager’s 
certificate. An amendment to the Act would, he 
felt, prove an unfair embarrassment to the mine- 
owner. It was contrary to British law that the owner 
could be made responsible for matters over which he 
had no control. The owners agreed with the view that 
no person in authority over the manager should be 
entitled to interfere with the technical management 
unless he was qualified by a first-class certificate of 
competency. Sir Evan further suggested that the 
law should be altered to prevent “‘ common informers”’ 
bringing cases for personal breaches of the Act. Only 
Divisional Inspectors of the Mines Department should 
be allowed to instituté proceedings. With regard 
to training managers, Sir Evan said that owing to the 
difficulty of getting practical experience, the manage- 
ment of mines was largely in the hands of men who 
had begun as ordinary workers underground. The 
School of Mines in Birmingham had endeavoured to 
attract public school boys, and he thought that the 
possession of a Cambridge engineering degree should 
be admitted in the examination for managers’ 
certificates. In his evidence on Tuesday, Sir Evan 
dealt with ventilation underground, and the detection 
of fire-damp. He did not regard automatic detectors 
as satisfactory or reliable. The Mining Association 
was of the opinion, he said, that the investigations 
into difficulties orcurring in deep and hot workings 
should be continued. Im general, it held that the 
electricity regulations were adequate to ensure the 
safe use of electricity in mines. The Commission 
adjourned. 


Deterioration of Structures in Sea-Water. 


THE sixteenth (interim) report of the Committee 
of the Institution of Civil Engineers on “ Deteriora- 
tion of Structures of Timber, Metal, and Concrete 
Exposed to the Action of Sea Water,” has just been 
published by the Stationery Office, price 6d. net. 
The report picks up from the time of the fifteenth 
report in 1934 the detailed story of the investigations, 
and their subsequent progress. An account is given 
of surviving test pieces of timber exposed at various 
stations in this country and the Empire, the work 
during the period 1933 to 1936 being reviewed by 
Professor George Barger. Professor 8. M. Dixon 
contributes a note on his inspection of timber in 
Takoradi Harbour on the Gold Coast. Dr. Newton 
Friend discusses galvanising and shows that in some 
commercial coatings the amount of zinc is very small. 
In a section by Dr. Stradling, the deterioration of 
reinforced concrete test pieces in sea-water is dis- 
cussed, and the results of tests show that no one 
cement shows marked superiority. These tests are 
to be continued. As regards high-alumina cements, 
marked superiority is shown, and a report on the 
inspection of a reinforced concrete wharf at Kinloch- 
leven is presented by Mr. Halcrow. The report con- 
cludes with a résumé of marine piling investigations 
carried out in the United States of America, and an 
abstract of a paper by Mr. G. Smitt and Mr. P. Palen 
on the methods of preparation and the application of 
coatings containing Portland cement with an admix- 
ture of arsenious oxide, sand and water. 


Portsmouth’s Empire Air Base. 


In a Journal note of January 8th we mentioned 
the scheme prepared by the Docks and Airports 
Committee of the Portsmouth Corporation for the 
establishment of an air base for Empire services at 
Langstone Harbour. On Tuesday, February 23rd, 
at a special meeting of the Portsmouth City Council, 
the proposal of the Docks and Airports Committee 
to construct the airport on the barrage principle 
was accepted. It will be built at an estimated cost 
of about £1,221,452, towards which the Government 
has offered a grant of 50 per cent. up to a maximum 
sum of £600,000, and a further guarantee of an annual 
income of £30,000 for the first fifteen years. The 
chairman of the Committee, Councillor A. Johnson, 
in moving the adoption of the recommendation, said 
that if the scheme were adopted there would be no 
increase in rates, as if part of the present airport 
were to be sold, the rate charge of 34d. in the pound 
mentioned in connection with the barrage scheme 
would disappear. There was, in fact, a reasonable 
expectation that the rates would benefit. If the 
Committee’s recommendation was adopted Ports- 
mouth would benefit enormously by becoming the 
largest maritime air base in the Empire as well as 
the largest naval base. An amendment that the 
Corporation should lease the land to the Government 
and place the results of its preliminary work at the 
disposal of Imperial Airways was defeated by forty- 
five votes to ten. The recommendation of the Docks 
and Airports Committee was adopted by a majority 
of two votes, twenty-nine members of the Council 
voting for the scheme and twenty-seven against it. 
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The Principles 


and Practice of 


Automatic Control. 


No. VI. 
(Continued from page 205, February 19th.) 


THE SPERRY GYRO-PILOT. 


HE Siemens autopilot for aircraft presents us 
4 with a straightforward application of the general 
principles of automatic control. Taking any one of 
the three axes it consists, as we have seen, of an 
angular displacement and an angular velocity detector 
the indications of which are added together alge- 
braically to give a joint signal, the strength of which 
determines the’ instantaneous deflection of the rudder 
or other control organ. The equipment is open to 
criticism on the score of its mechanical and electrical 
complexity and of its weight. 

Other forms of automatic control equipment aim 
at achieving simplicity and lightness by resting con- 
tent with a less complete attempt to fulfil the require- 
ments of the general principles. A very good example 
of the simplification which may be attained without 
seriously affecting practical performance is provided 
by the Sperry “‘ gyro-pilot ” or automatic helmsman 
for steermg ships. This system achieves simplicity 
by omitting the angular velocity detector. ‘The only 
detector employed is the ship’s gyro-compass and 
hence the only quantity detected is the angular dis- 
placement of the ship off its set course. The signal 
so received is transmitted to the rudder but by the 
introduction of a controlled amount of lost motion in 
the follow-up mechanism the deflection of the rudder 
is modified in a manner which may be held to com- 
pensate for the omission of a velocity detector and 
the additional rudder movement which it- would 
initiate. In effect the arrangement amounts to the 
substitution of what is little more than a loose joint 
for a train of complicated mechanism. This simpli- 
fication of mechanical detail has however been 
attained at the expense of importing considerable 
difficulty into the analytical study of the action of the 
system. Thus Dr. A. L. Rawlings, speaking as one 
of the Sperry Company’s engineers, has described the 
lost motion device as “an unscientific dodge which 
de‘ies mathematical computation.” Be that as it may 
the action of the system, as we are now about to show, 
can readily be followed, on a qualitative basis, by 
means of a semi-graphical process of attack. It may 
here be remarked that to the best of our knowledge 
the Sperry Company has never published a complete 


of amount y in either direction in the connection 
between the detector and servo-motor valve. The 
counterpart of this additional lost motion is present 
in the Sperry equipment. Its function will be dis- 
cussed in due course, but for the time being we will 
assume that this connection is rigid. 

To study the action of the Sperry gyro-pilot as 
represented by this simplified equivalent arrange- 
ment we might investigate from first principles the 
form of recovery path which the ship would follow 
if the detector were responsive to the angle of depar- 
ture § of the ship from its set course, ing due 
allowance for the fact that the resultant deflection 
of the rudder would be modified by the existence of 
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the lost motion in the follow-up link. If the lost 
motion exercised the function claimed for it, our 
investigation ought to show that the form of the 
recovery path would be a decaying oscillation. This 
direct method of attack presents analytical diffi- 
culties which no doubt justify Dr. Rawlings’ remark 
quoted above. 

Under the alternative method which we propose 
to follow, instead of endeavouring to find, from the 
given mechanical particulars, the form of recovery 
path which the ship will follow, we will assume that 
that path is a decaying oscillation of the desired form. 
Thereafter we will derive a curve which will show the 
value which the rudder moment would have from 
instant to instant if the ship followed the assumed 
path and if the rudder deflection were determined 





by the detection of the angle of departure 6 and were 
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It will be assumed that thereafter the ship does 
actually follow the recovery path shown in the 
diagram. . Measuring the slope of the tangent to 
the curve (a) at various points we can plot the 
curve (6) showing the angle of departure from the set 
course at any instant. Strictly speaking the hori- 
zontal scale of curve (a4) represents distance as measured 
along the line of the set course whereas curve (6) 
is, or ought to be, plotted on.a time basis. “It is neces- 
sary to assume, as previously mentioned, that at all 
points on the recovery path the ship’s velocity resolved 
parallel with the set course is constant. On this 
supposition the time scale of curve (6) will be pro- 
portional to the distance scale of curve (a) and by a 
suitable choice of the numerical values attached 
to the scale divisions we may, as in the diagram, 
align corresponding instants beneath corresponding 
distances. 

The detector responds to the angles of departure 
represented by curve (6) and if there were no lost 
motion in the follow-up link the rudder deflection at 
any instant would be proportional to the departure 6 
signalled by the detector. The corresponding rudder 
moment curve would be of the form shown at (c). 
We have now to consider the manner in which this 
rudder moment curve is modified by the presence 
of the lost motion. Our studies in this respect must 
begin at the point A at which the transient accidental 
force starts to act. The actual recovery path com- 
mences at B but by the time the point or instant B 
is reached the lost motion device has already made 
its presence felt. 

Assume that at the point A all parts of the gear 
are in their centralised positions. It is evident from 
Fig. 13 that until the rudder has moved through some 
initial angle » which is just sufficient to stretch the 
follow-up link by the amount x the valve casing will 
remain stationary and will not follow the movement 
of the valve produced by the detector. This initial 
movement 9 of the rudder is therefore uncontrolled 
in the sense that its amount and the speed at which it 
is executed are not dependent in the usual way upon 
the extent to which, or the rate at which, the detector 
moves the valve. The magnitude of 9 is determined 
by the amount of lost motion 2 in the follow-up link. 
The time required for its production is determined 
by the pressure of the working fluid admitted to the 
cylinder and the mass and resistance to motion of the 
rudder and the parts connected to it. The pressure 
being sufficiently great, the time occupied by the 
initial deflection @ can be made as near zero as we 
please. We will take it actually to be zero although in 
practice it must be finite. On this assumption, as 
shown at (d) in Fig. 14 the rudder moment grows 
suddenly at A from zero to some value A D propor- 
tional to the initial deflection 9. 





The follow-up link being now fully stretched this 
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FIG. 14—GRAPHICAL STUDY OF THE EFFECT OF THE Lost[{ MOTION IN THE 


explanation of the action of its gyro-pilot.. In some 
minor respects that which we are about to give may be 
found slightly at variance -with the brief, more or 
less popular, accounts which have previously appeared. 

Without for the moment confusing the issue by 
describing the actual constructional details of the 
Sperry gyro-pilot let us adapt the simple ‘servo- 
motor rudder control shown in Fig. 8 ante to the 
Sperry principle by introducing a certain amount of 
lost motion, as in Fig. 18, in the link connecting the 
tiller to the servo-motor valve casing. When the 
rudder and valve casing are centralised the pin and 
slot by which the two parts of the follow-up link are 
connected are to be supposed to permit a certain 
amount of lost motion « in either direction. In the 
diagram we also indicate the existence of lost motion 


modified by the lost motion. Finally, this curve of 
rudder moments will be compared with that which 
we already know from first principles should hold 
good for the ship on the assumed path. The extent to 
which the two curves agree or disagree will reveal 
the extent to which the lost motion device is a 
satisfactory substitute for a velocity detector and 
the additional rudder deflection which it would 
initiate. 

In Fig. 14 curve (a) represents in. a general way the 
form of recovery path which we ire the ship to 
follow after it has been disturbed from its set course 
by some accidental force beginning its action at A 
and ending it at B. When the force ceases to act 





at B it leaves the ship momentarily travelling in the 





direction BC at some angle 9, to the set course. 
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initial uncontrolled movement of the rudder will be 
succeeded by a controlled movement during which 
the casing will follow the valve in the normal manner. 
The remainder | of the deflection will therefore pro- 
ceed in strict proportionality with the angle of 
departure § signalled by the detector. Hence the 
rudder moment curve during the controlled stage 
may be represented by displacing, as at DE, the 
portion A B of the P 6 curve bodily downward through 
a distance A D. 

At the point B as shown by the curve (b) the angle 
of departure 6 ceases to increase and starts to decrease. 
The detector responding to this change starts to 
return the valve to the right, the pressure distribu- 
tion in the cylinder is reversed and the rudder begins 
to return towards its centralised position. It is 
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evident, however, that until the link has been com- 
ptessed by the amount 2 2 the valve casing will not 
begin to follow the retreat of the valve. In other 
wofds until the rudder deflection has decreased to 
e+ —2 9, or Y—@, the rudder motion will again be 
aphid led by the detector. We again assume that 
the time occupied by this uncontrolled rudder 
movement is zero and therefore conclude that at 
E Fig. 14 (d) the rudder moment falls suddenly by 
an amount E F .which will bring the curve as far 
above the P 6 curve as previously it was below it. 

Succeeding this second uncontrolled movement 
the rudder motion again passes under the control of 
the detector and the rudder moment curve becomes 
F G obtained by displacing the corresponding part of | 
the P 6 curve upwards through a height BF. The | 
controlled motion ceases at G at which point or 
instant the direction of swing of the ship once again 
changes with the result that there is a sudden drop 
G H in the rudder moment curve. 

Repeating this process at each point at which the 
swing of the ship changes direction we get the stepped 
rudder moment curve shown at (e) Fig. 14. Smoothing 
out the steps in the curve we see that the smoothed 
curve bears to the P 6 curve a relationship which is 
broadly similar to that shown in Fig. 5 ante between 
the P d+-Q v curve and the Pdcurve. We therefore 
may say that the addition of the lost motion device 
modifies the P § curve into a colourable imitation of 
the P 6+-Q @ curve of total rudder moment which is 
demanded if the ship is to follow the assumed recovery 
path. It will be noted that the action of the lost 
motion device does not result in the derivation of the 
Q curve by itself but in the derivation of a curve 
representing the addition of the P 6 and Q w curves 
in the form in which that resultant curve is directly 
applicable to the steering of the ship. The device 
therefore not only eliminates the necessity for a 
separate angular velocity detector but replaces the 
mechanism by means of which the signals of that 
detector would be combined with the signals of the 
detector of angle of departure. 

On critical examination it must be admitted that 
the smoothed curve is not a wholly satisfactory sub- 
stitute for the ideal resultant, or total rudder moment, 
curve demanded by the form of recovery path which 
we have assumed the ship to follow. The form of the 
smoothed curve is to some extent influenced by the 
scale on which the diagrams have been drawn and 
upon the process of smoothing employed. 
Nevertheless the graphical method of investigation 
which we have followed is sufficiently independent 
of these two factors to enable us to draw one or two 
general conclusions. In the first place there is revealed 
in Fig. 14 (e) a slight dissimilarity between the period 
of the smoothed curve and the period of the P 9 curve 
whereas as judged by the standard provided by 
Fig. 5 the two periods ought to be identical. The 
period of the smoothed curve is somewhat shorter 
than that of the P 6 curve and there is some slight 
evidence that it is not strictly constant as a true 
period should be. Secondly the smoothed curve 
shows from left to right an increasing tendency to 
depart from the P 6 curve whereas from Fig. 5 it 
ought to show an increasing tendency to approach it. 
Thirdly while the process of smoothing out the steps 
may be justified in the earlier portion of the curve 
it appears to become increasingly unjustified as we 
pass towards the right. We deduce from these facts 
the conclusion that with the lost motion device in 
action the assumed recovery path will be followed 
with fair approximation during the earlier stages 
but that in the later stages the actual path may show 
some departure from the assumed form. 

It may here be pointed out that the smoothed 
curve would approach nearer to the ideal requirement 
if the steps instead of being of constant height were 
progressively reduced as we passed: from left to 
right, that is to say if the amount of lost motion in 
the follow-up link were caused to diminish as the ship 
progressed on the recovery path. It is conceivable 
that the detector might be caused to relay its signals 
to a lost motion adjusting device in such a way that 
the amount of lost motion would be caused to vary 
proportionally with the maximum angles of swing 
signalled by the detector. The effect of adopting 
this procedure is indicated in Fig. 14(f). (In drawing 
this diagram we have found it necessary for the sake 
of clarity to double the amount of lost motion at the 
start of the recovery path.) It will be noted that the 
smoothed curve is now a very close approximation, 
throughout the whole of its length, to the standard 
required as established by Fig. 5 ante. 

It might be objected that since the lost motion 
adjusting device would have to take cognisance of 
the maximum values of the signals received from the 
departure detector it would involve the use of a 
velocity detector or, if not, of mechanism little if 
anything less complex in its nature than a velocity 
detector. To employ such a device would be to defeat 
the prime object of the lost motion arrangement, the 
achievement of mechanical simplicity by the elimina- 
tion of a velocity detector. In the Sperry gyro-pilot 
no provision is made for automatically varying the 
lost motion in the manner we have indicated. Its 
amount can be adjusted but only manually and 
solely for the purpose of meeting changes in the 
condition of the sea or ship. A little study will 
show that adjustment of the lost motion is equi- 
valent in effect to variation in the value of the ratio 


| ship during the later stages of the recovery when the 





of the proportional constants which we have desig- 
nated P and Q. 

Our graphical method of investigation does not 
permit us to determine the effect exercised on the 
ship’s course by the departure of the smoothed curve 
from perfection. All that we can say is that there is a 
departure from perfection and that as a consequence 
the recovery path, in its later stages at least, will 
not have the form which we assumed it to have. The 
discrepancy, it will be noted, affects the path of the 


initial angle of departure has been considerably 
reduced. Taking the worst possibility therefore we 
may say that the recovery path will in its earlier 
stages be of the desired decaying oscillation form 
but that in the later stages it may change into a 
sustained oscillation of small amplitude about the 
set course. That the possibility of the occurrence of 
such a sustained residual oscillation is inherent in the 
system seems fairly obvious but whether its magni- 
tude would be of serious consequence is a question 
beyond the powers of analysis to determine. In 
practice any tendency of the automatic steering equip- 
ment to set up a sustained residual oscillation would 
be counteracted by other factors which we have not 
taken into account in our discussion notably by the 
natural damping moments applied to the hull by the 
surrounding water. 

The possibility of the occurrence of a sustained 
residual oscillation is present by virtue of the fact 
that the slightest movement of the valve resulting 
from the slightest departure of the ship from its set 





course will cause the rudder to deflect in an uncon- 
trolled manner through the initial angle 9. It is 
therefore conceivable that in certain circumstances 
a slight departure from the set course may initiate 
a series of rudder movements consisting of sudden 
swings through the angle 9—or thereabouts—to 
each side of the central position alternately. Any 
such tendency can be suppressed by bringing into 
action the second élement of lost motion +¥y in the 
link connecting the detector to the valve, Fig. 13. 
It is evident that with this additional lost motion in 
action the movement of the valve and therefore the 
deflection of the rudder is conditional upon the 
departure of the ship from the set course exceeding 
a certain angle determined by the amount of the 
lost motion y. 

In practice, it should be noted, the lost motion y 
is, according to the Sperry Company’s statement, 
normally kept locked and is released and brought into 
action only in bad weather. The company explains 
its object as being the provision of means whereby 
the ship may, at will, be given unchecked freedom 
to yaw through a small angle from side to side. A 
graphical investigation 9f the rudder moment when 
both lost motions are effective can readily be carried 
out on the lines previously followed. The result 
clearly suggests an alternative way of regarding the 
additional lost motion y. It appears to provide an 
approximate equivalent of acceleration control par- 
ticularly suited to deal with extraneous moments of 
a rhythmically varying nature. 

(To be continued.) 








The Rhodesian Railways. 


By our South African Correspondent. 


2 history of the railways in Rhodesia is to a 
large extent the history of the country itself. 


Even before the Charter was granted Cecil Rhodes | pleted 


had obtained certain rights over the land lying to 
the north of Kimberley, where the Cape System 
then terminated. From the very first he recognised 


that connection with the Cape system 
which, in 1893, terminated at Vryburg, on the one 
hand, and with the seaboard at Beira on the other 
hand, was essential to the development of the vast 
hinterland of Northern and Southern Rhodesia. 
It is only possible here to refer briefly to the steps 
which finally brought the line of rails to the frontier 
of the Belgian Congo. Thirty-one years after the 
first line was begun there were no fewer than 2462 
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miles of railway between the three points Beira, 
Vryburg, and Congo Border, built almost entirely 
out of capital publicly subscribed, evidence at once 
of great enterprise and of unbounded faith in the 
resources and the future of the country. Sinee then 
the has increased to 2708 miles. 

The Rhodesia Railway system proper started 
at Vryburg, and was begun in May, 1893. By 
October, 1894, the line was completed as far as 
Mafeking. Palapye, a distance of 263 miles, was 
reached in May, 1897, and the extension was carried 

to Bulawayo, 589 miles from Vryburg, reaching 
there in October, 1897. Meanwhile, communication 
was also being established with the seaboard. A 
narrow gauge line, constructed by the Beira Railway 
Company, was laid from Fontesville on the Pungwe 
River, 354 miles from Beira, to the eastern border 





at Umtali. At the same time, Fontesville was con- 
nected with the port of Beira, the section being com- 
in October, 1896. Pushing further inland from 
Umtali, the Umtali-Salisbury section was completed 
in May, 1899. Rhodesia had then an important 
alternative route to the sea. It was originally 
intended to the main line of the Rhodesia 
Railways northwards from Bulawayo vid Gwelo, 


ys, | and to cross the Zambesi in the Mafungobusi district, 


with the object of continuing it to the southern end 
of Lake Tanganyika by the most direct route. Work 
was begun but was suspended on the outbreak of the 
Boer War in October, 1899. It was accordingly 
decided to utilise the eastern route and extend the 
line from Salisbury to meet the main line coming 
up from the south. Connection was made at a point 
50 miles east of Bulawayo on October 6th, 1902. 
Meanwhile, further exploration indicated very 
difficult and expensive construction on the originally 
proposed route vid Mafungobusi. Moreover, important 
and extensive coal deposits in the neighbourhood 
of Wankie were discovered, and these considerations 
led to the adoption of another route for the main 
line north, vid Wankie and Victoria Falis. 

Wankie was reached in September, 1903, and the 
Victoria Falls on April 25th, 1904. The Zambesi 
was crossed at the gorge below the Falls on a boldly 
designed steel arch bridge, and the line was carried 
a further 94 miles to Kalomo, which was reached in 
July, 1904. The next section was from Kalomo 
to the Broken Hill Mines, which completed a further 
section of 281 miles on January llth, 1906. The 
necessity of obtaining more traffic, to assist in making 
the extended railway pay, was soon apparent, and 
it become imperative to carry the line still farther 
to tap the extensive mineral deposits of the 
and the railway reached the Congo Border in 
November, 1909. In addition to the main line 
various branches have also been constructed. 

The Rhodesian railway system forms roughly 
the letter “ Y.” Starting at Vryburg, in the Union 
of South Africa, the line goes almost due north to 
Bulawayo, the commercial capital and the largest 
railway centre in Rhodesia. From Bulawayo one 
line of railway strikes out to the north-east, passing 
through Gwelo, Gatooma, and Que Que to Salisbury, 
the capital and seat of Government, which is reached 
in eleven hours.. Here the line turns sharply to the 
east and passes through Umtali, the centre for the 

growing districts of Melsetter, Chipinga, and Imyanga. 
From Umtali road motor services, operated by the 
railways, run to Melsetter, Chipinga, and Mount 
Selinda, and to Fort Victoria vid. the Birchenough 
Bridge, passing through some wonderful mountain 
scenery. Beira, 670 miles from Bulawayo, is reached 
in thirty-two hours. There are several branch lines 
on the route to. Beira. At Gwelo lines radiate to 
Fort Victoria, the nearest station to the Great 
Zimbabwe Ruins, to Selukwe, for the chrome mines, 
and to Shabani, the centre of the asbestos mining 
area. From Salisbury branches run to Shamva and 
Sinola. 

The other branch of the “ Y” leaves Bulawayo 
in a north-westerly direction and passes through 
some 200 miles of bush and forest before reaching 
the Wankie Colliery, where excellent steam coal is 

produced. The line then traverses some rather 
difficult country, and one or two unusual features 
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can be observed by those who know something of 
railway construction. At exactly 280 miles and 
eleven hours from Bulawayo, the Victoria Falls 
is reached, and passengers enjoy one of the major 
thrills of railway travel, as the train steams slowly 
over one of the highest bridges in the world to the 
accompaniment of the roar and thunder and the 
rattling spray of the world’s greatest waterfall. 
Livingstone, the former capital of Northern Rhodesia, 
is reached shortly afterwards, and the line continues 
‘almost due north through farming areas to Lusaka, 
the new capital, and the great copper mining fields, 
which are served by branch lines from N’dola. 

The Rhodesian system of railways was constructed, 
as to various sections, by different companies as 
follows :—The Mashonaland Railway Company, Ltd., 
the Rhodesia Railways, Ltd., the Beira Junction 
Railway Company, Ltd., the Beita Railway Com- 
pany, Ltd., the Blinkwater Railway Company, Ltd., 
and the Rhodesia—Katanga Junction Railway and 
Mineral Company, Ltd. The last four named com- 
panies are only responsible for small sections, the 
longest of which is that of the Beira Railway Com- 
pany, Ltd, 168} miles, and the Rhodesia—Katanga 
Junction Railway and Mineral Company, Ltd., which 
has the Broken Hill to Congo Border section, 132 
miles. All these several concerns are all British 
owned, and are operated as the Beira and Mashona- 
land and Rhodesia Railways, with Mr. H. Chapman, 
as general manager, and Messrs. E. H. Gray and 
Guthrie as chief and assistant mechanical engineers 
respectively. 

The gauge of the line throughout is 3ft. 6m. The 
gradients and curves on the whole are not severe. 
It is, however, not to be forgotten that the line was 
built very rapidly and as cheaply as possible, and 
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that as traffic increased and the expenditure of more 
money became justified many improvements to the 
alignment in the matter of curves and gradients have 
been brought about. Also much of the lines has been 
relaid with heavier metals, 801b. and some above. 
These rails are laid mostly on steel sleepers, though 
native timber has been used to a certain extent. The 
rolling stock is modern and convenient, and, consider- 
ing the comparatively light passenger traffic, it may 
be said to be ahead of the general development of the 
country. All stock is fitted with automatic brakes 
and most of it with automatic couplers. Electric 
light is used throughout. 


THE Butawayo Works. 


The principal workshops of the company are 
situated at Bulawayo, which is the most important 
railway centre. These workshops are very modern 
and up-to-date, including 60-ton travelling cranes, 
electric traversers, and modern machinery run by 
electricity. Repairs of the heaviest description can 
be carried out without difficulty or delay. There are 
subsidiary shops at Umtali, which formerly were the 
principal workshops. A part of the Rhodesia 
Railways, viz., the section from Vryburg to Bulawayo, 
is operated by the South African Railways. The 
remainder is divided for organisation purposes into 
four districts, the administrative headquarters being 
at Bulawayo, where the offices of the general manager 
and principal heads of departments are located. The 
white staff on the railway numbers over 2400 and the 
native staff well over 8000. At September, 1935, there 
were 236 locomotives, 372 saloons, first, second, and 
third-class coaches, guards’ and baggage vans, specie 
vans, dining cars, &c., and 4226 goods stock of various 
denominations on hand, besides 130 steel wagons 
and 25 cattle wagons in course of erection and now in 
service. 

One of the most interesting aspects of railway work 
and one which is not ordinarily open to public 
observation is that which concerns the renewal and 
renovation of locomotives and rolling stock. The 
railway mechanical workshops at Bulawayo receive a 
continuous stream of engines, wagons, and coaches 
in various stages of disrepair. These vehicles are 








withdrawn from service for various reasons and after 
receiving attention at the hands of skilled craftsmen 
they emerge and are returned ready for a further 
term of strenuous service. The Bulawayo workshops 
are the principal hospital for the stock of the 
Rhodesian Railways. speaking, these 
workshops are responsible for maintaining in 
order the 236 locomotives and the 4753 coaches and 
wagons of every description which belong to the 
railways. The workshops are located slightly to the 
south of Bulawayo Station and cover an area of 
rather over 5 acres. The various shops are lofty, 
airy, well lighted, and well-built structures, and they 
give employment to nearly 400 skilled and semi- 
skilled European artisans and to about 500 native 
labourers. A visitor to the workshops cannot but 
be impressed by the enthusiasm and keenness which 
these men display in their work. There is evidence 
of exceptionally good team work and also a pride in 
the manner in which the workshops are extending, 
not only as regards accommodation and new 
machinery, but also in the class of work undertaken. 
These workshops also provide a valuable training 
ground for Rhodesian youths, of whom eighty-eight 
are employed as apprentices. 

In writing an article upon the many activities 
which provide a hive of great industry it may perhaps 
be convenient to divide the functions of the mech- 
anical workshops at Bulawayo under four main 
heads: (a) electricity, (b) steel, iron and other metal 
work, (c) coach work, and (d) repairs to wagons. 


PoweEr Station. 


The Bulawayo workshop possesses its own power 
station, but with the development of the municipal 
power station at Bulawayo more and more current 


shops are of brick with glazed hip roofs, with the 
exception of the foundry, which has a saw tooth 
roof with southern lights. The workshops. are 
0 i into nine departments, 4.¢e., erecting, 
boiler, machine, blacksmiths, copper and tinsmith, 
carriage, sawmill and paint shop, wagon, foundry, 


good | patternmaking and electrical. 


The sawmill, carriage building, and paint shops 
are contained in three adjoining bays and are lofty 
structures, each being 395ft. long by 60ft. wide. In 
each of the carriage and sawmill bays a 20-ton and 
15-ton overhead travelling crane is provided. A 
trimming shop is situated in a loft at the north end 
of the carriage shop and sawmill bays. Throughout 
the length of the paint and coachbuilding shops there 
are railway tracks upon which coaches repose in 
various stages of repair. If necessary, fifteen coaches 
at a time can be dealt with and on the average 
twenty-five passenger coaches pass through these 
workshops each month, some coming in for what is 
known as heavy repairs and others for revarnishing. 
In the ordinary course of events every passenger coach 
and dining car comes in for revarnishing every 
twelve or eighteen months. This revarnishing is not 
such a simple operation as it sounds, for all fittings 
have to be removed, whereafter the whole of the 
woodwork is thoroughly cleansed with a chemical 
solution. In the case of dining cars, the cleansing of 
the kitchen portion represents extremely hard work, 
as is clear from the fact that apart from the chemical 
solution, 28 lb. of caustic soda is used. Three coats 
of varnish are applied. Most of this is done by hand, 
not spraying. The fittings are rebuffed and all 
leather work is dressed and sprayed with a special 
preparation. The coaches are numbered and lettered 
by means of transfers. They produce a much better 

















BULAWAYO WORKSHOP 


has been taken from that source, which is now super- 
seding the railway power stations as the supplier. 
Electrical power is relied upon almost exclusively for 
the hundred and one operations. connected with the 
manipulation of the modern machinery which has 
been installed. Consequently it is not surprising to 
learn that in the works manager’s office there is a 
chart recording the quantity of power absorbed by 
the workshops, and it is this chart which enables the 
works manager to tell at a glance what amount of 
energy is being used and from this to deduce with 
considerable accuracy what is the output of work 
being given. The chart shows that in 1924 there was 
an average of between 700 and 900 units of power 
consumed in one working day; in 1925 this figure 
had risen to an average of 2500 units per day ; whilst 
in 1928 it averaged over 4000 units and is now about 
5000 units. These figures make clear in easy and 
straightforward language the very great development 
which has taken place during recent years at the 
** Swindon ” of Rhodesia. 

The section dealing with repairs to wagons is split 
into two groups, one for light repairs and the other for 
heavy repairs. All wagons which have been taken 
out of service for workshops attention are delivered to 
two main sidings, parallel with which is a third siding 
where repaired vehicles are placed to be taken away 
and returned to traffic. Light repairs are executed 
in the light repairs siding, and those vehicles' which 
require heavy repairs are transferred to the area 
known as the wagon repair yard. Passing through 
the centre of the workshops area is an electric traverser 
upon which locomotives, coaches, and other heavy 
loads can be removed easily and expeditiously from 
one shop to another. 

The Bulawayo workshops were established in 
1918. Prior to that date the main shops were at 
Umtali, practically on the border between Rhodesia 
and Portuguese East Africa. The buildings to-day 
cover an area of 240,000 square feet and the area 
within the works fencing is 35 acres. The more recent 
buildings, 7.e., the boiler, smithy, wagon and exten- 
sions to the erecting machine and coach shops, are 
constructed of steel framing with saw tooth type of 
roof, having southern lights. The remainder of the 


WORKSHOPS AT UMTAL! 


job than could be given by hand painting, while the 
cost is much lower and the saving of time is 
considerable. 

In the coachbuilders’ bay, vehicles are to be seen 
undergoing the process of heavy repairs. For this 
purpose even greater stripping takes place. All timber 
work with the exception of the main framings and 
bracings is removed, so that various replacements and 
adjustments can be effected. For heavy repairs all 
varnish is scraped off, a hand process which seems 
to be a most laborious affair. In revarnishing, no 
less than eight coats are applied, one of which is 
rubbed down with pumice stone to ensure that an 
even surface is secured. All leather work is, of 
course, removed, the horsehair filling of the seats and 
bunks being re-teased and cleaned. This is done by 
means of a machine that withdraws all dirt by air 
suction as the teasing takes place, the dirt being 
taken direct into a tank of water. In the wagon shop 
all work is done to template. 

The blacksmith shop is 240ft. long by 50ft. wide, 
and contains five steam hammers, one of | ton, two 
of 15 ewt., one of 10 cwt., and one of 6 cwt. In the 
shop are twenty-two blacksmith’s hearths at work 
when going full. There are also three fires for the 
spring smith, and one oil forge furnace. All coupling 
links and coupling pins are manufactured in the 
smithy, being stamped out of solid steel. There is a 
special machine for the manufacture of bolts and nuts, 
and other important parts manufactured in the smithy 
comprise spring hangers, buffers, coupling-rods, 
spring buckles, and spring links. It is claimed that 
there is no job connected with the forging of parts 
for locomotives and rolling stock which cannot be 
undertaken. se : 

The foundry is 240ft. long by 60ft. wide, and is 
equipped with a 15-ton overhead electric travelling 
crane and two cupolas of 3 and 5 tons capacity respec- 
tively. The area is divided into two sections; one 
deals with cast iron and the other with bronze and 
brass. Adjacent to the foundry is the pattern- 
shop, where replicas are made and stored of all iron, 
steel, bronze, and brass parts of locomotives and 
rolling stock in the service of the Rhodesian Railways. 





There are two cupolas of 5 tons and 3 tons of molten 
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metal per hour respectively, and four Morgan tilting 
furnaces for brass and bronzes. For repetition work 
power moulding machines are used. 

Probably the biggest proportion of castings pro- 
duced in the foundry are brake blocks, of which the 
output is in the neighbourhood of 6000 per month, 
Other important castings are axle-boxes, piston ring 
drums, fire-bars, brake wheels, &c. A 15-ton over- 
head crane travels the entire length of the foundry. 

The boiler shop is 240ft. long by 75ft. wide and 
equipped with a°30-ton overhead electric travelling 
crane, and provided with the necessary plant for deal- 
ing with heavy repairs. The locomotive runs along 
one of the many tracks laid down in the yard, and comes 
to the entrance to the shop where the 30-ton crane 
picks up the boiler and conveys it to the part of the 
shop where it is required. Where ends of tubes are 
damaged in the process of removal, the defective ends 
are cut off and new pieces of tube welded on. The 
tube shop is equipped with a reeling machine for 
scaling tubes inside and out, and, of course, a welding 
plant for the repair of the defective tubes. 

The wagon shop is 420ft. long and 75ft. wide, is 
provided with four roads, and a 15-ton overhead 
travelling crane travels the whole length of the shop. 

The machine shop is 480ft. long by 60ft. wide, and 
is equipped with a 10-ton overhead electrical travelling 
crane. The photograph of the interior reproduced on 
page 250 makes it clear that this shop is liberally 
supplied with up-to-date machinery for dealing with 
the repairs of locomotives, &c. If necessary, a dozen 
locomotives could be dealt with at the same time, as 
there is ample machinery and the staff is adequate. 
As satisfactory proof of the high standard of materials 
used and the skill of the workers, it may be men- 
tioned that on the occasion of the writer’s visit there 
were in the shop undergoing thorough overhaul 
three locomotives, one of which had done 91,500 miles 
since the last overhaul, the second had done 110,000 
miles, and the third had over 130,000 miles to its 
credit. 

The machine shop on the occasion of the writer’s 
visit was somewhat empty of engines as compared 
with normal times, and the same applies to the 
carriage shop. This, it was explained, was due to the 
Empire Exhibition at Johannesburg, the great 
numbers of people travelling in the Union—Rhodesia 
—to visit the Exhibition being such that the Rhode- 
sian Railways had to assist in providing locomotives 
and carriages. 

The erecting shop is 480ft. long by 60ft. wide, and 
is equipped with two 60-ton electric overhead travel- 
ling eranes with 5-ton auxiliary lifts. There are 

longitudinal pits and all other necessary accessories 
The dastelaal’ shop is 60ft. by 60ft., and is concerned 
with the repairing of locomotive equip - 
ment and train lighting, also cell charging, electric 
plating and armature winding. A 70ft. electric 





mill is 80ft. long by 65ft. wide; the wheel shop is 
90ft. long by 20ft. wide; and the electrician shop 
is 45ft. by 30ft. wide, and deals with the repairing of 
locomotives headlight equipment: Each shop is fully 
equipped with the necessary machinery for dealing 
with the work appertaining to its department, 
whether it be the handling of all work connected with 
the maintenance of locomotives and rolling stock, 
heavy repairs to boilers, wagon repairs or whatnot, 
only differing from the Bulawayo shops in the smaller 
quantity of work which each section is laid out to 
deal with. 


PRESENT PosrTION OF THE RAILWAYS. 


The Rhodesian railways suffered greatly during 
the world-wide depression, but since the year 1932, 
when the full effect of the depression was felt there 
has been a steady revival in trade, which is reflected 
in the total earnings as follows :—Earnings 
1933, £2,887,677 ; 


in 1932, 


£2,634,266 ; 1934, £3,895,490 ; 





how the volume of traffic has increased. The total 
quantity handled amounted to 812,348 harbour tons, 
as compared with 655,856 tons in the preceding year, 
the “increase of 176,472 tons being equivalent to 
27-8 per cent. There was appreciable improvement 
in the volume of both shipped and landed cargo, 
the quantity shipped being 521,373, compared with 
397,099 in the previous year, while 290,975 tons were 
landed as compared with 238,757 in 1934. The largest 
increases in exports were in minerals: Asbestos, 
42,313 tons, as compared with 30,639 tons in 1934 ; 
chrome ore, 116,103 tons, as against 66,203 in 1934, 
and copper, 223,578 against 178,241. The increases 
in cargo landed were in general goods, 249,656 tons, 
compared with 200,550, and timber, 34,812 tons, 
against 22,973 tons. The tonnage of traffic handled 
was greater in 1935 than in either of the preceding 
four years, even the total for 1931 was only 758,044 
tons. 

The locomotives of which photographs are repro- 
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1935, £4,558,632. 5 the working results 
of the year TOsE with ihonk ths pesdepeention gus: 
of 1930, the position is as follows :—Total earnings 
in South Africa in 1935, £4,558,632, less total operat- 
ing expenditure, £2 ees leaving net operating 
revenue, £1,934,354. Total earnings in South Africa 
in 1930, £5,297,768; total operating expenditure, 
£3,541,587; net operating revenue, £1,756,181. 
It will be seen that the gross revenue for 1935 
fell short of that for 1930 by £739,136, the operating 
expenditure was less by £917,309, resulting im 
the net operating revenue being greater by £178,173. 
The marked increase in earnings was due mainly to 

the additional traffic carried as a result of the general 
improvement in trade,,to the considerable progress 
in gold mining, to the steady upward trend of the 
base metal industry, and to the larger output and 
requirements of the Northern Rhodesia and Congo 














12TH CLASS 4-8-2 LOCOMOTIVE 


traverser runs through the centre of the workshops, 
and is used for feeding the various shops from the 
main entrance. The various overhead travelling 
cranes enable work to be passed from shop to shop 
as required with ease and speed. 


Tue Umratt Works. 


The Umtali workshops, near the Portuguese East 
Africa border, although no longer the chief centre 
for repairs to the locomotive and rolling stock of the 
Rhodesian Railways, are still responsible for much 
important work, and a European staff of 116 and a 
native staff of 197 are employed there. The erecting 
shop is 240ft. long with two 50-ton electric overhead 
travelling cranes, with 5-ton auxiliary hoists, longi- 
tudinal pits and other accessories. The machine 
shop is 240ft. long by 70ft. wide, equipped with a 
10-ton overhead electric travelling crane. The shop 
is well provided with up-to-date machinery for 
dealing with the repairs. The blacksmith shop is 
140ft. long by 60ft. wide; the boiler shop is 100ft. 
long by 40ft. wide ; the wagon shop is 135ft. long by 
90ft. wide, and is provided with four roads ; the saw- 





copper mines. With the exception of maize for 
export, all the principal traffics were substantially 
better. The revenue from general goods traffic was 
greater by £345,987, or 18-1 per cent., and that from 
the more important mineral traffics, viz., coal and 
coke for the public, copper for export, chrome ore 
and asbestos, by £264,083, equivalent to 20-9 per 
cent. The following particulars reflect the extent 
of the increases in the tonnages of the minerals 
mentioned :—Coal and coke for the public in 1936, 
462,336 tons (385,967 in 1934); copper for export, 
225,436 tons (187,434 in 1934) ; chrome ore for export, 
117,894 tons (67,444 in 1934); asbestos for export, 
44,679 tons (36,435 in 1934). It may be of interest 
to learn that the gross earnings per train mile in 1933 
were 16s. 10-31d. per train mile, 18s. 3-02d. in 1934, 
and 18s. 3-67d. in 1935, while for 1933 the gross 
operating expenditure, excluding provision for depre- 
ciation per train mile, was 10s. 1-14d., for 1934 it 
was 9s. 0-32d., and for 1935, 8s. 3+ 70d. 

The increase in traffic handled at the wharves at 
the Port of Beira during the twelve months ended 
September 30th, 1935, is also of interest as showing 





duced belong to the two most powerful classes—the 
“12th ”’ class, simple engine with a tractive force 
of 31,279 lb. at 75 lb. per cent. boiler pressure, and 
the ‘‘ Garratt” type, articulated engine, with a 
tractive force of 46,200lb. at 75 per cent. boiler 
pressure. There are fifty-five of the “12th” class 
locomotive in the service, and only eight of the 
* 16th’ class Garratt, but there are sixteen Garratt 
of class “‘ 14,” and twelve Garratts of class “ 13.” 
The average coal consumption per engine for 1935 
was 69-93lb., compared with 69-22lb. for 1934. 
Locomotive ing costs per engine mile fell from 
20-4d. in 1934 to 19-5d. in 1935. The cost of repairs 
and maintenance of locomotives per engine mile 
during 1935 was 9-52d.,compared with 10-50d.im 1934. 

The Rhodesian railways also run road motor 
services, the total route miles being 1468. The 
results of the working are satisfactory, in that they 
show an appreciably smaller deficit than m any of 
the previous four years. For 1935, the deficit was 
£1383, compared with a deficit of £4416 in 1934, 
£6401 in 1933, £8635 in 1932, and £13,372 in 1931. 

At present no extensions to the railway system 
of any importance are contemplated, but in view of 
the very considerable increase in the volume of traffic 
from the Copper Belt in Northern Rhodesia, which 
will now be greatly augmented owing to the fact that 
the improvement in the position of copper has been 
such that curtailment of production from the Northern 
Rhodesia copper mines, under the agreement between 
the copper-producing companies of the world, which, 
up to August, amounted to 35 per cent., was then 
reduced to 25 per cent., and is now only 5 per cent., 
it is not unlikely that the idea of a line from Kafue 
to Salisbury will again be revived. Roughly speaking, 
this line would be about 250 miles in length, and it 
would shorten the distance from the copper mines 
to the port of Beira, as compared with the present 
route vid Bulawayo, by about 420 miles. The cost 
of this link would, however, be very great, so that 
the pros and cons would have to be very carefully 
weighed. 

The writer has to express his thanks to Mr. H. 
Chapman, M.Inst.T., general manager of the 
railways, and to Mr. E. H. Gray, M.I. Mech. E., 
chief mechanical engineer, and to Mr. Guthrie, 
assistant mechanical engineer, for their kindness 
in giving him every assistance in his tour and 
personally accompanying him over the Bulawayo 
railway workshops. 








InsuLatTine Bricks ror Furnaces.—Dealing with the 
subject of insulating materials for high- ere 
furnaces; in a paper read before the Institute of Fuel, Mr 
J. 8. F. Gard said that the usual and most convenient 
form of insulating material for this work is the brick. He 
added: The long-felt want in this direction is a combina- 
tion of insulating and refractory properties, with as much 
mechanical strength as possible in one and the same brick. 
A considerable amount of work has already been carried 
out with this end in view, both in this country and in 
America, with some degree of success ; but development 
is still in its infancy. The problem is not an easy one, and 
its solution can only be a compromise between the several 
desirable factors, since for a good refractory a close texture 
is usually deemed necessary, whereas a close texture in 
high-temperature resisting materials gives high density ; 
thermal conductivity, on the other hand, is more or less 
proportional to density. It has been found, however, that 
at the higher temperatures, size and configuration of 
pores also play an important réle in conductivity. 
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High-Speed Engine Indicators. 
By E. S. L. BEALE and R. STANSFIELD. 
No. I. 


NEW system for indicating cylinder pressures and 
‘4 the motion of mechanical parts in high-speed 
engines was developed during the course of engine 
research work at the research department of the 
Anglo-Iranian Oil Company at Sunbury, and a 
description of the apparatus, which has been put on 
the market by Standard. Telephones and Cables, 
was first published in December, 1935, in THE 
ENGINEER.* 

It will be remembered that this system makes use 
of an electro-magnetic unit for converting the dis- 
placement of the pressure-measuring diaphragm or 
the movement of the mechanical part to be examined 
into an electrical quantity, which is finally shown on 
the screen of a cathode ray tube. The chief claim to 
originality of this method lies in the use of a new type 
of integrating circuit, which enables the electrical 
output from the pick-up unit, which is proportional 
to the velocity of the moving members, to be con- 
verted accurately into terms of displacement. 

At the time of publication there had been com- 
paratively little work done to determine the true 
accuracy of this system when indicating engines 
under practical working conditions, and the same 
thing may be said of other systems employing more 
conventional means. The purely electrical part of 
any indicator of the cathode ray type may be said 
to be practically free from unexplored errors. The 
same thing cannot by any means be said of the 
electro-mechanical part of the system, namely, the 
pick-up unit, which converts the pressure or dis- 
placement into the corresponding electrical quantity. 
A very apt analogy of this may be found in the 
modern radio set. In this case also the purely elec- 
trical parts of the system have been well understood 
for some years, and can quite easily be made as perfect 
as desired. The weak part in the chain has always 
been, and to a large extent still is, the loud-speaker, 
where the electrical quantity is converted to mecha- 
nical vibrations. 

In common with other indicating units, the electro- 
magnetic type in the state of development at the time 
of publication was not perfect, but since that time 
a great deal of investigation has been made on the 
behaviour of this and other types of unit. The 
result of this work is of considerable interest in show- 
ing the degree of reliability of various types of units 
and their limitations, and this should be useful to the 
practical engineer in pointing to those directions 
in which any unit should be examined before the 
results it gives may be accepted with confidence. 
This investigation has included the detailed examina- 
tion of the results to be expected from the use of a 
passage between the indicating unit itself and the 
cylinder, and a means for reducing passage effects 
to the minimum has been developed. 

Apart from the actual results of this investigation, 
considerable importance is attached to the methods 
which have been evolved to test units of high-speed 
engine indicators under actual running conditions. 
These are fully described below, but may be sum- 
marised by saying that it is the authors’ belief that 
before a high-speed engine indicator of any kind can 
be relied on, it should be investigated in two ways : 

(1) The differential of the conventional pressure- 
time diagram should be examined, since this dia- 
gram is capable of showing up defects in a unit 
which are only to be observed with the greatest 
difficulty on the conventional pressure diagram. 

(2) It is essential that the pressure calibration of 
the indicating unit should be determined under 
actual running conditions, as the static calibration 
may be quite misleading. 

In connection with (1), it may be said that although 
in the system developed by the authors the differ- 
ential of the pressure diagram (alternatively known 
as the rate-of-change diagram or velocity diagram) is 
the one given by the pick-up unit itself, this being 
subsequently integrated electrically, the pressure 
diagram given directly by any of the more conven- 
tional types of indicator; such as the carbon pile or 
the piezo-electric pick-up, could equally well be 
differentiated electrically. 

As previously mentioned, this rate-of-change dia- 
gram constitutes a very much more searching test 
for the absence of spurious effects in the pick-up 
unit than the conventional pressure diagram, so 
that such effects which are hardly noticeable on the 
pressure diagram may become painfully obvious on 
the rate-of-change diagram. In spite of this, with 
certain types of pick-up units, such as the carbon 
pile, the defects are so obvious on the pressure 


diagram that there is no need to differentiate it to | 87P 


see their shortcomings. 

With regard to (2), a special type of calibrating 
unit has been evolved which appears to be almost 
entirely free from pressure hysteresis and time lag, 
and which can be used in any engine in very much 
the same way as the well-known Farnboro’ disc 





* Excineer, December 13th, 20th and 27th, 1935. 





valve unit, but without any of the attendant diffi- 
culties. This unit is fully described below. 


CHARACTERISTICS OF TYPICAL ENGINE DIAGRAMS. 


In the previously published articles attention was 
chiefly directed to C.I. engine diagrams, and although 
they have many points in common with those given 
by petrol engines, the latter are more complicated 
under detonating conditions, and constitute a corre- 
spondingly more severe test of the indicating unit. 
In the following article characteristics of petrol engine 
diagrams will primarily be used for illustration, and 
a brief outline of the typical effects observed when 
indicating petrol engines is first given. 

Fig. 1 is part of a pressure diagram on a time base 
divided into 10-deg. intervals taken from a petrol 
engine running under non-knocking conditions. If 
the pressure curve is analysed it is found that it can 
be built up from a series of sine and cosine curves, 
none of which has a very high frequency in terms of 





Fics. 1 AND 2 


running speed of the engine, and also that all the 
higher frequency components are of small amplitude. 
Fig. 2 is part of a similar diagram taken under 
knocking conditions with moderate knock intensity, 
and it will be observed that 2 deg. or 3 deg. after the 
top centre position (ignition taking place 26 deg. 
before top centre), there is a discontinuity in the 
pressure curve and a slight ripple on the more rapidly 
rising line which follows from this point. An analysis 
of the second diagram shows that components of 
much higher frequency and appreciable amplitude, 
producing the break in the smooth line and 
the subsequent ripples, have been added by the knock. 
The ripple frequency corresponds to the estimated 
frequency of a sound wave in the cylinder head. 
Both the diagrams given were taken with the 


-| Standard-Sunbury indicator on a €.F.R. engine, 


running at 900 r.p.m., and a ion ratio of 
about 5:1, using an indicating unit of the electro- 
magnetic type without any indicator passage. 

Fig. 3 shows the two diagrams superimposed iti 
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order that a direct comparison may be made between 
the smooth and knocking cycles. 

Unfortunately, it is found in all petrol engines that, 
even with a perfectly steady ignition point, successive 
cycles vary considerably as regards the combustion 
line up to the maximum pressure point, although 
they are extremely consistent beyond this point. 
This variation is illustrated by Fig. 4, which shows 
the period from 2 deg. after to 18 deg. after top centre 
for thirty-seven superimposed cycles on a rate-of- 
change of pressure diagram (positive rates of change 
being below the base line). 

This variation, confirmed by the flame photo- 
hs of Withrow and Rassweiler (S.A.E. Jnil., 
August, 1936, Vol. 39, No. 2) makes it very difficult 
to draw sound conclusions from single records, while 
superimposed records are too confused to permit of 
accurate analysis. To overcome this difficulty as 
many as twenty or thirty photographs have been 
taken of each type of combustion and an analysis 
made to determine which diagram most closely 
represented the mean of each series. While a good 





comparison can then be made between the diagrams 
selected as representing the average of each series, 
as in Fig. 3, this unavoidable straying between cycles 
should be borne in mind when judging any engine 
indicator in respect of accuracy, because it makes 
small errors in the indicator itself of secondary 
importance provided they are of known magnitude. 
These remarks apply primarily to petrol engines, 
because the regularity of combustion in a C.I. engine 
is very much greater. 

It will be noticed on Fig. 3 that knocking does not 
introduce very much higher maximum pressures, and 
thermodynamic considerations show that this must 
be true, for an appreciably higher maximum pressure 
at or near the top of the diagram would necessarily 
mean a generally higher expansion line and a greater 
work output from the same fuel charge, in contra- 
diction to known behaviour. 

The knock, accelerating the completion of burning, 
actually only advances the maximum pressure point 
from about 14 deg. after top centre to about 10 deg. 
after top centre, the maximum pressure being 
increased in proportion to this small change in the 
piston: position. 

The important effect of knock is that it increases 
the rate of pressure rise, and gives a shock or impact 
loading. The vibratory effects depend on the speed 
of sound in the hot gases in the cylinder, which will 
be from 3000ft. to 3400ft. per second at the highest 
gas temperature, and are at a frequency of about 
6300 cycies per second in the case under consideration. 
This frequency is measured from the indicator dia- 
grams, and the cylinder dimensions also lead one to 
expect a frequency of about 6300 per second if the 
sound speed is the higher figure of the range suggested 
above. 

It seems that the bad effects of knocking in high- 
duty engines are probably due to the local increase 
in heat flow associated with the pressure waves and 
to the effect of impact loading on overheated parts 
rather than to any direct effect of pressure as observed 
on the indicator diagrams, and that “ pinking ” and 
the harsh running of knocking engines are noises due 
to the impact effect of the detonation which sets the 
engine structure into vibration. 

One difficulty in the study of photographs of cathode 
ray oscillograms from engines, especially when the 
oscillograms include both very slow and very rapid 
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rates of movement of the fluorescent spot, is that the 
negative is at the highest writing 
speeds. While an observer is not seriously 
confused by this , venindeats in line density, it adds 
difficulties to: a diseussion, and many of the 
figures which follow have been drawn by tracing over 
the projection of an oscillogram negative from an 
éfilarger on to a piece of white paper so that the 
entire trace becomes of even density, photographic 
records being included only for special cases where it 
was felt that the actual record would be more satis- 
faetory in spite of possible variation in density. 

Reverting to the pressure records of Figs. 1 and 2, 
it is obviously not at all easy to obtain very detailed 
information regarding the combustion from such 
diagrams and a little consideration will show that if a 
diagram of rate-of-change of pressure were available 
the task would be considerably simplified. 


RATE-OF-CHANGE DIAGRAMS. 


The rate-of-change diagrams for conditions approxi- 
mating to those of Figs. 1 and 2 are shown in Figs. 7 
and 8, on which it will be seen that the point of the 
rapid burning of the charge is very much more clearly 
marked on the rate-of-change diagram, as is also the 
high-frequency vibration due to detonation. 

At this point it may be mentioned that these dia- 
grams are those taken with the most recently deve- 
loped units, and are very considerably simplified by 
comparison with the early diagrams obtained with 
this indicator. It may also be mentioned that during 
the whole of the course of this investigation any 
change in the construction of the indicating unit in 
the direction of increased mechanical stability and 
increased rigidity of the constituent parts has invari- 
ably resulted in @ simplification of the rate-of-change 
diagram, which shows that most of the confused high 
frequency effects usually seen on the rate-of-change 
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diagrams are spurious effects due to engine vibration, 
shock loading of the pressure element, &c. 


VALUE OF RATE-OF-CHANGE DIAGRAMS. 


It has been pointed out that the velocity diagrams 
shown in Figs. 7 and 8 show up small differences very 
much more clearly than corresponding pressure 
diagrams, and it may be worth examining the reason 
for this in a little more detail before proceeding further 
with the discussion. 

Fig. 5a shows-a sine curve which might crudely 
represent the compression and re-expansion line of a 
motored engine. Below, Fig. 5b, is drawn the first 
differential of the curve, or a rate-of-change of pressure 
diagram (positive rates of change below the base 
line) representing the slope of the upper diagram at 
any point. Starting at the lowest part of the rate-of- 
change of pressure diagram, a wave of equal total 
amplitude to that of the main curve has been drawn 
(A), but having a frequency 100 times as great. Such 
a wave bears about the same relation to the main 
curve as a detonation wave bears to the general com- 
bustion line, except that in the detonation example 
there is rapid damping while the curve as drawn is 
undamped. In order to clarify the drawing of the 
high-frequency wave only single verticals have been 
shown at the end of each period—after the first cycle. 

A wave of this amplitude on 5b may be converted 
to its integral on the upper 5a diagram by adding 
to and subtracting from the height of 5a amounts 
corresponding to the areas of each half cycle of this 
superimposed wave in 5b. 

Conversion of the large superimposed high- 
frequency wave shown on the lower diagram to the 
pressure diagram (the time integral) above only adds 
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a very small ripple to the upper curve, almost too 
small to be seen, its height and total swing above and 
below the main curve being only one-hundredth of 
the total height of the upper diagram. It is obvious 
from this elementary analysis that a rate-of-change of 
pressure di not only shows very sharply the 
moment of any introduction of a detonation wave, but 
also shows it to a scale which increases with the 
frequency—-both being desirable effects for research 
purposes—and it also gives a much more direct 
indication of impact effects. 

There are other considerations, however, which 
determine whether a rate-of-change diagram can be 
used. In Fig. 5a, just to the right of the maximum 
point, a small ie A has been drawn at about 
sixteen times the frequency of the main curve and 
of very small amplitude. Differentiation of this 
ripple by the rate-of-change diagram magnifies it 
to the ripple shown at B. 

Now many indicating units which produce pressure 
diagrams direct are subject to engine vibration 
effects to a more or less serious extent. If such 
vibrations show at all on their pressure diagrams 
differentiation is impossible because of the consequent 
magnification of these effects, and confusion which 
results. One of the best tests of any indicating 
unit is, in fact, a differentiation of its pressure 
diagram. A pressure diagram may appear to be 
fairly accurate judged from any direct tests which 
can be applied, but comparatively large changes in 
the indicating unit may lead to only minor changes 
in this diagram. The differentials show such changes 
in a magnified way, and thus while it is very difficult, 
if not impossible, to judge the minor effects of an 
alteration to the system from the pressure diagram, 
two differentials which show slight differences will 
give pressure records which cannot possibly be 


Fig. 6 shows the advantage of using a rate-of-change 
diagram for showing where a discontinuity occurs 
in a change. The upper diagram (6a) 
consists of a part of a sine curve of a certain amplitude 
followed by a second sine curve of 50 per cent. 





greater amplitude and joining the first curve at A. 
This typifies the change from smooth burning to 
detonation in a petrol engine, or the sudden burning 
of the injected charge in a C.I. engine. The rate-ot- 
change diagram is shown below (6b), the sudden 
change of slope at the junction of the curves being 
given by the vertical line corresponding to the 
junction of the two curves in the upper diagram. If, 
instead of a sudden change in rate of pressure rise 
at A’ to A” followed by the curve to B’ (corresponding 
to the integrated curve AB on the upper diagram) 
the rate-of-change curve had continued from A’ to 
C’ along the broken line, the upper diagram would 
have followed the dotted line A C. A C typifies smooth 
combustion in a petrol engine and AB knocking 
combustion. It is, clearly, much better, when 
detonation is being studied, to use the differentiated 
diagram which gives the lines A’C’ for smooth 
running and A’A”B’ for detonation, since these two 
curves are very sharply distinguished from each other. 


Tue Errects oF AN INDICATOR PASSAGE. 


There is rarely the space to fit an indicating unit 
to the majority of commercial designs of petrol engine 
without recourse to an indicator passage, it being 
often impossible to find room for a hole in the cylinder 
having a thread size even as small as 14 mm. diameter. 
Aero-engines having two sparking plug holes may, of 
course, be indicated from one plug hole, but the engine 
is then not firing under normal conditions. A special 
hole may be arranged for in experimental engines in 
some cases, provided the additional boss does not 
add to cooling difficulties; but it is clear that a 
unit which gives accurate indications (or only intro- 
duces a known and negligible error) with a short 
and small bore passage has great advantages. Most 
engines, even of commercial types, can be drilled 
with a short hole about jin. diameter through the 
head flange or the cylinder flange, and there is no 
difficulty in applying an indicating unit to the outer 
end of such a hole. 

These reasons, and a desire to make use of the 
valuable effect of a small indicator passage in cooling 














“Tne Encincer” 


Fic. 6 


the diaphragm, have led to a large number of tests 
being made which have resulted in the design of a 
cylinder unit in a 14mm. adaptor with an indicator 
passage only about 20mm. effective length, and 
which has no appreciable effect even on a rate-of- 
change of pressure diagram. It is true that any 
pressure change reaching the cylinder end of the 
passage takes a definite time to reach the diaphragm 
and introduces a time lag of about 35 microseconds. 
This can be allowed for if required, but since the 
variation in the onset of detonation or any other 
phenomenon of the early stages of combustion in 
a petrol engine at, say, 3000 r.p.m., varies over a 
range of at least 300 microseconds, and the time 
taken for the wave to travel across the cylinder 
itself (half the periodic time) is of the order of 
100 microseconds, this lag is only a second order 
effect and cannot be of any practical imporiance, 
especially as its magnitude is sufficiently determin- 
able for a very good correction to be applied in 
any academic treatment of combustion problems 
which might justify such a refinement. 

It is far more important to show that the passage 
does not distort the diagram obtained. Proof of 
this has only been possible by direct comparison 
with diagrams of rates-of-change taken in an engine 
(the C.F.R.) in which alternative units with and 
without passages could be fitted, and by the averaging 
of large numbers of to eliminate the dis- 
turbing effects of straying of the combustion line 
from cycle to cycle. 

The first indicating unit with a passage which 
was tested had an orifice fin. diameter at the cylinder 
end tapering to jin. in a length of }in., and 


terminating in an air cell yin. diameter of a 
depth varying from 5 to 15/1000in. Larger 
depths of air cell (above about 30/1000in.) gave a 
definite distortion of the rate-of-change diagrams, 
ultimately showing even on the pressure records. 
This effect was, of course, expected from the well- 
known theory of resonance in hollow vessels, and its 
application to this particular case was satisfactorily 
confirmed in practice. The first requirement was 
thus determined, namely, that while the passage 
and air cell had no effect whatever which was dis- 
cernible on the pressure diagrams as compared 
with the no-passage unit, the air cell must be kept 
small in volume and not become an expansion 
chamber of considerable capacity. Since a large 
air cell in a petrol engine also leads to overheating 
of the diaphragm it could not, in any case, have 
been adopted in practice. 

Various lengths of passage up to nearly 3in. were 
then tried, and as the length increased it was noticed 
that waves of a frequency determined by the passage 
length began to show on the pressure diagram, their 
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amplitude increasing with the length of passage and 
the consequent decrease of resonant frequency. The 
frequency was measured in several cases, and, for 
parallel passages or those having an easy taper from 
the entrance to the air cell, corresponded closely to 
the speed of sound in the gas at a temperature of 
about 280 deg. Cent., travelling a distance four times 
the passage length. 

This behaviour agreed well with expectations, for 
the passage is similar to a pipe closed at one end. A 
pressure wave reaching such a pipe will oscillate 
in the pipe at its natural frequency, the wave length 
being four times the passage length plus any small 
end-effect. 

As the frequency of the long passage was much 
lower than the detonation frequency, it was found 
entirely practicable to use an electrical filter in the 
amplifier circuit of the indicator arranged to reject 
any input in the particular frequency range associated 
with the passage effects and without altering detona- 
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tion effects, and this restored the pressure card to its 
true and original shape. This device is eminently 
suitable for extreme cases, and particularly for large 
Diesel engines in which short or no-passage units can 
hardly ever be fitted. 

Although it was shown that the single tapered 
passage, #}in. long, previously adopted as standard 
for the indicating units, was satisfactory as regards 
the pressure diagram and also satisfactory in actual 
aero-engines running at high speed and full output, 
the rate of change of pressure diagram was much more 
confused than was desirable. It also very much 
exaggerated the detonation effects as well as intro- 
ducing a “heterodyning ”’ between the detonation 
frequency and passage frequencies. The rate-of- 
change diagram is shown in Fig. 9, and while the 
onset of detonation is clearly shown and also its fre- 
quency, there are marked differences from the dia- 
gram taken without passage, shown in Fig. 8. The 
explanation of the differences will be obvious to’ the 
radio engineer or the student of acoustics, but it may 
be worth giving a few simple examples of what takes 
place when waves are combined before attempting to 
study the indicator diagram itself. 

(To be continued.) 
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Institution of Mechanical Engineers. 


a en 


THE ninetieth annual general meeting of the 
Institution of Mechanical Engineers was held in 
London on Friday evening of last week, February 
19th. As a result of the ballot Sir John Thornycroft 
was elected to succeed Sir Nigel Gresley as President 
and Mr. E. Bruce Ball, Mr. Asa Binns and Mr. W. A. 
Stanier were elected as Vice-Presidents. Sir George 
Goodwin, Professor Dempster Smith, Major Gregson, 
Major Thompson and Messrs. Fedden, Ricardo and 
Cadman were appointed to serve on the Council. 
It was announced that Mr. A. E. L. Chorlton, Past- 
President, and Mr. F. H. Livens, Past-Vice-President 
had been elected honorary life members of the 
Institution. 


ANNUAL REPORT OF THE COUNCIL. 


The Council’s report for the year 1936, submitted 
at the meeting and adopted without discussion, shows 
that during the year a net addition of 382 new 
members had brought the membership roll above 
the twelve thousand mark namely to 12,295. The 
revenue for the year amounted to £37,907 and the 
expenditure to £37,311. In supporting the adoption 
of the annual report Mr. R. W. Allen suggested 
that the Institution’s annual contribution of £300 
to the British Standards Institution might profitably 
be increased to at least £500. The James Watt 
International Medal established by the Council in 
commemoration of Watt’s bicentenary was to have 
been awarded to Sir J. A. F. Aspinall on January 
22nd this year but three days before that date Sir 
John died. The medal has since been handed to 
Sir John’s daughter Miss Isabel Aspinall. During the 
year the Institution acquired for the sum of £252 a 
portrait in oils of James Watt by C. F. von Breda 
dated 1792. This portrait was painted at the instance 
of John Rennie in whose family it remained until it 
was purchased by the Institution. It is believed to 
be the original picture although a similar painting 
by the same artist, also dated 1792, is in the National 
Portrait Gallery. There was competition for the 
purchase and possession of the portrait between 
the Institution and the Institution of Civil Engineers 
but it was amicably settled between the two Presi- 
dents by the spin of a coin. 

There are now nine incial and two overseas 
branches of the Institution. The latest branch to 
be formed is in China and by an arrangement with 
the Engineering Society of China the members 
of the new branch will become affiliated to that 
Society. 

During the year the work of the Inventions 
Advisory Committee established in 1934 was trans- 
ferred to the Research Advisory Committee which 
is now known as the Inventions and Research 
Advisory Committee. Dealing with the research 
work undertaken by or under the auspices of the 
Institution the report records that at the National 
Physical Laboratory the investigations carried out 
for the Alloy Steels Research Committee included a 
study of the iron-sulphur system and of the alloys 
of iron and nickel. It is noted that a revision has 
been begun of the iron-nickel system, the existing 
diagrams of which do not represent the true relations 
of the metals. The Sub-Committee on tungsten- 
carbide tools of the Cutting Tools Research Com- 
mittee is about to prepare a final report on cemented 
tools based on information supplied by makers and 
users. Since the first report of the Pipe Flanges 
Research Committee was presented to the Institution 
on February 21st 1936 experimental work has been 
continued at the National Physical Laboratory on 
outstanding items in the original approved pro- 
gramme. Joint tightness tests have been made with 
a serrated steel ring and compressed asbestos packing 
and the effect of pitch of bolts on joint tightness 
has been studied. The section of the work dealing 
with the creep of complete assemblies of nuts and 
bolts and the susceptibility of the bolt material to 
embrittlement under prolonged heating has been 
completed. Tests have been begun to determine the 
effect of bolt-retightening and of the omission of the 
gasket. For the Welding Research Committee large- 
scale work was carried out in a boilermaker’s works 
on full-sized welded drums subjected to repeated 
hydraulic loadings. Special apparatus was designed 
for the determination of longitudinal and circum- 
ferential strains during these tests. The original terms 
of reference of this Committee were felt to be too 
wide having regard to the work «mdertaken during 
the last three years. New terms have therefore been 
prescribed namely “to investigate welding in its 
relationship to pressure vessels.” These new terms 
are believed to be more in consonance with the 
Committee’s actual work than were the original terms 
which charged the Committee with the task of study- 
ing “‘modern methods of welding ferrous and non- 
ferrous metals, with reference to the quality of the 
welds and their suitability for specific purposes, with 
primary reference to pressure vessels.”’ 


Atm CONDITIONING tN BUILDINGS. 


; Following the business of the annual meeting Mr. 
EK. R. Dolby presented a paper “ Ventilation with 





Air Conditioning in Modern Buildings ” of which a 
condensed version is published elsewhere in this issue. 

Mr. R. M. Drummond opened the discussion. He 
expressed regret that British methods of air condition- 
ing were following closely along the lines of American 
practice instead of developing in a manner suited 
to the conditions prevailing in this country. The 
installations described by Mr. Dolby were on the 
whole costly and complicated and therefore vulnerable 
in the sense that a breakdown at any one point might 
throw the whole air-conditioning equipment of a 
large building out of action. He favoured a number 
of small independent plants, one on each floor, 
rather than a single large plant serving the whole 
building. Criticising the various units of the air- 
conditioning equipments described in the paper 
he said that all the filters mentioned by Mr. Dolby 
suffered from a common defect: they failed to 
remove the extracted dust out of contact with the 
fresh incoming air. He then proceeded to show a 
number of slides illustrating the design of an air- 
filtering plant which he said was capable of removing 
90 per cent. of the dust in the incoming air, the residue 
being subsequently removed by scrubbing with a 


spray. 

Mr. J. E. Foden also exhibited some slides showing 
recent air-conditioning equipment installed in this 
country. He emphasised the importance of ensuring 
that no noise or vibration was transmitted from the 
air-conditioning plant to other parts of the building. 
One of his slides showed an air-conditioning plant 
fitted in a.ship. In this system a cooling effect was 
obtained by means of an ejector which established 
@ vacuum in which the cooling water was evaporated 
at a low temperature. With this system, he said, 
temperatures of 40 deg. to 45 deg. Fah. could be 
produced. The system was applicable to land installa- 
tions. One of his slides showed a domestic example 
capable of supplying 250 cubic feet of conditioned air 
per minute. 

Mr. T. Chester thought that Mr. Dolby’s ideal of 
an air temperature of 60 deg. Fah. and a relative 
humidity of 50 per cent. was on the cold side. In 
the United States the temperature aimed at in the 
winter was 66 deg. It was however the “ effective ” 
temperature which influenced comfort. That tem- 
perature was a complex function of the dry and wet 
bulb temperatures and could not be measured on a 
single thermometer. The human body lost heat in 
three different ways namely by evaporation, by 
direct radiation and by convection. The temperature 
adjusting mechanism of the body was very wonderful. 
The manner and extent to which it combined those 
three factors depended upon the temperature of the 
surrounding air. 

Mr. W. Stainsby asked Mr. Dolby to state the 
efficiencies of the filters described in the paper and 
to say whether they were on a weight or volume 
basis. He regretted that the author had not made 
reference to recent work carried out at the Building 
Research Station, Watford, on the “ psychrometric 
chart.”” Dehumidification, he stated, did not 
necessarily involve the use of a refrigerator. It could 
be obtained by means of absorbents. 

Mr. V. C. Dupen said that industrial air-condition- 
ing control instruments had not received as much 
attention as they deserved. The instrumental 





section of the equipment was often blamed for break- 
downs and failures whereas the real cause lay in the 


fact that insufficient information concerning the 
operating conditions had been supplied in the first 
instance to the instrument makers. It was particularly 
important to note that no controlling instrument 
could act until after the departure to be corrected 
had begun. § ing of recent developments on 
the instrumental side of air conditioning he said that 
at least two makers in England were now able to 
supply vapour tension thermometers. _Time-tem- 
perature and time-humidity controls capable of 

ing out specified temperature and humidity 
cycles were also available. 

Mr. E. L. Joseph said that an average temperature 
of 63 deg.—64 deg. would to-day be regarded as more 
suitable than 60 deg. for sedentary occupations. 
Even 66 deg. might not be more than comfortable 
in the absence of strenuous exertion. The best 
temperature to maintain could not however be 
determined by any precise rule. It varied with 
the surroundings and even with the sex of those 
exposed to the conditioned air. In general women 
liked the air warmer than did men. Mr. Dolby’s 
ideal of restricting the carbon dioxide to not more 
than 6 or 7 parts per 10,000 by volume could be 
exceeded without harmful effect although it was to 
be noted that a high CO, percentage generally 
meant a high percentage of otber, and possibly 
harmful, impurities. The volume of air to be pro- 
vided per minute was placed by the author at a 
higher figure than was necessary, namely at 30 cubic 
feet per pupil in a classroom and at 40 to 60 cubic 
feet per person in a theatre. It might in his view be 
only two-thirds of these On the subject of 
refrigeration he said that in many buildings the 
water supply was obtained from private artesian 
wells yielding water at 48 deg. to 50 deg. Fah. 
If such water were available it could be used in place 
of the refrigerating equipment. Concluding his 
remarks he gave a brief account of his experiences 
when two years or so ago he was called in by the 
Johannesburg Mine Managers’ Association to advise 
on the treatment of air in deep gold mines. At 
depths of 8000ft. to 9000ft. the air had a temperature 
of about 90 deg. and was practically saturated. The 
workers, mostly natives, were sometimes incapacitated 
after only twenty minutes’ to the atmo- 
sphere at those depths. His investigations satisfied 
him that the trouble was caused not by the tempera- 
ture or humidity but by contamination of the air 
by body emanations and the breath of the workers. 
Particles of organic matter given off by the body 
irnmediately putrefied. At his recommendation 
ozone was introduced into the ventilating air to 
convert the emanations into carbon dioxide and 
water. That step had completely removed the 
trouble. 

Mr. A. H. Barker discussed the question, often 
asked, whether a refrigerating equipment were 
really necessary in the comparatively temperate 
climate of England. The gist of his argument 
was that a refrigerator was not necessarily to be 
regarded merely as a means of reducing the tempera- 
ture on unduly warm days. A refrigerator helped 
the filtering equipment to remove the dust in the 
fresh air suppiy and had a beneficial effect in facilitat- 
ing the control of the humidity. No air-conditioning 
plant even in this country could he maintained 
be regarded as complete if it did not include a 
refrigerator. 

Mr. Dolby. in the course of a brief reply to the 
discussion argued that a temperature of 60 deg. 
would be considered too low in the United States. 
Americans visiting this country liked a temperature 
in their rooms of about 70 deg. but the average 
Englishman undoubtedly preferred a lower tem- 
perature. 








American Fountain Practice. 


By E. E. R. 
No. 
RNAMENTAL fountains have long been a 


popular and attractive feature in the United 
States for the decoration and embellishment of parks 
and public places, and also for private grounds and 
gardens. They have an advantage over static archi- 
tectural and statuary or sculptural effects, owing 
to the attractive appearance of the flowing water. 
In fact, an architect prominent in the scenic develop- 
ment of public places—Mr. Daniel H. Burnham— 
has expressed the opinion that since Chicago has a 
most abundant and cheap water supply, the city 
should be embellished with numerous fountains— 
as in Rome and other European cities—the sight of 
running and flowing water being so attractive and 
refreshing, particularly in hot weather. In some 
cases such fountains are erected as memorial 
structures. 

Small fountains suit the smaller parks and com- 
munities and most private installations, but reference 
is made here rather to the larger class of ornamental 
fountains, a considerable proportion of which have 
the additional attraction of electric lighting, with 





TRATMAN. 
I, 


changing water aspects and illuminating effects. 
Such illumination, however, is applied to many 
fountains of the smaller class. Fountains of the 
large type, now under consideration, may be divided 
into two classes. First, those for permanent use, as 
in parks and open public spaces ; secondly, those for 
temporary use in the decorative schemes of important 
expositions or celebrations. For the former economy 
in operation and sometimes in water consumption is 
an important consideration ; but for the latter class 
economy in both construction and operation is highly 
important, owing to financial limitations. Happily, 
the architectural design in such cases—elaborate 
though it generally is—may be carried out with 
materials of low cost and short life. 

Both height and area of the water effects are 
factors in the design of fountains. Single, tall, solid, 
vertical jets are often supplemented by a group of 
smaller vertical jets surrounding the main nozzle, 
or by a pipe ring of small diameter having nozzles 
spouting either upward or outward. For a larger 
area a pipe ring of large diameter may have nozzles 
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discharging upward and inward in a dome or water- 
hedge effect. For a curtain of water or a cascade 
effect, jets may spout from nozzles along a straight 
pipe of desired length. 

JuTs AND WaTER SUPPLY. 


The water may also be sprayed, instead of being 
discharged in solid streams. These spray jets may 
be flat or conical, the latter formed by nozzles having 
internal spirals which give a divergence of 30 deg. to 
60 deg. to the issuing stream. The nozzles may be 
designed to produce any desired degree of fineness 








or displays, to permit of adjustment and variation 
of height, spread, or volume. Such adjustments may 
be manual, by means of hand valves, or they may be 
made automatically by means of electrically controlled 
valves, the control being through a motor-driven 
flasher. As to the sizes of piping, this is a matter 
largely for judgment, but the pipes should be large 
enough to allow of low velocity. 

Water is taken sometimes from city mains and 
discharged to waste, but it is more economical to 
recirculate the supply. In this latter case, with the 
pumps drawing the supply from the fountain basin 





FIG. 1—THE FOUNTAIN OFTHE GREAT LAKES, CHICAGO 


in. the discharge, from coarse drops to the finest 
atomisation. In other cases, the nozzles are fitted with 
external deflectors, shaped to give a desired form to 
the discharge. But, as a rule, these deflectors do 
not produce such good results, as it is difficult to 
obtain an even distribution, and any irregularity 
is shown plainly when the water is illuminated. 
Centrifugal pumps driven by electric motors are 
used largely in fountain service, the equipment being 
placed usually in a vault or chamber near or beneath 
the fountain basin, in order to limit the lengths of 
pipe and wiring conduits, Separate pipe lines will 
be required for the several different water effects 


















or pool, the loss by evaporation and spilling or waste 
may be compensated by an automatic connection 
with a supply main or other source, in order to 
maintain a constant water Jevel in the basin. 

Where the supply is taken from such a large source 
as an adjacent lake, as at the city parks of Chicago 
and its World’s Fair Expositions, such connections 
may not be necessary, the water spilling or over- 
flowing continually from the fountain basin and 
returning to the lake or main pool. But in any case, 
economy in the use of water is desirable, with con- 
sequent reduction in the cost of pumping. One of 
the large illuminated fountains in Forest Park, at 


Saint Louis, was connected originally with a city 
main and discharged to waste about a million gallons 
of water every day it was in operation. Later, how- 
ever, a pump was installed by the Park Department 
to recirculate water taken from an adjacent park 
pond or lagoon. In general, when city water is used 
for a public fountain. in America, the water depart- 
ment furnishes the supply free of charge to the park 
department or other public body concerned. 

Experimental work, with more or less consequent 
adjustment, is required for nearly every fountain 
installation, before the desired and designed artistic 
hydraulic effects are produced. For although the 
design is based on established hydraulic principles 
there are so many variable factors to be considered— 
individual to each fountain—that it is practically 
impossible to calculate or predict the exact results 
from any given installation. The pressures and 
volumes available; the friction in pipes, bends, 
branches and connections; the form of jet nozzles, 
and other factors, together or individually, have 
rather indeterminate infiuences on the streams of 
water as discharged. 

Although many experiments on fire streams are 
on record, they afford only a general help in relation 
to fountains because—as has been shown by Mr. 
C. B. Burdick, one of the engineers of the Buckingham 
Fountain at Chicago, to be described later—the 
objects sought ‘to be attained are different. Thus. 
for fire-fighting purposes, the object is to throw 
@ given quantity of water to a given height—or the 
greatest possible height—in a solid and unbroken 
stream. For a fountain display, on the other hand, 
the object is to obtain the specified artistic design— 
or the most effective display—with the least expendi-- 
ture of power, the quantity of water being relatively 
unimportant so long as the desired effect is attained. 
Economy in water consumption has been increased 
materially in some cases by the spraying of water 
through atomising nozzles. 

Published records of hydraulic tests and experi- 
ments for fountain work are very limited. However, 
experiments reported to the American Society of 
Civil Engineers in 1906, on ‘‘ Fountain Flow of Water 
from Vertical Pipes,” by Lawrence and Braunsworth, 
established as a main point the fact that there is 
@ gradual and definite transition from the weir flow 
of very low fountain heights to the jet flow of greater 
heights. Furthermore, when a number of relatively 
large jets come in series from a pipe, a peculiar 
effect which sometimes occurs is that on account of 
added pressure caused by the deviated flow the jets 
near the farther end of the pipe may rise higher than 
the others. It is noted in Merriman’s “ Treatise on 
Hydraulics ’’ that in the above fountain flow experi- 
ments it was found that velocities in the cross section 
of flow depend upon whether or not the flow out of 
the top of the pipe occurs as in a jet or as over a 
weir. If the head to which the flow rises above the 
top of the pipe is small, the flow is practically the 
same as over a thin-edged circular weir. 


JET ILLUMINATION. 


In the illumination of fountains, floodlights within 
the pool or basin are used extensively for general 
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lighting, as they make the flowing water appear 
luminous, giving a more effective appearance than 
outside lights directed upon the water. For coloured 
lighting the wattage must be sufficient to compensate 
for absorption of light by the coloured lenses. Thus 
it has been stated that, proportionately, if white is 
taken as 100, amber will be 150, red 200, green 300, 
and blue 500. 

For waterfall or cascade effects globe lights under 
the crest are effective for falls of not more than LOft., 
special lenses and reflectors being required for greater 
heights. These lamps must be spaced close enough 
to give a uniform distribution of light, and to avoid 
alternations of light and dark spots under the water. 
For cascades not exceeding 10ft. in height, Mr. 
Lippman, of the Westinghouse Electric and Manu- 
facturing Company, has given the following wattage 
per lineal foot of cascade as producing adequate 
intensity of light White, 15 to 25 watts per foot ; 
amber, 20 to 30 watts; red, 25 to 36 watts; green, 
35 to 50 watts ; blue, 45 to 70 watts. 

Automatic regulation, variation, and blending of 
colour effects may be obtained by motor-driven 
flasher, motor-driven resistance dimmer, reaction 
dimmer, or thermionic system. An appli- 
cation of the modern development of 
electron tube control is the thyratron- 
reactor control for decorative lighting. 
It has greater flexibility than dther 
methods of control and is highly efficient 
and reliable. 

ARCHITECTURAL DESIGN. 

Architectural design and water effects 
may be planned and pictured in the first 
place by the architect or designer of the 
fountain. But the design of the hydraulic 
equipment—and of the electric equip- 
ment if the fountain is to be ilhuminated 
—must be co-ordinated with this general 
and pictorial design in order to produce 
the desired effects and to produce a 
fountain that will be economical in first 
cost and in operating cost, ds well as 
satisfactorily effective in appearance. 
Therefore the best results in the ultimate 
installation will be produced by collabora- 
tion of the architect or designer and the 
hydraulic and electrical engineers, includ- 
ing those of manufacturing firms which 
have specialised in the design and con- 
struction of apparatus and equipment for 
this particular line of work. 

The architectural structure should not 
be so prominent or elaborate in relation 
to the water effects and supply as to be 
the dominating feature of the fountain. 
For, fundamentally, the attractive appear- 
ance lies in the flowing and falling water. 
rather than in the ornamental structure. 
In fact, some very beautiful and effective 
fountains have no architectural or struc- 
tural features, the jets springing directly 
from a main basin or pool. 

There are exceptions, of course, to this 
general principle of subordinating the 
structural to the hydraulic features, as in 
designs where the latter are rather inci- 
dental to the former. An example of this 
is the Fountain of the Great Lakes, at 
Chicago, which is shown in Fig. 1, with 
the Art Institute as its back ground. Here a 
group of bronze figures, placed one above another 
and helding large shells, symbolises the series 
of lakes in the chain, the water spilling from the 
top shell—representing Lake Superior—to those 
representing Lakes Michigan, Huron, Erie, and 
Ontario, in succession. In the illustration no water 
is flowing, the photograph having been taken particu- 
larly to show the bronze statuary group. But when 
in operation the volume of water is not large, since 
it is simply an accessory of the statuary. 


Tue BucKINGHAM MEMORIAL FOUNTAIN AT CHICAGO. 


One of the largest decorative and electrically 
illuminated fountains of the permanent type is the 
Clarence Buckingham Memorial Fountain in Grant 
Park, on the lake front, at Chicago. It was presented 
to the city by Miss Kate 8. Buckingham for the 
beautification of the park and in memory of her 
brother, Mr. Clarence Buckingham, an old-time 
resident, a patron of the fine arts and for many years 
a trustee of the Art Institute, at Chicago. In Fig. 3 
is an excellent view of the fountain in operation. Its 
architectural design and its general display features 
were prepared by the firm of Bennett, Parsons and 
Frost, architects, which firm also laid out the general 
plan and architectural and landscape treatment of 
Grant Park. The civil engineering firm of Alvord, 
Burdick and Howson collaborated in the design and 
selection of the equipment for producing the 
hydraulic features and illumination effects conceived 
by the designers of the fountain. 

Situated in an open garden area about 600ft. 
square, the architectural structure is built of rein- 
forced concrete faced with Georgia pink marble and 
decorative features in precast cement. At its base is 
a shallow pool of irregular outline, but about 300ft. 
in diameter, its plan being formed by four segmental 
portions connected by right-angled corner pro- 








jections. In the centre of the pool rises a structure 
composed ' essentially of three concentric basins, 
respectively 103ft., 60ft., and 24ft. in diameter, the 
lip or edge of the top basin being 25ft. above the water 
level of the pool. Decorative features independent of 
this central structure include four pairs of bronze 
sea horses placed in the pool and opposite the four 
right-angle corners, and arranged diagonally to the 
cardinal points of the compass. These sea horses are 
more than 20ft. long and spout foaming streams of 
water on a rather flat trajectory. 

From the top basin rises a central jet or column of 
water extending to a maximum height of 110ft. and 
surrounded by a ring of twelve jets of less volume and 
height. Of the numerous other jets, the majority 
are arranged in rings in the basins, forming a series of 
dome-like crowns or sheets of water, the jets spouting 


inward and upward from the pool to the first basin, 


from the first to the second, and so on to the top. 
The water overflows from the basins as a series of 
cascades. In addition, from certain decorative 
features around each basin, water is spouted outward 
to fall into the basin below. To increase the cascade 
effect of a large volume of water an 8in. connection to 





FiG. 3—THE BUCKINGHAM MEMORIAL FOUNTAIN 


the main header pipe discharges water into the top 
basin through twelve 6in. openings, each fitted with 
a cock or valve. In each segmental outline of the 
pool is a group of jets, repeating, but on a smaller 
seale, the central column and group of jets in the top 
basin. 

There are in all one hundred and thirty-four jets, 
served by five ring mains ranging from 4in. to 8in. 
in diameter, with a separate 6in. pipe to the central 
jet. Each of these water circuits is controlled inde- 
pendently by a valve. All jets have short 3in. 
branches from the main pipes, except that forty- 
eight of the smaller jets are supplied by 1}in. or 2in. 
branch pipes. Below the jet or nozzle on each branch 
is a cock for controlling the delivery. These cocks 
are set permanently, so that the jet may produce the 
desired form or effect and also to assist in distributing 
the flow equably between the numerous jets. All 
piping is concealed, either under the water or under 
the central structure, but is accessible when the 
fountain is drained. 

The general architectural and structural design of 
this fountain is shown in elevation, part plan, and 
section in Fig. 2. A larger section of the central part 
of the structure, which also shows the arrangement. of 
pipes and jets, is given in Fig. 4, together with a plan 
of the ring pipes and jets in the top basin. 

In starting, water drawn directly from Lake 
Michigan is pumped in to fill the pool and basins. The 
water is then recirculated by the pumps, being drawn 
from the pool and delivered to the various mains and 
jets and then flowing over the cascades and returning 
to the pool, to be drawn again by the pump suctions. 
With full or maximum flow the fountain discharges 
at the rate of 22 million gallons daily. 

Three single-stage centrifugal pumps, designed for 
operation under 100ft. head, deliver the water to the 
pipe system. ‘Two pumps have each a capacity of 
7000 gallons per minute, and the third has a:capacity 








of 1700 gallons. Water is taken from a suction 
chamber adjacent to the underground pump room 
and connected with the main pool of the fountain, 
the head being about 7ft. The pumps are driven by 
three direct-connected synchronous, three-phase, 
60-cycle motors of 250, 200, and 75 H.P., with 2300- 
volt current. Two pressure mains of 20in. and 8in. 
diameter, for low service and high service, lead from 
the pumps to the ring mains of the jet system. 

The jets are controlled by valves which are operated 
by hand or automatically by electric connections, 
which can be arranged to give a series of water effects 
or displays in a predetermined cycle. Of two prin- 
cipal displays, the major effect, with a discharge of 
13,000 gallons per minute, is made with the two large 
pumps operating at 100ft. head, and the piping is so 

that the small pump takes its supply at 
this head and forces it 100ft., supplying the great 
central jet through a separate pipe. A minor display, 
with a total discharge of 5000 gallons per minute, is 
served by one of the large pumps. It is of interest to 
Hote that as a result of study of the forms of jet 
nozzles of large fountains in the United States and 
Europe, the nozzle for the centre jet of the Bucking- 
ham Fountain was designed along lines 
similar to those of the centre jet in the 
Fontaine du Dragon, at Versailles. 

Tilumination in five colours is provided 
by twotypes of lamps—500-watt incan- 
descent lamps in projectors and arranged 
under water to light the jets, and incan- 
descent lamps of 75 watts to illuminate 
the underside of the cascades. Many of 
the lamps are under water, and all are 
subject to more or less direct impact of 
falling water and spray, but they and 
their connections were designed specially 
for permanence under the severe condi- 
tions of wet and damp incidental to the 
operation of the fountain. The pro- 
jectors have aluminium bodies, and those 
submerged are arranged for lifting above 
the water for servicing, without lower- 
ing the water level. Lights and colours 
are arranged in groups. The total instal- 
lation includes 84 projectors and 560 
incandescent lamps, using a total of 
84,000 watts. 

In the studies for illumination displays, 
it was proposed at first to use only outside 
projectors, following the general modern 
practice of floodlighting buildings and 
other structures. This would have 
avoided *certain complications involved 
in the use of submerged lights or lights 
flooded by the flowing water of the 
cascades. However, it was soon found 
by the collection of information as to 
other fountain designs that by far the 
best illuminating effects would be secured 
from concealed underwater lights placed 
close to the nozzles, the beams of light 
being directed upward and outward along 
the jets, so that only streams of water 
would be illuminated, and no light cast 
upon the structure as a background. 
This superiority of submerged lights has 
been noted already. 

The 2300-volt current used for power 
is reduced for lighting purposes by 
means of a single 75-kVA,_single- 
phase, 2300—-115-230-volt, oil-insulated, air-cooled 
transformer, mounted in a pit adjacent to the 
underground pump house. The lighting units are 
grouped and served by twenty-one circuits, all lead- 
encased, using the three-wire system. Each circuit 
carrying ccloured lights is equipped with motor- 
operated dimming resistance, connected in series with 
the lamps, the coloured pilot lights on the operating 
board, and the control switches of the tumbler type. 
For convenience in operating, the switches are 
grouped according to colours. 

Clear—or white—light, amber, rose red, green and 
blue are the colours used. Colour effects are produced 
by means of coloured globes on the incandescent 
lights, and by clear and coloured covers and screens 
on the projectors. Combinations and gradually 
varying shades are produced by the simultaneous 
use of colour circuits switching on and off through 
dimmers. The switches and motor-operated dimmers 
are mounted on the same table as the valve control 
cocks in the underground pump room. Coloured 
pilot lights indicate the illuminating effects. 

The pump room and operating room, under one 
corner Of the main pool or outer basin, is 35ft. by 25ft., 
with a clear height of Llft. Its roof is flush with the 
pavement surrounding the pool, but a part of the 
roof extends 4ft. above this level, and the raised 
portion has windows through which the fountain 
operator can see the water and light effects while 
standing at the control or operating table. 

Hydraulic problems in the design of the water 
supply for this fountain involved (1) a water supply 
equipment sufficient in capacity for that of a small 
town ; (2) a jet system to produce the artistic water 
and illuminating effects conceived by the designing 
architects ; and (3) the achievement of these results 
with reasonable first cost and operating expenses. 

As a preliminary to the design of the jet system, 
the engineers conducted experiments with openings 
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and nozzles of various forms. These included annular 
openings, narrow slots, circular openings of different 
sizes, groups of small circular openings arranged in 
rings, and groups of narrow slots. Final selection was 
based on pressure readings, measurements of flow 
by pitot tubes, and photographs of the jets produced. 
The jet pipes and their attachments were so arranged 
as to provide for changes that might appear desirable 
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hardwood blocks suitably bored with the various 
orifices were used experimentally, being bolted.to the 
pipe flanges. The permanent metal plates or nozzles 
were made after the effects of the resultant jets had 
been noted and found satisfactory in the operation 
of the fountain. The experiments also served to 
check previous records on orifice flow, the co- 








efficient of discharge ranging from 0-63 for an 
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ing to Sec. 13 of the Bill, when an invented word or words 
has become so well. known in connection with a certain 
class of goods that if used with other goods it is liable to 
be taken as indicating a connection in the course of trade 
between the proprietors of the mark and such other goods, 
then the proprietors of the trade mark may register the 
mark as a “ defensive mark” in respect of goods with 
which they have no intention of using the mark, contrary 
to the usual provisions of the trade mark law that marks 
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FiG. 4—SECTION OF CENTRAL PORTION OF BUCKINGHAM MEMOZIAL FOUNTAIN 


after the fountain had been put in operation. For 
this each supply pipe was fitted with a cock. 
Each water outlet terminates in a 4in. pipe with a 
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| | 








| 
Jet | Nozzles Orifices. } 
Location of jets. nozzle. | per set. |———_-—_--—+} 
| | No. | Size. | 
| | Inches 
A Males display— | | } 
solated group 1 4 | 1 1 
Isolated group 2 16 | 5 H 
Outer basin ring . 3° 1 12 1 | §x2y 
Lower basin ring poo@t- fous 1 |.4x2} 
Intermediate basin ring 56 | 12. 2 | 4x 
Upper basin asl ‘ 6 | 12 1 Be 
Console... . , ee ae 1 i 
Sea horses... ae Po 8 2 x3 
Centre jet, upper basin | 11 Ey. me 1 24 
Tom llons per minute... 
“Sie or display— 
” alaea group 1 4 1 ty 
Upper basin second ring 7 16 2 H 
Upper cig third rinse 8 8 2 
Console .. 9 32 1 & 
Sea horses... 10 8 2 * x3 
Centre jet, upper basin | 11 1 1 24 
Total gallons per minute... 

















ane Data, ) Daan Memorial Foun. 


orifice with square edge to 1-00 for a rounded orifice. 
The fovisia 48 néailen wed ie in different parts of the 
fountain and their use for the two principal hydraulic 




















| | 
| Vertical } Discharge, gallons 
Total | Head ight | Hori- | Nozzle per minute. 
orifice | at above | zontal coeffi- 
area, | nozzle. | nozzle. | throw. cient. | Per unit.) Per set. 
Sq. in Feet. | Feet. Feet. | i 
| | 

0-995 42 30 0 0-643 105 420 
1-530 23 12 0 0-920 165 2,620 
1-478 2 14 38 0-638 115 | 1,380 
1-134 44 26 25 0-634 120 1,440 
1-143 47 30 14 0-634 125 1,500 
0-995 57 35 0 0-650 120 1,440 
0-600 9 + 0 0-612 30 960 
1-840 | 75 10 50 0-660 250 | 2,000 
4-920 135 | 80 0 0-735 1,000 1,000 

12,760 
0-995 30 20 0 0-643 30 120 
1-200 ll 6 0 0-920 90 1,440 
1-200 16 8} 0 0-920 115 920 
0-600 9 4 0 0-612 12} 400 
1-840 60 8 35 0-634 180 1,840 
4-920 19 14 0 0-735 380 380 

5,100 























standard flange, and the jet effects are obtained by a 
plate having orifices of various forms, dimensions, 


i wen” OG) oe 
 —— 49) iecocsioe 
etIL:oOo— 
1 wemmnion® L1 


1G. 5-NOZZLE FORMS 


and spacing. Preliminary experiments with these 
plates or nozzles were made at the Chicago Municipal 
Pier. Then, when the fountain was first started, 


displays noted above are shown in Fig. 5, while 
their hydraulic features and rates of discharge are 
given in the accompanying table. 

(To be continued.) 








The New Trade Marks Bill. 


Ir may not be generally known that in December, 1936, 

a Bill was presented to Parliament to amend the Trade 

Marks law on lines recommended by the 

Committee appointed by the Board of Trade in 1933. 

This Bill is now in course of passage the House 

and is likely in the main to become law in due course. 
As the Bill contains provisions for some very radical 

alterations in the present trade mark law, it 

desirable for those interested in trade marks to have some 





advance know of its provisions, so that they 

lay their plans the future, and perhaps thro 
support or contest some of the new 

provisions. 


Among the most important provisions of the Bill is the 
institution of two new classes of tion, which can 
conveniently be referred to respectively as “ defensive ” 








trade marks and “‘ registered users ’’ trade marks. Accord- 


without user or imtended 
See ae 

0 
and 


cannot be validly 
user in connection with the 
tered. Obvious examples of marks of this kind 
ration as defensive marks are “ Bo 

“* Kodak.”’ 

Sec. 8 of the Bill is designed to permit persons other 
than the proprietor of a mark to obtain registration as a 
‘* registered user” in respect of some or all of the goods 
for which the mark is actually registered. Such regis- 
trations are only to be allowed subject to the consent of 
the registered proprietor, and may be with or without 
conditions or restrictions. In effect, such registrations 
would appear to be equivalent to licences, which have not 
hitherto been permitted in respect of trade marks. 

Under Sec. 4 the registration of words in respect of 
patented goods paeiuine invalid if effected after two years 


| from the expiry of the patent, and it can be proved that 


the words in question are the only practicable name or 
description of the goods. 

Sec. 7 is again very important in that it will permit the 
assignment of registered trade marks without the goodwill 
of the business associated therewith or any part thereof. 
Thus a person having several trade marks used with the 
same class of goods, say, several trade marks for different 
brands of tool steel, will be enabled to assign them indi- 
ba a and yet retain his business under the remaining 


Since these will be re 


isi ive, invalid 
ts of kind will become 


and the diffi- 


| culties which at me exist in regard to trade marks 


between parent and subsidiary companies will be to a 
large extent overcome. 

Previously it has not been legal for a person to register 
a trade mark without any intention to use it, but under 
a trade mark as 


Payot metadiaissa jae! 

for the of using the mark or if the application is 

made jointly with a person for registration as 
a ‘registered user.” In the former case the tion 

will be cancelled after a certain length of time if the 


It will not be permissible to mark goods for export with 
trade marks if such marking would not be permissible on 
the goods for sale in the United Without 
affecting existing regi all future registrations will 
only be allowed for an initial period of seven 
years, but will be aijecs to renewal indefinitely by 
fourteen-year periods, as in the past. This will prevent 
the Trade 5 Markel Register becoming ey. ph oR nk with 
registrations which are not actually used 








RansoMEs AND RapPrer, Ltp.—We regret to notice that 
in our “‘ Markets, Notes and News,” in last week’s issue 
we referred to a Sims we i Ltd., of 
Ipswich, as having received a contract for the shuice gates 
for the new Mohammed Aly . The title of the firm 
is, we hope, too well known for this slip of the pen to have 
misled any of our readers. We gave it correctly on 
page 234 of the same issue, where further reference was 
made to the contract. 
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The Works of Kodak, Ltd. 


No. 


Iil, 


(Continued from page 209, February 19th.) 


Tue Power House. 

5 in most works, the power supply is an important 
A consideration, and since the Kodakfactory requires 
comparatively large supplies of heat, the power station 
has been built primarily to provide process steam and, 
as a by-product, electricity. A third product of great 
importance is water, large quantities of which are 
also needed. The steam supply is generated in two 
batteries of boilers. The first consists of four Babcock 
and Wilcox units, illustrated in Fig.{2l. Each has 
a capacity of 10,000 Ib. of steam per hour at 200 Ib. 








which feeds on to the grates, and the ash is dropped 
directly into ashpits beneath the grate. Three Weir 
feed pumps supply the water direct to the boilers, as 
no economisers are used. The steam’ has a final 
temperature from the superheaters of 525 deg. to 
550 deg. Fah., and in this condition is used for the 
back-pressure engines of the electric generating plant. 
The process steam, as fed to the service mains of the 
factory, has a temperature of 295 deg. to 300 deg. Fah., 
and a pressure of about 20lb. Natural draught is 
adopted for these four boilers, which make use of a 
stack having top and bottom diameters of 9ft. and 





FIG. 21—BOILER ~ House 


pressure. There are 269 square feet of heating surface 
and 356 square feet of superheater heating surface, 
making a total of 625 square feet of total heating 
surface. Coal firing has been adopted, and, as shown 
in the engraving, chain grates, each having an area 
of 60 square feet, are installed. All four grates are 
operated by a single 6} H.P. English Electric motor, 
and a small steam engine acts as a standby. Coal is 
fed from a 20-ton service bunker im the roof of the 
boiler room by means of a Mitchell coal conveyor, 





FIG. 22—POWER STATION 





16ft. They are each equipped with Lea coal con- 
sumption recorders, Electroflo steam meters and 
Electroflo draught gauges, the draught being hand 
regulated. 

The second battery of boilers consists of two 
25,000 Ib. per hour Babcock and Wilcox two-drum 
units. Each has a total heating area of 5764 square 
feet and a grate area of 140 square feet, provided by 
twin 5ft. by 14ft. B. and W. chain grate mechanical 
stokers. Natural draught is also used for these 





boilers, and Green’s gilled tube economisers, consist 
ing of forty-nine tubes, each 10ft. long and giving an 
area of 1920 square feet of heating surface, are 
adopted. ‘The standard steam pressure of 200 lb. per 
sq. in, is provided with about 125 deg. Fah. of super- 
heat, and use is made of integral type superheaters, each 
composed of twenty-six groups of four l}in. tubes, 
29ft. long. The normal evaporation is 25,000 lb. 
per hour, and the maximum 30,0001b. per hour. 
Electrofio CO, recorders, steam meters, and draught 
gauges are fitted, and Cope’s regulators control the 
water feed. Clyde’s soot blowers are fitted to the 
front tube bank and Diamond soot blowers between 
the tubes. 

The machines which operate on this steam and are 
fed in conjunction with the process steam supply 
consist of one 1500-kW Parsons turbo-generating 
set, passing out at 20lb. pressure; one 500-kW 
Belliss and Morcom compound reciprocating set, 
exhausting at 15lb. back pressure; one 300-kW 
reciprocating set built by W. H. Allen, Sons and Co., 
also exhausting at 15 lb. back pressure, and one 
250-kW Allen condensing turbo-generating set 
working on an inlet pressure of 15 lb. to 20 lb. per” 
square inch. There are, in addition, various steam 
pumps and compressors which do not affect the dis- 
tribution system. The method of adjusting the load 
during normal working hours is that steam leaving 
the boiler at 200 lb. pressure may be passed through 
the 1500-kW turbine, or the 500-kW reciprocating 
set, or the 300-kW reciprocating set, and in each case 
be passed out at 15 lb. or 20 lb. per square inch 
pressure for process steam. The turbine set has been 
given a pass-out pressure of 5 lb. in excess of the 
reciprocating sets to cope with the increased size 
of the works, and when it is not in use it may be safely 
assumed that the more distant steam-using depart- 
ments are not operating. Having reached the 20 lb. 
pressure stage, the steam may pass out to the process 
departments, or it may be passed through the remain- 
ing stages of the 1500-kW turbine to its condenser, 
or it may be passed into the 250-kW auxiliary generat- 
ing set, and thence to its condenser. The electrical 
load can thus be balanced with the process steam 
load at the 1500-kW turbine by varying the propor- 
tions of condensate to pass out, or, should the elec- 
trical load prove so much greater than the process 
load that with the turbine working with no pass-out at 
all there still remains an excess of pass-out steam from 
one of the other sets, the 250-kW set may be started 
up to absorb it, at the same time taking some of the 
electrical load from the 200 lb. pressure side to the 
20 lb. pressure side, and thus reducing the amount of 
pass-out steam produced. 

A general view of the power plant is shown in Fig. 22, 
the 1500-kW set being in the foreground with its 
condenser showing in the well. The well is at base- 
ment level and, in addition to this condenser, houses 
the three water pumps which handle the works water 
supply. They consist of one 30,000 gallons per hour 
centrifugal pump of the W. H. Allen ‘‘ Conqueror ” 
type, delivering at 160ft. head, and having a 6in. 
inlet orifice leading from various wells which provide 
the water supply. The delivery is also through a 
6in. outlet, and it can be connected in parallel with 
the other supply pump or to operate alone or to feed 
the fire pump should this be necessary. A 40 H.P. 
electric motor operates this pump. The alternative 
system is to utilise a 30,000 gallons per hour direct- 
operated single-cylinder steam pump by Halls. This 
pump has a cylinder 12in. by 2lin., and operates on 
a 7in. suction orifice and a 6in. delivery, and the 





FIG. 23—TURBO -GENERATOR AND AMMONIA COMPRESSORS 
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wells which supply it are the deeper ones on the 
property. As will be realised, the material in use 
at the Wealdstone works makes fire one of the most 
prominent risks, and the fire-prevention arrangements 
are among the most up to date and elaborate in this 
country. The water supply for the fire mains is 
provided by means of a Mather and Platt ‘‘ Under- 
writer’ type pump of 60,000 gallons per hour capa- 
city, and capable of working in series with the two 
supply pumps if necessary. 

The basement-weil-leads out to the service floor of 
the power station where the various mains and cables 
can be reached from the passages. The condensers 
of both turbines are also open on all sides for inspec- 
tion, and the electrical junction-boxes, &c., can be 
reached easily. Above, on the main floor, the 
machines consist of a Parsons turbine with a 
normal output of 1500 kW. It is shown in Fig. 22, 
and operates on a steam supply of 180 lb. pressure 
at the stop valve and 504 deg. Fah., or about 125 deg. 
Fah. of superheat. With a 30in. barometric reading, 
the norma! vacuum generally reaches 28in., and the 
steam supplied through the stop valve is then about 
55,800 lb. per hour. A typical distribution of steam 
under these conditions would be 45,000 lb. per hour 
to process at 20 lb. per square inch and 10,000 lb. per 
hour to condenser. The condenser is of the surface 
type, and has a capacity for about 16,000 Ib. per hour 
with a vacuum reading of 27-55in. The cooling 
surface is 1200 square feet, and the circulating 
water temperature is normally about 80 deg. Fah. 


A 33-kW, electrically operated circulating pump 
runs at 1000 r.p.m., and there is a 1-38-kW, 
electrically operated extraction pump running at 











FiG. 24—INTER-WORKS DISTRIBUTION MAINS 


3000 r.p.m. A two-stage air ejector operates 
on 160lb. of steam per hour, and an internal 
extraction steam chest regulates the pass-out to 
20 lb. gauge pressure. The turbine is of the impulse 
reaction type and operates at 5500 r.p.m. It is 
coupled through reduction gearing to a D.C. gene- 
rator operating at 375 r.p.m., and having an output 
of 6830 amperes at 220 volts. The control fittings 
for the turbine are all on the bottom half of the 
casing. An overspeed governor of the bolt type and a 
spring-loaded control governor operating an oil relay 
are provided. 

The reciprocating sets behind the turbine in 
Fig. 22 consist of a Belliss and Morcom two-cylinder 
compound engine, running at 330 r.p.m., and having 
cylinder bores of 23in. and 33in., and a stroke of 
l2in., and an Allen two-cylinder compound unit 
running at 400 r.p.m., with bores of 16}in. and 
24in., and a stroke of 10in. Finally, there is the 
250-kW condensing turbine set, which develops 
365 B.H.P. at 20 lb. inlet pressure and 27}in. 
vacuum. The turbine rotates at 5500 r.p.m., 
and drives the Allen generator through reduction 
gearing. 

The electrical output is controlled’and distributed 
on the switchboard just visible on the right of Fig. 22. 
It consists of a six-panel slate board built by Whipp 
and Bourne. Two panels are spare, and each of the 
four generators has its own panel, on which is pro- 
vided a bus-bar bolt and ammeters, a machine volt- 
meter, and an earth current recorder. The necessary 
switches for parallelling or direct feeding, isolating, 
&c., are also grouped on the boards ; 200 volts D.C. 
is standard for generation and for distribution to all 
departments. 

Also installed in the power station are the ammonia 
compressors required for the refrigeration equipment 
used in the process work. It will have been evident 
that in the power plant great care has been taken to 
ensure that not only can the steam and electricity 
loads be balanced between the boiler pressure of 
200 lb. and the pass-out pressure of 20 1b., but also 
that the auxiliary loads, such as the water supply 
pumps, &c., can be operated either by boiler steam 
or by electricity, according to the balance of loads. 
The same principle governs the installation of 
ammonia compressors, and again two batteries are 
available, one steam operated and one electrically 
operated. In all, a capacity of 450 tons is installed. 


4 





The two steam sets are by York Shipley and Co., 
Ltd., and each has a capacity of 75 tons. The two 
sets of two cylinders each are both visible in the back- 
ground of Fig. 23. Each consists of two simple steam 
cylinders, 20in. bore by 2lin. stroke, located hori- 
zontally and driving the two vertical ammonia 
cylinders, each 14in. bore by 2lin. stroke, from the 
same cranks. The units operate at 80 r.p.m., and have 
a consumption of 2950 1b. of steam per hour. The 
electrically operated units consist of three two-cylinder 
York Shipley compressors, each having a capacity 
of 100 tons. Each is driven by a 130 B.H.P. Laurence 
Scott and Electromotors, Ltd. motor, running at 
1000 r.p.m., which is fitted with an Allen West 
starter. Each compressor has a bore of 10in. and a 
stroke of 10in., and is driven by belt at 300 r.p.m. 
Four discharge valves and five suction valves are 
fitted to each cylinder. Three ammonia condensers 
are installed. Each is 2ft. 1%in. in diameter and 16ft. 
long, having fifty-eight 2in. tubes, and a 3in. gas 
inlet and a 2in. liquid inlet. Two ammonia receivers 
are used, each 2ft. diameter and 16ft. long, with a 
Zin. inlet and a 2in. outlet. 

The brine tanks and brine pumps are housed in 
an adjacent building. There are three tanks, each 
22ft. 9in. long, 5it. 6in, wide, and having an interna! 
depth of 6ft. At 5ft. 6in. depth the brine capacity is 
4300 gallons. Three herring-bone type evaporator 
units are installed in each tank. The refrigerating 
capacity is 100 tons at 10 deg. mean temperature 
difference from the ammonia evaporating tempera- 
ture to the brine temperature. The ammonia charge 
in the system is about 3800Ib. Brine agitators, 
l4in. in diameter, are fitted to the tanks, and 
driven by 5 B.H.P. Laurence Scott and Electro- 
motors motors running at 960 r.p.m. 

The two Worthington Simpson centrifugal brine 
pumps are installed adjacent to the tanks and driven 
by Laurence Scott and Electromotors motors. One 
pump has a capacity of 1200 gallons per minute 
against 65lb., a 6in. delivery, and an 8in. suction. 
It is driven at 14650 r.p.m. by an 80 B.H.P. motor. 
The other has a capacity of 800 gallons ag cco minute 
against 50ft. head, a 4in. delivery, and a 5in. suction 
and is driven by a 10 B.H.P. motor, also at 1450 
r.p.m. It will be evident that in addition to elec- 
tricity the power station distributes process steam, 
brine, water for normal use, water for fire services, 
&c. The method by which these various mains are 
carried round the works is shown in Fig. 24. The 
two pipes in the foreground on the upper level are 
10in. brine flow and return mains. Both are insu 
lated with 3in. cork and mastic asphalt. The pipe 
in the background at a lower level is a 16in. steam 
main insulated with magnesia and hard-setting 
cement compound. By means of this type of over- 
head distribution, the entire works is supplied with 
its steam, brine, water, and other services. 


Tue Sirver Nitrate DEPARTMENT. 


In view of the necessity for produemg large quan- 
tities of silver nitrate, Kodak, Ltd., is the second 





largest user of silver bullion in England, the Royal 


expect it to be difficult, would present some very tire- 
some problems. Silver has an exceedingly high 
natural heat conductivity, is very soft, and at the 
same time extraordinarily ductile. To use a saw is 
a hopeless proposition, owing to the choking of the 
teeth with the large flakes of silver produced. Any 
form of heat cutting, such as an oxy-acetylene torch, 
only results in melting the ingot, as the heat cannot 
be confined to the area of the proposed cut. Finally, 
any of the hammer-and-chisel methods used by black- 
smiths merely bend the ingot into extraordinary 
shapes without producing a cut. The most successful 
method used, in spite of its apparent wastefulness, is 
to place the ingot over a blacksmith’s anvil chisel 
under a heavy press. Needless to say, such a job 
is not called for, except under very unusual circum- 
stances! The ingots are delivered of the correct size 
for processing and are dissolved in nitric acid. As 





FiG. 26—DISSOLVING SILVER 


shown in the illustration, Fig. 26, a porcelain 
dissolving jar is used. Eight of these jars which 
are chemically pure are placed in a stainless steel 
dissolving tank, and are supported on grids under 
which is fitted a steam heating coil. Water is. run 
into the tank to raise the temperature of the solvent. 
Pure nitric acid is now poured into cach jar, 
and the tanks are roughly sealed. 

The acid, by attacking the silver, dissolves it until 
the solution becomes almost neutral. During this 
operation dark brown fumes in the form of oxides 
of nitrogen are given off. In this form they are danger- 
ous, and would have a deleterious effect on buildings 
and materials in their proximity. It is necessary 
to absorb or to neutralise these fumes before they are 
passed into the outside air. By exhaustion, these 
fumes are taken through tall chemical stoneware 














| 
————_— 


FIG. 25—SILVERLTNITRATE BUILDING 


Mint being the largest. Some 50 tons of bullion are 


delivered at Harrow per annum, and the purity |a 


required is 0:9999 fine instead of the ordinary com- 
mercial figure of 0-925 fine. The manufacturing 
process is carried on in a separate building im the 
works which is illustrated in Fig. 25. The silver is 
delivered in ingot form, as shown on the hand truck 
in Fig. 26. It is an interesting point that the size 
of the ingot is of importance for practical reasons. 
If an ingot of too large a size were delivered, the job 
of cutting it, though the average engineer would not 








towers, and are neutralised by passing them through 
cascade of a solution of caleium hydrate or caustic 
soda before allowing them to escape. After twenty- 
four hours of treatment, the silver has been ecom- 
pletely dissolved and the jars contain a pale green 
solution which is termed ‘ mother-liquor.”’. This 
solution is poured into a stainless steel collecting tank, 
whence it runs through glass piping to a cotton wool 
filtering system, and thence into a series of evaporat- 
ing basins. Twelve basins are next placed on an open 
steam-heated evaporating bench, as shown in Fig. 27 
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Evaporation is allowed to take place until the required 
specific gravity has been attained. 

The basins are then left to cool for a night upon 
open benches and the large silver nitrate crystals are 
formed, as shown in Fig. 28. The refractive effect 
of these crystals is exceedingly beautiful when viewed 
by artificial light. The crystals are broken down by 
means of a glass stirring rod, and tipped into a large 
perforated basin. They are then washed with dis- 
tilled water to remove any impurities they may con- 
tain at this stage. After washing, the crystals are 
tipped into a large porcelain sink to drain before 
being loaded on to flat glass drying trays. These 
trays are placed in drying cupboards, where the 
erystals remain until thoroughly dry. When dry, 
they are weighed for convenience into gless bottles 
containing 250 avoirdupois ounces. They now go into 
store and await their turn until a requisition for a 





FiG. 27—MOTHER LIQUOR EVAPORATION 


required amount starts them on their journey to 
become a very necessary ingredient in the making of 
a photographie emulsion. 


AtLcoHoL DISTILLATION PLANT. 


One of the unexpected operations carried out in the 
Harrow factory is the distillation of alcohol from some 
of the residues obtained from certain processes. 
These residues consist of various organic compounds, 
and conta a high content of valuable alcohol, as 
well as acid and other substances. The distillation 
house is a two-storeyed building, containing storage 
tanks for the crude residue, for the semi-refined 
product, and for the finally purified alcohol, as well 
as a still pot, a reflux containing column and a water- 
cooled vertical tube condenser. 

After use the residue is temporarily stored in a large 
iron tank which is lined with an acid-resisting rubber 
composition. The acid is neutralised and the liquid 
run into iron drums at a lower level, and the drums are 
then transported by motor lorry to the still house. 
Partly sunk into the floor of the still house is a storage 





FIG. 28—SILVER NITRATE CRYSTALS 


tank divided into three sections, each of 800 gallons 
capacity, so that if necessary different grades of 
residue can be stored separately. On the other hand, 
by means of pipes and valves any two sections can 
be connected or all three can be opened up to givea 
single storage volume of 2400 gallons. By means of 
& gear type pump operated by a push button in the 
vicinity of the still pot, the residue is pumped over 
into a distillation vessel. This is a cylindrical copper 
pot of the usual form and of 330 gallons capacity, 
which is steam heated by means of a copper coil and 
with provision for blowing live steam through the 
residue if this should be desired. From the still pot 
the alcohol vapour passes up a copper fractionating 
column containing specially designed plates, and 
thus to the top of the copper tube condenser. 

A Bristol dial thermometer, the bulb of which is 
situated at the top of the condenser, shows the tem- 
perature of the vapour which is being distilled. 
After condensation the alcohol passes through a pipe 
system of somewhat novel construction. This incor- 
porates two Schiitte and Koorting rotameters, one 
of which shows the flow of alcohol to the storage 
tanks and the other registers the flow back to the 
column, 1.¢., the reflux flow. By-passes are provided 
round each of the flow meters in case any repair should 
be necessary on these, but so far they have functioned 
without any interruption. Valves are also provided, 


fairly closely the composition and gravity of the 
distillate. 

Two storage tanks, each of 750 gallons capacity, 
are provided, one for the semi-refined alcohol and the 
other for the purified product, which is finally 
drawn off into clean drums to be returned to the 
factory department for further use. 

About 660 gallons of residue can be treated per 
day on the crude run and when sufficient semi-refined 
aleohol has been collected in the first storage 
tank, the still pot is cleaned out and a series of second 
distillations commenced. The redistilled alcohol is 


and by testing the distillate by means of an hydro- 
meter. The finally collected product in the second 
storage tank is then reloaded into drums after a 
sample has been submitted to the works analytical 
laboratory and has been passed as satisfactory for 
further use. 

(To be continued.) 








Obituary. 





SIR CHARLES EDWARD ELLIS. 


On Friday, February 19th, Sir Charles Edward 
Ellis, G.B.E., K.C.B., died at his home, Rotherfield 
Hall, Jarvis Brook, Sussex, at the age of eighty-four. 
He was the second son of the late Mr. John Devon- 
shire Ellis, a director of John Brown and Co., and was 
born in Birmingham in 1852. He received his educa- 
tion at Lancing College and at Trinity College, Cam- 
bridge. In 1878 he was called to the Bar by the Inner 
Temple, and practised for a short time on the North- 
Eastern Circuit. He was the joint author of works on 
election law and on railway rates and traffic. Shortly 
afterwards he joined his father on the board of John 
Brown and Co., and from the first displayed a sound 





Sir CHARLES EDWARD ELLIS 


business ability, which enabled him to take an 
important part in the developments then going on in 
the Sheffield businesses of John Brown’s and Firth’s. 
In 1890 he became the managing director of John 
Brown and Co., of Sheffield, and of Clydebank, 
Glasgow. Although Charles Ellis never figured so 
prominently in the life of Sheffield, as did his brother 
William, he did by his close association with the two 
firms of John Brown and Co. and Thos. Firth and 
Sons play for many years an important part in the 
industrial life of that city. 

It was in the first year of the war that Mr. Lloyd 
George, who was then Minister of Munitions, invited 
Mr. Charles Ellis, who had an intimate knowledge of 
the munitions and armament industry, to serve on 
the central committee, then being formed by the 
Ministry to speed up and to increase the supply of 
armaments for the country. At that time the 
supply of the necessary munitions for the British 
Army had begun to assume a serious aspect, and the 
choice of Mr. Charles Ellis to take an important part 
in the task at hand was clearly recognised as a sign 
that the Government appreciated to the full the 


into closest touch with the industry. In July, 1915, 
he resigned temporarily his directorships of John 
Brown and Co., Thos. Firth and Sons, and the Coventry 
Ordnance Works, and placed the whole of his services 
at the disposal of the Council of the Ministry of 
Munitions. Later he became the Director-General 
of Ordnance Supply. His services to the nation were 
recognised in 1917, when he was created a K.C.B. 

A considerable part of the war period Sir Charles 
spent in France and in Italy as the representative of 
the Ministry of Munitions. He also served as repre- 





so as to control the reflux ratio, and thus to determine 





carefully controlled by adjusting the reflux ratio | y 


gravity of the situation and was determined to get | < 


the liquidation of the Continental munitions con- 
tracts. Shortly after the Armistice he was awarded 
the distinction of Knight Grand Cross of the Civil 
Division of the Order of the British Empire. His 
services to other nations were rewarded by decora- 
tions conferred upon him by the Belgian, French, 
Italian, Russian, and Turkish Governments. At the 
end of war Sir Charles resumed his position with John 
Brown and Co. and its associated firms, and also 
served as a director of the Great Eastern Railway 
Company. He was a member of the Royal Commis- 
sion on Awards to Inventors until 1922. For many 
ears he was a valued member of the Institution of 
Naval Architects, and he served the Institution both 
as an Honorary Vice-President and Treasurer. In 
1928, on account of his advancing years, he decided 
to resign his position as senior managing director of 
John Brown and Co., but he continued to serve on 
the board of the company, and was appointed to give 
special oversight to the shipyard and engine works 
at Clydebank. Besides remaining a director of 
John Brown and Co., he was also a director of Thos. 
Firth and John Brown, Ltd., the Power and Traction 
Finance Company, Ltd., and several colliery under- 
takings. 

The death of Sir Charles will be mourned by 
all those who were happy enough to knowhim. In 
all his dealings with his fellow-men he showed a rare 
courtesy and his kindly smile put even strangers at 
ease with him in a moment. Although not strictly 
an engineer nor a technical ironmaster, he had for 
so long worked in their field that they regarded him 
as one of themselves. His active days were over, but 
the memory of them will remain with all those who 
knew him in the board room and at the council table, 
and they will recall a presence which gave a human 
touch to the business of industry. 





SIR HENRY JACKSON. 


Ir is with deep regret that we have to chronicle 
the sudden death of Sir Henry Jackson, the Chairman 
of the London tthe Sale Advisory gay ye aod 
Henry was one of the principal guests at inner 
given on Tuesday evening, February 23rd, by the 
Wandsworth branch of the National Association of 
Government Officers at the Arlington Rooms, 
Clapham Junction. He collapsed on completing his 
speech and was at once taken to the Bolingbroke 
Hospital, but died before his arrival. Sir Henry, 
although not an engineer by training, had interested 
himself for many years in traffic and transport 
problems, and since 1932 had been Chairman of the 
Standing Committee on Mineral Transport. He was 
also Chairman of the London and Home Counties 
Advisory Committee on Traffic, and an Electing 
Trustee of the London Board. 
Sir Henry was born at Heywood, Lancashire, and was 
educated at the Bury Grammar School and at the 
Universities of Cambridge, London, and Edinburgh. 
For some time he was a Fellow and Tutor of Downing 
College, Cambridge, and he practised as a physician 
for many years at Putney Hill. He was Chairman of 
the Greater London Joint Smoke Abatement Com- 
mittee, and also interested himself in local and 
parliamentary work, being the Conservative member 
for Central Wandsworth. He contributed valuable 
scientific papers to the ‘* Proceedings ” of the Royal 
Society, the Cambridge Philosophical Society, and 
the Chemical Society. 


JAMES A. MAIN. 


Tue death took place in London last week, follow 
ing an operation, of Mr. James A. Main, a prominent 
member of the structural engineering industry. 
More than fifty years ago Mr. Main entered the busi- 
ness of his father, the late Mr. James A. R. Main, who 
in 1866 had founded the firm of A. and J. Main and 
Co., of Glasgow. When, in 1896, the firm was con- 
verted into a limited company, Mr. J. A. Main became 
one of the directors, and at the time of his death he 
was chairman of the company, a position he had held 
for many years. He took an active part in the 
intense production demanded of the structural engi- 
neering industry during the war and in particular 
was largely responsible for the design and construction 
of many of the large sheds required for the building 
and housing of airships. 

He was also a pioneer in the use of steel buildings on 
the tea estates of Assam and Northern India. From 
his youth the treatment of tea was to him a fascinat- 
ing study, and he was responsible for several 
important inventions and developments in that 
business. His firm’s interests in India took him fairly 
frequently to Calcutta, where he had many friends. 
In every department of his business he was pro- 
gressive and inventive, and marked ability 
His straightforward and friendly 
character made him respected and beloved by his 
colleagues, his staff, and his workmen. Although 
by no means a recluse, he took little part in public 
life. He was always proud, however, of the fact that 
he was a direct descendant of John Mennons, the 
founder of the Glasgow Herald. 








German Rattways.—On Friday, February 12th, the 
whole of the railways owned by the German State Railway 
Company were taken over by the German Government. 





sentative of the Ministry in Paris in connection with 
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New Raruway Line iy Poranp.—On Saturday, 
January 23rd, a new railway line in Poland from Sierpe 
to Torun was opened. It is 78-8 kiloms. long, and is an 
ae of the Nasielsk—Sierpc line, which was opened 
in 1934 

New Raitway IN THe U.S.S.R.—During 1936 seventy 
million roubles was spent on the construction of the 
Uralsk Iletzk railway at present being built in Russia. 
It will connect the Ryazan—Ural Gotiwar with the Orenberg 
line, and will provide the shortest route between the 
Ukraine, North Caucasus, Central Asia, and Siberia across 
the Saratov bridge. 


Lutron Station IMpROVEMENTS.—The London, Midland 
and Scottish Railway Company has decided to spend 
£47,600 on the remodelling of Luton Station. 
other improvements a new high level booking-office is to 
be provided, all the platforms are to be raised to the 
standard height of 3ft., and the island platform on the 
up side will be widened. 

New L.P.T.B. Roxtiine Stock.—-An order for railway 
rolling stock recently placed by the London Passenger 
Transport Board is the largest of its kind the Board has 
so far given. Valued at over one million pounds, the order 
is for 401 vehicles, including 25 motor and 222 trailer 
cars for the District line, and 106 motor cars and 48 trailer 
cars for the Metropolitan line. A short while ago the 
Board also placed an order for 116 new motor ears for the 
Hammersmith and City line. 


InpIAN Rariways In 1935-36.—According to the annual 
report of the Indian Railway Board for the year ended 
March 31st, 1936, there were 43,118 route miles open, of 
which the State owned 31,783 miles. ing the year 111 
miles of new lines were o , and at its close 63 miles 
were under construction. total earnings of all railways 
in the country were 78 million pounds, of which £48,750,000 
was from goods traffic, £23,250,000 from passenger traffic, 
and 6 million pounds from other sources. 


Lone Rats ror THE L.N.E.R.—Recently 100 tons of 
steel rails, each 120ft. in length, were rolled by the 
Skinningrove Iron Company for service in the L.N.E. 
Railway main line. These are believed to be the longest 
rails ever yet produced in one piece in any part of the world. 
These rails were laid in the down main line at Holme, 
near Peterborough, on Sunday, February 2lst. The 
exceptional length created a number of problems in 
handling which were successfully overcome. Tt is hoped 
that by eliminating the number of joints they will improve 
the running of trains and lessen noise. 

Evectririgp Raibways mv Natay.—tin 1922, when the 
electrification of the 170 route miles of 
Pietermaritzburg and Glencoe Junction was oo. 
seventy-eight electri¢ locomotives were ordered, and 
years later another seventeen units were cade’. 
During recent years the electrified track mileage has 
increased to 634, and included the whole of the main 
line from Durban to the Transvaal border and the Lady- 
smith—Harrismith line. To deal with the increased mileage 
twenty-five new 1200 H.P. electric locomotives are being 
delivered by Metropolitan-Vickers Electrical Company, 
Ltd. 

Motor ve Researce.—-On Tuesday, March 2nd, 
the joint meeting of engineering 
annually -by the Institution of Automobile Engineers, 


will be held i in the Hall of the Royal ical Society, 
Exhibition-road, South apo ye: «1. Fourteen 
societies are to ium of papers 


dealing with research fn Bride to motor vehicle 
will be presented. The symposium will be in three 
sections; first, “ The Motor Vehicle,” by Mr. C. G. 
Williams ; ; second, py Dr. F. 
H. Garner, and Mg ‘“* Materials, with special reference 
to Steel,” by Dr. T. Swinden. The chair will be taken 
by Sir Wm. J. Lark,’ and the disoussion following the 
papers will be opened by Dr. H. Moore. 


Moror Venictes In Great Barrarmy.—There are more 
passenger and commercial motor cars in Great Britain 
per square mile of area than in any other country in the 
world. This fact is revealed by a “study of figures issued 
by the Imperial Economie Committee. For every square 
mile in Great Britain there are 22 motor vehicles. Belgium 
is next with 13-5, then the Netherlands with 10-7, France 
with 10-2, and the United States with only 8-6. Al 
the figures for 1936 are not yet available, the United States 
had in 1935 70 per cent. out of a total of more than 
37,000,000 motor vehicles in use throughout the world. 
The majority of the remaining 30 per cent. was dis- 
tributed in the following order :—France, Great Britain, 
Canada, Germany, Australia, and Italy. The Com- 
mittee’s re also shows that out of every 100 motor 
vehicles sold in Great Britain, 94 are British made. 


RicuMonp Brivezk Wipentne.—Richmond Bridge, 
one of the oldest bridges over the Thames, is to be widened 
and strengthened at a cost of £72,600. The Minister of 
Transport has made a grant from the Road Fund in aid 
of the scheme, and the Middlesex and Surrey County 
Councils propose to put the work in hand immediately. | to 
The bridge was built over 150 years ago, the carriageway 
being only 17. wide. and the footpaths 4ft. wide. It 
is now proposed to widen the bridge to allow room for 
a 21ft. carriageway and two footpaths each 7ft. 6in. 
wide. The total width between parapets, 36ft., is con- 
sidered adequate in view of the relief afforded by the 
new Twickenham Bridge. In addition to the associations 
of this reach of the river, the bridge itself has considerable 
architectural merit, and ro an examination of various 
methods of increasing the width, it has been decided to 
adopt one that preserves i The exist rape | 
facade, stonework, and the upstream si 
be taken down. All the parts will be be marked and cenet in 
order so that they can be re-erected in the widened position 
to give an effect similar in every detail to the present 
appearance of the bridge. The whole scheme has been 
prepared by Sir. H. Dalrymple-Hay, who has been 
employed as consulting engineer by the Joint Committee 
as to Thames Bridges of the Middlesex and Surrey County 
Councils, and the proposals have been approved by the 


Miscellanea. 





CottreryY Expioston.—In an explosion at the South 
Normanton Colliery, near Alfreton, on Monday, February 
15th, seven men lost their lives and four were injured. 
The cause. of the explosion, which occurred in the. Waterloo 
seam, has not yet been ascertained. , 


Frencu aND GERMAN Iron, STEEL, AND 
—lIn France, during 1936, the output of el hea pes 
6,237,000 metric tons, steel 6,703,000 metric tons and coal 
and lignite 46,146,600 metric tons. Germany’s output 
during the year wes :—Pig iron, 15,303,135 metric tons ; 
and steel, 19,157,517 metric tons. 

U.8.8.R. Inon anv STEEL locate Bae According to 
recently issued statistics, the estimated output of iron and 
steel in the U.S.S.R. for 1937 is 16 million tons of pig iron, 
20 million tons of steel, and 15-5 million tons of rolled 
metal, as against 14-5 millions, 16-3 millions, and 12-4 
millions respectively in 1936. 

Roruernam Power Sration Exrensions.—Exten- 
sions estimated to cost £190,600 are to be made to the 
Prince of Wales power station at Rotherham. This is one 
of the approved stations under the grid scheme and the 
Central Electricity Board has di that the extensions 
shall be ready for operation by September, 1938. 


Om Borine 1x Hampsuire.—lIt is reported that the 
D’ Arey Exploration —— se search for oil on the slopes 
of Portsdown Hill, near Portsmouth, which has been 
ing since March, 1936, has been abandoned. 
@ depth of 6556ft. was reached, non-porous rock 
was encountered. Some trace of oil was discovered, but 
not in sufficient quantities to justify the continuation of 
the . The machinery used on the site is to be 
transf to Kingsclere, near Newbury, Hampshire. 
Giass Borrte Maxixc.—A paper on mass uction 
in the glass bottle industry was recently read before the 
Institution of Production Engineers by Mr. J. F. Shaw. 
After describing the various methods of making bottles, 
the author gave some in sy figures. 
He said that in seven hours three men and one boy by 
hand could produce 1400 bottles of 80z. weight; a 
Schiller machine, 2000 bottles (three men and one boy) ; 
while an Owen fifteen-arm suction machine would produce 
21,000 bottles. 
ConsoLipaTine Founpations py CaLtcium CHLORIDE. 


It is undeestood by the Chemical Trades Journal and |“ 


Chemical that a process for the consolidation of 
sandy foundations employed in a number of 
public construction projects in Germany, consists in the 
injection into the ground t numerous pipes of a 
concentrated solution of sodium silicate, followed by a 
solution of calcium chloride. The process is stated to be 
applicable only to ground formations sufficiently porous 
to be penetrated quickly by the solutions. Wet sand is 
no obstacle to the treatment. 
Burninc or Low Grapvre Fue..—In a paper before 
the North Staffordshire Institute of Mining i 
Mr. J. Vickers dealt with the economics of using low grade 
fuels. He said that providing a fuel, whether a waste 
product or not, contained rullaions panei so fensiey 
its being handled, there was no difficulty ed out that 
boiler plant to burn it usefully. He also ¢ pointed out 
a number of large collieries had several Lancashire 
installed which, although they were og tae te, 
their replacement by water-tube boilers fitted with 
specially designed mechanical stokers would be more 
han justified in the saving in operating costs, irrespective 
of fuel economy 
SHADOWS IN inset. —Although the illuminati 
engineer generally strives to minimise shadows ‘in general 
lighting, experts have found that there are visual tasks 
for which a directional light, oe 
necessary. In a lecture before Se Illuminating Engineer 
ing Society on February 23rd, Mr. Sikomn hoes hota 
that the British National Illumination Committee had 
listed a number of in which some degree vai 
shadow is essential. These included : 
cigarettes for filling, production of Braille books, leering 
and inspection of steel rules, classifying in 
laundries, engraving, file cutting, » and in 
many processes where it is desired to see irregularities. 
Russtan Iron anp Steet Prant.—On February Ist 
last the Stalin Iron and Steel Plant at Magnitogorsk 
fvaone 
5, a 


tons of pig iron, 2- 6 million tons of steel, and 2,000,000 
tons of rolled metal. 000 tous in 1988 to Ls iron pro- 
duction grew from 326,000 tons in 1 1,557,000 tons 


in 1936; steel, from 85,000 tons weg to 1,165,000 
tons in 1936; and rolled metal from 58,000 tons to 
960,000 tons. During the same period more than 18 


million tons of ore have been obtained from the Magni- 
togorsk mine. This undertaking in the course of 1936 
provided 10-8 per cent. of the total Soviet pas Be of pig 
iron, 7-2 per cent. of the total steel output, and 7-7 per 
cent. of the total rolled metal production. 


Scrence AND Burpinc Exutsrrion.—An exhibition 
to be held from March Ist to 26th at the Building Centre, 
158, New Bond-streét, London, W.1, is being arranged at 
the invitation of the Building Centre by the Department 
of Scientific and Industrial Research. "he object of the 
exhibition is to illustrate the work being carried out by 
the various organisations controlled by the Department 


or associated with it of interest to the bui aa: 
not only in the solution of general building p 
also in the solution of some of the more specia Sithins 


which the industry is not inf: called upon to face. 
The exhibits will deal with such subjects as concrete, 
lastering materials, fire resistance, bituminous 
building units for walls and roofs, 
preservation, dry rot, resistance of timber to abrasion, 
timber seasoning, illumination in buildings, acoustics, 
engineering investigations such as wind pressure on 
structures and mechanical tests on structural steels, &c. 
Many of the exhibits will be amplified by cinema films, 
which wili be shown during the course of each day. 
Lectures are to be given at 8 p.m. on March 3rd, 10th, 17th, 
and 24th, and they will deal with subjects of interest to 
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Air and Water. 





THE Coronation Navat Review.—Invitations have 
been sent to each of thirty-three maritime Powers to send 
one warship to take part in the Coronation Naval Review 
at. Spithead on Thursday, May 20th next. 


Fuicat Rounp Brrrar.—On Sued February 2\st, 
the Imperial a fi boat “Cambria” made a 
non-stop fligh Britsin, The boat covered a 
distance of "i00 pig at an average speed between 155 
and 160 miles an hour. 


ORDERS For TurRKiIsH Surps.—The Turkish Government 
has ordered seven more merchant ships from Germany. 
This new order makes a total of fourteen steamships, 
valued at over one and a-half *peaga pounds, under con- 


struction in Germany for Tur 


SHIPBUILDING IN es sini from Japan states 
that there are 141 ships with an aggregate tonnage of 
883,000 planned or in course of construction in that 
eountry. The ships include 104 cargo ships, 20 tankers, 
8 whaling depét ships, and 9 liners. 


Sunz Canat Trarric.—tThe bulletin of the Suez Canal 
Company says that last year 5877 ships with a total tonnage 
of 32,379,000 passed the canal. British ships 
passing thro the canal during the year aggregated 
15,052,000 tons, Italian ships 6,545,000 tons and German 
ships 2,883,000 tons. 


Pan-Americas Arrways.—-During 1936 Pan-American 
Airways machines flew 65 million passenger miles, carried 
168,000 passengers, and 2,000,000 Ib. of freight. At the 
end of the year the company was operating 40,567 miles 
of route over forty-one countries and colonies. The fleet 


comprised 138 aircraft. 


Eeyrrian Fiyrne Meetinc.—On Monday, February 
22nd, forty-three machines assembled at Almaza aero- 
drome for the Egyptian Flying Meeting, of which some 
particulars were given in this column in our issue of 
January 22nd last. Eleven countries are represented 
and twelve machines have been entered by this country. 


Proposep New Canaparn. Lovers.—The Canadian 
Pacific Railway has announced that if the negotiations 
between this country, Canada, and Australia for a subsidy 
to permit competition with United States ships in the 

ustralasian service are successful, they will order two 
new 30,000-ton liners. The company has already 
announced its intention to build two liners and the esti- 
mated cost of the four ships is six million pounds. 


PortsmMouTH ArRPporT.—At a special meeting on Tues- 
day, February 23rd, the Portsmouth City Council accepted 
the proposal 6f the Docks and Airport Committee to 
construct an Empire airport at Longstone Harbour, at 
an estimated cost of £1,221,452, towards which the 
Government has offered a grant of 50 per cent., up to a 
maximum sum of £600,000. The Government also offers 
to guarantee an annual income of £30,000 for the first 
fifteen years. 

Emprre Ark Mar Service.—The Singapore section 
of the sm air mail service is to be opened on October 
Ist next. The service will link Britain with Egypt, 
—. Malaya, and Australia. The first section was 

on December 13th last year, when one 
of the new long- flying boats, “ Centaurus,” flew 
the Australian Prime Minister 
announced that the Singapore-Sydney section would 
start on January Ist, 1938. 


Fuieut to Avustratia.—On February 17th a Junkers 
Ju 86 aircraft ‘“ D-Agey,” destined for Australia, took off 
from the works aerodrome at Dessau, bound for Melbourne. 
The aircraft bears the name of the Australian pioneer 
aviator, “Lawrence Hargrave.” It is equipped with 
two Jumo 205 type Junkers heavy oil engines. The 
i| cabin is fitted with armehairs for ten passengers. Tice 
distance to be flown from Dessau to Melbourne is 13,700 
miles. The aircraft is of a standard type, which is widely 
used in the regular services of the Deutsche Lufthansa and 
other operating companies. 

Tae. “‘QueEN Mary.’—When the “Queen Mary ~ 
arrived at New York on Monday, February 22nd, on her 
first trip across the Atlantic this year, she was six hours 
late. crossing was made at an average speed of 
28-3 knots and the time taken from Southampton was 
4 days 15 hours 24 minutes. Jt is reported that the altera- 
tions made during the time the ship was laid up have 
considerably improved her performance. The alterations 
have increased the liner’s gross tonnage to 81,253-18 
and net tonnage to 34,252-95, as compared with the 
previous figures of 80,733-59 and 34,117-85 tons respec- 
tively. 

TurxisH Am Srervices.—A note in Shell Aviation News 
says that an expert of the Turkish Air Services is examin- 
ing possible sites for a new aerodrome near Adana in Asia 
Minor. A site will be purchased at an early date and work 
will start as soon as possible. A terminal building will be 
constructed and meteorological and radio facilities pro- 
vided. When the aerodrome is ready a service between 
Istanbul, Adana, and Angora will be opened for the opera- 
tion of which four-engined aircraft will be ordered from a 
British factory. It is expected that the new aerodrome 
will be an important junction, for it will be on the main 
route between Bucharest and Sofia and the East. Services 
are expected to be operated from Adana to Teheran. 


Arm Reomstration Boarp.—The Air Registration 
Board, the formation of which was announced in this 
column last week, derive revenue from inspection of 
aircraft for issue and renewal of airworthiness certificates ; 
from licence fees paid by ground engineers ; from survey 

aeroplanes for underwriters, and from 
surveys undertaken for buyers of used aircraft. It will 
also receive a Government subsidy. From April Ist it 
will formally takeover from the Air Ministry all responsi- 
bility for design, construction, and maintenance of the 
smaller civil aircraft. The Board will also undertake 
supervision of all aircraft which carry fewer than ten 
passengers ; the larger craft, including the big four-engined 
air liners of Imperial Airways, remain under the direct 
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THE FIVE-YEAR DEFENCE PLAN. 


SUFFICIENT time has now elapsed since the 
publication of the White Paper on Defence for 
its contents and their implications to have been 
digested by the public. mment by newspapers 
at home and in the Dominions is overwhelmingly 
in favour of the bold and resolute policy of restoring 
our long-neglected armaments upon which the 
Government has embarked. As the debate in the 
House of Commons on Thursday, February 18th, 
clearly showed, criticism is confined to points of 
detail. Innoresponsible quarter isit directed against 
the principle involved. For all practical purposes 
the nation, and indeed the Empire, unanimously 
regards the rebuilding of our defences as an 
inescapable duty which we owe not only to our- 
selves, but to the cause of world peace. Despite 
the storm clouds hovering over Europe and Asia 
we are not among those who think war is inevit- 
able. It would, in our opinion, become so only 
if this country continued to neglect its armaments 
as palpably as it has done for the past fourteen 
years. From that fatal error we have been saved, 
but it remains to pay the price for the wasted 
years during which the fighting forces were cut 
to the bone in order to find money for our ever- 
expanding social services. The bill has now been 
presented, with the warning that it is only pro- 
visional and may have to be increased. Even as 
it stands it entails the expenditure of £1,500,000,000 
- in five years, and of this: formidable sum nearly 
three-quarters is to be defrayed by current revenue. 
The balance is to be covered by a loan not exceed- 
ing £400,000,000. Clearly, therefore, hard times 








are ahead for the taxpayer. But there is no 
alternative other than the one which, if accepted, 
might plunge us into expenditure so enormous 
that the sums mentioned might be swallowed 
up in a few months, with the possibility of 
national ruin facing us at the end. 

Although the White Paper does not indicate 
definitely how the money is to be allocated,’ it 
is plain that the Navy and the Air Force between 
them will absorb by far the greater part of it. 
That was only to be e for these two 
services jointly constitute our first line of defence 
and are interdependent to an extent which may 
not be generally realised. The task of the Navy 
is to protect the ships bringing supplies to this 
country as long as they are at sea; that of the 
Air Force is to safeguard them while they are 
discharging in port. The future réle of the Army 
remains somewhat obscure, and can be deter- 
mined only by the trend of events. Since the 
immediate provision for its expansion is meagre 
by contrast with that for the other Services, there 
is evidently no intention of committing this country 
to military action abroad on anything like the 
scale of the last war. It looks, therefore, as if 
Great Britain is going back to her traditional 
strategy of concentrating on sea power, which, 
in its modern form, connotes air power as well. 
Not only is the soundness of this policy beyond 
question, but it is the only one feasible in the 
circumstances. So heavy is the burden of naval 
and air defence becoming that it would be quite 
impossible for us to maintain at the same time an 
army approaching in magnitude that of any 
important Continental Power. Further evidence 
which points to the adoption df, or reversion to, 
a plan of strategy in which mulitary operations 
overseas play but a minor part is furnished by the 
increasing use of the Territorial Army for anti- 
aircraft duties. Two of its divisions have been 
reformed and expanded for this service, and the 
process is being carried further. As regards the 
Navy, the proposals outlined in the White Paper 
impress us as adequate, though they represent, 
of course, no more than one stage in the long and 
costly business of rebuilding the Fleet. Three 
battleships are included in the 1937 programme, 
and preliminary steps have been taken which will 
enable them to be laid down early in the financial 
year. Thus, by the summer five such vessels 
should be on the stocks. They are to cost approxi- 
mately £8,000,000 each, and. will doubtless be 
followed by others in succeeding programmes. 
The Government is understood to be aiming at 
a strength of twenty-five capital units by the 
year 1942, which should give us a two-Power 


_| standard in Europe and leave a margin of battle- 


ship tonnage for more distant waters if ard when 
it is needed there. Seven cruisers are projected, the 
same number as last year, and two aircraft carriers 
are added to the pair voted under the preceding 
Estimates. No mention is made of destroyers or 
submarines, but a certain number will no doubt 
be included either in the Navy Estimates proper 
or in a Supplementary Estimate to be presented 
later in the year. Thanks to the provision of 
fourteen cruisers in two years the Navy is brought 
appreciably nearer to the standard of sixty under- 
age vessels of this class specified in the Govern- 
ment’s statement on defence twelve months ago. 
There appears, however, to be some danger of 
an overlap in cruiser construction, since five 
vessels of the 1936 programme have yet to be 
laid down. Including the 22,000-ton “ Ark Royal.” 
which is to be launched in April, five aircraft 
carriers are now building or projected. Clearly, 
therefore, the long-overdue expansion of the Fleet 
Air Arm is at hand. A minimum of 250 aircraft 
will be needed to equip the five new carriers, and 
as 217 machines are already afloat in existing 
carriers and catapult ships the Navy should be 
able to count on having about 470 ship-borne 
aircraft available in a few years’ time. In view 
of this large expansion the national interest 
requires that the question of the future control 
of the Fleet Air Arm should be settled without 
further delay. It is idle to pretend that the 
present system of dual control is working smoothly 
or giving the best results from every point of view. 
The shortage of R.N. air pilots and the causes of 
that shortage are equally notorious. There is 
reason for thinking that the backward state of 
the Fleet Air Arm is mainly due to inter-Service 
uncertainty about its future administration. Either 
it should be taken entirely out of the hands of 
the Air Ministry and handed over to the Admiralty 
as part and parcel of the Fleet, or the Admiralty 
should be told definitely that the present system 
is to be maintained and that it must make the best 
of it. Great harm has been done to this branch 





of the Naval Service by the strange reluctance of 
those in authority to make up their minds. The 
provision of new ships is not the beginning and 
end of naval rearmament, nor does it represent 
the largest expenditure on the Navy, though it 
naturally accounts for a considerable proportion. 
Figures in the White Paper show that while the 
average yearly cost of new construction from 1931 
to 1934 inclusive was less than £12,000,000, the 
bill for the 1936 mme alone will be nearly 
£50,000,000, and in the case of the 1937 programme 
this amount will be substantially exceeded. 
Further heavy expenditure is to be incurred in 
modernising existing ships, both of the capital 
and cruiser types. Details are not given, but it 
is known that in the immediate future the battle- 
ships “Queen Elizabeth’ and “ Valiant,” the 
battle cruiser “‘ Renown,” with three cruisers of the 
“ Hawkins ” and five of the “C”’ class are to be 
taken in hand for thorough reconstruction. Other 
capital ships and certain cruisers will follow in 
rotation, while the retention of a large block of 
over-age destroyer tonnage will cost a great deal 
of money for boiler retubing and dilapidation 
repairs. Then, to quote the White Paper, “the 
provision of improved anti-aircraft defence is 
required. At the same time, the acquisition in 
sufficient quantity and proper quality of the 
ammunition, fuel, stores, and various equipment 
of all types which the Navy requires has also to 
proceed.”’ Nor is this the full tale. The present 
establishment of 101,000 officers and men must be 
largely increased to provide personnel for the many 
additional ships which will be coming into service 
a few years ahead. Barrack accommodation and 
training schools must therefore be proportionately 
enlarged. Finally, the dockyards and other 
naval bases at home and abroad must be equipped 
to serve the needs of our growing Fleet, particularly 
in connection with the storage of fuel, ammunition, 
and other reserves. 

It will be seen, therefore, that on the naval 
side alone the cost of rearmament will be pro- 
digious. Having regard to the comprehensive 
nature of the programme an exact estimate of 
the total e iture is out of the question. 
When, in addition, Air Force and Army expansion 
are brought into the financial picture, it is sur- 
prising that the Government should have com- 
mitted itself even to an approximate figure covering 
as long a period as five years. It would, in any 
case, be imprudent to accept the estimate of 
£1,500,000,000 as a maximum sum. If the storm 
clouds become more threatening we may have to 
make a still greater effort. Conversely, a definite 
appeasement of international relations might 
justify some relaxation of the strain. Nothing 
is more likely to promote the latter contingency 
than the recognition by certain foreign nations 
of Great Britain’s steadfast resolve to make 
herself too strong to be challenged with impunity. 
The events of the past few weeks should leave no 
room for doubt on that point. 


The C.I. Aero - Engine. 


Tue future development of high-powered aero- 
engines depends largely upon the outcome of the 
discussion—fast becoming a controversy—which 
is at present engaging supporters of the heavy-oil 
engine and of the “petrol ’’ engine burning the 
newly available fuels of high anti-knock rating. 
Tue EncrNeeR has recently directed attention 
more than once to aspects of the problem, and 
Dr.-Ing. J. Gasterstaedt’s illuminating paper on 
the Junkers heavy-oil engines, which was published 
in extenso in our issue dated February 5th, provided 
readers with much new information about the 
development of the compression-ignition engine 
in the country where it has made most progress. 
Now Mr. A. H. R. Fedden, the distinguished 
chief engineer of the Bristol Aeroplane Company’s 
engine department, although he continues to give 
due value to the advances made possible by 100- 
octane fuel, has pronounced more favourably than 
hitherto on the potentialities of the C.I. engine. 
His paper, entitled ‘‘ Trend of Air-cooled Aero- 
engines in the Next Five Years,’ which was read 
at a meeting of the Royal Aeronautical Society 
last week, and from which we publish the signi- 
ficant section on page 253, speaks highly of the 
advantages inherent in the C.I. engine of more 
than 1000 cruising horse-power. In the subsequent 
discussion, supporters of the “ 100-octane ’’ engine 
maintained that he had overstated the cruising 
fuel consumption which is readily attainable with 
engines specially designed to use 100-octane 
mixtures, with a corresponding over-estimate of 
the benefits to be expected from adoption of the 
C.I. engine. By good fortune, Mr. Fedden’s 
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paper followed at a brief interval the exhaustive 
and carefully documented study of modern fuel 
problems presented before the Institution of 
Petroleum Technologists by Mr. F. Rodwell Banks 
(“Seme Problems of Modern High-duty <Aero- 
engines and their Fvels,” January 8th, 1937) 
from which we also give an abstract on page 253. 
On major points the two authorities are at variance. 
In particular their estimates of the specific fuel 
consumption obtainable from a 100-octane engine 
are widely different. Probably Mr. Fedden, who 
may fairly be expected to fulfil his estimates in 
the performance of future Bristol engines, inclines 
not to promise too much. Yet between them the 
two papers make possible a just appreciation of 
both types of aero-engines, and the extent of their 
difference on some points is a measure of the 
great advances that may be made within the next 
few years. 

Mr. Fedden sees a future for the C.I. engine 
in long-range night bombers “of moderate per- 
formance ” and in large civil aircraft. He states 
that it is impossible to take such a high specific 
output from a given swept volume from the 
C.l. engine as from the corresponding petrol 
engine, but that it is practicable to take a higher 
percentage cruising output, from a given size, from 
the C.I. engine. He looks to catapulting or some 
other form of mechanical launching to overcome 
the disability of the C.I. unit at take off, to which 
Toe ENGINEER has made previous editorial 
reference. Other advantages of the type he 
summarised as greatly minimised fire risk, cheaper 
fuel, elimination of radio interference difficulties, 
and probably a higher order of reliability. These 
are formidable points, enhanced in value by Mr. 
Fedden’s apparent belief that 100-octane engines, 
with closer cowling and higher specific output 
than earlier petrol engines, will increase the risk 
of fire if the engines are running at the time of a 
crash, “‘ because everything inside the cowling 
will be considerably hotter.’’ Nevertheless, the 
decisive factor in the choice of C.I. or 100-octane 
engines must, and will, remain the specific fuel 
consumption, having regard to the comparative 
weights of engine and installation. Here Mr. 
Fedden’s case is not so convincing. In an interest- 
ing comparison, showing performance and fuel 
costs of 1000 (cruising) H.P., C.I. and 100-octane 
engines, he allows the former a specific fuel con- 
sumption of 0-38 ]b. per horse-power per hour, 
and the latter not less than 0-435Ib. per brake 
horse-power per hour. In both cases it is assumed 
that the engines are running at 66 per cent. of their 
maximum output. The C.I. unit is assumed to 
weigh 500 lb. more than its rival. His figure for 
the 100-octane engine was immediately challenged, 
Major G. P. Bulman, Assistant Director (Engines) 
in the Air Ministry's Research Department, 
revealing that a British engine under test with 
100-octane fuel had shown a specific fuel con- 
sumption of 0-38lb. per brake horse-power per 
hour. Mr. Bank’s immediate expectations are, 
therefore, already realised. His paper, it wiil 
be noted, states categorically that such a fuel 
consumption as that mentioned by Major Bulman 
was immediately attainable in an engine designed 
to burn 100-octane fuel, having a high compression 
ratio and a moderate or low boost. Even lower 
figures, say, 0-32 to 0-35, would, he held, be 
obtained in the not too distant future for cruising 
conditions. Mr. Banks also brought out clearly 
that the cost of fuel is no longer a primary con- 
sideration, even in civil aircraft operation. He 
believes that the use of 100-octane fuel would 
be found well worth while, even if its cost were 
three times the cost of the 87-octane mixture 
now in general use—and there is no reason to 
believe that the difference in price will be nearly 
so marked—because the increased power for take 
off will allow a greatly increased payload to be 
carried, and more than compensate for the extra 
fuel cost. He shows, too, that the consumption 
forecast by Mr. Fedden as attainable with 100- 
octane units is already achieved by the 87-octane 
unit, although admittedly with the engine cruising 
at not more than 55 per cent. of maximum output 
as against the 66 per cent. postulated by Mr. 
Fedden. 

Plainly, Mr. Banks, although he does not dismiss 
the C.I. engine, does not expect it to “ arrive ” 
so soon as Mr. Fedden indicates. Present achieve- 
ment is on his side, as Mr. Fedden tacitly recog- 
nises in his plea for intensive research into C.I 
problems. At the moment, only one C.I. engine 
in the world—the Junkers—has achieved Mr. 
Fedden’s “conservative ”’ fuel consumption of 
0-38 lb. per brake horse-power per hour. » Other 
engines of the type, particularly when running 
at high B.M.E.P., have shown considerably higher 





figures, in one case up to more than 0-5 1b. per 
brake horse-power per hour. Mr. Fedden deplores 
the fact that greater energy has not been applied 
of late in this country to the C.I. engine. While 
we would regret to see research aiming at the 
development of the C.I. aero-engine given up in 
this country, we feel that what may be called the 
British attitude of holding a watching brief on 
C.I. development has so far been justified. All in 
all, the fire risk seems to us the one grave defect 
of the petrol engine, and it has yet to be shown 
that it cannot be overcome by other means than 
by the adoption of heavy-oil fuel. In operating 
efficiency, including fuel consumption, and in 
structural weight, the advantage appears to rest 
with the 100-octane unit. The inherently greater 
reliability of the C.J. engine is not,. it is true, to be 
lightly dismissed. Nevertheless, periods of up to 
700 hours without major overhaul are now attained 
in regular service by more than one type of 
“petrol”? engine. Mr. Fedden’s own sleeve- 


valved petrol engines are confidently expected to | 98® 


reach even better figures. Improvement beyond 
those limits is perhaps more academic than of real 
in interest ; there are objections to running even the 
most nearly infallible of engines in regular service 
without periodical inspection and overhaul at 
intervals easily attained by the petrol engine 
of to-day. 
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Inorganic Chemistry: A Survey of Modern Develop- 
ments. By Sir Gmspert T. Morean and F. H. 
Burstatt. Cambridge: Heffer and Sons, Ltd. 
Price 15s. 

Tue march of science goes ever forward, even 

in inorganic chemistry ; there is no finality. Until 

1933 it was generally believed that almost everything 

was known about ordinary water, the commonest of 

all substances. The study of isotopes and the dis- 

covery of the isotope of hydrogen with a mass of 2 

by Urey led to the recognition of heavy water as a 

normal constituent of ali waters, though there is no 

considerable concentration of it in any readily avail- 
able source of supply. To-day heavy water is an 
article of commerce. As there is also a heavy isotope 
of oxygen (O=18), there can be no less than nine 
varieties of water. Naturally a very large number of 
researches have been undertaken, substituting this 
heavy water for the ordinary variety. They have 
enabled certain reactions to be dissected and ined. 

In 1894 the new chemically inert gases were found 
for the first time in the air. For some time they 
remained a matter of academic interest, but now they 
are collected and separated as a matter of course in 
the manufacture of oxygen from liquid air and put to 
a great variety of commercial uses, as the red adver- 
tising lights in our streets indicate. Neon readily 
allows the passage of an electric spark with a low 
consumption of eurrent, so that neon lighting is 
being used in greenhouses for the winter forcing of 
strawberries. Clearly the presence of a substance 
only in traces in the air, in water, or in minerals 
does not deter the chemist from extracting it and 
turning its properties to commercial advantage. 

Bromine, for example, is extracted nowadays from 
sea water, in which there is only a minute proportion, 
and is used to make the mixture Ethyl, of which such 
large quantities are used to make our petrol supplies 
of the “ anti-knock ” variety. Who can say, there- 
fore, whether or no heavy water will some day be of 
economic importance ? 

The chemist to-day is hard at work also in those 
fields where the alchemist failed, namely, in the 
artificial disintegration of the chemical elements—the 
word transmutation is no longer emphasised, though 
it serves as a chapter heading. Such work is of par- 
ticular value in rendering an insight into the ultimate 
constitution of matter possible. A good deal of mathe- 
matics has been introduced into the subject, which is 
one of the greatest value to the engineer, even though 
he is accustomed to handling matter in a grosser form. 

The subject of valency was never an easy one in 
our student days—it has become infinitely more 
difficult now that three forms are talked about, viz., 
electrovalency, covalency, and the co-ordinate link. 
Great importance is to-day attached to the co- 
ordination theory, to which Sidgwick has given 
precision. It postulates the sharing of electrons and 
the building up of compounds into rings with a central 
atom, sometimes of considerable stability, and there- 
fore termed “ chelate groups.” In the majority of 
instances, an octahedral arrangement is 
Such co-ordinations have their analogy in organic 
chemistry, for example, chlorophyll, haemin, and 
many dyestuffs, and they are of great importance in 
the arts and industries, including metallurgy. For 
example, the use of calcium fluoride as a flux depends 
on the formation of very fusible slags which are co- 
ordination compounds, such as fluorapatite. 

Modern inorganic chemistry is indeed a complex 
subject and its text-book makes more difficult read- 
ing even to qualified chemists than an organi¢ subject. 





There is all the more need therefore for it to be 
written by an experienced, and qualified hand, such 


as Sir Gilbert Morgan pore, 

The book is divided. into nineteen chapters listed 
under the groups of the periodie system which is still 
of value, though its form is no longer quite that of 
Mendeléef. Special topics of engineering interest 
are the corrosion of metals, the carbides, and the 
metallic carbonyls, in connection with which modern 
views are presented. 

It is strange how little scientific work there has 
really been on corrosion in relation to its importance 
as the greatest cause of wastage in the world. Sir 
Robert Hadfield has estimated that the annual loss 
by corrosion of iron, steel, and the ferrous metals 
generally amounts to £700,000,000 sterling. Perhaps, 
however, if it could be prevented, the outlook for the 
metallurgical and engineering industries would be a 
less satisfactory one. Progress is being made on the 
one hand in the development of stainless steels and 
other alloys, and on the other hand in devising pro- 
tective measures generally, as, for example, the sele- 
nium process for protecting magnesium-base alloys 
inst sea water spray. , 
It would be easy to multiply examples of the chemist 
coming to the assistance of the engineer, but it must 
suffice to know that there is progress in every direc- 
tion. Books such as this are of great value in stimu- 
lating the advanced workers in these fields; they 
present the present specialised knowledge in a form 
which makes it intelligible and often utilisable in 
other directions. 
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SIXTY YEARS AGO. 


“Tue hopes entertained, some years since, concerning 
the success of the turbine as an instrument of [marine] 
propulsion have all been disappointed.” This startling 
sentence is taken from an article entitled “‘ Possible 
Improvements in Marine Propulsion ”’ of which the first 
part appeared in our issue of March 2nd, 1877, and the 
second in our issue of April 6th of the same year. The few 
trustworthy experiments which had been undertaken on 
the subject showed, we said, that even under the most 
favourable conditions at least 40 per cent, of the power 
developed by @ marine engine was not utilised in forcing 
the ship through the water. sheet the possible 
roads by which improvement might be sought we remarked 
that under the heading, improvements in the form of ships, 
Mr. Froude’s experiments had shown that the solid of 
least resistance was one which was quite incompatible 
with the conditions under which a ship operated. It was 
therefore unlikely that any considerable improvement in 
the way of resistance could be effected on the 
best modern practice of the naval architect. It was, too, 
unlikely that any room for improvement would be found 
in the marine engine which would reduce the fuel used 
per indicated horse-power. In one field only, in our view, 
namely in improvement in the instrument of propulsion 
was there any reasonable hope of securing a considerable 
wr eneunld borvesaten thar peopel of chips. Th neiple 

rinciple governing the propulsion i is princip! 
had at that date only recently been y accepted 
following Rankine’s exposition of it. It was therefore 
necessary for us to explain to our readers that the thrust 
applied to a ship was equal to the momentum of the 
stream of water driven astern by the instrument of pro- 
. So far as the thrust was concerned it was 
immaterial whether a large mass of water was driven 
astern at a slow velocity or a small mass at a high velocity. 
As regarded the power required to maintain the rearward 
jet however we laid it down as a fundamental principle 
that “‘ that propeller was the best which drove the largest 
quantity of water astern at the least velocity.” It was in 
that respect that the turbine failed as an efficient instru- 
ment of propulsion for while it gave a high thrust it did so 
by driving astern a smaller quantity of water at a higher 
speed than any other propeller with which we were 
inted. This statement hardly requires a succeeding 
specific reference to the ‘‘ Nautilus’ and the “‘ Water- 
witch ’’ to make it clear that propulsion by means of a 
turbine was in those days indentical with what we would 
now call hydraulic: . In the second of our 
articles we consi seaman A which the orthodox 
screw propeller could be e saw pip 3 
of effecting considerable developments by the adoption 
of means for preventing the screw from imparting a 
whirling motion to the stream of water BP were astern 
and by reducing the interference of the hi ith the action 
ofthe screw ... Itis curious to note that if the last word 
of the quotation at the head of this note is changed from 
“ disappointed ” to “ fulfilled” the sentence would be 
literally applicable to the greatest improvement in, marine 
propulsion which the past sixty years have seen. 
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The Compression Ignition Aero- 
Engine. 

We give below extracts from three papers in which 
reference is made to the development of the compression- 
ignition aero-engine. The merits of the C.I. aero-engine 
as compared with the “ petrol” aero- -engine using 100 
octane fuel are discussed in a leading article in this issue. 
Our first extract is taken from a paper.read by Mr. F. R. 
Banks before the Institution of Petroleum Technologists 
on January 8th. ~The second is from a paper by Mr. 
A. H. R. Fedden read before the Royal Aeronautical 
Society on February 18th. The third extract is taken from 
a paper by Mr. F. M. Owner to be read to-night February 
26th before the Manchester Association of Engineers. 


Some ProsiEemMs or Mopern Hicu-puty AERO- 
ENGINES AND THEIR FUELS, 
By F. R. Banks. 


I now noone to deal with those matters which are 


particular to the development of engines to use 87 and 
100 octane fuels. 
Future ying these fuels, more particularly 


the latter, can be along two distinct lines ; 
first, for those military or civil machines of short range, 
where fuel economy is relatively unimportant and a high 
degree A ae © uired to obtain the 

— a possible for rapid climb or take-off 
with [anes ike and, perhaps, from small aerodromes ; 
secondly, for long-range work, for bombers and civil 
machines having to operate between far-distant points, 
where fuel economy is of the greatest importance and 
where the maximum power may have to be sacrificed for 
a low fuel consumption 

Disregarding the try a aspect for the moment, since 
fuel cost is not primary consideration in 
this cbse, Y Gdn ghee the uso Uf 108 aeuias fuel will be 
well worth while for the short-range civil aircraft, because 
even if it costs, say, three times the price of 87 octane 
fuel, the increased power available for take-off, by means 
of high boost and moderate compression ratio, will allow 
a greatly increased pay load to be carried, and more 
than compensate for the extra fuel cost. Data are already 
available to show that it is possible to increase the power 
of a given engine by about 30 per cent., due to the greater 
degree of supercharge permissible with 100 octane fuel. 

So far as the engines for long-range machines are con- 
cerned, these will probably employ a high compression 
ratio and a relatively low supercharge or boost pressure, 
ane although it is here that 100 octane fuel will show 

t advantage, such engines will present very definite 
culties in development if really low fuel consumptions 
are to be obtained. 

Assuming all other conditions to be unchanged, and 
with no detonation or pre- ignition present, an increase 
in compression ratio will improve power output and 
lower the specific fuel consumption. It will also reduce 
the specific and total heat rejected to the cooling medium 
and exhaust gases. Unfortunately, however, an increase 
in compression ratio is more severe on the fuel and engine 
(except the exhaust valves) than an increase in boost 
pressure, and in order to obtain a substantial reduction 
in fuel consumption it will be necessary to raise the 
ratio to about 7-75/1 or 8/1, from the present average 
of about 6-4/1. 

This will, in turn, give rise to considerably increased 
maximum combustion pressures, in the neighbourhood 
of 1000 Ib. per square inch for a ratio of about 8/1, being 
equivalent to a momentary load of about 12-5 tons on a 
piston head of 6in. in diameter. 

One of the principal difficulties with the gasoline engine 
is to reproduce, in flight, those fuel consumptions obtained 
on the test bed. ilst specific fuel consumptions from 
0-34 Ib. to 0-40 lb. per brake horse-power hour, according 
to the type, are practically inherent in the compression- 
ignition heavy-oil , some complication, such as 
automatic mixture — altitude control, and also ignition 
control, is necessary for the gasolifie engine in order to 
get anywhere near test bed in flight. However, 
it is only a matter of time before the very low fuel con- 
sumptions, which have already been obtained experi- 
mentally, will be attained in flight, and the high take-off 
power and low weight now possible with the gasoline 
engine have already somewhat retarded the development 
of the C.I. engine so far as aviation is concerned ; although, 
naturally, it would not be wise for the protagonists of 
the former to rest on their laurels. 

Having in mind the performance of the racing Napier 
‘“‘ Lion ” of 1927, I do not see why a specific fuel consump- 
tion of 0-35 lb. per brake horse-power hour should not be 
possible in a few years’ time, for flight cruising conditions. 
Since the amount of load which can be carried in flight is 
determined by that which it is possible to take off the 
ground, the take-off horse- er is the most important 
factor governing the operating economy of an aeroplane. 
A year or so ago it would not have been possible to utilise 
a high proportion of the power available in the engine 
for take-off p' because of the fixed pitch airscrew, 
the blades of which had to be set at an angle which 
allowed the engine to give maximum power and revolu- 
tions per minute at marcel altitude, therefore limiting the 
power for take-off. Now, however, the general use of 
the controllable pitch, and also a later development, 
the constant-speed airscrew, allows a large proportion 
of the maximum power to be used for this purpose, and 
the take-off run can be enormously decreased or, con- 
versely, a much greater load lifted off the ground without 
an unduly long run. 

* * * * * 

Engines designed to give the best fuel economy may 
have a somewhat higher structure weight than those 
developed purely for high-duty operation. One of the 
leading engine designers in this country has stated that 
the specific fuel consumption could be reduced by about 
0-041b. per brake horse-power hour by the use of 100 
octane fuel in relation to one of 87 octane. However, I 
think that an even greater reduction is possible if an 

a“ were designed specifically for this purpose 
present cruising fuel consumption which is obtained 
by @ number of European ai operating companies 


is in the region of 0-48 Ib.—0-50 lb. per brake horse-power 
hour on 87 octane. Undoubtedly this could be somewhat 





reduced on the same fuel, but due to the fact that a 
number of the routes are relatively short it, probably 
dogs. not. pay to sate @ much lower consumy par. 
ticularly since there has been no device: av. until 
recently to give the _— an accurate indication of the 
safe mixture strength he can use.. Certain engines, fitted 
in long-range aircraft, are operating with a specific fuel 
consumption of 0-43 Tb.-0- 44 Ib. per brake horse-power 
hour on 87 octane fuel. Even although the cruising 
horse-power may be only 50-55 per cent. of the available 
take-off power, this consumption is extraordinarily good. 

I think it reasonable to suppose, in the case of an engine 
specifically designed to use 100 octane fuel, having a 
high compression ratio approaching 8/1, and moderate 
or low boost, that a fuel consumption of 0-38 Ib, per 
brake horse-power hour is immediately possible, and even 
lower figures, say, 0-32—0-35, will be Obtained § in the not 
too distant future for cruising conditions. R. W. Young 
has mentioned an extraordinarily low fuel consumption 
of 0-341b., but since this figure represents only the 
lowest point on a consumption curve it is improbable 
that the engine concerned would operate continuously 
at such a figure. 


TREND OF AIR-COOLED AERO-ENGINES IN THE 
Five YEakRs, 
By A. H. R. Feppen. 


In a previous paper I suggested a list of the most 
important subjects for research as affecting the future 
development of air-cooled aero-engines, and placed fuel 
first and foremost, believing that this was the most 
important item. It is p to refer to this matter 
again, as I feel that it is the all-important governing 


Next 


factor. Actually the pets ots in regard to the s #7 
of 100 octane fuel seems a good deal more hopeful 
was eighteen months ago. the period under sea hy 


During 

it is understood that there is little doubt that we shall 
have 100 octane fuel as readily as we have 87 octane 
to-day, and it is possible that we may have even better 
fuel than 100 octane. I gather that the supplies will 
probably be in the form of iso-octane, and it may be 
quite likely that it will be ready in quantities before the 
engine makers have developed their new engines to make 
full use of it. 

From this fuel, in properly designed engines, I think we 
may expect an increase in horse-power of 25 per cent., 
with a decresse in consumption of 5 to 7 per cent. This 
should enable a consistent cruising consumption of 
0-42 pint per brake horse-power hour, at approximately 
60 per cent, of the maximum power rating. 

These improvements in fuel for electric ignition engines 
will make the case for the compression ignition engine 
system even more difficult to substantiate than before. 
It will make the co’ ignition engine less valuable 
from a consumption point of view, from the aspect of the 
volume of fuel consumed, but the price of the fuel will 
still be considerably in favour of the compression ignition 
type of engine. 

Events of the last few years have given the petrol aero- 
engine an enormous advantage over its only competitor, 
and although, at any rate for the next few years, I am 
afraid the requirements of military over civil aero-engines 
are likely to be in the ratio of at least 8 to 1, which on the 
face of it would appear to retard further the advent of 
the successful com: | ignition engine, nevertheless, 
the advantages of the minimised fire risk, cheap- 
ness of fuel, elimination of radio interference problems, 
and the general higher order of reliability that should 
ensue from the compression ignition type of engine, are 
important factors which cannot be overlooked. 

Personally, I lean to the view that for long-range night 
bombers of moderate performance, as well as civil aircraft, 
there is a great deal to be said for the ignition 
engine in fairly large sizes and of not less than 1000 
cruising horse-power. It is impossible, however, to take 
such a high specific output, from a given swept volume, 
from the compression ignition engine, as from the corre- 
sponding petrol engine, but it is practicable to take a 
higher percentage cruising output, from a given size, 
from the compression ignition engine, and, if we are to 
look to mechanically or catapulted aircraft for 
the future, then the compression ignition engine has a 
better chance of coming into its own. 

I have looked into the possibilities of the compression 
ignition engine as compared with the petrol engine, on a 
comparative basis, for 1000 ¢ horse-power, and the 
main features of each type are shown below :— 


perien, of 1500 B.H.P, Air-Cooled Radial Engines— 
100 Octane and Compression Ignition 


100 octane Compression 
petrol ignition 
engine. engine. 

Horse-power at maximum r.p.m. 
and rated altitude (5000ft.) 1500 1500 
Cruising B.H.P. at 66 _ cent. ; 
maximum pat « ose . 1000 1000 
Cruising consum: 
Lb. per B. {Pe hour es 0-435 ... 0-38 
Pints per Bit: per hous Lee OEP i 0-36 
Gallons hour ... ‘ 59-0 45-0 
Net dry weight, Ib. dts 1620 2100 
Weight per B.H.P., Ib. : 1-08. ... 1-4 
Fuel cost per hour—Basic prices : 100 octane, 2s. 6d. per 
gallon ;’ fuel oil, Is. 2d. per or ig 
8. £m dj 
(a) No transport charge 7 ype SR aT 
(6) Is. 6d. per gallon trans- 
port charge oo ae EE ee Oe 
(c) 2s. 6d. i gallon” trans- 
oe nes RE BD 8 5 0 
Saving in rel co cost per hour— 
(a) No transport charge. 415 0 
(6) Is. 6d. per gallon trans- 
port charge 516 0 
(c) 2s. 6d. per gallon trans. 
port charge 610 0 


It will be noted that the lower S iaaane fuel consumption 
of the compression ignition engine results in a total con- 
sumption per hour of 45 gallons, as against 59 gallons for 
the 100 octane engine, at similar cruising power, and an 
incidental, but none the less important advantage of the 
reduced consumtipop of the compression ignition engine 
is the economy to be effected in weight and size of tanks. 

Tn an endeavour to demonstrate the economies in fuel 
charges to be expected from the ¢ ompression ignition 
engine, I have shown figures for the fuel cost per hour 





cruising for the two engines under consideration. It has 
been assumed that the woul be of 100 ee cohen ‘oo 
out eee ye charges, w' he, 2s.. 6d. per ons, an 

for fuel oil Is. 2d. per gallon. ‘These figures are, of course, 
purely arbitrary, and must . taken solely as my own 
opinion as to what, the relative costs may be in the next 
five years. In deciding on these eicive costs, I do not 
think the compression ignition engine has been favoured 
at all.. Three cases have been taken for relative cost— 

(a) with no transport charge; (b) assuming Is. 6d. per 
gallon transport charge; and (¢) assuming 2s. 6d. per 
gallon transport charge, with a view to representing pro- 
bable costs in undeveloped countries where the transport 
of fuel becomes e: ive. 

If we consider the case of two four-engined machines 
of 72,000 Ib. all-up weight, and a power loading of 12 Ib. 
per horse-power, one ha’ 00 octane petrol engines and 
the other having compression ignition engines, then the 
compression ignition engine is at a disadvantage for 
flying times below 9} hours, at which point the pay- -load 
is approximately 14,500 lb., representing 20 per cent. of 
the all-up weight. At the "Atlantic range of 2500 miles, 
against a 40 m.p.h. head wind, the pay-load is 1500 Ib. 
greater with the compression ignition engine. When the 
pay-load is equal to that for the aircraft with 100 octane 
engines equipped for the Atlantic range, for a similar pay- 
load, the compression ignition engine would give an 
increased range of 190 miles. 

Tt is interesting to note the enthusiasm and activity 
shown towards the production of the compression ignition 
aero-engine on the Continent, and to speculate on the 
reasons for this interest. I can raise no enthusiasm for 
the theory of a ray to cut out the magneto of a spark 
ignition engine, nor foresee any real difficulty in producing 
considerable quantities of petrol of a reasonably high 
octane value. There is no doubt in my mind that there is 
a considerably decreased fire risk when employing com- 
pression ignition engines in aireraft, especially when com- 
pared with 100 octane engines where much closer cowling 
and higher specific output will increase the chance of fire 
if the engines are running at the time of a forced landing, 
because everything inside the cowling will be considerably 
hotter than was the case in the earlier type of petrol 
engine installation. Fire risk as the result of a ‘crash of 
an aircraft cannot be considered of real military import- 
ance, but it is interesting to speculate on the respective 
chances of aircraft being set alight while in the air, when 
powered alternatively with a petrol or heavy oil engine. 

I much deplore the fact that greater energy is not being 
applied to the problem of the compression ignition engine 
for aircraft in this country. In the past official support 
has been given to compression ignition research, and the 
Bristol Company, amongst others, have undertaken a 
considerable amount of experimental work along these 
lines, but unfortunately the progress of the petrol engine 
has been so rapid that up to the present it has not been 
deemed advisable to carry these efforts beyond the 
embryo stage. 

I believe my estimates for the compression ignition engine 
are conservative, and assuming these figures are correct, 
it would be interesting to know from aircraft designers 
what is considered to be the value of such a type of engine. 

In my opinion, the psychological moment has now 
arrived for such a proposition to be tackled quickly, and 
on a high priority, at any rate for the third suggested 
category of power plant, and I submit that it warrants 
sufficient money being set aside for its development, and 
the best brains in the country being concentrated on it. 


Factors CONTROLLING AERO-ENGINE DEVELOPMENT, 
By F. M. Owner. 

For civil aviation the Diesel engine has very definite 
merits, these including :— 

(1) Comparative Freedom from Fire Risk.—Apart from 
the lesser danger of the fuel itself, the Diesel exhaust 
temperature is much lower, hence the surface temperature 
of the exhaust manifold is reduced, thus lessening the 
chance of ignition of lubricating oil, which constitutes a 
very real danger with an exhaust system temperature 
of 500 deg. Cent. or over. 

(2) Reduced Fuel Consumption.—This is an advantage 
of diminishing importance. Consumptions of the order 
of 0-45 1b. per brake horse-power hour are now being 
regularly achieved on petrol engines using 87 octane 
fuel, and it is anticipated that this may eventually be 
reduced to 0-4lb. per brake horse-power hour with 
100 octane fuel. The difference in cost will, however, 
be important for civil use. 

(3) Reliability. —There can be no question that the 
fuel pump is inherently a more realiable device than the 
magneto. 

(4) Radio.—The Diesel causes no radio interference. 

It is an unfortunate fact, however, that civil aviation 
still has to adapt engines designed primarily for military 

purposes. A modern aero-engine may cost up to a quarter 
of a million pounds to develop to the quantity production 
stage, and outputs of civil engines are too small as yet to 
bear this overhead. For military use, the Diesel has 
serious disadvantages, these being : 

(1) Take-off Power—Whilst it is possible to take off 
with a moderately dirty exhaust, the take-off power of 
a Diesel is 75 per cent. of that of an 87 octane petrol 
engine, and 65 per cent. of the 100 octane engine of the 
same swept volume. The deficiency is due partly to 
lower speed and y to lower M.E.P. 

(2) Weight.— specific weight of the aero-Diesel 
has been greatly meabdeals but it is still some 30 per 
cent. in excess of the co petrol engine (on 
account of the above-mentioned limitations), and is 
not likely to catch up. The saving in fuel weight does not 
compensate for this additional weight until the range is 
five hours, when the com m is made with an 87 octane 
petrol engine and twenty hours with the 100 octane version. 

(3) Diesel fuel has a rather high freezing point (— 14 deg: 
Cent.), and tank heaters would consequently be needed at 
high altitudes. 

As long. as performance remains the chief criterion, 
therefore, military aircraft are unlikely to use Diesels, 
unless their ific output and weight can be improved 
to a degree which does not appear probable, 

To sum up, it is thought that the Otto cycle will retain 
its monopoly, and that it is not at present possible to 
discern any boundary to the field of development opened 
up by improvement of fuel quality. 
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the line engraving, Fig. 33. Oil which is pumped 


| from the “ Brentford” lubricator, under a pressure 
| of 3000 Ib. per square inch, is admitted through union 


The British Industries Fair at Birmingham. 


SOME NEW DEVICES, MACHINES AND DEVELOPMENTS. | 
No. III. 
(Continued trom page 215, February 19th.) 


1 to the cylinder, thus raising the piston, which, in 
its upward movement, forees the grease above it 
through outlet 2 to the bearing. The recharging 
of the cylinders can be carried out whilst the battery 
is working. The lever 3 is raised, lifting the valve 4 
off its seating, and thus allowing the oil to return to 
the main tank through elbow 5. On opening cock 6 


WYO-DAY, Friday, February 26th, the British 

Industries Fair at Birmingham closes. Last 
year, and the year before that also, we warned overseas 
visitors to this country that the title of the Fair did 
not give a proper impression of its scope. For 
nowadays the success of the Fair is founded upon the 
lighter and domestic classes of engineering, on hard- 
ware, and on ironmongery, and the exhibits of 
medium and heavy engineering firms are few and are 
not at all representative. The decline in the interest 
of the heavier engineering firms in the Fair has been 
progressive, and it must be presumed that they have 
found the leasing of space unremunerative. This 
year, as a consequence of the declining engineering 
interest of the show, we have not, as in previous 
years, published any supplements dealing with the 
exhibits, and we have confined ourselves, as the 
sub-heading to these articles indicates, only to those 
exhibits which are novel or in which some significant 
development has taken place. 

But though in an engineering sense the importance 
of the Fair is undoubtedly small, it is becoming 
progressively more and more successful in the lighter 
field. As Sir Alan Anderson has pointed out in a 
letter to the Editor, which we do not publish, the 
Fair is of great importance in showing our goods to 
overseas buyers and thereby in helping our exporters. 
It is, he suggests, now relatively easy to sell goods 
in the home market, but the very buoyancy of that 
market makes it more difficult for us to sell abroad. 
But to pay our way and to maintain our living 
standards we must sell abroad. Some of our export 
trade has been recovered. Between 1932 and 1936, 
he states, the declared value of our domestic exports 
rose by nearly £76,000,000, or 20 per cent.; but even 
so, in volume, our domestic exports of 1936 are 17 per 
cent. below those of 1930, and the ceclared value of 
our exports in that year was only 60 per cent. of the 
corresponding value of exports in 1929. In attracting 
buyers to this country and impressing upon them the 
conviction that they must buy from us if we are to 
maintain our purchases from them, the Fair is doing 
great service. Though, as we have already said, the 
heavier classes of engineering are not properly 
represented at the Fair, they must reap a harvest 
- from the success of the lighter grades for the produc- 
tion of which many heavier tools and much power- 
producing machinery must be required. Moreover, 
the heavier engineering firms have their own shows, 
such as the Shipping, Machinery and Engineering 
Exhibition held every other year in London. Thus, 
though we may regret that the British Industries 
Fair becomes each year of less interest from the 
engineering point of view, we are encouraged to 
observe its success in other branches in the belief 
that thereby the heavier engineering industry is 
stimulated and in the knowledge that that industry 


is not without its own “‘ shop windows.” 


J. STONE AND Co., Lrp. 


A novel exhibit on the stand of J. Stone and Co., 
Ltd., of Deptford, London, is the machine tool 
P.I.V. conversion unit, comprising a P.I.V. gear on 
which is mounted a column carrying a control lever, 
and an arrangement of pulleys. A view of the set is 
reproduced in Fig. 31. The P.I.V. gear is fitted with 
a flange mounted motor and the variable-speed shaft 
is provided with a flat belt pulley. The unit has 
been designed to stand behind a standard type of 
lathe or other type of machine tool which is 
normally driven by flat belting from the counter- 
shafting, &c. It is mounted behind the machine, 
and a belt is taken from the variable-speed shaft 
pulley on the P.I.V. gear, over the pulleys on the 
column, to one of the driving pulleys on the head- 
stock of the machine. It will be seen from Fig. 31 
that the pulley bracket is made adjustable as regards 
height, so that it can be applied to a wide range of 
machine tools. The control lever extends over the 
headstock of the machine to a position easily accessible 
to the operator. It is fitted with a ball locking arrange- 
ment so that it remains set in any position desired 
by the operator in accordance with his speed require- 
ments on the spindle of the tool. The object of the 
unit is not only to convert mass driven machine tools 
to individual drives, but also to provide an infinitely 
variable range of speed within the limits of the P.I.V. 
speed range to the driven machine. Taking the case 





of a simple lathe fitted with a back gear, 
speed range in the P.1.V. gear, combined with the 
ratio in the back gearing, gives an infinitely variable | 
speed range of 12-1 controlled by the hand lever of | 
the P.I.V. gear and one change of the back gear. | 

The advantages of the infinitely variable speed | 
range are obvious, since it enables a simple type of ' 
lathe to operate for every required range of speed, 
and therefore to deal with almost any class of work. 
The lever control operates the opening and closing 
of the wheel faces in a similar way to the speed control 
hand wheel on the standard type of P.I.V. gear-box, 
and speed change is effected not only under load, but 
without the necessity of stopping the machine. 
This is an advantage where work of varying diameter 
is being dealt with, such as facing, &c. 

At a time like the present, when it is very difficult 
to obtain delivery of machine tools, particularly 
tools with modern geared heads, this new unit. will, 
it is claimed, enable the manufacturer to convert old 
machine tools which would without this conversion 
unit be quite unsuitable. In other cases, it now 
becomes possible to bring a simple type of machine 
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Fic. 31—MACHINE TOOL GEAR CONVERSION 
UNIT—STONE 


tool more into line with the more expensive and up- 
to-date multi-geared types. 

The P.I.V. gear is entirely mechanical, and is 
positive throughout the entire range of speed, and 
has, the makers state, an average efficiency of about 
95 per cent. throughout the whole of its working life. | 

The back plate on the lever control quadrant can | 
be calibrated to cutting speed or revolution speed 
requirements called for to suit any purpose, which 
simplifies the general operation of the unit. 


TECALEMIT, Lrp. 


On the stand of Tecalemit, Ltd., of Brentford, we 
noticed a newcomer known as the ‘ Multi-point ”’ 
lubrication battery, which is illustrated in Fig. 32. 
For the purpose of showing the arrangement covers 
which normally hide the row of cylinders and the 
motor-driven lubricator have been removed, but when 
they are in place only the range of gauges and the 
levers above them and the sight glass on the lubricant 





tank are to be seen. This battery has been designed 
for the lubrication of heavy-duty plant, such as rolling | 
mills, stone” crushers, &c., which require large 
capacities of lubricant to be fed at predetermined | 
pressures to various points. The number of cylinders 
in the battery is variable according to the require- 
ments of the installation. The battery consists of 
a row of cylinders from which lubricant is delivered 
under pressure to the various points ; a “ Brentford ”’ 
mechanical lubricator, which provides, as will be 
described later, the necessary pressure to drive the 
lubricant through the delivery pipes, and an air- 
operated drum pump, the duty of which is to recharge 
the cylinders when emptied, directly from the 
original containers, so that nothing but clean, uncon- 
taminated lubricant can reach the bearings. As 
the engraving shows, there is space for housing two 
1 ewt. drums of lubricant. 

The operation of the cylinders is illustrated by 





the 6-1 | the air-operated drum pump starts automatically 

















POINT’ LUBRICATION BATTERY 
E—-TECALEMIT 


Fic. 32—“‘ MULTI 


to deliver grease to the cylinder, but ceases working 
so soon as the latter is full. Cock 6 is then closed 
and lever 3 lowered. In circuit with the ‘‘ Brentford ” 
lubricator is a gauge which, as the pressure is equal 
on both sides of the piston, serves a dual purpose. 
It indicates that the *‘ Brentford” is working and 
also shows the pressure in the delivery line to the 
bearing. When the cylinder is empty the dia’ needle 
will register over 3000 Ib., but will keep dropping 
back as the oil is passing the relief valve 4, which 
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Fic. 33—LUBRICATION 


operates at approximately 3200 Ib. This relief valve, 
incidentally, serves as a safety device in case the 
operator should forget to refill the container at the 
required interval. 

The drum pump will pump any soft grade lubricant, 
but not H.M.P. nor hard greases, as the grease is 
required to collapse under its own weight in the drum. 
The firm can offer soft grade lubricants for heavy- 
duty work. An air supply of 100 Ib. per square inch 
is necessary to operate the pump. The delivery 
from the drum pump is coupled to the grease supply 
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line on the battery by a hose which can be lifted 
clear when charging the drum. 

The electric motor is of Klaxon manufacture with 
a final speed of 25 r.p.m. as standard. Each cylinder 
has a capacity of 1 lb. 10 0z., and is made of heavy 
gauge steel tube. Piston washers are made of oil- 
resisting rubber, and are claimed to form an absolute 
seal between. the oil and the grease. 


Hick, HARGREAVES AND Co., Lap. 


On the stand taken by Hick, Hargreaves and Co., 
Ltd., of Bolton, there are to be seen a number of 
rotary compressors recently developed by the firm. 
Single and two-stage units are illustrated in the 
engravings, Figs. \34 and 35. These compressors 





at a pressure of 100 lb. per square inch gauge when 
running at 960 r.p.m. Other machines are also shown 
on the stand, including one with a capacity of 2 cubic 
feet per minute which is air cooled. Generally 
speaking, casings for these compressors are of cast 
iron, and the rotor of similar material carried on a 
steel shaft mounted in roller bearings. All com- 
pressors are fitted with mechanical lubricators 
similar to those seen in the engravi In most 
cases control of the compressor is effected by means 
of an automatic governor, which, when a predeter- 
mined pressure has been attained in the delivery 
main, closes the suction valve, and at the same time 
opens a small relief valve to allow the escape of the 
small amount of high-pressure air trapped between 

















FiG. 34—-WATER-COOLED SINGLE STAGE ROTARY COMPRESSOR—HICK, 


are of that well-known type in which a rotor drum 
is mounted excentrically in a cylindrical casing and 
carries round with it a number of free-moving blades 
which are forced outwards centrifugally into the 
crescent-shaped working space between the rotor 
and the cylinder. It will be remembered that with 
this design the disposition of the suction and dis- 
charge ports is such that the space enclosed between 
two adjacent blides reaches a maximum while in 
communication with the suction port, and that there- 
after until it opens to discharge the space gradually 
diminishes, thereby compressing the entrapped gas. 
Restraining rings are fitted in the cylinder having 
a bore slightly less than the cylinder itself, and they 
rotate freely at practically the rotor speed. The 
rotor blades bear outwards against the rings and 
friction between cylinder and blades is thus reduced. 





HARGREAVES 


the roter and the delivery valve. When electrically 
driven this pressure control can be effected by 
automatically starting and stopping the motor. 


Joun G. Stem anv Co., Lap. 

Users of high grade refractories are again finding 
interest in the comprehensive display of products for 
industrial furnaces, shown by John G. Stein and Co., 
Ltd., Bonnybridge, Scotland. Among other exhibits, 
we may mention bricks and shapes for segmental gas 
retorts, glass furnaces, coke ovens, and steel furnaces ; 
and in the form of suspended arch blocks and standard 
bricks for boiler engineers, to which has recently been 
added the “ Nettle N.S.” brick, a quality which is 
specially designed to give good service in positions 
subject to severe thermal spalling. 

Included in the display are some of the more 





min and 10, Spencer-street, Victoria-street, 
London, 8.W.1, is the range of spray guns, which 
embodies the firm’s new preselective fan control. 
One of these new guns is shown in Fig. 36, and in 
Fig. 38 we reproduce a section through the gun, 
which serves to illustrate the working principle. 
From the drawing it will be seen that the main air 
supply to the central jet is controlled by the main air 
valve A, through the orifice B, while the supply of 
air to the jets which flatten the spray is controlled 
by a separate valve C, which is, in turn, operated 
by the preselection nut D. The relative positions of 
the two nuts D and E controls the change from round 
to fan spray, and vice versd, and the gap between the 
two nuts is the amount the trigger can be pulled 
before a fan spray is given. The size of the fan 
spray is separately controlled by the fan formation 
adjusting screw (see Fig. 36), which is marked so as 
to give a visible and quickly read indication of the 

















Fic. 36—-SPRAY GUN WITH PRESELECTIVE 
CONTROL—AERASPRAY 


fan formation. The new device which we have 
described enables spraying processes to be carried 
out more quickly and with economy in spraying 
material. There is with the new gun no longer any 
need to use a fan spray on work which would be better 
done with a cone or round spray, and the saving when 
using finishes is stated to be from 15 to 20 per cent. 

Another interesting exhibit shown on this stand 
is a two-stage air compressor mounted on an air 
receiver and equipped with the firm’s automatic 
stop and start device. Engraving. Fig. 37, shows a 
view of this set. 

The air compressing plants mounted on a receiver, 
which we illustrate, are supplied with either of three 
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Fic. 35—-TWO-STAGE ROTARY COMPRESSOR—HICK, 


Compressors of this type are supplied by the firm to 
deliver from 8 to 2700 cubic feet per minute. Twin 
machines can deal with 5400 cubic feet per minute. 
Delivery pressures up to 150\lb. per square inch 
can be handled, and vacuum amounting to 99-5 per 
cent. of the barometer can be attained and held 
by such machines used as exhausters. 

The two machines illustrated are single and two- 
stage compressors respectively. The first has a dis- 
placement of 463 cubic feet and a capacity of 409 cubic 
feet of free air per minute at a pressure of 12 Ib. 
per square inch when running at a speed-of 960 r.p.m. 
It is water cooled and driven by a 30 B.H.P. electric 
motor. The other machine, of the two-stage variety, 
is provided with an intercooler. In the size shown 
at the Fair it has a displacement of 581 cubic feet 
and a capacity of 500 cubic feet of free air per minute 





HARGREAVES 


aluminous products used in positions subjected to 
extremely high temperature. 

For the steel maker the company showed Stein 
ladle bricks, sleeves, nozzles, stoppers, <&c., 
also blast-furnace linings and _ special checker 
and stove-filling shapes, including the JGS&CO 
checker, which has been specially designed to increase 
furnace efficiency. The range covered by the display 
included samples of the “ Stein ”’ high-temperature 
insulation, useful in reducing heat loss, while a 
range of cements and plastics was also on view. 


AERASPRAY Mrc. Company, LTD. 
A new feature in the large display of spraying plant 


and auxiliary equipment, arranged by the ray 
Mfg. Company, Ltd., of Thimble Mill-lane, Bir- 








Fic. 37—TWoO-STAGE AIR COMPRESSOR SET—AERASPRAY 


types of automatic control and either single-stage 
compressors designed for working pressures up to 
150 lb. per square inch or two-stage compressors for 
either 100 Ib., 150 Ib., or 200 lb. rating. 

The continuous running sets are designed to supply 
a fairly constant demand for air at 100 lb. pressure, 
and when demand ceases the governor holds open the 
inlet valve, no compression takes place, and the 
power absorbed by the motor drops until the demand 
returns and inlet valve is released. 

The automatic stop-start plants, illustrated in 
Fig. 37, are specially designed to meet a varying 
demand. A valuable feature of the Aeraspray stop- 
start system is the device by which the inlet valve 
is automatically held open until: the motor has 
gained full speed on restarting. The control is 
said fully to unload the compressor and thereby 
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obviate the air wastages unavoidable with other 
systems. 

Dual control can also be fitted to stop-start plants, 
so that when there is a steady demand for air at 
lower pressure, as for spraying, the motor continues 
to run and automatic governing takes place, as on 
continuous running sets. The power consumption is 
reduced, while the actual air delivery is increased. 





section and is reinforced by two forged steel tie bolts 
which are shrunk in. The screw is a forging of heat- 
treated nickel steel. The height to which the slide 
rises, which governs the intensity of the blow delivered, 
is controlled by adjusting the lever which carries the 
fly-wheel brake. This is easily done by means of a 
hand wheel. A bottom extractor is fitted, working 
off the slide of the press, which by a special arrange- 
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Fic. 38—SPRAY GUN WITH PRESELECTIVE CONTROL—AERASPRAY 


owing to the greater volumetric efficiency of all air 
compressors when working at the lower pressures. 


TAYLOR AND CHALLEN, LD. 


A new form of press is shown by Taylor and Challen, 
Ltd., Derwent Works, Birmingham, 19, and is illus- 
trated in Fig. 39. It is of 40 toms capacity, and, as 
will be seen, of the inclinable type. A double roll 
feed mechanism is fitted, and im order to ensure 
accuracy in the feeding forward of the stock all the 
spindles are accurately ground, while the rolls are 
actuated by a ratchet of the friction type, which 
permits infinitesimal variations in the length of feed. 
Lifting gear is provided for the top rolls, for use with 
pilot punches. The frame is arranged to pivot about 
the front of the bed by means of gear of the screw and 
ratchet type, so that, at whatever angle the press be 
inclined, the tools are always at the height most 
convenient for the operator. Flat tie bars are also 
fitted to the frame, so as to economise space and give 
ready access to the tools. This press is to be seen in 


Fic. 39—40- TON INCLINABLE PRESS-TAYLOR AND CHALLEN 


operation, producing articles from steel strip, which is 
carried on an universally adjustable coil carrier. 

Another press on this stand is of 70 tons capacity, 
and is of the friction screw type. It is intended for 
hot brass stamping at a high speed, so runs at 270 
revolutions per minute, with a stroke of llin. The 
fly-wheel is of approximately the same diameter as 
the driving wheels. 

The frame is a one-piece iron casting of very heavy 











ment lifts the stamped article out of the die on the 
early part of the upstroke, then automatically falls, 
leaving the article loose in the die, which is in position 
for the next stroke. 

There are also shown an armature notching press 
and a crank press of 100 tons capacity. 


Tue British Rema MANUFACTURING Company, LTD. 


On the stand of the British Rema Manufacturing 
Company, Ltd., of Halifax, there is exhibited a new 
type of rotary vibratory screen, built under Bennet’s 
patents, which has been specially designed for 
handling granulated and powdered materials, particu- 
larly in cases in which it is desired to produce a large 
number of grades of material simultaneously. As our 
drawing Fig. 40 clearly indicates, the screening panels 
are circular in shape and are carried on angle ring 
frames, which are attached by means of spring spacers 
to the driving disc. The driving disc or plate is 
supported on rollers and the machine is arranged for 
belt driving. The driving pulley shaft runs in two 





shaft. The gearing and the cam drive are mounted 
within a casing which is filled with heavy oil and is 
designed to give automatic lubrication. 

The central spindle is provided with tensioning 
nuts, which give a convex shape to the screening 
surfaces and so assist the movement of the material 
from the centre of the screening surfaces to the 
periphery. The screening panels are housed within a 
cylindrical casing, on the cover plate of which the 
hopper with an adjustable sleeve to feed the material 
on to the first screen is mounted. Inside the cylin- 
drical casing are a series of circular troughs, from 
which paddles fixed to the angle rings transfer the 
material delivered from the screens and discharging 
cones to inlet spouts arranged at suitable positions on 
the casing of the machine. It is claimed that, as the 
circular inlet to the top screen is adjustable, it can 
act as a table feeder and can distribute the incoming 
material from the centre of the screen uniformly, the 
rate of feed being easily adjusted while the machine 
is in operation. As the feed is delivered to the centre 
of each screening el the material is spread 
uniformly over the whole surface and it then travels 
to the periphery in a spiral direction. The length of 
travel is larger, it is claimed, than with ordinary 
screens, and full advantage is thereby taken of the 
available screening surface. Owing to this action, the 
output per square foot of screening surface is an 
unusually high one. In Fig. 40 we illustrate a double- 
deck machine, but screens with six to eight decks can 
be supplied, with screen diameters from 15in. up to 
6ft. A further feature of the new machine is the ease 
with which the outlets from the various screening 
panels can be arranged around the casing at con- 
venient points so that no large receiving chutes are 
needed, and there is considerable saving both in 
space and in headroom. 

The firm is also showing a new range of disinte- 
grators, which have been developed for the crushing, 
granulating, or pulverising of soft and medium hard 
substances. Machines are available for the grinding 
of small batches and for continuous work. Several of 
the machines are equipped with the firm’s “ Pulvis ” 
centrifugal clutches, one of which was sectioned to 
show its internal construction. The exhibit forms a 
comprehensive display of the firm’s crushing, pulveris- 
ing, classifying, and mixing plants. 


W. anv T. Avery, Lap. 


In the manufacture of springs, both of the laminated 
and coil varieties, one of the final operations is that of 
“ seragging.”” Taking a laminated spring as an 
example, it is placed in @ press and compressed to a 
predetermined camber designed to’stress it more 
highly than it will be normally stressed in service. 
In this’ process, not only is it tested for strength, 
but a general “ settling in ” of the laminations occurs, 
so that when the pressure is released the unloaded 
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ball bearings and it carries the friction dises or bevel 
wheels which transmit the rotary motion to the screen 
driving plate. Simultaneously a vibratory motion 
is given to the central spindle by means of a cam and 
tappet with hardened surfaces. For constant speeds 
a bevel gear drive is generally employed, but in cases 
where a variable drive is preferred the friction wheel 
is used, as indicated in the drawing, the speed being 
altered by moving the friction wheel along the driving 








Fic. 40—ROTARY VIBRATORY SCREEN-—BRITISH REMA 


camber of the spring is found to be reduced. As 
springs need to be supplied to specified cambers 
within a comparatively small tolerance range, the 
spring fitter is required so to adjust the camber of 
the spring that after scragging it will come within the 
prescribed tolerance. 

The machine illustrated in Fig. 42 has recently been 
introduced by W. and T. Avery, Ltd., of Birmingham, 
to perform this scragging operation, and is shown at 
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the Fair. It has a capacity of 10 tons, a stroke of 
12in., and a ram speed of 36ft. per minute. The 
vertical daylight available for coil springs is 30in., 
and for laminated springs 22in. The machine is 
controlled from two operating handles at the left- 
hand side of the table, which is 7ft. long. One of 
these handles controls the operation of the ram, and 
it is so arranged that the pressure exerted by the ram 
is proportional to the pressure on the handle. The 
other handle locks the ram in any desired position. 





FiG. 41—ROTARY AIR-COOLED COMPRESSOR—NORTHEY - BOYCE 


Interlocking of the handles prevents improper opera- 
tion. The main driving pulley of the machine runs 
at 940 r.p.m., and is arranged to be driven through 
Texrope, either from a belt or from a motor. From 
the main pulley the drive is transmitted through spur 
gearing and differential mechanism, which incor- 
porates a band brake. Operation of the control 
handle contracts the band brake, eausing the ram 
to descend and the pressure exerted by the ram is 
proportional to the braking force on the band brake. 
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FiG. 42—SPRING SCRAGGING MACHINE 
~—AVERY 


All gears are of steel hardened to give 100 tons per 
square inch tensile strength and the differential gears 
are carried in ball and roller bearings. The differ- 
ential is enclosed in an oil-tight casing. For the return 
of the ram a spring is fitted and the speed of return is 
adjustable to suit the strength of the spring under 
test by means of an air dashpot. 

The general details of the construction of the 
machine can be observed in the engraving. The 
upward load from the ram is carried through the 
headstock to steel tie bars, which pass through the 
body of the machine and are anchored to heavy cast 
iron lugs situated beneath the table. The body of the 
machine and the headstock are made of close-grained 
cast iron. A slot on the machined face of the table is 
provided to enable sliders to be used for scragging 
laminated springs. It will also be seen that a piece 
in the centre of the table is arranged to swing out, 
thus exposing a pocket which can accommodate long 


coil springs. 
Nortsty-Boyce Rotary ENGINEERING 
Company, Lrp. 
An accompanying illustration, Fig. 41, shows a 
motor-driven rotary compressor as made by Northey- 


Boyce Rotary Engineering Company, Ltd., of Park- 
stone, Dorset, and London. These machines work on 








a principle claimed to give them an action as positive 
as that of a piston pump. The drawing, Fig. 43, shows 
a series of diagrams illustrating the working cycle. 
In the first, a, the inlet port is about to open and 
compression has begun in the spaces C. At 6 induction 
is well advanced into space J and the delivery port 
has just opened. The third diagram shows a state of 
affairs in which the inlet port has just closed and 
delivery has been completed. A small portion of com- 
pressed charge is trapped between the rotors and, as 











shown in d, is eventually released into the induction | 
space. When compression begins again practically | 
the whole of this charge is swept to the compression 
side of the rotor, producing the effect of a super- | 
charge. It will be seen that all motion is purely | 
rotary and even the rotors have no actual | 
rubbing contact with -the surfaces of the working | 
chamber. Owing to this latter fact the machine ean | 
run with no cylinder lubrication whatever, so that | 


Inlet Port 





-d- 


“THe Enciwcer” 


Fic. 43—CYCLE OF ROTARY COMPRESSOR 

air or gas may be pumped without becoming con- 
taminated with oil. Compressors and exhausters of 
this type were exhibited at last year’s Fair, but the 
one illustrated is a new design, in which air cooling 
has been adopted instead of water cooling. 


LANDALE AND Co. 


The “ Swifsure”’ saw made by Landale and Co., 
of Edinburgh, is not new. It finds a place in these 
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Fic. 44—RADIAL ARM FOR “ SWIFSURE’’ SAW 
—LANDALE 


articles, however, because by means of the apparatus 
shown in Fig. 44 it has been made suitable for use 





as a straight line cross-cut. The “ Swifsure’”’ saw 
consists of three parts—a base-plate fitted with a 


riving knife and ripping gauge ; a saw protected under 
an aluminium guard, and an electric motor ¢ontained 
within an aluminium housing. The saw blade is 
mounted directly’ on the armature spindle and the 
control switch is placed in the handle. Several 
models of this saw are made, and are to be seen on 
the stand. The radial arm illustrated is a new product. 
The arm itself is adjustable up and down to accom- 
modate varying thicknesses of wood. and can also be 
slewed to any angle. As the saw itself can be tilted 
to any angle between 90 deg. and 45 deg. with the 
horizontal, any mitre or compound angle can be cut 
with precision. The radial arm is conveniently 
light and can be easily carried about and fixed down 
on any temporary bench. Moreover, the saw is 
easily detached so that by its adaptations as a cross - 
cut it loses none of its portability. 








A New Cable Connector. 





A NEw device for making a connection with a cable has 
been brought to our notice by Rich and Pattison (B’ham), 
Ltd., of 68, Edgbaston-street, Birmingham, 5. It is 
composed of five ebonite and a high-rupturing fuse, 
which is easily renewed. As will be seen from the drawing, 












Y, 


Y 


MS 


————— 
Dili 


WS 


Yl“ 





Le 
LWW 


<\vzZ 


We 
Vi 






a 








VD 


Meld 


Wes 
Wl 


We 


SS 








Fuse G ‘G 
Vv A AN 


KZ 





bd 








SECTION A.A. 


“THE ENGINEER” 


@ 
CASLE CONNECTOR 


after removing the large-diameter screwed portion, the 
cable is bridged by the upper screwed portion, and on 
re-assembling and tightening up the device, pressure is 
applied to the fuse and cable piercer, which pierces the 
insulation and enters the copper conductors, thus estab- 
lishing electrical connection. The cable-holding portion 
can be adjusted for at least half a dozen sizes of cables, 
and currents up to 50 amperes can be carried. A connec- 
tion can be made to a cable in a few minutes, whilst the 
cable is alive. 








CATALOGUES. 





AvELING-BarrorD, Ltd., Grantham.—Catalogue 1330 of oil- 
engined rollers from 5 to 15 tons. 

RurtHerrorp Or Burners, Lid., 28, Chandos-gate, 8.W.1.— 
A folder with leaflets on the firm’s oil burners. 

British Insutarep Casies Lid.--Prescot, Lancs.—Par- 
ticulars of the “ BI ” industrial wiring system. 

Monrron Parent Sarety Devices, Ltd., Kings-road, 
Wallsend-on-Tyne,—Leaflets on pressure alarms. 

Prrestman Bros., Ltd., Hull.—A brochure describing the 
““ Cub ” 4 cubic yard excavator and the work it does. 

Kryw anp Launy (1928), Ltd., Letchworth, Herts.—Catalogue 
K 117a, on ‘** Coborn ” air-cooled portable petrol engines. 

Cocrran anp Co., Annan, Ltd., 34, Victoria-street, S.W.1. 
—Leafiet 57, describing the Cochran-Kirke Sinuflo boilers. 

Franco Britiseh Evecrricat Company, Ltd., 25, Oxford- 
street, W.1.—A descriptive book of *‘ Franco ”’ electric signs. 

Rosert Bosy, Ltd., Bury St.. Edmunds.—Catalogue No. 53, 
on grain and malt-handling machinery for cleaning, grinding, 
and handling. 

CocHranes (MIDDLEsBRO’), Founpry, Ltd., Middlesbrough. 
—Details of spun iron pipes, their manufacture and 
construction. 

Equrements, Ltd., 
booklet dealing with the 
sanders and accessories. 

Srurrevant Enoinerrinc Company, Lid., 147, Queen 
Victoria-street, E.C.4.—Publication No. 1131, on unit heating. 
No. 1821, on rotary dryers. 

Howetts (Exrecrric Motors), Ltd., Vale Place Works, 
Hanley, Stoke-on-Trent.—A loose-leaf folder with leaflets 
deseribing the range of motors made. 

J. anp E. Hatt, Ltd., Dartford Ironworks, Kent.—Booklet 
No. 800, entitled “ Refrigeration in Breweries,” illustrating a 
large number of installations by the firm. 

JAMES BERESFORD aND Son, Ltd., Cato Street Works, 
Birmingham, 7.—Particulars of the ‘ Beresford-Garvens ”’ 
submersible bore-hole pump and motor units. 


152, Great Portland-street, W.1.—A 
“Sterling *’ portable air-driven 
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Transformer On-Load Tap- 
Changing Gear. 

A practical and instructive paper on ‘‘ Applications 
and Construction of Transformer On-load Tap-changing 
Gear *’ was read by Mr. H. Diggle before the Institution 
of Electrical Engineers on February 25th. With the 
advent of the grid most large electrical firms began to 
develep gear of this kind which has been described from 
time to time in THE ENGINEER. The paper reviews the 
subject from various angles of interest to manufac- 
turers and supply engineers alike. It describes the 
circuits in use. The types of tap-changing equipment 
are classified and brief accounts are given of their design. 
Attention is also paid to remote and automatic control, 
the effects of impulse voltage on design, and economical 
types of voltage regulators for rural lines. Finally, the 
author deals with operating experiences and troubles. 

Although economic conditions and available space 
sometimes prevent their complete adoption on smaller 
equipments, the following features are, in the author's 
opinion, to be desired 


(i) The tap changer should preferably be built as a 
complete unit which is bolted to the transformer tank, 
so that all parts are readily accessible without disturbing 
the transformer. 

(ii) The tap changer should be so placed and dimen- 
sioned that rail transport is possible with the tap changer 
in position, thus avoiding erection work on site. 

(iii) There should be easy access to all essential parts. 
Where there are separate arcing contacts these should 
be in a separate tank which can preferably be lowered 
for inspection without draining oil or breaking oil-tight 
joints. Selector switches, which do not break current, 
require only infrequent inspection, but this is facilitated 
if an oil-tight barrier is fitted between the selector switch 
tank and the transformer tank, although this is some- 
times difficult to accommodate when there are a large 
number of tappings, and high-voltage tests have to be 
met. The motor driving gear should preferably be 
accessible from ground level, and all auxiliary contacts, 
&c., should be in accessible positions. Reduction gears 
should be totally enclosed and oil immersed. 

(iv) Although there is slight risk of the gear stopping 
between steps, schemes are to be preferred which do not 
overload the windings during a tap change. Preventive 
reactors should be continuously rated unless completion 
of tap movement is ensured by stored energy. A 
mechanical safeguard should be medled to prevent 
overrunning due to incorrect connections of the limit 
switches or their failing to function. Mechanical, in 
preference to electrical, means of decoupling the motor 
should be provided to protect an operator when cranking 
by hand. 

(v) Except for the smallest sizes, three-phase 
motors are to be preferred, but satisfactory single-phase 
and D.C. motors, suitable for direct starting, are available. 

In low-voitage distribution in rural areas, owing to 
the much greater distance between houses, &c., appre- 
ciable voltage drop is inevitable, and, as a means of 
counteracting this, several forms of simple two-step 
booster equipments have been devised. Provided that 
the voltage variation is primarily due to drop resulting 
from the load current, 7.¢., there is no appreciable primary 
voltage variation, the control may be operated auto- 
matically according to the value of the current instead 
of by means of a voltage-regulating relay ; this cheapens 
and simplifies the control gear. One of current- 
controlled booster is illustrated. This is typical of a 
number of types of one-step and two-step boosters for 
use on tail-end distributors which have been developed 
in this country, on the Continent, and in the U.S.A. 

A series transformer is connected in the line 
and one end of its primary winding is connected to the 
centre tapping of a reactor, which is controlled by two 
switches X and Y, the operating coils of which are fed 
from the secondary of a current transformer in the line. 
Switch X is so arranged that it remains closed until the 
load current exceeds about 75 per cent. of the full-load 
value. Switch Y remains open until 35-40 per cent. 
full-load current is reached, and is closed for all higher 
values of current. This gives three switching positions, 
which are shown in the diagram at b, c, and d. In the 
first, switch X only is closed, the booster is short circuited 
through half the reactor winding, and there is no boost. 
At 35-75 per cent. full load, switch Y closes and the 
reactor acts as a potential divider impressing half voltage 
on the primary of the booster, which injects one step 
of boost into the circuit. When the load exceeds 75 per 
cent., switch X opens, thus connecting the booster primary 
across the line in series with half the reactor winding 
and giving approximately double the amount of boost. 
The values of the are usually of the order of 3 to 4 per 
cent. With decreasing currents the cycle is reversed. 

Any form of mechanism, the author states, particularly 
if it is to be automatically controlled, must be subjected 
to an extensive life test to discover any weaknesses in 
design or construction. After any defects revealed in 
this way have been remedied, the test is usually con- 
tinued for a number of operations corresponding to 
several years’ normal service as a type test before a 
tap changer of a particular design is supplied to a customer. 
Despite this testing, defects sometimes appear during 
service on the first few equipments, and detajled changes 
may become necessary. 

The following observations are the result of several 
years’ experience. In some early designs, porcelain 
bushings were used for the transfer switches. Despite 
long iife tests, several bushings developed cracks in 
service which proved to be due to heavy localised pressure 
resulting from irregularities at the ends of the porce- 
lains. This difficulty was overcome by grinding the 
ends of the bushings of a switch in pairs, after cementing 
in position. In the author’s opinion, porcelain is not 
very suitable for switches which have to be operated 
frequently, and in later designs condenser type wound- 
paper bushings have been used with complete success. 

The contact backing springs of transfer switches have 
had to be more liberally designed than similar parts used 


in standard oil circuit breakers, in order to avoid failures 
due to fatigue. 
Pawls and latches of stored energy mechanisms have 





had to be made of a specially tough nickel steel and 
ease hardened, but a preferable solution is to design so 
that the parts are not subjected to appreciable shock, 
and later designs have been made with this in view. 

All auxiliary switch contacts in the control circuit 
should preferably be of the “‘ rubbing ” type, backed by 
ample spring pressure, so as to be self-cleaning. 

Difficulties have arisen on automatic control owing 
to the motor speeds and gear ratios not having been 
so chosen that the auxiliary contacts, which open during 
a tap change to enable the time-delay relay to reset, 
remain open for a sufficiently long time. Automatically 
controlled tap changers in many cases operate more 
frequently than is necessary owing to low settings of 
the time-delay relay. An increase of setting from thirty 
to sixty seconds will probably reduce the number of 
changes to at least one-quarter without any greater 
variation in recorded voltage. The sensitivity of the 
voltage-regulating relay has to be adjusted to suit the 
size of tapping in each case, or hunting may result. 

Before the introduction of thermal 
cases arose of damage to operating motors owing to 
wrong connections of limit axiidiel and stalling Of the 
apparatus in one of the end positions, but a mechanical 
declutching device has removed this possibility. Tt has 
also solved the difficulties of providing a mechanical 
stop and of arresting the movement without strain in 
the drive and gearing. 

The lubricating oil for the gear-boxes should not freeze 
under winter conditions out of doors, as the apparatus 
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does not operate for long enough periods to warm up the 
oil. Where bearings for auxiliary shafts in motor 
mechanisms are not oil immersed, they are sometimes 
neglected although provided with greasers. Oilless 
bearings of graphitic bronze provide a solution of this 
problem for lightly loaded bearings. 

The results of two cases of incorrect connections were 
puzzling until investigated. A big voltage fluctuation 
during a tap change was reported. The. connections 
should have been such that both selector switches were 
on the same tap in all the operating itions. Actually, 
two of the reactor leads were found to be reversed, so 
that, when the reactor was in the bridging position, instead 
of dividing the voltage between two taps, it injected a 
voltage equal to double the amount. This trouble can 
be avoided by measuring the voltage ratios in the bridging 
positions whether used as running positions or not. 

Another case proves that reliance cannot be placed on 
ratio tests made with a three-phase supply to delta- 
connected primary windings. A tap changer was applied 
to the primary winding of a delta/star transformer 
and was automatically controlled by a relay connected 
across the secondary. The transformer and tap changer 
had been tested in the factory, but work was done 
inside the transformer tank on site, which resulted in 
the accidental fracture of one of the tapping connections 
to the switch on one phase. With three-phase supply 
to the primary side the secondary voltages of the three 
phases were checked on open circuit in all switch positions, 
and the transformer was put on load after the automatic 
gear had also been checked. After a movement of the 
switch the voltage on one phase dropped very low owing 
to the effect of the open-circuited tap. This did not 
show up during the test on open circuit, as, with a three- 
leg core and a three-phase supply to a delta-connected 
winding, the flux distribution is not affected by an open 
cireuit in one phase and symmetrical three-phase voltages 
are induced in the The remedy 
for this trouble is to make all ratio tests with single-phase 
supply to each of the three phases in turn. 

Care has to be taken in regard to the connections of 
the secondary windings if the relay is supplied from a 
three-phase voltage transformer. is is sometimes 
outside the contract of the transformer and tap-changer 
manufacturer, and three fuses have some- 
times been supplied. If the relay is connected across one 
pair of phases and other instruments across a second pair, 
the blowing of the fuse in the common phase puts the 
relay and other apparatus in series across the third pair 
of phases. This produces the effect of an abnormally 
low voltage pet the relay, and the tap changer will 
therefore be run to the position of maximum voltage. 
The remedy for this is to remove the fuse from the common 
phase and to earth this point. 








London Troittysus Rovutes.—On June 30th, 1936, 
the total route mileage of London trollybuses was 61, 
and since that date 44 more miles have been put into 
service. There are now 440 trollybuses in service and the 
London Pi rt Board has authority to 
convert a further 80 miles of tramways to troliybue | 
operation. The work is now in J 





Singing Propellers.* 
By HARRY HUNTER, 0O.B.E., B.Sc., Vice-President, 


Synopeis.—General remarks: Keference to similar 
phenomenon in other industries ; description with: pro- 
peller and aft-end drawings of a number of cases of noisy 
propellers which have led to either an investigation. 

hips in question propelled by Diesel engines, reciprocating 
steam engines, and geared turbines. 

Some workshop tests on the noise produced by bronze 
and cast iron propellers. 

Suggestion with evidence that pitting of cast iron 
propellers and singing of bronze propellers are caused 
by the same hydraulic forces ; that, therefore, photo- 
graphs and drawings of “ pitting ” of cast iron propellers 
disclose locality in which the bronze propeller receives 
the singing “incitement.” Discussion of possible causes 
of forces in that locality. 


Szorron |. 


It is now generally known that in recent years a number 
vessels have been afflicted with noises emanating from 


region.of the propellers. Although some 
years have weed titoe tae fi first serious case occurred, we 


are still, to the best of the author’s knowledge, in the 
position that the combined efforts of builders, propeller 
makers, and others do not, in every case, result in a 
quiét . In view of the above, it was thought 


t some benefit might result from a public 
ing a number of cases, 


are usually called “singing” pro- 
pellers, @ more correct term would be “ noisy, 
as in some of the ships the noise has been anything but 
harmonious ; indeed, in very bad eases the noise as heard 
in the after "peak is of a jarring, grating nature—yet in 
the same ship as heard in the engine-room, or on the bridge, 
the noise is of quite a musical character, with all the 
harsh element suppressed. Truly an acoustic example 
of ‘ distance lending enchantment to the view.’ 

Throughout the paper the term “ bronze ” as applied 
to propellers is used in its trade sense, i.¢., as referring 
to a material which is actually a ‘‘ high-tensile brass” 
with copper-zine base. This point is mentioned as some 
confusion exists outside the shipbuilding industry, where 
the bronze propeller and bronze bell are assumed to be 
of the same metal, whereas in reality only the latter is a 
true bronze, with a copper-tin base. 


SxcrTion 2. 


Other industries have, or had, similar acoustic problems ; 
for example, the squeaking brake of the automobile. 
The latter has been the subject of investigation, including 
laboratory research, by the Institute of Automobile 
Engineers, but apparently no solution has been arrived 
at; indeed, one maker would make an alteration in one 
direction, and reduce the trouble, whereas another maker 
would alter in the opposite direction, with the same 
result. Altogether, it seems that the problem of the 
squeaking brake and singing propeller are in a very 
similar and unsatisfactory state. 

In the aeroplane industry many similar problems 
exist, and on which a large amount of research work 
has been and is being carried out. For example, a research 
on h ing stay wires of circular section led to the 
conclusion that the “hum” is not caused by the stay 
itself, but by the eddies in wake of the wire, and that the 
pitch of the note varied with the air speed.t With wires of 
aerofoil section ( however, it seems that the 
hum is caused by vibration of the wire itself, 
the pitch of the note being independent of the air speed.{ 

A large amount of aeronautical aeronautical research has been 
directed to the inv of “ wing flutter,” “ tail 
buffeting,’’ airscrew- vibration, and airscrew noises. 
‘* Wing flutter” seems to be a torsional vibration of the 
wing at its natural frequency—the frequency being too 

difficulties, 


low to lead to. but rather leading to 

mechanical troubles. The i panda 8 be — 
formed by the themselves, or may be engine vibra- 
tions. pai bufieting is vibration of the tailplane. 


the inei er eddies set up by the main wings. 
Here, wen the prone Sen leads to mechanical trouble. 
It seems that tail ee rns 
the tail clear of the wake of the main wings. It is 
stated by an authority that tail buffeting is reduced when 
the engine is running. Airscrew noise is a very complex 
subject, and the author is informed that at present there 
are thought to be four kinds of it, namely : 


(1) Flutter noise. 
(2) Supersonic noise. 
(3) Drag noise. 

(4) Thrust noise. 

Flatter noise is due to vibration of the blades and 
is evidence of structural inadequacy. Flutter must be 
prevented or the airscrew will fail structurally. Supersonic 
noise only arises when the tip speed approaches the 
velocity of sound. It is always associated with loss of 
efficiency, and is eliminated by keeping the tip speed 
well below the velocity of sound in air. Drag noise is 
due to either compressibility or vorticity effects, and is 
mainly of high frequency. Thrust noise arises from the 
rotating pressure field associated with the airscrew and 
is stated to be the most disturbing kind of noise. 

The question of airscrew noise has evidently received 
a lot of attention from the aeronautical industry, and the 
author is hopeful of obtaining contributions to the dis- 
cussion from representatives of that industry. 

Another acoustic problem is that of the high-speed 
turbo-compressor. Some machines scream while others, 
even by the same maker, are quite quiet. Here, again, 
as yet, the makers are not able to guarantee a silent 
machine. 

Section 3. 


The following are accounts of a number of cases of 


“* North-East Coast Institution of Engineers and “Ship- 
builders, February 12th. 
Aeronautical Research Committee, R, & M., No, 825, 
e Singing of Circular and, Etrognaline Wires.” 
 Rbeeeteerticad R R. .& M., No. 759 
* Vibrations of Rafwires.” 
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“noisy ” propellers, most of which were serious and led 
to an investigation :— 


ShipA . Single-screw Diesel 

ShipB . Twin-screw geared turbines 
ShipC . Single-screw triple-expansion 
Ship D .. Twin-screw triple-expansion 
Ships E and EE Single-screw Diesel 

ShipF . Single-screw triple-expansion 


Ship (A).—The ship was a tanker of 11,000 tons 
D.W. capacity, and of the following dimensions :— 


Length ... 426ft. 
Breadth ... 56ft. 
Draught ... 24: ft. 


driven by a six-cylinder, four- 


The single screw was 




















“Tre ENGINEER” 


FiG. 1—-FOUR-BLADED PROPELLER FOR SHIP “A”"’ 


stroke, single-acting Diesel engine, each cylinder being 
730mm. (28-7in.) by 1600 mm. (59-lin.) stroke, and 
contract continuous full power being 2150 B.H.P. at 
105 r.p.m. The propeller was four-bladed, as shown 
on Fig. 1, from which it will be noted that blades were of 
segmental section. 

On the basin trial before official trial everything 
was satisfactory and nothing unusual reported. On 
the official trial the ship was fully loaded and engines 
were run at full power (103 to 106 r.p.m.) only, 
everything being satisfactory. An unusual noise 
was heard when engines eased down, but was not 


(®) rors:ogearn PosiTion 
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thought to be of any moment. During a coasting 
passage after the official trial trip, with engines run- 
ning at 80 to 90 r.p.m., an unusual noise was heard, 
and of sufficient magnitude to interfere with naviga- 
tion of the ship. A basin trial was carried out at 
various draughts and revolutions to investigate the 
noise, but owing to dissimilarity from sea conditions was 
not entirely satisfactory ; as a result, however, additional 
stays were fitted to stiffen the rudder plates, and additional 
pillars fitted in the tiller flat. 

A second sea trial was carried out, and the noise was 
still present and was investigated in detail. The noise 
was found to be present over the range of 65 to 95 r.p.m., 
reaching its maximum at 80 to 85 r.p.m. As heard in 
the after peak, the noise heard was mostly of a grinding 
nature reaching a distressing maximum once per revolu- 
tion, and of such intensity as to cause distinct vibration 








| The propeller was balanced, stays in the rudder removed ; 





with no harsh elements, the pitch of the note being assessed 
at middle C sharp (about 300 vibrations per second). 
A stethoscope applied to the forward end of the tail shaft 
disclosed it to be “* dead,” and led to the opinion, incorrect, 
as it happened, that the propeller could not be the source 
of the noise. Full-scale shop tests between the third and 
fourth trials revealed that the shaft is a very poor trans- 
mitter of the noise produced by vibration. 

The vessel was next docked and the tail shaft and 
bush examined, and found to be in perfect condition. 














lin. diameter hole was drilled in each blade on the centre 
line and Qin. from the tip; the propeller was shifted 
round one hole on the engine coupling (45 deg.) to alter 
the position of the blades in relation to the engine cranks. 
The vessel was next taken out on a third sea trial, but no 
improvement was found in noise, which was of maximum 
intensity at about 80-85 r.p.m., both when the ship was 
loaded and in ballast condition. On this trial torsiograms 
were taken over the speed range 55 to 100 r.p.m., and 





are reproduced in Fig. 2. The calculated natural frequency 
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FIG. 3—THREE-BLADED PROPELLER FOR SHIP 


of the first degree of vibration was 497 v.p.m. It will 
be noted from the torsiograms that slight oscillation 
occurred in the first degree sixth order form of vibration 
between 80 and 85 r.p.m.—that is, over the range of 
maximum intensity of noise. It will be noted that over 
the remainder of the noisy range (65-95) there is no 
evidence of torsional oscillation. Other items noted on 
this trial were : 

(1) Running full astern, no hum audible. 

(2) Running 85 r.p.m. ahead and engines suddenly 
stopped, noise also suddenly stops. 

(3) Running dead slow, noise reappears between 30 
and 35 r.p.m. No noise at 25 (minimum speed 
obtainable). 

(4) Running ahead and putting on helm causes 
temporary stoppage of noise which soon reappears. 

(5) With aft peak filled several feet over stern tube 
noise slightly reduced. 





(6) Pitch of note heard in engine-room appeared to 
be constant at all speeds. 


later. The vessel then proceeded on a fourth trial trip 
with, however, no reduction in the noise, the results 
exactly corresponding with those on the third trial. 
She was next docked and 2in. cut off the propeller blade, 
and she proceeded on a fifth trial, which, however, disclosed 
no improvement. 

The following suggestions were also tried on this trial :— 


(1) At 85 r.p.m. each of the six cylinders of the main 
engine was cut out in turn. 

(2) Nose piece on rudder post filled with water. 

(3) Rudder piece on rudder post filled with water. 

(4) Thick grease pumped into stern bush. 

All of the above had no effect. 

Between the second and third trial trips a sister ship 
AA had been completed, the vessel being identical with A 
and fitted with a propeller to the same design and order. 
The sister ship, however, was fitted with a four-stroke, 
single-acting engine of different design and had six 
cylinders, 740mm. (29-lin.) by 1500 mm. 
stroke, and developing 2300 B.H.P. at 110 r.p.m. 

On trial of ship AA no objectionable noise at any speed 
was found. Although a slight noise at between 65 and 
75 r.p.m. was discovered, it was ly agreed that 
the noise in the ordinary way would not have called for 
any comment. The propeller from ship AA was fitted to 
ship A, which then proceeded on her sixth trial, on which 
there was a complete absence of noise at all speeds and 
draughts. 

The two propellers were made to the same drawing, 
and the weight of the propeller for A was 15,400 lb., 
and AA was 15,502lb. The pitch, dimensions, and 
thickness of both propellers were carefully checked 
against the drawing and found to be well within com- 
mercial limits. As far as can be gathered, all parties 
agreed that both propellers were in the commercial sense 
geometrically identical—a later close investigation into 
thickness of the leading edges of these two propellers 
disclosed close agreement, although an opinion was 
expressed that AA’s propeller was relatively thicker 
towards the blade roots than was A’s propeller. 

Next a replace propeller (first replace) was made, this 
propeller weighing 15,432 lb., and appears to have been 
a close replica of the original propeller for ship A, instruc- 
tions being given to the foundry that thicknesses were 
not to be below the drawing. The vessel then proceeded 
on the seventh trial trip, when the noise was found to be 
reduced as compared with any of the trials with the 
original propeller. The noise now seemed to have 
extended over the 60 to 80 r.p.m. range, with maximum 
at 70 r.p.m., but was still of material intensity. A second 
replace propeller was next made, weighing 15,651 lb. 
to the same drawing; it was reported that the leading 
edges of this propeller were thicker than any of the 
previous propellers. On trial (the eighth) a noise was 
noted between 60 and 70 r.p.m., but not of serious moment, 
and the vessel has been in regular service for the past 
five or six years with every satisfaction. The author 
has heard contrary reports as to this propeller now being 
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silent at all speeds, but hopes that this interesting point 
may be cleared up in the course of the discussion. 

Many reasons were advanced during the above pro- 
ceedings; many of these now seem to be ruled out, but 
as we seem no nearer a solution it may be as well to place 
the following on record :— 

(1) Torsional vibration of the shaft system. 

(2) Different firing sequence in A and AA; A fired 
1, 5, 3, 6, 2,4; AA fired I, 2, 4, 6, 5, 3. 

(3) Unusual eddies being formed by the hull or 
parts thereof and blades striking them. 

(4) Propeller slack on shaft. 

(5) Commercial tolerances of blade dimensions are 
sufficiently large to allow of one propeller being noisier 
than another-commercially identical propeller. 

(6) Material of propeller had some property rendering 
it unusually nsive. 

(7) Low pitch ratio. 

(8) Various combinations of above. 
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Ship B.—The leading particulars of ship B are listed 
below : 


Le: seran 599ft. 
Trial draughts ... F. 10ft. 6}in. 
A. 15ft. 4$in. 
Mean, bh2ft. 11 gin. 
Immersion of centre of prepetee 9ft. 4in. 
Prismatic coefficient About 0-56 
Solid propellers Twin, 10ft. 6in. diameter 
10ft. pitch 
Number of blades Three 
Developed surface ... 27-5 sq. feet per serew 
Dise area ratio... ... ... ... 0-338 
Thickness ratio ... 0-050 
of sections Segmental 
Material : Manganese bronze (maxi- 
mum tensile strength, 
33 tons per sq. inch) 
Rudder ails Double plate 
Main machinery Geared turbines, develop- 


ing a full power of 6500 
S.H.P. at 210 r.p.m. 
Details of propellers are shown in Fig. 3 and of shaft 
brackets in Fig. 4 
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FiG. 4—SHAFT BRACKETS OF SHIP “B"' 


The following is a report by the National Physical 
Laboratory on the propeller noise investigations :-— 

Observations were made as soon as the vessel was 
moving under its own power. Propeller noise made 
its appearance and it was found that the noise was 
loudest in the steering gear flat, i.e., just above the 
propellers. In the latter space, therefore, most of the 
subsequent observations were made. 

With the co-operation of the owners’ representatives 
on board and the engine-rocom staff, a programme of 
tests was drawn up. These tests were designed to give 
the maximum amount of propeller noise data without 
interference with the ordinary trial programme. 

Particulars of propeller noise were obtained under 
the following conditions :— 

(1) (a) Both engines. increasing revolutions up to 

full power. 

(6) Both engines decreasing revolutions from 
full power. 

Effect of helm action on noise. 

(2) With the starboard shaft trailing, the port 
shaft revolutions to be increased and decreased as 
for (1) above. Effect of helm to be noted as for (1) 
above. 

(3) As for (2) with port shaft trailing and starboard 
shaft under power. 

(4) Shutting off port and starboard engines in turn. 

(5) Astern running. 

(1) (a) Since the shafts were below the steering gear 
fiat, particulars of the revolutions per minute at any 
instant had to be obtained by telephone from the 
engine-room. 

While the machinery was being worked up to full 
power the following observations were made :— 


The propeller noises persisted over the range of 
80 to 165 r.p.m. This noise consisted of : 
(a) A loud hum. 
(6) A saw note. 


The maximum intensity of noise oceurred at 145-150 
r.p.m. with the saw note audible over the range 
130-150 r.p.m. 

When a speed of 190 r.p.m. had been attained, only 
the usual propeller noises could be heard. By “ usual 
propeller noises’ is meant the series of thumps and 
thuds which normally accompany propeller action on 
board ship. 

The sound referred to as ‘‘ humming ” and “ grinding ”’ 
cannot be described more explicitly than by these 
terms. ‘‘ Humming” suggests tightness in the stern 
tube and excessive friction at bearing surfaces, while 
** grinding,” ¢.e., the “ saw note,”’ is a loud and penetrat- 
ing noise which resembles that produced by a high-speed 
circular saw cutting wood. It is intermittent and of 
an exceedingly complex quality. 

The high-pitched hum oceurring at about 85 r.p.m 
was estimated very roughly by tuning fork to be one 


that the pitch of the “ 
varied with the propeller speed—this being reported 


average period being about three per second. It was 
noticeable that the pitch of the humming noise increased 
with increase in p ler speed. 

(1) (6) As the revolutions were decreased from about 
200, the usual propeller noises were heard until the 
revolutions had fallen to 153, The first traces of saw, 
grinding, and _high- pitched humming noises then 
appeared. The maximum loudness occurred at 
145 r.p.m., when the saw note had well-marked beats 
of 24 per second. 

The saw note had disappeared at 135 revolutions, 
but it was noted that the helm angle was then 10 deg. 
When the rudder was brought back to the centre 
line, the noise reappeared—-the revolutions per minute 
then being 130. A high pitch note appeared at 
120 r.p.m., and this note persisted until 100 r.p.m. 
with faint traces of the saw and grinding notes. The 
use of helm was again observed to stop the noise. It 
was noted that as the revolutions per minute decreased 
the pitch of the note was lowered. 

(2) 

Propulsion under Port Sores Only (Garteard  Freiling). 














| Speed R.p.m| Time 
At these revolutions no sounds could} 
be detected apart from the > ey 
propeller noises... 180 | 14-9 
No noise... -+-| 103 165 14-13 
Very slight saw noise. 18° helm ...| 160 | 14-14} 
Noise louder. Saw note about 3 per; 
second, beating... | 155 14-15 
Noise deagehinl. then reappeared! } 
as helm was taken off . see eee] OF 150 14-16 
Slight noise... ... Eee as ‘ 7} 135 14-18 
125 14-19 
| 64 115 | 14-20 
PEO MME wh aoe eae ancy tagek on 7 | 105 | 14-22) 
yp | 100 | 14-23 
| 6 95 | 14-25 _ 


It was obvious that the noise produced by the 
port screw with its higher slip was less than half of the 
total noise which was audible when the vessel was 
propelled by both shafts at lower slips. 


(3) 
Propulsion wn under w Starboard Shaft Only (Pore Shafs Tretling}. 











Vv N. Time. 
Hum and a saw note nanns once wit r 
revolution... 54 14-29} 
Noise imereasing... ... ...  .-. + 80 | 14-30 
x ae 85 | 14-30} 
» 6 14-31 
» 90 | 14-32 
No saw hote. Steady ‘hum and beat- 
ing loud . tee . : 95 | 14-33 
Still fairly Sg Ft eee Loh ng 100 | 14-33} 
105 | 14-34 
Beat more pronounced, 4 per second 
(helm amidships) . he Pale 110 | 14-35 
Noise had disappeared me vines 115 | 14-35} 
No noise... 7} 135 | 14-38 
” 9 155 | 14-3 
A 10 155 | 14-41 
” Waa eek ioedust) Shas Bec ancl Sa 175 | 14-46 
The revolutions were now decreased 
as slowly as possible... il 145 | 14-50 
Slight saw note 2 beats —— second . 135 | 14-51 
Grinding noise... . # 120 | 14-52 
Noise increasing... . 10} 120 | 14-53 
Maximum noise. Beats ‘disappear 
and pon me into one continuous 
loud roar... . wren 115 | 14-54 
Intermittent noises .. ... ... ... 9 105 | 14-55. 
Noise lessening .. ro 90 | 14-57 
% Beats 3 per second... 64 85 | 14-58 
Noise disappearing rid oe Shan 80 | 14-584 
Noise disappeared 4 70 | 15-0} 


~ Starboard propeller by far the noisier of thetwo.° 
* It should be noted that the noise was slight to an observer 
on deck and inaudible in the stern gland compartment. 


(4) During these tests loud noises were heard as the 
revolutions (and, consequently, the speed) decreased. 
Since the revolutions decreased rapidly it was not 
possible to obtain continuous records of revolutions 
and noise. 

(5) Astern running. ‘The revolutions were gradually 
worked up to 130 per minute. The usual loud noises 
associated with astern running—thumping and thudding 
—were observed, but there were no traces of the 
humming, grinding, or sawing notes. 

It is clear that the propeller noise makes its appear- 
ance within a certain range of slip. Without automatic 
records of revolutions per minute and speed it is difficult 
to estimate the range with any degree of accuracy. 


Propeller noise may be classified as follows :— 


(a) The water at any point on the path of any 
blade element is subjected to intense local forces 
and thus becomes a source of sound. The sound 
emitted by the whole propeller is the sum of these 
disturbances. This noise forms the basis of various 
inventions for subaqueous “ listening,’ and useful 
information might be obtained by such means, viz., 
the difference in noise when the propellers are within 
and without the singing range. 

(6) (i) The propeller blades are loaded cantilevers 
and may vibrate in their own natural periods or 
in other periods, depending upon the fluid reactions ; 
(ii) noise may be produced by instability of hydro- 
dynamic conditions at the blades, ¢.g., the shedding 
of eddies from the trailing edges. 

Calculations show that the natural frequencies in 
flexural vibration are much lower than those of the 
sounds produced, and there is more likelihood of 
torsional vibrations attaining the necessary frequencies. 


It is of particular interest to note in the foregoing report 
humming” component of the noise 


full tone above middle D. 


As the revolutions per minute increased, a humming 
This was followed by a grinding 


noise was heard. 


or thumping noise, superimposed. The latter showed 
loudnesses of varying periodicities, 


maximum 





both when increasing and reducing speed. This is unusual, 
in the author’s experience, and suggests the possibility 
of the humming component of the noise being caused by 
the eddies themselves, and not by blade vibrations. 
In such a case the ‘‘ saw” note, of presumably constant 





pitch, might be caused by vibrations of the blades excited 
by the same eddies. There are, however, other factors 
which might cause the pitch of a vibrating blade to alter 
with speed, namely, alteration in manner of vibrations 
(see Section 4 of the paper) ; effect of alterations of stress 
on natural frequency of blade ; alteration in damping 
effect of water. 

Attention is drawn to the foregoing as evidence that 
we are by no means compelled to assume that blade 
vibrations alone cause the various noises heard from a 
noisy propeller, 

(T'o be continued.) 








Ventilation with Air Conditioning 
in Modern Buildings.* 


By E. R. DOLBY, M.I. Mech. E. 


Definition of Air Conditioning.—It is first desirable to 
define the properties of the ideal air which we should 
attempt to secure in buildings, and for the purpose of this 
paper the author proposes to limit himself to a considera- 
tion of those properties suitable for Great Britain, because 
in cases where climatic conditions are widely different 
from those found here the treatment must be different. 

The composition by volume of pure air and respired 
air has been variously stated by scientists, but appears 
to be approximately as follows :— 


Pure air, Respired air, 

per cent. per cent. 
al + by eT RT Ms | 
Nitrogen . Nee a ae) 75-0 
Cathie dioxide. WE oi SS a 
Water vapour .. EGO oe hi an OO 

100-0 - 100-0 


The ideal suggested by the author is a temperature of 
60 deg. Fah. with a relative humidity of 50 per cent. and 
restriction of carbon dioxide to not more than 6 or 7 parts 
per 10,000 by volume as compared with 4 parts per 10,000 
in the external air. Mere ventilation, by which the author 
means the system employed in coal mines, where a large 
volume of external air is passed into the mine and the foul 
air in the mine is extracted, differs widely from the system 
of ventilation with air conditioning dealt with in the 
paper. In buildings it may be practicable at certain times 
to change, or partially change, the internal air by means 
of open windows, but this is impracticable when the 
temperature of the external air is far below the tempera- 
ture desired in the building. The ideal to be aimed at in 
ventilation with air conditioning is to evacuate vitiated 
air and to replace it by air so treated as to eliminate dust, 
fog, deleterious gases, and odours, to raise or lower the 
external temperature as may be found desirable, to modify 
the humidity of the external air, and to deliver the con- 
ditioned air into the building in such positions, and at such 
a velocity, as not to create unpleasant draughts for persons 
occupying the building. 

Basic Principles.—The causes which tend to vitiate the 
air in buildings and render it essential that this vitiated 
air should be constantly replaced by properly conditioned 
air must now be considered. 

Each person oceupied in sedentary work or present in 
the auditorium of a theatre will exhale about 1340 cubic 
inches of carbon dioxide per hour, and expired air will 
contain about 4 per cent. of this gas and about 5 per cent. 
of moisture, as compared with 1-5 per cent. of moisture 
taken into the lungs. The lungs and skin of the average 
person give off about 30 oz. of water per day, or about 
550 grains per hour. 

Each person will also give off about 400 B.Th.U. of 
heat per hour, so that in all calculations the heat given 
off from an audience as well as that given off by electric 
lamps and any other heat-producing elements, such as the 
sunshine upon glass roofs, or glazed lanterns, must be 
given due consideration. It is estimated that a healthy 
man will breathe about 400 cubic feet of air per hour. The 
specific heat of air or the number of British thermal units 
required to raise 1 Ib. of air 1 deg. Fah. at the pressure of 
the atmosphere is 0-24. 

With regard to humidity, the water vapour in the air 
near sea level may be 60 to 75 per cent. of complete 
saturation, but it is generally assumed that 45 to 55 per 
cent. relative humidity should be provided in buildings. 
If steam-heated radiators are employed without venti- 
lation or air conditioning, as was the case in the United 
States some years ago, and an internal temperature of 
70 deg. Fah. is maintained, then the relative humidity 
inside the building may fall to anything from 15 to 20 per 
cent., whereas we are told that in the Sahara Desert in 
summer the relative humidity is 23 to 25 per cent. The 
combination of a temperature of 70 deg. Fah. and a relative 
humidity as low as 15 per cent. must be deleterious to the 
mucous membrane of the nose, throat, and lungs. Air at 
50 deg. Fah. can hold 4-08 grains of moisture per cubic 
foot, whilst at 70 deg. Fah. it can hold 7-98 grains and at 
90 deg. 14-79 grains. The quantity of conditioned air 
desirable will vary with the occupation to be carried on 
in the building. In school classrooms 30 cubic feet per 
minute should be provided per pupil ; in theatres the same 
per person, and in hospital wards 40 to 60 cubic feet per 
minute per occupant. As a rough approximation for 
theatres 2 cubic feet of conditioned air may be allowed per 
square foot of floor area. 

The maximum air velocity of the delivered air, for 
comfort in sedentary occupations, may be assumed at 
2ft. per second. High-velocity currents should not be 
directed downwards upon the occupants of a room nor 
allowed to strike them from behind, or at floor level, and 
air should not be admitted at a temperature very much 
below the temperature of the room. 

Tt will in many cases be found much too expensive to 
discharge the whole of the air content of a room or 
building, and replace it with conditioned air and it may 
be assumed that a very considerable proportion of the air 
may be returned to the conditioning plant and recirculated. 
The proportion of fresh external air conditioned and 
delivered to the building should not be less than 25 per 


* The Institution of Mechanical Engineers, February 19th 
(condensed). 
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cent. and need not be more than 40 cent. of the whole. 
In some cases it may be worth while to add ozone to the 
conditioned air to replenish the oxygen, and arrangements 
for that purpose are described later. 

The amount of soot and dust in the air, of course, varies 
greatly, but the records of the Smoke Abatement Society 
show that the weight in many industrial towns amounts 
to some hundreds of tons per square mile per annum, 
proving the great desirability of eliminating it from the air 
delivered to a building. In many industrial processes the 
necessity of ing dust-free air is paramount if the 
purity of the product is to be maintained. 

If it is desired to reduce the temperature of the air inside 
the building in summer by more than 2 deg. or 3 deg. Fah. 
below that of the external air, a refrigerating plant is 
necessary, which will, of course, add greatly to the initial 
cost. Such refrigerating plants are largely used in the 
United States, India, &c., but in Great Britain they would 
be in use for such a short period that except for very 
important buildings the outlay is rarely considered neces- 
sary. In any case it would not be considered wise in the 
United States to maintain an internal temperature more 
than, say, 15 deg. to 20 deg. Fah. below the external 
temperature in the hottest weather. 

Refrigeration for air conditioning plants is only used in 
this country for lowering the temperature of the con- 
ditioned air actually delivered into the building or rooms, 
below the temperature of the external air at that time. In 
the opinion of the author it is undesirable to maintain 
the air inside a building or room in England at a tempera- 
ture more than, say, 10 deg. Fah. below that of the 
external air at the time, in order to avoid giving the 
occupants a chill. To secure this result it may, however, 
be. found desirable to deliver air to individual rooms or 
spaces at a considerably lower temperature than the 
10 deg. Fah. suggested for maintenance, and if the air 
enters through suitably designed openings at high level 
the cooler air will slowly descend in the rooms without 
causing unpleasant draughts. 

The incoming external air entering the apparatus may 
have a percentage of humidity higher than is desired for 
the air delivered into the rooms, but this excess will fall 
as condensation in the apparatus and be removed by the 
eliminators. With a properly regulated apparatus it 
should not be necessary to reheat the air after its tempera- 
ture has been lowered to the desired amount. If the 
cooling has been carried too far, then, of course, the tem- 
perature will have to be raised again, but the excess in 
cooling shows that the process has not been properly 

ted. Reheating causes unnecessary expense and 
should be avoided. 

Mechanical Means for Air Conditioning.—Having con- 
sidered the desirable qualities to be maintained in the air 
delivered to a building, the means by which these qualities 
are to be ensured must now be described. A diagram of a 
characteristic air conditioning plant is shown in Fig. 1. 
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A. Air inlet with louvres. J Double inlet multivane fan. 
B Filter. K Main air duct. 

C Preheater. L Heaters in water tray. 

D Spray chamber. M Ball cock. 

E Water tray. N Standing waste. 

F Electrically-driven pump. P Strainer on pump suction. 
G Eliminator. Q V-belt drive pulley. 

H Heater. R_ Galvanised iron casing. 


Fic. 1-—Diagram of Air Conditioning Plant. 


The external air is drawn into the apparatus at A by the 
suction of a rotary fan, which also delivers the conditioned 
air into the building. The air inlet is provided with adjust- 
able louvres suitable for preventing the entrance of 
paper, leaves, or other air-borne objects, and inside this 
may be fixed a filter B of one or other of the types described 
later. As the external air may be at a temperature below 
freezing point the preheating coil C may be provided so 
that the incoming air may not freeze the water used in the 
later stages, and also to enable the air to take up the 
moisture which will be added to increase its relative 
humidity. The air current next passes into a chamber D 
filled with a vapour mist produced by water emitted from 
spraying nozzles so placed that the air passes in the same 
direction as the spray current, or in some cases two sets 
of nozzles spraying in opposite directions may be employed. 
The nozzles are so placed that the whole cross area of the 
chamber is equally filled with the mist, and the water fed 
to the nozzles may be kept at any desired temperature by 
thermostatic control of a steam-fed water heater. This 
mist eliminates all dust carried by the incoming air, and 
the water delivered by the nozzles falls into a tray E on 
the floor of the plant ; this tray may be provided with a 
radiating surface, heated by steam or hot water. If, how- 
ever, it is desired to cool the air, then water cooling by a 
refrigerator may be employed. The water, after passing 
through a copper gauze filter, is recirculated by an elec- 
trically driven pump F to the spray nozzles, the level of the 
water in the tray being maintained constant by a ball cock 
controlling a water supply. 

In cases where no textile or viscous filter is used and the 
cleaning of the air is effected solely in the air washing 





chamber by the spray delivered through the air nozzles, 
the impurities in the air enclosed in the microscopic 

of water are carried forward by the current and flung 
against the eliminator plates. These eliminator 

which are placed vertically and are described illus- 
trated later in the paper, are kept flooded by nozzles 
placed vertically above them. The current flowmg down- 
wards over the surface of the eliminator plates carries 
with it in suspension most of the impurities, and delivers 
them into the shallow water tray, from which the water 
only is drawn through a fine copper mesh filter by the 
circulating pump. If the maximum possible purity of the 
conditioned air is essential, then it should be passed 
through a textile filter after it has passed through the 
washer. 

The velocity of the air through the washer should be 
between 500ft. and 600ft. per minute. The water should 
be delivered to the spray nozzle at a pressure of about 
20 lb. per square inch and about 2 gallons per minute per 
nozzle is needed. For the nozzles used to flood the 
eliminator plates a water pressure of about 5 Ib. per square 
inch is required and about 1 gallon per minute per nozzle. 
The spray nozzles will be placed at about 10}in. between 
centres and the flooding nozzles at about 3in. between 
centres. Manufacturers do not guarantee the removal of 
very fine particles of ash or smoke by the washing process 
alone without some kind of filter. 

The incoming air heavily charged with moisture then 
passes through an eliminator G, which is made in slightly 
varied forms by different makers, but consists essentially 
of sheet iron or copper strip bent into the form of the 
letter W with the outlet edge bent over so as to scrape off 
surplus moisture. Water is also delivered from above on 
to the eliminator plates, keeping their surface constantly 
wet so that any particles of dust are carried down into the 
water. After the air has thus been cleaned and humidified 
it next passes through a battery of heating pipes H, by 
which its temperature is raised to the desired amount, 
then enters the rotary fan J, by which it is delivered into 
the main air duct K. It is thence distributed through the 
building by a system of branch ducts and delivered into 
the various rooms through gratings fixed in suitable 
positions. The volume of air delivered through any 
individual grating is controlled by suitable dampers. 
Special heaters may be inserted in the ducts at distant 
points to counteract the loss of heat through the walls of 
the duct. 

The heating coils usually consist of copper or iron gilled 
pipes fixed vertically and fed with steam or hot water, 
and the nes of the air delivered by the fan might 
conceivably be adjusted by manipulating the steam supply 
valves by hand whilst observing @ thermometer fixed in 
the outgoing current of air. Such a method, however, is 
not practically possible, and automatic thermostats are 
usually employed. The relative humidity of the air as 
delivered by the fan is also of great importance, and may be 
controlled by a “* humidostat.”’ 

The position of the inlet for external air may be at base- 
ment level leading direct into the air conditioning plant, 
or at a higher level, or even at the roof if preferred, but in 
the latter cases the added friction of the inlet ducting 
must be taken into account, as well as the possibility of 
drawing down smoke. In cases where it is essential to 
ensure the entire absence of bacteria, or of the extremely 
fine spores or pollen of plants which may produce hay 
fever or other diseases, it is desirable to install a special 
ozonising plant to deliver ozone to the air passing into the 
main air duct from the fan. This device is dealt with later. 

The velocity of the air delivered by the ducting requires 
careful consideration. It must not be so high as to create 
a sound note in the ducting nor to create draughts in the 
rooms. Velocities of 1000ft. minute at the air inlet, 
1000-2000ft. per minute at the fan outlet, 900—1200ft. per 
minute in the ducts, 200—500ft. per minute at inlet registers 
in the rooms, and 400—600ft. per minute at outlet registers 
are very usual figures. 

The calculation of the volume of air required for a given 
building will depend upon whether the building is to be 
both heated and ventilated by the one plant, or whether, 
as is frequently the case, only certain parts are to be dealt 
with by the air conditioning plant and the remainder by 
some direct system of warming with radiators heated by 
hot water or steam or by the so-called atmospheric system. 

In the parts dealt with by the air conditioning plant it is 
essential that no windows be opened to the external air, 
as otherwise the requirements of a constant temperature, 
humidity, &c., could not be maintained, but in the portions 
of the building heated by radiators this is not an essential 
requirement. Assuming that the whole or a given portion 
of a building is to be dealt with solely by the ventilating 
and air conditioning plant, then the engineer must first 
assume, say, 60 deg. Fah. as the inside temperature and 
30 deg. Fah. outside, and then consider it as an air-tight 
box, and calculate in the usual way the heat transmission 
losses through walls, floors, roof, windows, &c., subse- 
quently adding the quantity of heat which must be 
delivered in the conditioned air to maintain the required 
conditions. It may be assumed, for example, that only 
one-quarter or one-third of the air delivered to the building 
shall be external air, the remainder being recirculated air. 
The heat which may be given off by the persons in the 
building, by the lights, &c., must then be calculated and 
deducted from the total obtained previously. The balance 
must then be provided by the air conditioning plant. 

The amount of heat to be delivered into the building 
can be calculated, knowing that at a temperature of 
60 deg. Fah., 1 B.Th.U. will raise about 54 cubic feet of 
air 1 deg. Fah. and having previously calculated the 
volume of air to be delivered on the basis of quantity 
required per person, per minute, or on the number of air 
changes required per hour, which may be as low as two for 
one class of building and as high as eight for another. 
Thus the volume of air to be conditioned can be calculated. 

Examples of Installations.—In an existing building con- 
stituting the head office of a large insurance company in 
London, heating was provided by low-pressure hot water 
tadiators, and there was no mechanical ventilation, so 


that many windows were opened in mild weather. Owing | pera’ 


to the noise of traffic in the street it was often impossible 
to hear a telephone conversation unless the windows were 
kept closed, and it was therefore decided that a mechanical 
system of ventilation should be installed in the new exten- 
sions. This plant was of a similar character to that illus- 
trated in Fig. 1; steam was used in the air conditioning 





plant, which was fixed in the lower basement, end the 
external air was drawn in from an area. The main duct 
for the conditioned air was carried up in the open, against 
the back wall of the building, and well insulated. From 
this duct branch ducts were carried below the ceiling of 
the central corridor at each floor and concealed by a false 
ceiling. From these a branch was taken into each room 
on the two sides of the corridor facing the front and the 
back of the building tively. Each branch duct 
ended in a register or grille just below the ceiling with 
louvres controlled by cords so that the conditioned air 
was admitted at the end of the room opposite the windows. 
No extract fan or ducts were provided, as each of the rooms 
on the lower floors is provided with a fire-place and the 
vitiated air passes naturally up the brick flues. This 
installation has proved sufficient, as every room is provided 
with hot water radiators of sufficient power to Too the 
internal tem ture throughout at 60 deg. Fah. with an 
external temperature of 30 deg. Fah. This is a ease where 
no attempt was made to heat the building with conditioned 
air, the object being merely to provide adequate ventila- 
tion with pure air at any temperature up to 70 deg. Fah., 
and the same plant is used in warm weather, with air 
unheated, but cleaned and slightly cooled by means of the 
water spray in the air conditioning plant. 

Fig. 2 is a di tic tation of the ventilation 
with air conditioning of a theatre in London. In order to 
simplify the diagram air ducts are shown externally which 
are really inside the building, and the sectional cast iron 
hot water heating boilers are shown close to the air con- 
ditioning plant, whereas they are actually housed in the 
basement. The diagram shows clearly how the external 
air is drawn in at high level by the centrifugal fan, then 
passed through the washer, eliminator, and heater, and 
finally delivered downwards through the ducts to long 
narrow openings hidden by cornices, thus entering every 
part of the house. The vitiated air is drawn out through a 
great number of small openings below the seats and passing 
downwards is finally extracted by the exhaust fan shown 
in the bottom left-hand corner of the diagram. Another 
exhaust fan on the roof extracts the air from the stage 
portion of the building. Radiators heated by hot water 
are indicated at various points so selected that cold 

ts from opening doors are prevented. 

Air Conditioning Plant.—It is now proposed to describe 
in more detail the integral of the air conditioning 
plant. The inlet grid through which the atmospheric air 
is drawn must have interstices sufficiently small to prevent 
the entrance of air-borne objects, such as paper, leaves, 
&c., as well as birds. A good arrangement consists of a 
series of iron louvres which can be opened or closed by 
suitable gear. In many cases it is desirable to provide a 
filter to remove smoke or extremely fine air-borne particles, 
and probably the simplest and least expensive are those of 
the viscous type described later. 

The preheater may be built in various forms, but a very 
usual type consists of gilled pipes, either of copper or iron, 
and arranged vertically, in lines of which the units are 
staggered. These pipes may be fed with steam or hot 
water. The spraying nozzles are of various forms, but in 
a largely used type the water under pressure receives a 
circular motion round the central cone and then leaves 
by a small orifice as a fine spray. The object is to produce 
80 fine a spray that it fills the casing with mist. 

The arrangement for wet scrubbing consists of bent 
plates of sheet iron or copper. These are usually arranged: 
vertically, the water-laden air being passed from side to 
side by baffles and finally scraped by the sharp edges of 
the plates on the exit side. The final heating or cooling 
is effected by lines of vertically placed gilled pipes similar 
to those of the preheater. The chamber itself is built of 
galvanised sheet iron and angle iron: The fan is usually 
of the multivane type, the air entering centrally at both 
sides and leaving at the circumference. 

Ducting.—It must be remembered that in many build- 
ings the main air ducts are not provided by the engineer, 
but form part of the building construction itself, and are 
formed of brick, masonry, or concrete. In other cases 
they have been constructed of expanded metal plastered 
on both sides, or even of wood pulp board fixed to framing. 
The author does not recommend the use of the last type, 
as it is often difficult to prevent warping and consequent 
air leakage. 

The material usually employed in the manufacture of 

the air conditioning plant, air ducts, &e., is galvanised 
iron, but it is not at all uncommon to use copper for such 
parts as the eliminator plates and for the pipes feeding the 
spraying nozzles in the air washer. Glass eliminator plates 
have been employed. The author knows of no case in 
which stainless steel has been used in the air conditioning 
apparatus itself, owing to its expense. There are, how- 
ever, cases where the air ducting has been formed of sheet 
iron stove enamelled inside to facilitate cleaning and to 
eliminate the possibility of rusting of the internal surface 
of the duct, and particles of rust being carried forward 
with the current of conditioned air. Im such cases the 
usual construction of the ducts with slip joints is super- 
séded by flanged joints formed by angle iron riveted to the 
ducts and then bolted together. This design then permits 
the removal of any given length so as to allow the internal 
surface of the duct to be cleaned with a suitably formed 
mop. 
Tn determining the cross sections of the ducting it is 
desirable that the friction loss per unit length should be 
made equal throughout the system. In cases of large 
buildings where such ducts are often carried in the roof 
space the conditioned air may become considerably cooled 
before reaching the vertical descending ducts, which carry 
the air to the registers, through which it is delivered into 
the various rooms. In such cases it is usual to insert a 
heater at suitable points in the duct system so as to be 
able to raise the temperature of the air as may be required. 
This is a valuable aid in severely cold weather. 

The incoming air should be admitted at high level and 
it will then descend slowly and diffuse gradually without 
causing chilling draughts. The vitiated air is removed 
near floor level. To ensure satisfactory results the tem- 
ture, humidity, movement; and purity must be 
variably controlled so as to allow for the varying require- 
ments in the building. 

Filters.—The presence of dust in the air is detrimental in 
many industries, and its elimination before it enters a 
factory may be essential. The first patent for an air 
cleaner was issued in 1882, and since that date the removal 
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of dust has grown in importance. Not only is it essential 
to remove dust in order to improve the quality of a manu- 
factured product, but also to maintain the health and 
efficiency of the wor engaged upon the manufacture 
of the product. The inhalation of some kinds of dust may 
have serious effects upon the lungs, and such diseases as 
silicosis and asbestosis are directly produced by the 
entrance of dusts from the silica or asbestos respectively. 

The elimination of fog or tobacco smoke is probably 
the most difficult problem, and various methods have 
been adopted. Dry filters may be used which consist of 
tinely woven cloth, felt, or paper, and these filters: are 
cleaned either by rapping, by reversing the air flow, by 
washing, or by providing new filtering material. Such 
filters have been installed in this country in factories where 
pres ar film is made, so as to prevent contamination 
of the by even the smallest particle which might 
cause imperfections in a photograph taken on the film. 
They are initially expensive and their maintenance is also 
costly. In most cases the use of a viscous filter will suffice. 
There have been suggestions that the air, after i 
through a viscous filter, may convey some odour of the 
oil, but this can only occur if a cheap, evil-smelling, and 
unsuitable oil is used, or where the oil is used for too long 
a period and becomes rancid. 

The cell type of viscous filter consists of two panels 
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FiG. 2— Ventilation with Air Conditioning of a London¥Theatre. 


of “‘ expanded metal,’ enclosed in a frame. The box-like 
space is filled with metal shavings (steel wool), steeped in 
oil. Such cells must be cleaned at intervals depending 
upon the quantity of dust carried by the air. The cleaning 
may be effected by the removal of the dirty shavings and 
replacement by clean shavings, or by cleaning the shavings, 
re-oiling, and replacing them. This type of filter has been 
used to purify air used for the ventilation of dynamos, 
motors, &c. A _ self-cleaning arrangement has been 
designed in which a suitable fluid is discharged through the 
filter at stated intervals. Other types of filter are so 
arranged that the air passes through coarse sacking or 
other textile material, but the material is expensive and 
difficult to clean. 

A special type made in London is built to a standard 
size of 18in. by 18in. by 4in. deep and has a normal capacity 
of 800 cubic feet of air per minute, but other sizes are also 
made. The inner case holds a number of plates of special 
section, fixed at regular intervals. They are covered with 
a viscous liquid to which adheres the dirt collected from 
the passage of the air. Free moisture in the air is also 
retained. When the filter becomes clogged with dirt it 
is easily cleaned and recoated. The inner frame is shaken 
about in hot strong soda water, rinsed in clean water, and 
allowed to dry. It is then dipped in the special liquid and 
allowed to drain before being replaced in the frame. 
Cleaning must be done at intervals depending upon the 
amount of dust in the atmosphere. 

Such a filter may be fixed on the inside face of a case 
surrounding an electrically driven fan, where a single room 
is to be supplied with filtered air. A self-cleaning type is 
also supplied where large quantities of filtered air are 
required. 

In such places as breweries, food factories, &c., it is 
extremely important that the air should be free from dust, 
bacteria, wild yeast, and any form of gaseous contamina- 
tion which is found in the air when such buildings are 
surrounded by dwelling-houses, stables, and so on. For 
this purpose special apparatus is employed. It consists of 
a strong galvanised steel ing combined with an elec- 





trically driven cased fan, and an apparatus with three sets | p 


of air filters, two of the special type described above and 
one water screen. The air is drawn through the first filter, 
where it is thoroughly cleansed of dust, &c. It then passes 
through a mist of atomised water, which washes out all 
soluble matter and the deleterious gaseous matter. After 
passing through a second filter which collects the finer 
particles, bacteria, &c., it goes through the ozone chamber, 
which effects the final purification. The ozonisation 
imparts vitality to the air and greatly reduces the carbon 
dioxide content. : 

Refrigeration.—If it is considered desirable to cool the 
air below that of the external air, a slight decrease in 
temperature of 2~3 deg. Fah. may be secured by the use of 
cold water from the mains in the spraying nozzles. But 
if a considerable reduction in temperature is required, 
then a refrigerating plant must be used. 

As already mentioned, refrigeration is very largely used 
in the United States for cooling the air delivered into 
buildings during the summer months, but it has been 
found undesirable to create an indoor temperature more 
than 15-20 deg. Fah. below the outside temperature. In 
the United States refrigeration is sold by the “ton,” a 
standard ton being 288,000 B.Th.U., obtained by multiply- 








ing 2000 lb. ( a short ton) by 144 B.Th.U., the latent heat 
of fusion of ice at 32 deg. Fah. in British thermal units 
per pound. If the standard ton is calculated per twenty- 
four hours, then it is equivalent to 12,000 B.Th.U. per 
hour and 200 B.Th.U. per minute. 

The type of refrigerator used may employ either the 
carbon dioxide or the ammonia process, but the former is 
preferable in buildings where many people will bl 
The cooled brine may then be passed through pipes fixed 
in the water tray below the air washer, thus causing t 
spray or mist to be at a considerably lower temperature 
than that of the normal water supply. If a leak of carbon 
dioxide takes place it will not cause any danger to life, 
nor will it damage food products. 

Fig. 3 shows a sectional diagram of a special centrifugal 
refrigerator used for air conditioning. This type of plant 
has been installed in London at Broadcasting House and 
a number of other public buildings. It is not intended for 
ice-making, but is used solely for cooling the water used 
by the spraying nozzles in the air conditioning plant. The 
uusual refrigerants employed in commercial machines 
involve comparatively high operating pressures. The 
makers claim for the type illustrated here, which employs 
dichloromethane (CH,Cl,), that it is thermodynamically 
more efficient than ammonia, the best previously known 
refrigerant. It is also stated to be non-poisonous, non- 
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installed and the ozone added to the air as it leaves the 
fan. An American t of ozoniser has an outside casing 
of aluminium with about 1000 sharp points projecting 
inwards and nearly touching a thin glass cylinder yin. 
thick, the interior of which is copper-plated. The air to 
be ozonised is passed through the s| between the outer 
electrode and the glass cylinder. ts is stated that with a 
supply of alternating current at 110 volts transformed to a 
very high potential the cost for electricity is only a few 


he | cents for a ten-hour day. Only a small proportion of the 


air delivered by the fan is by-passed through the ozoniser. 

Another type of ozone generator is shown diagram- 
matically in Fig. 4, which illustrates one only of the 
closely packed units of which each apparatus is composed. 
The size and number of units depend upon the duty 
required. The mica or micanite plate placed vertically 
has at each side an aluminium alloy gauze electrode 
supported by a frame of the same material, the whole 
acting in a similar way to a Leyden jar. The high-voltage 
electric discharge takes place across the very small air 
gap (much exaggerated in the diagram) between gauze 
and mica. This changes the oxygen in the air passing 
through into ozone. 

The actual generation can be ted between 20 per 
cent. and full output by means of the regulating switch. 
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explosive, non-inflammable, and non-corrosive. Further, 
over the whole range of operating temperatures the 
pressure exerted by the substance is less than that of the 
atmosphere, so that there is no danger of bursts or explo- 
sions and no outward leakage can occ The compressor 
is similar in design to the centrifugal air, or gas, com- 
pressor, long known in engineering practice, and has 
forced lubrication. The evaporator consists of a cast iron 
rectangular shell with a brass tube plate at each end, into 
which straight brass tubes are expanded. The water or 
brine to be cooled passes through these tubes and the 
liquid refrigerant is distributed by a pump over the whole 
outer surface of the tubes. The compressor section is 
connected to the space surrounding the tubes and the 
vapour is withdrawn through eliminator plates, which 
remove any liquid refrigerant. 

The condenser is of the same type as the evaporator, and 
the machine can be made very compact so that for a given 
duty it occupies only about one-fifth of the cubic volume 
and is only half the weight of the most compact form of 
positive compression machine. 

The centrifugal compressor shown in the centre at the 
top creates a vacuum in the evaporative cooler, thus 
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Fic. 4—Section of Single Unit of Ozone Generator. 


drawing off the vapour from the boiling refrigerant through 
the eliminator blades, which prevent the passage of any 
liquid drops into the blades of the compressor. The latter 
then compresses the vaporised refrigerant to a higher 
ressure, and discharges it into the condenser, where it 
falls to the bottom. Passing then through the liquor trap, 
it is lifted by the liquid pump and sprayed over the tubular 
surface of the cooler. On the left is shown the evacuator 
unit, which maintains the vacuum by withdrawing the 
small amount of air and permanent gases which leak into 
the machine and, being lighter than the refrigerant 
vapour, accumulate at the top of the condenser. 
Ozone.—-Ozone is the allotropic form of oxygen. Its 
chemical formula is O;—that is to say, each molecule of 
ozone is made up of three atoms, whereas the molecule 
of oxygen has only two. It is a curious fact that allotropic 
substances always differ widely in physical characteristics 
from the original form, and ozone is a striking example. 
The value of ozone lies in its power of oxidation. It is 
one of the most powerful oxidising agents known, due to the 
fact that it readily parts with the third atom of oxygen 
contained in the molecule. This active atom instantly 
combines with carbon molecules in odorous gases to form 
carbonic acid gas, which is odourless, tasteless, and 
colourless. ; 
To eliminate bacteria and the pollen which causes hay 
fever, or in cases such as large garages, in which engines 
may be continually running, an ozonising plant should be 
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the whole of the conditioned air were passed through the 
ozoniser, but the actual proportion will naturally depend 
upon the degree of vitiation of the air to be treated. With 
electricity at ld. per unit, about 600,000 cubic feet of air 
can be fully ozonised for 1d. 

The apparatus, complete with electrically driven fan, 
has been fixed to the roof of the underground passages in 
South African gold mines, with very satisfactory results. 
These mines are very wet and very deep, so that means 
have been found necessary to improve the atmospheric 
conditions. The amount of very highly ozonised air 
delivered, although only about 300 cubic feet per minute, 
is sufficient to ozonise adequately 20,000 cubic feet of air 
per minute. The very highly ozonised air diffuses rapidly 
and its beneficial effect is felt up to distances of 1000ft. 
from the apparatus. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Mr. George Watson, M, Inst, C.E., M.I. Mech. E., consulting 
engineer, has removed his office from Buckingham-gate to 12, 
Stratford-place, London, W.1. 

THe Brusn Etecrrican Encineertna Company, Ltd., 
informs us that Mr. Allan Miller, of Bush House, Aldwych, 
London, has been appointed to a seat on the board of the 
company. 

Mr. Hunert Barnes, a director of Markham and Co., Ltd., 
Chesterfield, is retiring at the end of March, after thirty-six 
years’ service. He started work in 1901 in the firm’s drawing. 
office, and has been a director since 1911. 


Mr. Asutey 8. Warp and Mr. Joshua Vickers have been 

pointed direct of the Widnes Foundry and Engineering 
Co., Ltd., Widnes. Mr. Ward is joint managing director of 
Thos. W. Ward Ltd. 











LAUNCHES AND TRIAL TRIPS. 





BunGaRzEx, steamship; built by Caledon Shipbuilding and 
Engineering Dompeny. Ltd., to the order of Adelaide Steam- 
ship Company, Ltd.; dimensions, length, 350ft.; breadth, 
48ft. 6in.; depth, 32ft. 7in.; to carry 5000 tons deadweight. 
Engines, triple-ex ion working in conjunction with a low- 

ressure steam turbine ; constructed by J. G. Kincaid and Co., 
td.; launch, February 9th. 

RocuestEer CastLe, motorship ; built by Harland and Wolff, 
Ltd., to the order of Union Castle Mail Steamship Company, 
Ltd.; dimensions, length, 474ft.; breadth, 63ft.; dept, 37ft.; 

to 7850. Engines, two-stroke, do’ -acting ; 
coat February 11th. 

Recent Panter, motorship; built Swan, Hunter and 
Wigham Richardson, Ltd., to the order of C. T. Bowring and 
Co., Ltd.; dimensions, length, 485ft.; breadth, 66ft. ding depth, 
35ft.; deadweight, 14,250 tons. Engines, ten-cylinder, si - 
acting, four-stroke, 4000 I.H.P.; constructed by John G. 
Kincaid and Co., Ltd.; launch, February 11th. 

British FortrrupEe, motor tankship; built by Cammell 
Laird and Co., Ltd., to the order of British Tanker sagt se ‘ 
Ltd.; dimensions, length, 464ft. 2in.; breadth, 61ft. 9in.; epth, 
34ft. lin.; deadweight, 12,250 tons. Engines, single-screw, four- 





cylinder, opposed-piston ; launch, February 11th. 
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The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


British Trade with Australia. 


A Report.on the Economic and Commercial Con- 
ditions in Australia to October, 1936, has just been issued 
by the Department of Overseas Trade (price 3s.). This 
gives some interesting and shows that Australian 
trade is recovering from the setback experienced during 
the period of depression, 1931-1932. In the case of metals 
and metal manufactures other than machinery (which 
includes vehicles) Great Britain’s share cannot be regarded 
as satisfactory, since in 1934-35 it was 58 per cent. of the 
total, as compared with 66} per cent. in 1933-34 and 71 per 
cent. in 1932-33. The reductions are mainly due to 
increased imports of motor vehicles from the United States 
and Canada in the last few years, without any correspond- 
ing increase in supplies from the United Kingdom. Imports 
of tools, tubes, and wire from the same sources also 
increased and the share of the United States in these 
categories improved from 15} cent. in 1933-34 to 
24 per cent. in 1934-35, and of from 10 per cent. 
to 11 per cent. in the same period. The imports of 
machines and machinery, although still below the figure 
for 1929, showed a fair increase in the subsequent years. 
The import trade in all classes of machines and machinery 
in Australia is competitive in character and the United 
Kingdom’s share remained almost stationary at 55 per 
cent, of the total for 1934-35, against 56 per cent. for 
1933-34. In this department competition from the 
United States is severe, and although British manufac- 
turers have in the past few years improved their position 
with regard to many types of machinery formerly regarded 
as foreign specialities, there are still many items in which 
they secure only a small share of the trade. In the year 
1934-35 imports from Great Britain of cream separators 
were valued at £46,866, whilst those from Sweden totalled 
£57,024. In agricultural machinery the United States 
seems to be the chief importer, and of agricultural mowers 
the imports from Great Britain were valued at £1450, 
against American imports totalling £10,180. In planing 
and shaping machines, however, the British share 
amounted to £3280, against imports from all other 
countries valued at £3190. In the case of cecal cutting 
machines and parts Great Britain’s imports accounted for 
£490, against American imports of £11,222. Again, in 
rock boring machines the British figure was £359, whilst 
Canada sent £37,214. In woodworking machinery Great 
Britain exported material to Australia valued at £3482, 
against the American figure of £4899. 


The Pig Iron Market. 


The volume of business passing is considerably 
less than a few months ago; but this is simply because 
the producers are chary of accepting fresh commitments 
in view of the overloaded state of their order books. 
Consumers, many of whom urgently need extra supplies 
of pig iron, would willingly place orders, although naturally 
resentment has been caused by the practice adopted by the 
works of insisting that contracts shall be made at the 
prices ruling on the date of delivery. This, it is argued, 
makes it practically im: ible for users to estimate the 
costs of their own products. On the North-East Coast 
the stringency in foundry iron appears to have become 
somewhat worse during the past fortnight. Practically 
the whole of the output in this district is required for the 
fulfilment of contracts. Consumers who require prompt 
material are now and again able to pick up an odd parcel, 
but this is generally a favour by works with whom they 
have had a long business connection. The makers com- 
plain that a shortage of raw materials is limiting their 
output, and it seems problematical whether any fresh 
plant will be put into operation for some time. The 
efforts which have been made to maintain an intermittent 
connection with overseas customers by releasing parcels 
seem likely to be relinquished in view of the pressing 
nature ofthe homedemand. The position in the Midlands 
shows no signs of improving, although perhaps the tight- 
ness is not quite so severe as in some other districts. The 
light castings founders are particularly anxious regarding 
the near future, since as a rule there is an inc demand 
for their products in the early spring, and at present they 
have considerable difficulty in getting even their present 
requirements covered adequately. Northamptonshire iron 
is rationed amongst users on the basis of their purchases in 
1936. In Lancashire the consumers are receiving fairly 
regular supplies of foundry brands, but there is no surplus, 
and anything required over and above material contracted 
for is exceedingly difficult to obtain. Delays in deliveries 
have caused inconvenience, but the pig iron producers 
claim that they are making the best of a very difficult 
situation. In Scotland no increase has been made to the 
fifteen furnaces in blast for the last few weeks, and it is 
said that until larger supplies of coke are available there 
is not likely to be any addition. Only a small volume of 
business has passed in hematite pig iron, since few makers 
are in @ position to accept fresh business. Specifications 
against existing contracts take up all their current output. 
A feature of this market has been the expansion in the 
overseas demand, but the greater part of this business has 
had to be refused, although the makers are doing their 
utmost to retain old-established overseas connections. 


The North-East Coast and Yorkshire. 


With all the steel works operating at capacity, 
so far as supplies of raw material will permit, there is still 
a good i, of discontent amongst consumers. The 
re-rollers in particular are anxious, since there seems no 
immediate prospect of obtaining the supplies of semi- 
finished steel they need. Even the tonnage due to them 
from the Continent against the Cartel’s last import quota 
has not come to hand, whilst the British producers of 
this class of material, although working to the utmost, 
are unable to meet the demand. A point has been reached 
at which some of the re-rollers are faced with a curtail- 





ment of production. This also applies particularly to the 
sheet makers, who in all districts are operating at well 
below their productive capacity, owing to the shortage of 
sheet bars, and are le to iaea Natiwery until after 
April. This is indicated by the fact that the new prices 
for export are applicable for May delivery, and even on 
these figures premiums are being asked. The home trade 
quotation is unaltered at £12 d/d 24 g. basis, and on this 
the premium demanded varies on occasion from 30s. 
to £2 per ton. The engineering industries on this coast are 
well supplied with orders, but are complaining of the diffi- 
culties of obtaining the steel material they require. For 
a long time there has been’s severe stringency in the supplies 
of sectional material, and there is no sign of relief being 
afforded by an increase in production. The shipbuilders 
also complain that their production p: are being 
held up owing to late deliveries of plates and sections, and 
a conference on the subject took place recently between 
representatives of the shipbuilders and the steel industry. 
The demand for plates has caused a shortage of this class 
of material, and the period required for the execution of 
an order is in some cases as much as three to four months. 
The Yorkshire steel industry is working as nearly to capa- 
city as circumstances will permit. The Sheffield steel 
works producing basic billets are particularly hard pressed 
to meet consumers’ requirements, and lately the activity 
has overtaken the acid carbon billet department. The 
re-rollers in this district are not ing it easy to main- 
tain their output, owing to the difficulty of obtaining full 
quantities of billets. There is a strong demand for 
chromium steels, whilst more business is offering in stain- 
less and heat-resisting material than the works can 
undertake. 


Scotland and the North. 


Great artivity prevails at all the Scottish steel 
works and the heavy side of the industry is particularly 
busy. The demand for all descriptions of shipbuilding 
steel appears to be growing with the improvement in the 
position at the Clyde yards. As a result quantities 
of plates and sections are passing to this industry, but the 
steel works, despite their efforts to maintain deliveries, 
are falling further and further ito arrears. The scarcity 
of raw materials, and particularly of scrap and basic iron, 
is causing anxiety to the Scottish steel makers, and for 
this reason they are inclined to limit the amount of new 
business they accept. Naturally, this reacts upon the 
users of fini materials, and practically all the chief 
consuming industries complain of their work being held 
up owing to the difficulty of obtaining supplies of steel. 
The scarcity of semi-finished steel is one of the features 
of the position and the expected relief has not been 
obtained from the Continent, which is behind with 
deliveries against the current quota. As a result some of 
the re-rollers are placed in an extremely difficult position 
and are threatened with a serious curtailment of activity 
if the situation is not remedied. At the moment the re- 
rollers are experiencing an exceptionally strong demand 
for reinforced concrete bars, whilst rivet and bolt bars also 
are keeping the mills active. The sheet makers are heavily 
booked and for the most part are devoting their attention 
to meeting the requirements of home users. Export trade 
is hampered by the limits placed upon production by the 
shortage of steel. Otherwise, in spite of the recent advance 
in prices and the high premiums asked, more overseas 
business could easily be transacted. Small steel bars, 
which are a feature of the demand, are quoted at £9 10s. 
d/d provinces and f.o.b., but it is by no means easy to 
place orders for abroad for reasonably near delivery. The 
position of consumers in Lancashire is growing increasingly 
difficult as the shortage of steel becomes accentuated. 
As a consequence there seems to be a certain amount of 
disorganisation at many of the consumers’ works. Most 
of the orders accepted by the steel makers are distinctly 
indefinite as regards delivery terms, and the stockholders 
in Lancashire and the northern area are not so well able 
to meet consumers’ requirements as a few months ago 
owing to the steady drain upon their reserves, which they 
do not find it easy to replace. The re-rollers are suffering 
from the shortage of steel semis and many of them have 
refused business on this account or select only a part of 
orders submitted to them. On the North-West Coast 
activity is also on an unprecedented scale. The mills at 
Barrow and Workington are now producing large quan- 
tities of rails, as well as semi-finished steel, bars, hoops, 
and strip. 


Current Business. 


The London P. Transport Board has 
placed an order for 401 transport vehicles with the 
Gloucester Railway Carriage and Wagon Company, Ltd. 
The value of the contract is stated to be over £1,000,000. 
The Board has also placed an order, valued at £10,000, 
for electrical welding machinery for the London under- 
ground railways with the Rose Street Foundry and 
Engineering Company, Ltd., Inverness. Business has 
been commenced by W. J. and H. Garratt at Premier 
Works, Wolverhampton-road, Bloxwich, Staffs., on the 
manufacture of pressed steel conduit boxes and fittings 
for domestic and industrial wiring. The contract for the 
supply of coke-oven gas by James Nimmo and Co., Ltd., 
from Auchengeich Colliery, which expires at the end of 
February, has been recommended for renewal by the Gas 
Committee of the Glasgow Corporation. This contract, 
which has run for ten years, provides for the daily supply 
of 2 million cubic feet at 11d. per 1000 feet, and negotia- 
tions will be opened for its renewal on the basis of 6d. 
per 1000 feet. The company has offered to continue the 
supply at the reduced price of 7d. It has been announced 
by the High Commissioner for New Zealand, Mr. W. J. 
Jordan, that a contract for 8000 tons of rails for Govern- 
ment railway extensions in New Zealand has been awarded 
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Export quotations are 


to a firm in South Wales. The Anglo-Saxon Petroleum 
Company, Ltd., London, have placed an order for a twin- 
screw, shallow-draught tank steamer with the Blythswood 
Shipbuilding Company, Ltd., Scotstoun, Glasgow. 
Frederick Braby and Co., Ltd., Springburn, Glasgow. 
propose to extend their works in order to produce steel 
stairways, windows, and fittings. McIlwraith, McEacheran, 
Ltd., Melbourne, have ordered a vessel of 5500 tons 
d.w. from the Caledon Shipbuilding and i i 

Company, Ltd., Dundee. The machinery will be manu- 
factured by Barclay, Curle and Co., Ltd. The Department 
of Overseas Trade announces that the South African 
Railways and Harbours Administration requires tenders 
for the supply and delivery of quantities of mild steel 
aE to 8.A.R. Specification No. C.M.E. 9/1936, symbol 

o. 8 (Johannesburg, March Ist). 


Copper and Tin. 


All the metal markets have experienced trading 
conditions unlike anything that has been known since the 
withdrawal of regulations immediately after the war. 
The copper market was prominent in this burst of trading, 
and on February 22nd the price of electrolytic copper 
jumped from £69 10s. to £75 to £78. The quotation was 
forced up principally by the frenzied activity in the 
standard market. The wide margin in the official prices 
indicates the wild trading which occurred on the London 
Metal Exchange. The upward movement was very largely 
due to a wave of speculation, a considerable proportion 
of which was of foreign origin, based on the belief that the 
British Government’s rearmament programme would 
necessitate enormous purchases of metals. Rumours 
were current during the advance that the Government 
would take steps to check speculative activity on such a 
scale, and also that the spending departments of the 
Government had already purchased heavy stocks, and 
these reports had a salutary effect on the market. Govern- 
ment buying, however, over the past twelve months has 
not been of such proportions as to lend support to this 
theory, but it seems possible that a continuation of such 
inflationary trading would lead to some _ repressive 
measures. The turnover on the morning session of 
February 22nd was given as 10,000 tons. It is possible, of 
course, that the price of copper may rise still further, sines 
there is no doubt that the general view is that metals are 
now a gi speculative invest t, and it is urged by 
those who are inclined to favour this class of business 
that it would have the effect of attracting large quantities 
of copper to this country. In America prices have also 
advanced, the London and New York markets reacting 
on each other after each rise.... The tin market was 
subject to similarly active speculative buying and at one 
time the price reached £265 for three months, but later 
dropped back to less than £250. The improvement in this 
market was largely due to the report that the Government 
intended to take steps to accumulate reserves of metal in 
this country, and it will be remembered that months ago 
in these columns it was pointed out that the stocks of 
tin had been allowed to fall to dangerously low levels from 
the national point of view. Since then they have increased 
somewhat, but it is obvious that they are still insufficient to 
ensure security. The rise in prices which took place on 
February 23rd will no doubt have the effect of bringing 
increased tonnages to this country, although the market 
is still very much in the hands of the International Tin 
Committee. 





Lead and Spelter. 


Lead has shared to a lesser degree in the activity 
which has ruled this week in other sections of the non- 
ferrous metal markets. At the end of last week the 
quotation advanced to £30 and on the opening of the 
market on February 22nd buyers bought eagerly and the 
price momentarily went up to £31. Later the quotation 
became steadier at around £30 5s. There was a consider- 
able amount of speculative buying, but it was not on so 
pronounced a scale as in copper and tin. One reason might 
have been that the industrial demand has been quieter of 
late, but there is no doubt that considerable quantities 
of the metal will be required in the Government’s rearma- 
ment programme, and it is somewhat surprising that more 
vigorous trading did not develop. Lately the lead pro- 
ducers have sold with some freedom, and this, combined 
with the slackening in the industrial demand, had created 
a somewhat easier undertone in the market until the 
present boom commenced. In America the position of 
the lead market is strong, and further increases have been 
made in the price, which has now advanced to 6.50 c., 
New York. According to American figures, the world pro- 
duction of lead in 1936 reached 1,641,531 tons, Mexico 
being the largest producer with 231,970 tons and Australia 
next with 216,840 tons. Canada produced 82,885 tons, and 
Burma 81,936 tons.... The conditions ruling in the 
spelter market in the early part of this week approached 
the excited trading which took place in copper and tin. 
Prices advanced to over £30, which is the highest point 
reached since 1927. For some time this market has been 
attracting a considerable amount of speculative interest, 
and it is generally understood that the statistical position 
of the metal has greatly improved during the past few 
months. The wave of new speculation which burst upon 
the market at the end of last week has carried the quota- 
tion higher than seemed possible a short time ago, and the 
setback in the market has not made much impression upon 
the popular opinion held with regard to this metal. Only 
a little while ago spelter had few friends, but it now seems 
to be suffering, if anything, from over-valuation. In spite 
of the probability that the Government may require heavy 
quantities of spelter, there is no lack of supplies available 
for the market, but no fresh shipments from the Continent 
are expected to reach this country before the beginning 
of March. 
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Current Prices for Metals’ and Fuels. 





Makers ' official home trade prices per ton, delivered buyers’ stations. Joists as well as Sections and Plates ate now subject to a rebaté of 15s. to home users purchasing 
only. from associated British Steelmakets. 











PIG IRON. STEEL (continued). NON-FERROUS METALS. 
Home. Export. Home. Export, ‘al Pri , 
(D/d Teesside Area) Grascow anp Disrraict— £ os. d. ie ae (Of oe amt: 
NE. Coast— € s. d. £8. d. eile! 3+ PS te ey! pa gens 9 2 6| CorrzRn— 

Hematite Mixed Nos.*... 417 6 ... 314 6 Wh Sc oa 3 ae ee 10 2 6 Ripa ss accioveivanee inaat ioicun MENT oe OMe. O40 

Mie Bl bins sreaciedeunes ee 8, 315 0 Joists... a Ge ee 9 2 6 Three months... ... ... ... £67.17 6to £67 0 0 
Cleveland— (D(a Tewwide area) seit 5 ie L. ao 4 ; Electrolytic ... ... ...... £71 10 Oto£73 0 0 

WSS, HAVE SOR IETS. Mga, ae _ ounds, 3in. and up " : 

We, SOME CUS gy. gues By » under sin. ... 910 0... 910 0 Best Selected Ingo, ad Bit 

te Oe Ce oe eee ee ut Flats, Sin. and under ... 910 0 .. 910 0 mingham «.. 1. se £72 15 0 

Basic (Lese 5 rebals) . at Ret vans 2dr tics Plates, jin. (basis) 910 6.. 912 6 Sheets, Hot Rolled sey oes £1010 0 

MIpLanps— 7 xin. ... 915 6.. 917 6 Home. Export. 
Staffs.— esneh ie Sark Cinviinn Dagon " 10 0 6.. 10 2 6 ‘Tubes, Solid Drawn (basis) ... 154. 15d. 
North Staffs. Foundry... 4 6 0... —_ ” in 10 6 6... 10 7 6 . ee 
Se a A i Un. # te fin. incl 918 0.. 10.17 6 1) BONERS RA) Ens at = 

Basic (Lease 5/- rebate)... 4 2.6... ... oe Boiler Plates, jin 10 0 6. 10.16 @ | Baan 

Northampton— tines Wizue Anna Betyg’ es Ingots, 70/30, d/d Birmingham £59 © 0 

Tees... Se Oe — AmgeR in cndi| .-- 912, Qs 9 2 6 Home. Export. 
Forge Rw ee Oe a Tees... 10 3 0.. lo 2 6 Tubes, Solid Drawn, 2/1 Alloy 12d. 12d. 
Derbyshire— Salata: ««; OB: Bi. Ona 0 ods, et oe 12d. 12d. 

No. 3 Foundry ae axci@tOy Oti = a Channels... wad oue . 9 8 0... 9 ‘ 6 Tax— 

Benge tue Qe ae cigtyar le i Rounds, 3in. and up RED POS 10 2 6 : ? 
sii ot under 3in. 910 0.. 910 0 MEN cc teas cade ae ane .. £240 10 0 to £242 10 0 
to 38.5 ; aps chants ante Tipe Ae. DO BRAS.... O 

Basetiin Eni teen’ 4178 ut Flats, 5in. and under 910 0.. 910 0 Three months £ 0 

No. 1.Foundry, ditto ... 410 6.. fas Plates, jin. (basis) 913 0.. 9 12 6] Leap: Cashand Forward .. ... £30 10 0 

No. 3 Foundry, ditto ie i ee i « in... .. -. 918 OF. 917 6) Srevrmee: , » ; £29 13 9 

Basic, d/d (Less 5/-rebote) 4 2 6. - ” oe oie peedolens logoes iilthibys 00s £100 to £105 

” im. ... ove labs PD : ‘ 
N.W. Coast— 418 oaja isis : . ie - 
. xin. pines. % 10 17 6 
Hematite Mixed Nos.*...15 3 6 ,, Sheffield nei Ae poate ’ commande - einai 
.5 9 6 ,, Birmingham IRELAND—F.0.Q. BELFast. Rest or IRELAND. 
* Love 5}-vabate £s.d £s. d FUELS, 
Mnalee pescysqini ahT dir Bu hd 910 6 
SCOTLAND. 
MANUF. CTURED IRON. Genes. iste) sioai, « ad. IOIBe® 10 10 6 
7 Home Export, eee nn Oe yaa “ oll th)—N. santo U ed Pairing 
r a 0. outh)—Nav n Unscreened) — to 
Lancs. AND. YorKs.— £ s. d. £ s. d. reg vee tee ase os 13 t 9 15 : Hamilton El po st om 
ies Bares (iis ec Lee 18 hast 2 6 Pe. datiowe Sie Riiah at : 
Plates, jin. (basis) .. 915 6 918 0| AYRsHIRE— 
MipLanps— 
i -o.b. SE ea rat eas Se pce 17/6 

i Ma il 1010 0.. 1010 0 * win. eoutths... ile 0 6 n 3 0 (£.0.b. Ports)—S 

Marked Bars (Staffs.) ... 13 0 0... 1210 0 8 SEY AR Pe 0 8 0] Fissume— 

No. 3 Quality oR ie HB, iG ee ” fin. . --- 1012 6 10 13 0 (f.0.b. Methil or Burntisland)— 

No. 4 Quality pO. AOS ee ec! i Un. fin. to fin: ‘ioc. con ee ee 10 8 0 Press Meade oo ES RES OE te 48 /- 
Scorianp— OTHER STEEL MATERIALS. Unscreened Navigation 17/6 

Crown Bars ... ... ... 1110 0... ... 10 100 : Home. Export. | Lormrans— 

GR ee ed, ie a Ee ll 2 6 Sheets. Ss. ¢. fad (£.0.b. ne 3 pono bay ayn ita 17/6 
N.E. Coast— 11-G. to 14-G.,d/d... 11 10 0... ...f0.b. 12 10 0 Secondary Steam... 2.00... «.. ¢ the 17}- 
Dae 15-G.to20-G.,d/d... HW 15 0... ... fob. 1215 0 

Common Bars cparisee@: Ol @ 2. ; 10 100 

21-G. to 24-G., d/d jist Eb ee Os dees rece Be we ENGLAND. 
perce 2d a AIRE eat oc in Sine ai 2 ptf 25-G.t026-G.,djd ... 1212 6... ...f.o.b. 13 15 0 
Double Best Bars ie | Go a lee hee eake 1112 6 Souru Yorxsuire, Hor.— 
South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
NorTHERN IRELAND AND Free StaTe— Australie £11 5s. Irish Free State, £13 5s. f.0.q. IDEs TONNE 625 5-055 to: mist oes,» rielnertipen te 
Crown Bars, f.o.g.... ... 10 17 6... ... = The above home trade sheet prices are for 4-ton lots and over ; Steam 8 re Shi boas lias dil nedibebdchd 
‘ 2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, | NortHumperLtanp, NEwcasTie— 
STEEL. 30s. per ton extra. Bi yih: Baek cies sersigneriaiion) ceo api 19/- 
Home. Export. Galvanised Corrugated Sheets, Basis 24-G.— vo Heoomd... sec see stents vee nee T/C tO 18/6 
LONDON AND THE SouTH— £ s. d. £ os. d. oN rah » BestGmall... ... 0 2. 0. ee 14/6 

Angles 9 5 6 9 2 6 4-tonlotsandup... ... 14 0 0 Unsereened ...0 000 2. ee ee ee Bf to 19/- 

we.venseadiche Spillane sedi ti 10 2 6 2-ton to 4-ton lots... 14 7 6 DurHam— 

Joists... .. -. -- 9 5 6 9 2 6 Under 2 tons tie VG oO oO Hirth Mttisies 3 ick <acsarntin- etnd-apiead ieee atic 

ota ea ig ni s 2 - Sade Export : India £16 10s. c.i.f.; South Africa, £15 10s. f.0.b., Foundry Coke oss: eemmsden: 7 eh MAIR tm RIO 

sa ai bys BR. 47 A “ ¢ Ww 28 plus 3 p.c. invoice value ; Rhodesia, £15 17s. 6d. f.o.b.; | Suerrrerp— Inland. 

Bh et rye at a ta He ‘ A i” : Sweden, £14 16s.; Irish Free State, £14 lbs. £.0.9.; Best Hand-picked Branch ... 27/6 to 29/- &: 

General, £15 15s. f.0.b. South Yorkshire .. ... ... 24/- to 26/- _ 

Plates, jin. (basis) .. 915 6 912 6 | Tin-plates Seconds. ++ jie. wor, con see 8B/-.t0,23/— Jt 

» Wine... ... ... 10 0 6 917 6 20 by 14 basis, f.0.b. Bristol Channel Ports, 19s. 9d. to 20s. 9d. 
te ie Se A A 10 2 6 Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. Carpirr— SOUTH WALES. 
- pe eee iess | | Gs 10 7 6 | Billets. £ os. a. Steam Coals : 

Ua... tote. inal... --.19. 3.0 10,38. Basic (0- 33% to 0-41% C.) -s wt a, 6 Best Admiralty Large... ... ... ... ... 25/- to 26/- 
Boiler Plates, jin.... ... 10 5 6 10 15 0 »» Medium (0-42% to 0-60% C.) pele oe pile | Beet Seconds Me ASR TROY HE BUY UII ES 25/- 
Nortx-East Coast— £s.d £s. 4 » Hard 0-61%to0-85%C.) ... -8 7 6 Best Dry Large ... ... ... --. «+ «+ 24/— to 25/- 

mee oO ee 9 2 6 »  » {0°86%t00°99%C.) ... WS ar | CMI OTIOR ass, os pps y ctor tase yn te, <0). ROL BQ: BAbe 

pap eblealenineeE tye. Ek ks | 10 2 6 » 9» {1% C.and up) oe: . 912.6 Bunker Smalls... .. ss eee +s 1 8f- to 18/6 

ONS. aiid cen asia nega 5 3 8 Soft (up to 0- 25% C.), 500 tons and up .. -6 5 0 Cargo Smalls... 0.0 66. ie cee ee ee AT fe to 17/6 

Channels... ... ... ... 9 8 0 ee ae Rails, Heavy, 500-ton lots, f.0.t. - 810 0 Dey Nate: fic 2h at caeens as. HOR fRbO BOS 

Rounds, 3in.andup ...10 3 0 10 2 6 » Light, f.o.t. or - 710 0 Foundry Coke wk. eee eee BRf> to 47/6 

r under 3in. ... 910 0 910 0 Furnace Coke LEELA Pn aes 

Plates, jin. (basis) F440 “6 912 6 FERRO ALLOYS. Patent Fuel ..... Pye SM yok ewting sutertag te 2 po 23/6 

wé Necieg nace gibi ip. BS. 9 17 _ 

tin P.? ! eo ey a see vee 3/104 por tb. con 

o BI 69 nnAne As ary © 10 2 6 Br T. 3/9 Ib. Anthracite Coals : 

we itl ek: Sitivicn M8 SPURS bee yates yy, gy aeRO aad 8/0 por ane Rib fidl—s o06cu ter Laqondacs oi agp ening 

Un. & to jin. incl. ... 918 0 ede ee ae ae ae ey ern es gene” Machine-made Cobbles... 0... 41/- to 48/6 

Boiler Plates, jin... ... 10 0 6 £0.26 tr] Pore ene ere cee SURE 8G oF nosd wen! lion ee gga aia 

” »  §6p.c.to8p.c. «so; eh. 9G 7/- 
MripianDs, AND LEEDS AnD DistTRictT— 8p.c.tol0pc. ... £21 0 0 7/- Beans... ss) srs nes eevee see 25> to 38/6 
: * ” : Peas Be gett eet Meh SES mas! 2 Ace” cack, ee a 
Ls 4. £ s. d. Specially Refined ... 
‘ * a Rubbly Culm... ... .:. ce +s ss ee 1S to 12/6 

Angles... -. -. +. 9 3 OO... 9 2 6 " »  Max.2p.c.earbon £3210 0 1l/- 

TOO .6 eee eee idee inren MD 3 0). wo 2 6 ds ss » lp.c.earbon £35 15 0 lj Steam Coals : 

Selita ei ssi Hectic Re BreD we. 9 2 6 4 2 ,», 0°50 p.e.earbon £36 10 © 12/- Large Ordinary ... ... .- os) ss ee 19/- to 26/- 

Channels... ... ... ... 9 8 0... 27 6 » catbon-free ... 9}d. per Ib. 

Rounds, 3in.andup ...10 3 0... 10 2 6 italia’ ekicaitiied”” ... 2/5 per Ib. bits a 

»  underdin. ... 910 0... 910 © | Ferro Mangances (loose), 76p.c. ... £13 15 0 home 
Flats, 5in.andunder ... 910 0... 910 0 »  BSilieon, 45 p.c. aia + £12 0 0. scale 5/- p.u. FUEL OIL. 
Plates, basis) .. 913 0. 912 6 ie wack Wk eussin ane ae 0 scale 6/— piu. |’ 4 
od . ‘ a ied . 0 inti Inljand consumption ; contracts in bulk. 

os Pies i oy ss DAB D 917 6 » Venadium ... ... ... ... 12/8 per lb. Exclusi £ Go é tie of 18 all 

" Ov ete et ae 10 2 6 » Molybdenum... ... ... 4/6 per Ib. One see ae 

uy tin. .. LAO 0 :. 410 27' * Titeniuin (oastben frse) ... 9d. per Ib. Ex Ocean Installation. Per Galion. 

Un. & to fin. inel. ee ae we ot 10:17 6 Niskal (per ton) Fad See tie cso Furnace Oil (0- roeenge ith WE DAO 334. 

Boiler Plates, jin... ... 10 2 9.. 1015 0 ied. 7/- to 7/1 per Ib. Diesel Oi} ...—... eee? ae 4}i. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
The Labour Problem. 


THE situation arising out of the attempted 
mastery of labour over industry provides an object lesson 
that cannot be overlooked when the future is threatened 
with serious entanglements, unless the men keep them- 
selves within the limits of their legal rights. Those rights 
have been clearly défined’ in the collective contracts and 
are protected by compulsory arbitration which is required 
to hold the scales evenly between employers and men. If 
the system of compulsory arbitration fails, there is nothing 
left but a perpetual tension between the C.G.T., with its 
advanced tendencies, and the employers’ organisation, 
which backs up resistance to any infractions by the men of 
agreements entered into for the settlement of disputes. 
The C.G.T. initiated compulsory arbitration which had a 
doubtful reception from employers, who did not believe 
that the men would abide by unfavourable decisions, or 
that they would t awards that are invariably com- 
promises wihedh sabia further claims, whereby they 
hoped, by an accumulation of such partial gains, to attain 
their ends. The men are swayed by their unions, over 
which the C.G.T. has no power to enforce a general dis- 
cipline, and strikes that break out afresh for futile reasons 
are stated to be due to extremist influences. While the 
law prohibits strikes and lock-outs until all attempts at 
arbitration have failed, and, in fact, rules them out 
altogether by declaring that the awards of super-arbitrators 
must be accepted without appeal, there continues to be 
trouble, and at a motor car factory at Sochaux, in the 
Doubs, workers struck against the removal of a man from 
one job to another, and incarcerated the managers and 
technical staff in their offices until they were released by 
the authorities. At the Paris Exhibition the temporary 
suspension of the forty hours’ week was made an excuse 
for bargaining for an increase of wages, and, failing to get 
more than extra money for overtime, the men ceased 
work for an hour in order to demonstrate in favour of a 
15 per cent. advance, and compelled the Belgian workers 
at the pavilion to join them. Employers announce their 
intention of bringing an action against the men’s union 
for breach of contract. 


The Carrousel Bridge. 


Progress is being made with the construction of 
the bridge across the Seine in the axis of the main traffic 
artery passing through the Louvre archesand cutting across 
the traffic along the side of the river. This traffic will 
eventually pass through a subway to be built underneath 
the approach to the new bridge. The present Carrousel 
Bridge is not only inconvenientin being offset from the road, 
but the century-old structure with cast iron ribs leaves a 
sense of insecurity with the increasingly heavy traffic. The 
new bridge has three spans, a central one of 42-6m. and two 
others of 36m. This width encroaches on the old bridge, 
which will have to be removed before the new one can 
completed, so that when built for two-thirds of its width 
the new bridge will be opened to traffic and work upon the 
demolition of the old structure will begin. The piers of 
reinforced concrete faced with stone are built on reinforced 
concrete pile foundations, and there is little staging in the 
construction of the bridge and no falsework. Each span 
has at present four ribs, in the construction of which four 
light lattice girder arches in halves were placed in position 
on the piers, and underneath them cross pieces were bolted 
to support platforms for completing deep ribs of reinforced 
concrete, the steel arches constituting part of the rein- 
forcement. 


Road Accidents. 
The question of road safety has not attracted 
much public attention in this country b no statisti 





of accidents are published, and there are, in fact, no com- 
plete statistics to show the extent ofthe danger to which 
road users are subjected. A rough estimate of 4000 killed 
and 8000 injured a year is based on accidents reported to 
the national police, that is to say, the gendarmerie and the 
Prefectures of Police, and do not take into account accidents 
outside their jurisdiction, such as in towns with their own 
police. The liability to road accidents may be less than in 
Great Britain. This country has a far greater network of 
roads for a smaller number of cars, and the roads are wider, 
with long straight stretches and better visibility, but there 
are dangers in level crossings which are being ually 
suppressed. The only way to obtain accurate of 
road casualties and investigate their causes and suggest 
means of reducing them is to centralise reports of accidents, 
and this is now being done at the Ministry of Public Works, 
where a Road Safety Section is to be created, composed 
of the technical heads of the ministerial services interested, 
the gendarmerie, the Prefecture of Police, the National 
Union of Tourist Associations, the National Motor Car 
Federation, and insurance companies. 


Foreign Trade. 


An inevitable result of the franc devaluation and 
high wages and social im by labour reforms 
was to increase the unfavourable ee of foreign trade, 
which gathered impetus until the returns for January 
provided food for serious reflection. Devaluation meant 
that more francs would be paid for food and raw materials 
purchased abroad, but the increase of internal values 
should have been limited to the extra cost of raw materials 
if it were not swollen into a general inflation by a con- 
siderable rise in production costs resulting from the heavy 
burden im on producers by the social reforms. 
In January imports were valued at 3319 million francs, 
an increase of 1305 millions compared with the first month 
of 1936. Exports totalled 1773 million francs, an advance 
of 570 millions. Imports exceeded exports by 1546 million 
francs. The increase in import values was due primarily 
to the devaluation of about 30 per cent. in terms of sterling, 
and the tonnage increase to a lowering of tariffs by about 
one-half of the devaluation and to an enlarging of quotas 
as a check on the growing inflation of internal values. 
Normally, export values should not have been affected by 
the devaluation, but while the tonnage increased by less 
than 4 per cent. the value rose by 47-per cent., in conse- 
quence of additional labour and social charges. 








British Patent Specifications. 


When an i tion is icated from abroad the name and 
address of the communicator are pri in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the 
Sale Branch, 25, Southampton-buildings, Chancery 
le. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
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STEAM GENERATORS. 


458,717. March 12th, 1936.—TvusocLar Com + Borers, 
Schmidt’sche Heissdampf-Gesellschaft, mit beschrinkter 
Haftung, Rolandstrasse, 2, Kassel-Wilhelmshéhe, Germany. 
This boiler has a combustion chamber surrounded by a 
rectangular helical coil A of 
four tubes up which the water 
circulates, t the top each of 
the tubes bifureates and joins 
hairpin-shaped tubes B that 
di into a steam drum C. 
Unevaporated water returns to 
the bottom of the coils by the 
downcomers D; E is a super- 
heater. The inventors claim 
advantages as com with 
other coil boilers of the kind 
in which the tubes or certain 
parts of the tubes run in vertical 
lanes and include sharp bends. 
fn evaporating tubes of this 
kind, the resistance to flow is, 
or may be, so great that 
generation of steam is irregular 
and the steam and water mixture 
may be driven upwards with 
marked pulsations. When this 
occurs a considerable quantity 
of water is carried into the upper 
so that wet steam is 
delivered by the boiler. In the 
steam generator described, on the 
other hand, the water and steam 
is driven upwards preferably 
at a small i le 30 
that a preliminary separation of steam and water takes place 
throughout the upper part of the tube. The steam delivered 
into the a lector is therefore comparatively dry.— 
December 24th, 1936. 
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TRANSMISSION OF POWER. 


459,044. May 24th, 1935.—Wire Rorgs, H. D. Lloyd, The Old 


Vicarage, Stretton, near Warrington. 


This invention concerns wires of the Bowden type which it 
is desirable should have a smooth exterior. The sheath is formed 
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of grooved sector-shaped wires A linked t by dumbbell 
shaped wires B. The ves in the wires A are then closed in, 
as indicated by the broken lines in Fig. 2, to make the assembly 
secure.—December 24th, 1936. 


ELECTRICAL APPLIANCES. 


458,710. December 18th, 1935.—E.xzcrrostatic IxpucroRs 
FOR USE aS ATTENUATORS, The General Electric Compeng, 
Ltd., Magnet House, Kingsway, London, W.C.2, and J. 
B. L. Foot and E. G. James, Research Laboratories of 
The G.E.C., Wembley, Middlesex. 

This invention relates to variable electrostatic inductors— 
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that is to say, means for varying the electrostatic induction 
coefficient (sometimes called the mutual capacity) of two 
conductors. Fig. 1 shows an elevation, partly sectional, of 
an inductor; Fig. 2 is anfelevation with the outer case removed. 





A is the base plate... The. innermost conductor B is a plain 
—— supported on the metallic base plate by insulators C. 

intermediate conductor D next the innermost conducter 
is a cylinder fixed directly to the base plate ; the other inter- 
mediate conductor E fits closely over D and is rotatable about 
it by means of the spindle F attached to its end and 
a the top of the case G. Both and E are 
pi with similar apertures H, J, which are narrow at the 
top and wider below ; they are located so that in one relative 
position of D and E the apertures coincide and the effective 
area of the aperture is equal to the area of either, but so that 
relative rotation causes part of the aperture of one to be covered 
by the solid portion of the other and thereby the effective area 
of the aperture to be decreased. The outermost conductor 
is the half cylinder K supported from the ¢ase by arms L. Part of 
K is opposite to the a ure in E when the yey is fully 
2 is connec to the exterior by a lead M passing 
through the case. The innermost tor is ce ted 
to the exterior by the lead N passing through a hole in the 
base plate. When the aperture is open, lines of force can pass 
from the outermost co: r K to the innermost conductor 
B, and the electrostatic induction coefficient between them is 
a maximum ; when the aperture is completely closed no lines 
can pass and the coefficient is. zero. Accordingly, if the output 
of an oscillation g tor is ted between K and A and 
a load cireuit between B and A, the voltage produced by the 
generator in the load cireuit will decrease with the effective 
area of the aperture.—December 24th, 1936. 


458,702. October 18th, 1935—Tuermionic Vatves, J. M. 
Dodds, 14, South Meade, Timperley, Chester, and The 
Metropolitan-Vickers Electrical Company, Ltd., Number 
One, Kingsway, London, W.C.2. 

This is a thermionic valve for producing, ultra-short waves 
with an output of several kilowatts. In the drawing A is the 
cathode, which is supported between hooks B and stub wires 
at the lower end, and from spring hooks at the upper end. They 
are mounted on a rectangular framework comprising the metal 
side rods and insulating cross members. The metal side rods 
pass vacuum-tight through holes in a sealing plate applied 
to the flat surface of the central metal ring E of the valve 
structure. The terminal ring E is provided with a radial bore 
K to which is welded a flanged pipe F for attachment to the 
evacuating pump. The terminal ring E is provided with 
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tangential bores G for water-cooling purposes. On each side 
of the cathode terminal ring E is a ring H of insulating material, 
and on the outer side of each of the insulating rings is a grid 
terminal ring J the inner part of which is in the form of a 
truncated cone as shown. At K the adjacent faces of the two 
truncated ical porti have to them control grid 
wires. On the outer faces of the two grids terminal ri J 
are further insulating rings L, and the structure is cl at 
the ends by anode terminal plates M, which have central boss 
portions of truncated conical shape formed with cavities which 
are water cooled. The vacuum joints between the metal parts 
and insulating rings are conveniently and effectively made by 
having the faces ground flat and sealed by means of bitumen 
or wax or a grease or oil having a low vapour pressure, and 
known as “ Apiezon,” which is a registered trade mark.— 
December 24th, 1936. 





MACHINE TOOLS AND SHOP APPLIANCES. 


458,701. October 4th, 1935.—Currinc Gear TEETH ON 
TaprerReD Brianxks, W. E. Sykes, Park Lane Apartments, 
33, Gates Cirele, Buffalo, New York. 

This is a method of cutting double-helical gear teeth for 
gearing together shafts lying at a slight angle to one another— 
an angle not greater than 10 deg. The conical gear blank A 
is mounted on an inclined arbor B driven thro the worm 
wheel C and change wheels D from the motor unit The gear 
cutters are shown at F and G. They are mounted on a spindle 
H and sleeve J which are given a reciprocatory and oscillating 
movement by the scrolls K and L driven by the ing M. 
At the end of their cutting strokes the cutters are relieved by 
a mechanism not described. It is stated in the ification 
that the characteristics of the gears produced in the manner 
described may be set forth as follows :—Each has a conical 
surface ; the tooth contours in sections at right angles to the 


N°458,701 
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axis and in sections at right to the conical surface will 
be rg rmeennt involute. contours may be made 
exactly involute -by suitably modifying the cutting tools. 
The involute curves, however, will be involute across the whole 
width of the face to the same base circle, or, in other words, to 
@ base cylinder. They will not have, as in ordinary bevel 
, @ conical base element. The lead of the helices on such 
will be uniform and constant, or, in other words, the same 
e lead on the cylinder. The helical angle, so called, however, 
will gradually vary across the width of face due to the variation 
in diameter, but this is of no practical mgr moma There is 
the question as to whether the tooth thickness will vary 
theoretically correctly in such a way as to give a correct 
i ing surface ; but in practice it is found that such 
gears aru broch fox ait eisai that the ato ing — 
on the teeth is correct for ical purposes, though probably 
not mathematically correct.—December_24th, 1936. 
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MISCELLANEOUS. 


458,630. February 3rd, 1936.—THe ManuractuRE or Guass 
VussExs, Verreries Gobeleteries L’Esp S8.A., Manage, 





Belgium. 

This Sorentien concerns a process for making, say, glass 
tumblers in pairs at one operation. Fig. 1 shows a pair of moulds, 
hinged together, and Fig. 2 the pair of tumblers before they 
are separated. The glass is blown into the mould by the blow- 


N°458,630 Fig,! 








pipe A, and the lower tumbler is shaped directly with its bottom 
on the table on which the mould stands. The upper tumbler 
necessarily has the neck B for the connection of the blow-pipe 
in its bottom, but as soon as the pair has been se and 
before the ean cool, this neck is closed in to form a solid 
bottom. method of closing the neck is not divulged.— 
December 23rd, 1936. 


N°458,067 


458,067. June 26th, 1936.— 
Tuse Connections, Fahr- 
zeugwerk Paul Feldhoff 
G.m.b.H., Radevormwald, 
Rhineland, Germany. 

This is a tube connection for 
bicycle frames and such parts 
as do not require a through 
way in the tube. The connec- 
tion is made by a ferrule A with 
a conical bore and co - =a 
ingly coned stoppers B B. e 
ra is then flared out, into the 
cone by driving in the elastic 
piece C as shown at D.—Decem- 
ber llth, 1936. 
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459,170. July 3rd, 1935.—Heat Excuanczrs, A. Carpmael 
24, South ton-buildings, London, W.C.2. 





This invention relates to a heat exch r. It consists of a 
maiitli A: toveihliiy the liseting chimasie Basu: upleciiy-uldad 
in the form of five tubes. The inlet and outlet of the heating 
medium is effected through chambers C provided within the 
shaft D. The chambers are connected with the two ends of 
the five tube worms B by radially a: ke-like tubes E. 
The inlet and outlet to and from the chambers C is effected 


N?459,170 





by means of connecting tubes F and G, tightened by means of 
stufting-boxes in bore-holes of the shaft D. shaft is provided 
with bearings of the customary construction. The second drawing 
shows on a smaller scale a section of the drier through a plane in 
front of the five inlet tubes. In this plane a device H is to be 
seen by means of which the material to be dried is brought on 
to the drum. J illustrates a scraping knife by which the dried 
material is taken off the drier. resents the layer of 
the material to be dried.—January 4th, 1937. 


458,608. August 15th, 1935.—Laminatep Grass, A. Kimpfer, 
Herbartstrasse 16, Berlin-Charlottenburg, Germany. 
According to this invention intermediate sheets suitable 
for the manufacture of laminated glass or the like, and capable 
of storage or transport prior to incorporation therein are pro- 
duced by polymerising vinyl acetate or an acrylic acid ester 
to which up to approximately 25 per cent. of softening agent 











has been added prior to polymerisation, the polymerisation 
boing. ofiector. ae iy the use of solvents and carried to the 
mid (between 380 and 390), all uncombined monomers 
being distilled off after this stage is reached, the polymerisation 
psc being raised from polymerisation temperature to from 

00 deg. to 120 deg. Cent. rapidly, so’as to avoid any substantial 
change in the degree of 
the pol isation v 
toa 


Sto hl), 


without allowing it to cool and applied 
and th base to which it does not adhere at 
pr Sor agama gy as to form pe 9 of ihe uired size 
or which can transported ‘or sto: prior to use, 
(A pei has been furnished in this case under Section 2, 
Sub-section 5, of the Patents and Designs Acts, 1907 to 1932.)— 
December 23rd, 1936. 











Forthcoming Engagements. 





Secretaries of Institutions, Societies, d-c., desirous of having 
notices of meetings inserted in this col » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the t1mE and 
PLACE at which the meeting is to be held should be clearly stated. 








To-pay. 
Inst. or Cuz=micaL Encrineers.—Hotel Victoria, Northum- 


berland-avenue, W.C.2. Fifteenth annual corporate meeting. 
11 a.m. “Leaching in Theory and Practice,” M. B. Donald. 
2.15 p.m. Annual dinner. 7.30 p.m. 

Inst. or Marine Encrineers.—The Guildhall. 
dinner. 7.30 p.m. 

Inst. or MecuantcaL EnGrnzers : East Mipianps Branon. 
—Dujon Restaurant, Peterborough. ‘“ Feed Mechanisms,” 
B. P. Cooper. 7 p.m. 

Inst. or MxonanroaL ENGINEERS.—Storey’s-gate, S.W.1 
Educational Group. ‘‘ The Training of Apprentices for Crafts- 
manship,” A. P. M. Fleming. 6 p.m. 

Inst. or Srructurat ENGInerrs: Mipianp Counties 
Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. “Soil Mechanies and Conorete 
Pile Driving,” M. J. C. McCarthy. 6.30 p.m. 

Junior Inst. or EncINEERS.—-Princes Galleries, Piccadilly, 
W.1. Institution dinner. 

MANCHESTER Assoc. or ENGINEERS.—Engineers’ Club, Albert- 
square, Manchester. ‘“‘ Factors Controlling Aero-engine Deve- 
lopment,” F. M. Owner. 7.15 p.m. 

Norru-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 

ining Inst., Neweastle-on-Tyne. ‘‘ Vibration in Engine 
Structures,” L. J. Le Mesurier and R. Stansfield. 6 p.m. 
SaTuRDAY, FEBRUARY 27TH. 
Royat Inst.—21, Albemarle-street, W.i. 
Negative Electrons,”” Lord Rutherford. 3 p.m. 
Monpay, Marcu Ist. 


CHARTERED Surveyors’ Inst.—12, Great 


Annual 


“ Positive and 


George-street, 


S.W.1. “‘ The Public Health Act, 1936,” C. Chart. 6.30 p.m. 
Inst. of MECHANICAL ENGINEERS: WESTERN Brancu.— 
Merchant Vent ” Technical Co! , Bristol. ‘‘ The Main and 





Auxiliary Machinery of the ‘ Queen » ” J. Austin. 7.15 p.m. 
Royat Soc. or Arts.—John-street, Adelphi, W.1. “ The 
Physics and Chemistry of Paintings,” F. I. G. Rawlins. 8 p.m. 
Soo. or CuemicaL Inpustry.—Burlington House, Piccadilly, 
W.1. “ Natural and Artificial Radio Elements and their Prac- 
tical Application in Chemical and Biological R h,” Prof. 
F. Paneth. 8 p-m. 

Soc. or ENGINEERS.—Geological Society, Burlington Houser 
W.1. “Outline of Principles Used in Mailing Machines,” 
F. Parfett. 6 p.m. 

Turespay, Marcu 2np. 

Sours Wates Inst. or ENGINEERS.—Institute visit to 
University rans ¢ of Swansea Scientific Exhibition, 7-5 p.m. 
** Wire Ropes and Related Problems,”’ Prof. B. P. Haigh. 7 p.m. 


Wepnespay, Marcu 3rp, anp THurspay, Marcu 4TH. 


First INTERNATIONAL ELECTRODEPOSITION CONFERENCE.— 
British Industries House, W.1. 

Tuurspay, Marcu 4TH. 

Inst. or British FouNDRYMEN: SHEFFIELD AND DisTRIcT 
Brancu.—King’s Head Hotel, Sheffield. ‘“‘ The Manufacture 
of Iron and Steel Castings in Green Sand,” C. J. Dadswell, T. R. 
Walker, and F. Whitehouse. 7.30 p.m. 

Inst. of MecuanicaL Encingers: Scotrish Brancu.— 
Royal Technical College, Glasgow. ‘‘ The Work of the National 
Physical Laboratory with Special Reference to Engineering,” 
H. J. Gough. 7.30 p.m. 

Fripay, Marcu 5ru. 

Inst. oy MecHanicaL ENcINEERS : East Mipianps Brancu. 
—College of Technology, Leicester. “The Expectations of 
Aircraft Design,” N. A. V. Piercy. 7 p.m. 

Inst. or MercHanicaL ENGINEERS.—Storey’s- 
Informal meeting. ‘‘ War-time Supply of Liquid 
Humphrey. 6.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, 8.W.1. 
“* Street Fire Alarm Signalling,” L. E. Calvo. 7.30 p.m. 

MancHESTER Assoc. or ENcGINEERS,—Grand Hotel, Aytoun- 
street, Manchester. Annual dinner and dance. 7 p.m. 


Monpay, MarcH 8TH. 


Inst. oy TRansportT.—Inst. of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘‘ Notes on Commercial and Operating 
Aspects of Trollybus Operation,” T. E. Thomes, 5.30 p.m. 

StzerHENsoN Locomotive Soc.—Royal Technical College, 
Glasgow. ‘The Mechanisation of Permanent Way Main- 
tenance,” K. Reid. 7.45 p.m. 


Turspay, Marcu *9ru. 


Inst. or AUTOMOBILE ENGINEERS.—Geisha Café, Hertford- 
street, Coventry. ‘Silencing of Gas Noises in all Classes of 
Motor Vehicles,”” Wing-Commander T. R. Cave-Brown-Cave. 
7.30 p.m. 

Inst. or ENGINEERS AND SuHIPBUILDERS.—39, Elmbank- 
crescent, Glasgow. ‘‘Some Aspects of Metallic Corrosion,” 
Dr. U. R. Evans. 7.30 p.m. 

Inst. or Manrne Encineers.—The Minories, E.C.3. 
Loeffler Boiler Installation on the s.s. ‘Conte Rosso 
McEwen. 6 p.m. 

Inst. or MecHanicat Encrnzeers : SourH Waxes Brancy.— 
Royal Metal Exchange, Swansea. ‘‘ Modern Developments in 
Application of Electric Welding,” J. H. Paterson. 6 p.m. 


Wepnespay, Marcu 10ru. 


Inst. or Wetpinc.—Inst. of Mechanical Engineers, Storey’s- 
ate, 8.W.1. “‘The X-ray Examination of Welds,” V. E. 
ullin. 6.30 p.m. 





te, S.W.1- 
els,” H. A 


“* The 
4 » g, 


lymerisation, and then forced out of | -p 





Wepyespay, Marcse l0ra, anp Taurspay, Maro litrn. 

Inst. or Metats.—Inst. of Mechanical Engineers, Storey’s- 
gate, 8.W.1. Annual general meeting. Programme, page 170. 

THurspay, Marca lirx. 
Inst. of AvTOMOBILE ENGINEERS.—Merchant Venturers’ 
echnical College, Unity-street, Bristol. ‘Silencing of Gas 
Noises in all Classes of Motor Vehicles,”” Wing-Commander T. R. 
Cave-Brown-Cave. 7 p.m. 

Inst. oF Mecuantcan Enoingeers: Norru-WrsTern 
Brancx.—University, Manchester. ‘ The Calculating Machine 
at the University of Manchester,” Prof. D. R. Hartree. 7.15 p.m. 

Inst. or Mecwanicat ENGINEERS: YORKSHIRE Brancu.— 
Hotel Metropole, Leeds. ‘* Mechanics of Gliding,” R. Kronfield. 
7.30 p.m. 

Ramway Civus.—Royal Scottish 
E.C.4. ‘‘ Modern Locomotives of the 
Clayton. 7.30 p.m. 

Roya AERONAUTICAL ene Soo. of Arts, John-street, 
Adelphi, W.C.2. ‘ Airscrew Blade Vibration,’ Major B. C, 
Carter. 6.30 p.m. 


—— Hall, Fetter-lane, 
outhern Railway,” J. 


Fripay, Maron 12rx. 

Inst. oF MecuanicaL ENGINEERS: East Mipianps Brancu. 
—Technical College, Lincoln. ‘‘ Hardening and Tempering,” 
W. H. Dearden. 7 p.m. 

Junior Inst. or Encrvsers.—39, Victoria-street, 8.W.1. 
* Utilisation of Underground Water Resources,” A. E. Judd. 
7.30 p.m. 

Sarurnpay, Marcu 13ru. 

SrepHenson Locomotive Soc.—4, Bury Old-road, Man- 
chester, 8. ‘‘ Present-day Locomotives of the Southern Railway, 
Western Section,” H. G. Kitpin. 6.30 p.m. 

Monpay, Marcu 151H. 

Inst. or AuTOMOBILE ENGINEERS.—39, Elmbank-crescent, 
Glasgow. “Economics of Repair Operations,” B. H. P. de 
. 7.45 p.m. 

Torspay, Marcu lé6ra. 

Compustion APprpLiaNceE Maxers’ Assoc. (Sotip Fust).— 
Connaught Rooms, Great Queen-street, W.C.1. Annual 

Intuminatinc Enorineerina Soc.—Trocadero Restaurant, 
Piccadilly, W.1. Annual dinner. 

Inst. or Sanrrary Enoineers.—Caxton Hall, S.W.!. 
“Notes on the Com tive Working of ‘ Air Diffusion,’ 
* Channel,’ and ‘ Simplex ' Methods of Activated Sludge Process 
for Partial Treatment at Croydon,” F. E. Pipe and J. E. Farmer. 
6 p.m. 

Wepnespay, Marcu 17rs. 

Inst. or AuToMoBILE ENGuNEERS.—Metropole Hotel, Leeds. 
“The Economics of Repair Operations,” B. H. P. de Roeper. 
7.15 p.m. 

Wepwnespay, Maron 171s, To Fripay, Marcu 19ra. 

Inst. or Nava Arcuitects.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. Annual meeting. 

Tuurspay, Marcu 187TH. 

Inst. or Marine ENGINEERS.—Battersea Polytechnic, S.W.11. 
“ Different Types of War Vessels,” Eng. Rear-Admiral W. M. 
Whayman. 7 p.m. 

Inst. oF MecuantcaL Enoiyeers: Mipianp Brancu.— 
James Watt Memorial Inst., Great Charles-street, Birmingham. 
“‘ Modern Rolling Mill Design,” A. Poole. 6.30 p.m. 

Inst. oy MecuanicaL Encingzns : SourH WaLEs BRancu.— 
South Wales Inst. of Engineers, Cardiff. ‘‘ Automatic Control 
of Trains,” A. W. J. Dymond. 6 p.m. 

Inst. oF MecuanicaL Encingers: SouTHERN BRrancu.— 
University College, Southampton. “‘ The Main and Auxiliary 
Machinery of the ‘Queen Mary,’” J. Austin. 7.15 p.m. 

Taurspay, Marcu 181TH, To SarurDAy, Marcu 20rH. 
Inst. oF Puysics.—University of Birmingham Physics 
boratory. § d on Industrial Physics. 
Fripay, Marcu 19ru. 

Inst. of MecuanicaL Enorveers.—Storey's-gate, 3.W.1. 
“ Racing Motor Car Design,” R. A. Railton. 6 p.m. 

Juwion Inst. or Encrnerrs.—39, Victoria-street, 8.W.1. 
- aying and Maintenance of Gas Mains in Congested Areas,” 
G. H. Rodgers and J. E. Gray. 7.30 p.m. 

Turspay, Marcu 23rp. 

Inst. or AvromoBILE ENGINEERS.—James Watt Memorial 
Hall, Great Charles-street, Bi . * Economics of Repair 
Operations,” B. H. P. de Roeper. 7.30 p.m. 

THurspay, Aprit Ist. 

Inst. or Locomotive Enoingers.—Trocadero Restaurant, 

Shaftesbury-avenue, W.1. Annual dinner. 











CONTRACTS AND ORDERS. 


The Editor is alwaye happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


MERRYWEATHER AND Sons, Ltd., Greenwich, have received 
from the Urban District Council of Edmonton an order for a 
new motor turntable fire ladder. The machine will have an 
all-steel ladder for extension to a height of 85ft., and with a pump 
to deliver 550 gallons per minute. 

INTERNATIONAL ComBusTion, Ltd., has recently received 
four orders for boilers. Two are repeat orders, namely, one 
stoker-fired boiler for Rotherham Corporation electric supply 
and two Lopulco radiant heat boilers for South Africa Elec- 
tricity Supply Commission, Congella power station. The two 
new contracts comprise one stoker- boiler for Horlicks 
Malted Milk Company, Ltd., and three pulverised fuel-fired 
boilers for Kent Electric Power Company. 

Maroont’s Wiretess TeLecrapH Company, Ltd., has 
received ee a oe Telegraph Administration a 
contract for the su of a high-power broadcasting stat 
to be i cone , Hho whens tan many years a 32-kW 
Marconi transmitter has been in operation. The new Brno 
transmitter will operate with an unmodulated carrier power of 
100 kW, but the design of the station is such that the un- 
modulated carrier power can be increased to 200 kW without 
undue complications should it be desired at a later date to 
operate the station at a higher power. 


Tue Liverroot RerricERatIon Company, Ltd., has received 
an order from Terry and Co., chocolate manufacturers, York, to 
automatically controlled refrigerating plant. 








supply a full 
i ineluding a * olar ”’ sleeve valve ammonia compressor arranged 


for ‘‘ V ” belt drive, also a multi-pass shell and tube condenser 
and direct expansion air cooling coils complete with air circ ulat- 
ing fan. In addition, the company has received an order for 
lying to Thos. Hedley and Co., Ltd., Newcastle, a complete 
refrigerating plant for factory process application. The com- 
Por received a contract to see afin use - yeh 
industry two refrigerating plants, capable o 
eliminating 420,000'B.Th.U. per hour when cooling” brine from 
— 5 deg. Cent. to -—10 deg. Cent. 
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A Seven-Day Journal. 


Water Pollution Research Board’s Report. 


THE annual report of the Water Pollution Research 
Board has just béén issued. In this report it is empha- 
sised that unless satisfactory methods of treatment 
and disposal of sewage and industrial effluents are 


more widely there will be a considerable 
difficulty in the large volume of water of 
good quality for domestic, agricultural, and 
industrial purposes. This difficulty is attributed to a 


number of reasons, and some of them are outlined in 
the oe TE cme eine ee niehest 
chemical and bacteriological quality is increasing as 
a result of improved conditions in housing and the 
development of modern factories where large quan- 
tities of clean water are used in ing pro- 
cesses. Set against this increased demand is the recent 
improvement in the trade of some of the older indus- 
tries, the introduction of new processes and industries 
and the development towards centralisation in certain 
industries, particularly those dealing with agricultural 
products, which have caused increases in the quan- 
tities of polluting effluents discharged into rivers in 
many parts of the country. Difficulties which could 
have been avoided have arisen in some instances 
owing to the fact that, in selecting sites and planning 
factories, adequate consideration was not given to 
the quantity and quality of the water required for 
the processes nor to the problems of disposal of the 
waste waters. The Board has continued its researches 
on the preparation and properties of materials suit- 
able for softening water by the base-exchange method. 
It has been found that satisfactory materials can be 
prepared from certain British clays, which are, in fact, 
superior to imported treated clays. Earlier work 
under the Board had led to the discovery that syn- 
thetic resins prepared from certain phenolic sub- 
stances and tannins possess marked base-exchange 
properties and can soften comparatively large quan- 
tities of hard water. Unlike synthetic zeolites and 
treated clays now in commercial use, many of these 
resins are not detrimentally affected by solutions of 
acids and alkalis. It had also been discovered that 
resins possessing acid-exchange properties can -be 
prepared from certain aromatic bases. By treating 
natural waters first with a base-exchange resin and 
then with an acid-exchange resin the salts in solution 
can be wholly removed. 


Taxation of Foreign Ships. 

In the course of his Presidential Address before the 
Chamber of Shipping of the United Kingdom, Sir 
Richard Holt pg that to safeguard British 
shipping interests foreign subsidised ships should be 
specially taxed. He said that it was disturbing to 
find that the total amount of tonnage registered in 
the United Kingdom in June, 1936, was actually less 
by nearly 2,000,000 tons than in June, 1914, and that 
foreign tonnage in the same period had increased 
from 28 to nearly 50 million tons. Obviously, he 
added, the shrinkage of the total amount of world 
trade could not account for that. The chief dangers 
threatening Imperial icati were foreign 
shipping subsidies, discriminations, and economic 
nationalism. Against such forms of competition, 
Sir Richard said, his own preference was for a policy 
of checking such use of foreign subsidised shipping 
in unison with the Empire. He considered that the 
matter should be thoroughly investigated at the 
Imperial Conference to be held during the coming 
summer. His personal suggestion was a scheme for 
special taxation for foreign subsidised ships, which 
would neutralise foreign subsidies, although it would 
involve a departure from this country’s established 
policy and would require careful consideration. In 
the same way it should be possible to find means of 
counteracting the unfair competition brought about 
by reserving the coasting trade for national vessels ; 
it would be quite reasonable to prevent the reserved 
coasting trade from being used as a means of support 
to the foreign trade by enacting that a ship which had 
run in a trade forbidden by law to British ships 
should be for ever incapable of entering at a port in 
the British Empire. 


The Chamber of Shipping Annual Report. 


THE sixtieth annual meeting of the Chamber of 
Shipping of the United Kingdom took place on 
Thursday, February 25th, in the Hall of the Leather- 
sellers’ Company, St. Helens-place, London. The 
annual report of the Chamber, which was presented 
to the members, states that the year 1936 was one of 
continued expansion in the home market and of 
progress towards recovery in world trade. For the 
shipping industry, the first half of the year was still 
one of depression, but the system of freight co-opera- 
tion, backed by the continued assistance of the 
Government, enabled the industry in the second half 
of the year to take full advantage of a rapid increase 
in demand for tonnage. The recovery in the second 
half of the year is attributed, the report states, to 





the reduction of surplus tonnage and the rationalisa- 
tion of tonnage in commission in the principal regu- 
lated tramp markets; to longer voyages, e.g., for 
grain from Argentina and Australia, at present the 
chief sources of supply for Europe; the delayed 
export of maize from Argentina, for which there was 
keen demand in Europe and the United States ; the 
European demand for wheat owing to poor harvests 
in Europe; a rapid expansion of demand for raw 
materials, such as ore in connection with rearma- 
ment ; a tendency to replenish stocks of foodstuffs 
and raw materials in view of the international political 
situation, and the natural call for increased raw 
materials arising from the expansion of manufactur- 
ing trades in the home market. In spite of the con- 
tinuance of trade restrictions and policies of economic 
nationalism, the demand of trade for tonnage per 
ton of shipping has increased. 


South-West Durham. 


Soutu-West DurHaM is in one of the Special 
Areas. Its main industry used to be coal mining, 
but the pits are now idle and the villages falling into 
decay. In July last, Sir Malcolm Stewart, Com- 
missioner for the Special Areas, asked Messrs 
Alexander Gibb and Partners to make an independent 
examination of the district and report to him. The 
examination was carried out by Mr. Hugh Beaver, 
and the report was sent to the Commissioner in 
November last, but has just seen the light. 
Whilst recognising the difficulties and, therefore, 
hesitating to pronounce a final j t, Mr. Beaver 
leaves no doubt in the mind of the reader that there 
is no industrial future for South-West Durham. 
‘* We are reluctant,” he says, “ to suggest that there 
is no remedy, but we are bound to confess that we 
are unable to see any means of securing the effective 
industrial development of South-West Durham. 
Although coal has been worked there for so many 
years, yet the county never became really indus- 
trialised, and it can but, in our opinion, revert to 
its original and real réle of agricultural land.” The 
description of this deserted land is pathetic. ‘“‘ Many 
of the villages have been left by the receding tide 
(of coal mining) in deserted stagnant backwaters. 
No traffic stream will ever come near them again. 
There is no hope or chance of any industry ever being 
established in their midst.... The people have 
never’ had any amenities, and but few services ; 
and now they have no prospects.” Sir Alexander 
Gibb and Partners recommend that these isolated 
villages be abandoned and demolished and the 
individuals be housed outside the district and in a 
few selected places within it, where better roads 
better services and amenities would i ve the 

of the people. It is noted that a few brick 
tile works are ishi ildi 


some measure the inevitable air of depression which 
hangs over the countryside the recommendation 
is made that derelict pit heads be removed and that 
dumps be planted. 


The Special Areas. 


Ly support of a Bill presented by the Government, 
a White Paper on the Special Areas was issued last 
Tuesday. The greater part of it is devoted to a 
recitation of the good that has been effected by the 
operation of the Special Areas Act, 1934, and of 
8.A.R.A.—Special Areas Reconstruction (Agree- 
ment) Act, 1936—and by other activities, notably 
the placing of rearmament orders in the 
areas and the location of munition factories in them. 
It is claimed that as the result of these activities un- 
employment has decreased by over 26 per cent. in 
the four areas. The Government now proposes 
(a) to continue in operation the Act of 1934 until 
March 3lst, 1939; (6) to extend the powers of the 
Commissioners ; and (c) to make new provisions as 
regards Special Areas and certain other areas to be 
certified by the Ministry of Labour. The resolution 
makes provision to facilitate the establishment of 
industry by authorising the Commissioners to let 
factories in the Special Areas. It also authorises the 
Commissioners to contribute for periods not exceed- 
ing five years, not only towards income tax and rates, 
but also towards the rent payable in respect of new 
industrial undertakings which may be established in 
places in the Special Areas approved by the Com- 
missioners. The amount of the contribution which 
the Commissioners will be able to offer under these 
pro’ will be at their discretion, and they ‘will 
thus be enabled to vary the inducements according 
to the necessities of the particular places to which 
they desire to attract industry. In addition to these 
provisions, the Government has considered recom- 
mendations made by the present Commissioners and 
their industrial advisers that there is room for further 
measures to assist the establishment of new indus- 
tries. The additional measure which the Government 


proposes, and which is authorised by the resolution 
to be applicable both to the Special Areas and the 
certified areas, consists of the provision of a sum not 
exceeding £2,000,000 in the aggregate, which will be 
voted from time to time as necessary by Parliament, 
and which will be administered by the Treasury and 
available for loans to new undertakings on their 
establishment in the areas in question. In the 
certified areas the loans will only be available to 
undertakings which establish themselves in factories 
provided by the companies referred to. 
Rebuilding the Menai Bridge. 

On Wednesday of last week. February 24th, Mr. 
Hore-Belisha, the Minister of Transport, announced 
in the House of Commons that he proposed to recon- 
struct the Menai Bridge. The reconstruction, while 
retaining the essential features of Telford’s original 
design, would enable all types of modern road traffic 
to use the bridge. At present the limit of weight is 
44 tons. The bridge, which was first opened in 1826, 
was damaged last year ina gale. Although the repair 
work undertaken only necessitated closing the bridge 
for fourteen hours, an investigation was asked for, 


. | and the Minister of Transport instructed Sir Alexander 


Gibb and Partners to report on the condition of the 
bridge and on the possibilities of rendering it fit for 
modern traffic. At present the bridge is suspended 
from sixteen chains, each about 800ft. long. Pedes- 
trians are compelled to make use of the carriageway, 
and the danger of this proceeding is heightened by 
the arches which obstruct drivers’ vision. The 
new design will not disturb the existing masonry to 
any great extent, but a smaller number of suspension 
chains will be provided, and footpaths will be built 
on either side, outside the suspenders. The towers 
will be slightly altered, and the archways enlarged 
somewhat. The estimated cost of the undertaking is 
given as £228,000. 


Waterloo Bridge. 


Tue report of the Highways Committee of the 
London County Council on the new Waterloo Bridge 
states that the design was approved in general in 
October, 1934. Since then further consideration has 
been given to details, which have now been settled. 
Only the questions of lighting the bridge, the width 
of carriageway and footpaths, and the provision of 
a central strip remain to be decided, and will be the. 
subject of discussion with the Ministry of Transport. 
The approved design consists of five spans, each 
about 238ft. long, replacing the 120ft. spans of the 
old bridge. The first and last piers will be placed 
out in the river, leaving both banks clear for embank- 
ments. Wide'spans and shallow arches will produce 
a light and graceful appearance. Each span will be 
made up of twin arches side by side with a flat 
soffit or ceiling between them, 33ft. wide. A lighter 
effect under the bridge will thus be produced and a 
clear view from bank to bank will be given. Up to 
just above high water mark the piers will be faced 
with granite. Above this a Portland stone facing 
will be used. The arches and soffit will be of rein- 
forced concrete, the surface of which fri ys Dros id 
to expose the aggregate. The span of the arches 
forming the outer faces of the bridge will be faced 
with Portland stone, and a moulded cornice and 
parapet of the same material will be provided. Lamp 
standards and balustrading above the parapet will 
be of white bronze. The report was received by the 
Council after a spirited debate on the question of the 
number of traffic lanes to be provided and the 
question of a central strip. 


American Steel Strike Averted.: 


Late on Monday last the United States Steel 
Corporation, through one of its subsidiaries, the 
Carnegie Illinois Steel Company, entered into negotia- 
tions with the Steel Workers’ Organisation Com- 
mittee, thus acknowledging the right of an outside 
union to intervene in its affairs. It is understood 
that the purpose is to reach a settlement on wages 
and working conditions and so avert the huge steel 
strike which was hanging over America, which would 
have involved something like half a million persons 
and which would have hopelessly increased the 
existing shortage of steel. At the same time, a group 
of steel. companies—the ‘‘ independents ”—decided 
to adopt a forty-hour week with wage increases. 
The Times New York correspondent remarks : 
‘These ‘independent *’ companies, which ordinarily 
supply the bulk of the Government’s naval steel 
requirements,’ have thus brought themselves within 
the provisions of the Walsh-Healey Act governing 
Government purchases, and the Government ought 
now to have no difi.culty in getting the 25,000,000 
tons of steel it needs.” It is expected that the total 
increase of the annual wages bill of the steel industry 
will now reach something like £20,000,000, and an 
announcement of increases in prices to meet it is 





daily expected. 
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The Principles and Practice of 
Automatic Control. 


No. VII. 
(Continued from page 237, February 26th.) 


THe SPeRRY GyYRO-PILOT; GENERAL DBTAILS. 

DIAGRAM illustrating the actual general 
tA arrangement of the Sperry gyro-pilot is given 
in Fig. 15. The element of the system corresponding 
to the detector shown in Fig. 13 ante is a repeater 
motor A which relays, on a magnified scale, the move- 
ment indicated by the master gyroscopic compass. 
It may be noted that in ships fitted with gyroscopic 
compasses it is usual to arrange the master compass 
at some convenient point well down in the hull near 
the centre of gravity where pitching and rolling are 
least felt. From the master compass readings are 
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Fic. 15—DIAGRAM OF SPERRY GYRO- PILOT 


relayed to repeater compasses on the bridge and else- 
where. The motor A is part of the repeater compass 
installed on the bridge. 

The connection between the master and a repeater 
compass is shown in Fig. 16. The master compass 
has associated with it a transmitter consisting of a 
ring of twelve electrical contacts and a bent rotating 
contact arm, which is geared in high ratio to the master 
compass. The disposition of the contacts and the 
bend in the contact arm are such that as the card 





of the master compass turns, relatively to the binnacle, 


mitter contacts in the manner shown. The arrange- 
ment, as will readily be perceived, is such that as the 
contact arm of the transmitter rotates the coils are 
energised successively in pairs with intermediate 
periods during which two pairs of coils are simul- 
taneously energised. As a result the armature of the 
repeater motor sets itself successively in line with 
each pair of coils with intermediate settings half way 
between two pairs. In this way the armature makes 
a complete revolution in twelve steps. The gear 
ratio between the master compass and the transmitter 
is such that each step of the armature corresponds to 
a movement of the master compass card through 
10 min. of are. Gears of equal ratio connect the 
























gear to a lost motion device B. This device, the 
equivalent of the lost motion between the detector 
and the servo-motor valve in Fig. 13, consists in 
principle of a driving and a driven plate engaged 
through the agency of a cone on the one and a conical 
hole in the other. Variation in the gap between the 
plates varies the amount of lost motion from zero 
upwards. The differential gear is provided in order 
that a small steering wheel H-—see also. Fig. 17— 

















Fic. 17—“SINGLE UNIT’ GYRO - PILOT 


may when desired be brought into action for the 
manual correction or alteration of the course. When 
this wheel is pulled out, that is when it is in the 
position shown, the equipment is set for automatic 
steering with the wheel constantly available for 
adjusting or altering the course. When H is pushed 
in the repeater motor is locked and the ship may be 
steered manually. 

Corresponding to the servo-motor valve of Fig. 13 

















Fic. 18—“Two UNIT’ 


armature with the card of the repeater compass with 
the result that the two cards move in unison except 
for the fact that the continuity of the movement of 
the master compass card is replaced at the repeater 
compass by an interrupted movement consisting of 
@ succession of very small steps. For naval purposes 
an alternative arrangement can be adopted whereby 
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Fic. 16—-MASTER GYRO-COMPASS AND REPEATER 


the arm engages for an interval with a pair of contacts, 
such as 1, J], and later for another interval with a 
second pair, such as 2, 2. There is however an inter- 
mediate interval during which the arm engages one 
contact of the first pair and one contact of the second 
pair, such as 1, 2. The repeater motor has three 
pairs of field coils which are connected to the trans- 





the response of the repeater compass card is made 
continuous to a very close degree. 

The repeater motor A, Fig. 15, presents in this 
manner a magnified indication of the ship’s depar- 
ture, 6, from the set course detected by the gyro- 
scopic compass. The. movement initiated by the 


GYRO - PILOT 


there is an arm C mounted to rotate round a centre 
and carrying a contact roller. Similarly, correspond- 
ing to the servo-motor valve easing there is a contact 
ring D consisting of two portions separated by insu- 
lating segments. As the arm moves its roller on to 
one or other of these portions, so a motor E is started 
to rotate in a corresponding direction. This motor, 
as shown in Fig. 17, is connected by chain and sprocket 
drive and a clutch with the main manual steering 
wheel with the result that it is caused to defleet the 
rudder through the agency of the normal mechanical 
or hydraulic transmission between the bridge and 
the steering engine. 

Since the rotary movement of the main steering 
wheel is a measure of the deflection of the rudder, 
the ‘“‘ follow-up” movement, shown in Fig. 13 as 
being derived from the tiller, can be taken from the 
main steering wheel. This follow-up movement is 
applied to the ring D, and is such that when the arm C 
turns, the ring is caused to set off in pursuit of the 
arm. When the insulated segment overtakes the 
roller the motor E will stop and the rudder will come 
to rest at a deflection corresponding to the signal 
transmitted from the compass to the arm C. 

The follow-up linkage between the main steering 
wheel and the ring D includes an adjustable lost 
motion device F similar to that at B. This device 
fulfils the function of the lost motion shown in the 
follow-up link in Fig. 13. 

The same linkage includes a lever or gear system G 
by which the ratio between the movement of the ring 
D and the deflection of the rudder—or the movement 





repeater motor.is transmitted through a. differential 


of the main steering wheel—can be varied. The 
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action of and the necessity for this device will be best 
perceived if both lost motions B and F be regarded 
as set to zero, The rudder deflection in these eir- 
cumstances will be strictly proportional to the depar- 
ture of the ship from its set course, or in symbols, 
@=P’). The rudder moment will be proportional 
to the deflection » and also to the forward speed of 
the ship, the depth of immersion of the rudder and 
other factors which may vary. Hence for any given 
condition of the ship as regards speed, trim, &c., we 
have R=P’o or R=P 9. In order that it should be 
possible to exercise the same degree of control over 
the ship under different conditions of speed and trim 
it is clearly necessary that some means of varying the 
proportional constant P should be provided. For 
instance if a given departure § of the ship from the 
set course is to result in the application to the hull 
of a given moment. R when the forward speed of the 
ship is high and also when it is low, then the deflec- 





tion of the rudder produced by 9 when the speed is 
low must be greater than the deflection produced by | 
the same departure when the speed is high. A short | 
study of Fig. 13, assuming the lost motions suppressed, 

will show that the deflection of the rudder produced | 
by a given movement of the servo-motor valve is | 
determined by the leverage ratio between the rudder 
and the valve casing. 

The arrangement of parts which we have described | 
above is known as the “ single unit ” system because | 
the whole of the equipment can be arranged within a | 
single pedestal, Fig. 17, mounted on the bridge. This 
pedestal is connected by chain and sprocket drive to 
the main manual steering wheel beyond which the 
transmission to the rudder is effected by means of the 
normal mechanical or hydraulic system provided in 
connection with the manual steering equipment. The 
single unit system is therefore particularly adapted | 
for application in an existing ship fitted with manual 
steering equipment. If the clutch associated with 
the chain and sprocket drive is slipped immediate 
reversion from automatic to ordinary manual steering 
can be effected. An alternative form of manual 
steering can be adopted by leaving the clutch in 
engagement and pushing in the small steering wheel H. 
This action, as we have already noted, interrupts the 
automatie control by locking the repeater motor but 
it leaves the quartermaster free to move the arm C 
manually from the wheel H. The exertion of steering 
by means of the large main wheel is then replaced by 
applying the motor E to do the work under the control 
of the small wheel H. 

An alternative “ two-unit ”’ system is recommended 
for installation in a ship designed from the outset to 
utilise automatic steering. This arrangement, illus- 
trated in Fig. 18, consists of a control unit mounted 
on the bridge and a power unit arranged adjacent 
to the steering. engine... The connections between the 
two units are entirely electrical and are wholly inde- 
pendent of the mechanical or hydraulic connection 
of any manual steering equipment which may be 
additionally installed. The control unit carries a 
repeater compass and a small steering wheel and con- 
tains the two lost motion devices, the follow-up ring 
and the ratio adjuster G, Fig. 15. The power unit 
consists of the steering motor and reduction gearing 
which moves a rack connected to the steering engine 
control. It also includes a transmitter whereby the 
deflection of the rudder is signalled back electrically 
to the control unit for the purpose of operating the 
follow-up contact ring D, Fig. 15. A lever on the side 
of the control unit has three positions, “gyro,” 
“hand,” and “ off.” When it is set to “gyro ” the 
steering is automatic and when it is at “ off” the 
automatic system is entirely cut out, leaving the 
steering to be performed by means of whatever normal 
arrangement of manual steering may be additionally 
provided. When the lever is set to ‘“‘hand” the 
repeater motor is locked thereby cutting out the auto- 
matic control. The remainder of the equipment 
however is left effective so that it is possible to steer 
the ship manually from the small pedestal wheel H 
through the agency of the electrical transmission 
provided for the automatic control. Since the two 
sources of lost motion would serve no useful purpose 
under this form of manual steering they are arranged 
to be rendered ineffective automatically when the 
lever is set to “‘ hand.” 

A third form of the Sperry system is the “ triple 
steerer ’’ illustrated in Fig. 19. This arrangement is 
substantially a combination of -the single-unit and 
two-unit systems and finds application in certain 
cases in which it is essential to combine within the 
least space automatic steering with direct manual 
control for use in emergency. The bridge unit in this 
case carries the small and the large steering wheels 
on a common axis. A clutch is provided whereby the 
large wheel can be brought into action for manual 
steering should the automatic control accidentally or 
intentionally be rendered non-efiective. When manual 
steering by means of the large wheel is in use the 
transmission from the bridge unit to the. rudder is 
effected by a mechanical connection. When auto- 
matic steering or when manual ing from the 
small wheel is in use the transmission from the bridge 
unit to the electric ing motor is effected elec- 


trically, the relay of the rudder deflection back to the 
bridge unit being made through the mechanical con- 
nection employed for manual steering by means of 
the large wheel. The electric steering motor operates 
a drum round which are passed cables connected to 





the rudder. This same drum is made use of to move | automatically operated to free the motor from the 
the rudder when manual steering by means of the| drum. With this form of equipment the rudder may 
large wheel is being used. In such circumstances the | be operated automatically, by hand from the small 
electric motor constitutes a drag on the rudder drive. | steering wheel with electric transmission and by hand 




















Fic. 19—SPERRY 


It is therefore arranged that when the control lever 
on the bridge unit is set to change the steering to the 
large wheel a magnetic clutch on the electric motor is 
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from the large steering wheel with purely mechanical! 
transmission. 
(To be continued.) 








Main Line Railway Electrification. 


cmaes soe 


HREE articles which appeared under the above 
caption in THe ENGINEER during July, 1936, 
resulted in an extended correspondence, much of it 
highly informative, which appeared in these columns 
until a few weeks ago. 

It had been the primary object of the writer of the 
three articles to place on record the facts and figures, 
including cost data, to the extent that they were 
available, appertaining to the present status of main 
line electrification in other countries, and care was 
taken not to draw conclusions from the information 
set out in the articles other than those with which 
every reader could readily agree. In evidence that 
the original articles may be claimed as free from any 
anti-electrification bias, one may point out that none 
of the letters published have drawn attention to error 
of fact in them, and the first letter relative to them 
stated that they constituted ‘‘ an excellent impartial 
review of this important subject,”’ adding, however, 
that the “‘ contributor in a brief reference to electric 
traction on suburban lines is a little too sweeping in 
assuming its unquestioned superiority over steam in 
this field.” In actual practice the articles only pur- 
ported to deal with main line electric traction, 
though much of the correspondence has related to 
suburban electrification. 

Excepting one letter, which drew attention to the 


dangers of an electrified railway network in that | po 


section of England most liable to attack in time of 
war, practically all the letters contributed to THE 
ENGINEER have discussed the financial or operating 
advantages and disadvantages of electric traction ; 
unfortunately many of them have quoted examples 
from suburban rather than main line working, but 
perhaps that is natural in view of the absence of any 
main line electrified section of line in Great Britain, 
apart from the London-Brighton line, which, being 
operated by multiple unit electric trains, must be 
regarded primarily as outer suburban in nature. 

In general, the correspondence may be divided into 
two parts, those letters claiming outstanding advan- 
tages of electric traction, for which the case has been 
put forward ably by Mr. K. H. Johnston, whose argu- 
ments ‘have been backed up by “Selec ’’ and Mr. 
Charles Rettie-;; the other part consists of those 
letters pointing to the comparative disadvantages of 
electric traction, the case for which has been stated 
with conciseness by Mr. B. Richardson, backed by 
Mr. J. E. B. Sams, Mr. G. A. Sekon, and others. In 
summing up the various arguments which have been 
included in the correspondenee, it has been considered 
best to summarise first those arguments in favour of 





electric traction; later are summarised the dis- 


advantages. 
ADVANTAGES OF ELECTRIC TRACTION. 


Mr. Johnston drew attention to the essentially 
suburban nature of British railway services, with . 
densely populated areas, linked by comparatively 
short mileages carrying lighter traffic. Suggesting 
that traffic be concentrated on certain trunk lines 
so as to make the load sufficiently heavy to warrant 
electrification, the recommendations of a recent report 
of the Federal Power Commission, Washington, were 
quoted as advocating the electrification of lines with 
comparatively light traffic—for instance, Avery to 
Othello. Reference is also made to the 154 per cent. 
return on the additional outlay which is expected to 
be derived from the electrification of the London 
and North-Eastern Railway’s mainline between 
Sheffield and Manchester, and in reply to the doubts 
expressed concerning this figure, Mr. Johnston states : 
“It might pertinently be asked whether questions of 
finance are ever approached in a wholly rational 
spirit." One may legitimately express the opinion 
that electrification involving the expenditure of many 
millions certainly ought not to be undertaken unless 
approached in a wholly rational and realistic spirit. 
To complain now that unnecessary millions were 
ured out in the duplication of routes, say, from 
Hellifield to Carlisle, is entirely beside the point ; 
it is a matter of history, and those at present in charge 
of railway policy must make the best of what exists. 
There is no known example of a line being electrified 
and thereby enabling a parallel main line to be closed. 
Many considered that the grouping of our railway 
systems would permit of the closing of certain alterna- 
tive routes, but such has not been the case. In 
reality, our railway builders were wiser than many 
give them credit for, and chose those locations likely 
to develop the trade routes. 

References to the calculations contained in the Weir 
Report published as long ago as 1931 would not 
appear to be very helpful in 1937. Much progress 
has. been made in the design of electric and steam 
locomotives during the intervening period, and the 
balance of comparative costs may have changed 
materially. Similarly, to point to the excellent 
passenger traffic increases attained by the Southern 
Railway throws comparatively little light on the 
economic advantages or otherwise of main line elec- 
trification on a scale envisaged by those who signed 
the. Weir Report. In. a later letter .Mr. Johnston 
contrasts the: operating costs per train mile-of steam 
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and electric services of the Southern Railway, stating 
that the former averaged 24-77d. and the latter only 
11-06d., and also draws attention to those advan- 
tages, immeasurable in monetary values, which are 
derived by a community through the absence of steam 
and smoke. He concludes with a plea for large-scale 
expenditure on electrification, but stresses particularly 
its advantages in connection with suburban working. 

Several letters from Mr. Charles Rettie, one of 
which arrived after the correspondence was closed, 
pointed out the technical advantages of electric 
traction, such as the alternative of five steam loco- 
motives in the Rockies or the use of two electric 
tractors, the haulage electrically of 16,000-ton 
trains on the Virginian Railroad, and the possibility 
of profitable conversion to electric traction in the 
Blackpool area. The same correspondent makes an 
excellent point when he states that railway electrifica 
tion is now nearly half a century old, and Mr. Sprague, 
one of the pioneers of electric traction, stated that it 
would take fifty years to electrify the suburban rail- 
ways. Many contributors favouring electric traction 
gave the impression that electric traction was com- 
paratively new, but the Baltimore and Ohio Railroad 
converted one section of its main line in 1895. 

A contributor over the signature “ Selec ” replied 
to certain criticisms which had been made of seating 
capacity per hour on the Southern Railway’s electrified 
suburban lines, and denied that the density of elec- 
tric services had seriously interfered with freight train 
traffic in the London area. 


DISADVANTAGES or Enectric TRACTION. 


The series of letters contributed by Mr. B. Richard- 
son developed a number of most interesting points, 
reflecting a detailed knowledge of the economics of 
electric traction. Stressing the fact that up to the 
present electric traction on the home railways, 
excluding the Newport-Shildon service now defunct, 
has been confined to passenger services, this con- 
tributor does not agree that these can be run through- 
out the country on a suburban basis. There can be 
no question but that the operation of close interval 
suburban services has interfered with the movement 
of freight traffic between north and south London, 
since freight trains can only be operated at the off-peak 
hours. But it is partly the triplication of services 
made possible with electric traction that has served 
to increase the receipts so much. When com- 
paring Southern Railway freight traffic receipts over 
the last ten years, the development of the Kent coal- 
field should be taken into account. 

Mr. Richardson claims that suburban electrification 
in East Lancashire and West Riding would definitely 
interfere with freight train working, this view being 
based on experience derived in the Newcastle area, 
while the increase in gross er receipts on the 
Southern Railway in 1936, in spite of the extension of 
electric traction to Hastings, &c., was not out of line 
with the passenger gross increases on the other rail- 
ways. Pointing to the success of Garratt locomo- 
tives in South Africa, when compared on a cost basis 
with electric tractors, this correspondent emphasises 
the need for great care before millions of additional 
capital are expended in changing the system of 
traction, and, with reference to the Blackpool traffic, 
joins issue with Mr. Rettie, since he states that the 
time involved in ¢ from steam to electric and 
vice versd, at the limits of the electrified zone would 
offset any other operating advantages. Further 
correspondence developed the fact that on the 
Pennsylvania the changeover time at Manhattan 
Transfer and elsewhere required 6 min. It is the 
elimination of such changeover delays that has been 
one of the main incentives to the Pennsylvania in 
determining to continue main line electrification 
from Paoli, the present transfer point, to Harris- 
burg. This decision was announced on January 27th 
last, and it is to cost over £10,000,000; 315 route 
miles and 773 track miles are involved. An adequate 
track lay-out must be available for such change- 
overs, and it is doubtful if the London, Midland and 
Scottish could provide such facilities at Preston or 
elsewhere without heavy capital expenditure. This 
question is of immense importance because it demon- 
strates the difficulty of circumscribing the area of 
any change of power, at any rate with fixed electric 
track equipment, if full use is to be obtained from 
locomotive units. It explains in part the necessity 
for the ever-extending electrified network on the 
Southern Railway, taking into consideration the 
interchange of stock working. 

Mr. Richardson proceeds to show that where services 
have been extensively improved, passenger receipts 
increase, irrespective of the form of traction, in proof 
of which he reproduced figures relating to Sidcup, &c. 
He might have quoted the example of the Clacton 
and Felixstowe branches, now being widened, because 
the London and North-Eastern Railway reports a 
doubling of passengers carried during recent years, 
though in this case there has been little change in the 
regular train services, and cheap fares appear to have 
caused the increase, a characteristic which applies, 
incidentally, on a daily basis to all the Southern 
Railway’s electrified suburban area. Quoting the 
informative paper by Mr. E. C. Cox, recently delivered 
to the Institute of Transport, the same co: ndent 





draws attention to the statement that the return on 
capital of 8$ per cent. makes no allowance for such 
improvements as the installation of automatic colour 





light signalling, the fly-over at Wimbledon, station 
lay-out reconstruction and other improvements, 
which alone make a dense electric service possible. 
To those unbiassed in regard to traction methods, 
it would appear that a return on investment calcu- 
lated on this basis may serve to give an inaccurate 
picture, and may be regarded as an even better 
return on the signalling and other improvements than 
on the form of traction. 

The authoritative writer, Mr. G. A. Sekon, in an 
important letter, which unfortunately arrived too late 
for publication, goes into considerable detail on this 
same point, drawing attention to the disadvantages 
as well as the advantages of automatic signalling, 
and the use of multiple unit trains which cannot 
carry milk vans, horse boxes, &c., for which additional 
trains have to be run. One may interpose the point 
that these arguments apply rather to the particular 
form of electric traction adopted, than to main line 
electrification as such, usually undertaken on the 
overhead system with electric locomotives. 

Tackling the question of heavy train loads in the 
United States, Mr. Richardson directs attention to 
the peculiar operating features of the Virginian Rail- 
road, where incidentally steam locomotives haul 
trains of 12,000 tons under normal working conditions. 
Similarly, it is doubtful if the five steam locomotives 
being replaced by two electric tractors in the Rockies 
reflects modern conditions. Steam locomotive design 
has improved immensely during the last fifteen years, 
and the Great Northern with its ultra-modern power 
is handling long trains single-headed over very heavy 
gradients, though its Cascade Tunnel is electrified. 
In his final letter to Taz Encrvger, Mr. Richardson 
points out that with electric traction much of the 
total cost of train operation is indirect, whereas with 
steam traction it is mainly direct, and he claims that 
Mr. Johnston’s Southern Railway figures of 11-06d. 
and 24-77d. per train mile for electric and steam trac- 
tion respectively, when so adjusted, should become, 
on the basis of total costs, 31-6d. and 27-5d. respec- 
tively. Such calculations are rather academic as 
the whole of the freight traffic is still operated by 
steam and most of the main line trains. 





ConcCLUSION. 


It will be seen that much of the correspondence 
revolves around the question of suburban rather than 
main line services, with frequent reference to the 
results obtained with multiple unit working on the 
Southern Railway. It is submitted that this par- 





ticular case is unique in nature, and does not assist 
very much in a consideration of main line electrifica- 
tion on a wholesale scale for Great Britain. A remark- 
able feature of the correspondence was the complete 
lack of any strong case for the adoption of complete 
main line e tion. 

Since various references have been made to 
Southern Railway financial results published with 
regard to electrification, it is pertinent to point out 
that, as developed by this correspondence, the method 
of calculation of return on investment does not seem 
to be very convincing. Official statements relate 
almost wholly to the increase in gross passenger 
receipts in the electrified area, yet the whole of the 
metropolitan region comes within this definition. 
Practically no mention was made of increased 
operating costs, such as additional rail wear, the 
necessity of maintenance at night when overtime rates 
have to be paid, and when the current is cut off, and 
other relevant features. 

That the adoption of third rail electric traction for 
main line working has yet to be proved satisfactory 
cannot be denied. The recent agitation against its 
adoption in West Sussex would seem to prove that 
it is unpopular with many, but of more importance 
is the fact that the Southern electrified main line 
to Brighton is the only one in Great Britain whereon 
speeds have not been increased. When Reading, 
36 miles, is frequently reached in 34 min. from 
Paddington, and when Peterborough, 76} miles from 
London, is passed in 76 min. from King’s Cross, 
with loads of over 500 tons behind the tender, 
it would seem that electric traction, if it increases 
the power available, should bring Brighton, 50 miles, 
within 45 min. of London by the “ Brighton Belle.” 
It is also remarkable that where traffic is so dense, 
no trains longer than twelve coaches should be 
regularly run. 

That suburban electrification will extend, cannot 
be doubted ; but whether it will be productive of 
greater net revenue than would result from the alter- 
native of a scientifically designed and modernised 
steam service may be open to doubt. It may be 
mentioned in conclusion that reference to the rt 
of the Federal Power Commission is a double-edged 
weapon, because none of the American railways con- 
cerned were asked their views, and the report is. 
frankly, one prepared by those responsible for power 
development, and actually states that the financial 
results to the railways of the suggested programmes 
were not carefully assessed. 
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(Continued from page 241, February 26th.) 


SUPERIMPOSED WAVES OF DIFFERENT FREQUENCIES. 


IG. 10 shows two sine waves such that the one 
having the smaller amplitude executes six com- 
plete cycles, while the wave having the larger ampli- 
tude passes through seven cycles. This is in about the 
same frequency ratio as the detonation waves and 
the indicator e waves which are superimposed 
in Fig. 9. In the actual indicator diagram the com- 
bination of these effects is complicated by damping. 

If the detonation effect is small in amplitude and 
the passage effect (at the higher frequency) larger, 
as in the example selected, the passage frequency 
will be predominant in the combined effect. This 
is shown in Fig. 11, which was obtained by adding 
the amplitudes algebraically. It will be seen that 
there are still seven maxima occurring at approxi- 
mately the same time as the seven peaks of the original 
larger wave, but that the smaller wave has either 
increased or decreased the amplitude at the peak 
points, depending on whether its beat opposes or 
assists the larger waves. If the envelope of the com- 
bined wave form is drawn, the height at d is equal 
to twice the amplitude of the smaller wave, and if this 
distance is deducted from the maximum height of the 
combined wave the amplitude of the original larger 
wave is obtained. 

Fig. 12 shows the effect if the two waves are of 
equal amplitude. Fig. 13 shows the effect if the seven- 
cycle wave’is half the amplitude of the six-cycle 
wave. In this example the six cycles are predominant 
and only six peaks show on each section of the 
combined 

In every case the frequency of the low-frequency 
wave formed by the envelope is equal to the difference 
between the two high frequencies which are com- 
bined. 

Reference may now be made again to Fig. 9 (ante), 
and it will be seen that beat effects show very clearly in 
the later part of the diagram where the detonation 
effects are dying out; the sum of the beat fre- 
quency and the detonation frequency (the dominant 
frequency ) being very close to that of a wave obtained 
from a diagram taken from a smooth-running engine 
where only passage effects were likely to occur with 
any magnitude. In addition to the effects of passage 





frequency it is also noticeable that, even when a 
correction is made for passage effects, the amplitude 
of the detonation wave is much larger than that 
obtained from the no-passage unit shown in Fig. 8. 


Desien oF INDICATOR PASSAGE. 


Many attempts, by both brute force and more 
justifiable methods, were made to produce an indi- 
cator passage which would overcome the difficulties 
observed with the early design, but only two of these 
will be described. The first really promising arrange- 
ment was the use of a passage consisting of a hole 
about in. diameter for half the passage length, 
followed by a hole only jin. diameter at the air 
cell end. This almost eliminated the passage fre- 
quencies, but still left an over-amplified detonation 
wave. 

Consideration of this suggested that the large area- 
ratio between the small orifice and the air cell, by 
analogy with the gramophone sound-box theory, 
might by its ‘ transformer ” effect, combined with 
any concentrating effect due to the passage acting 
as a horn, be exaggerating the upper frequencies. 
The number of holes at the diaphragm end was there- 
fore increased and their diameter enlarged to reduce 
the area-ratio. The im t was most marked, 
and it was found that the general shape of the dia- 
grams was quite unaffected whether the single jin. 
or five jin. holes were adopted, but the latter 
arrangement practically eliminated any transformer 
action at the hiagiseagth as regards the detonation 
frequencies. 

Unfortunately, this design tended to overheat the 
diaphragm, and while it would have been just prac- 
ticable in a high-duty engine, it was decided to 
attempt further improvements. 


DAMPING IN INDICATOR Pash: 


An important effect which should be considered 
is the question of damping or the resistance to the flow 
of gas along the passage. It is well known that a 
closed tube constitutes a simple resonant system, 
and that the amplitude of the displacement when a 
periodie force is applied to it becomes abnormally 
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great when the frequency of the periodic force 
approaches the natural frequency of the system. 

If the damping or dissipation of energy in friction 
is very small, the increase in amplitude at resonance 
is very great. It is therefore desirable to introduce 
a certain amount of damping in order to avoid this 
effect. If there is too much damping or resistance to 
flow of the gas in the passage, there will clearly be a 
throttling effect, and the pressure on the diaphragm 
will not reach the full pressure in the cylinder in the 
time available. This. corresponds to an excessive 
degree of damping-and-these effects are illustrated in 
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Fig. 15, which shows the departure from perfect 
accuracy (represented by an ordinate 1-0) plotted 
against the frequency of the applied pressure-cycle 
for various degrees of damping (expressed as a dissi- 
pation factor D=R/2 xf, L, well known in electrical 
theory). These curves are drawn for a resonant fre- 
quency of 5000 per second. 

It is, of course, extremely important that there 
shall be no measurable throttling effect in the passage 
which would affect the general shape of the indicated 
pressure, but a calculation of the amount of viscous 
damping which is introduced by the use of a single 
passage as small as jin. in diameter (or ‘/,,in. for 
that matter), shows that it is much too small even 





to be useful in reducing the effects of resonance. 
Its effect on the low-frequency components which 
form the of the indicator diagram is 
quite negligible. All this discussion, of course, pre- 
supposes that the air chamber in front of the 
diaphragm is properly designed to correspond with 
the sectional area of the passage. 

This conclusion is confirmed in practice by the 
comparison between a single 4in. hole and five holes 


of in. diameter, which showed, as mentioned | speed 


above, no difference at all on the pressure diagrams, 
and these, in turn, did not differ from that obtained 
with a no passage unit. Another confirmation is 
to be had in the behaviour of indictor units running 
on “ dirty ”’ engines, in which case it has repeatedly 
been found that the passage can become almost 
completely choked with carbon before any effect 
is visible on the pressure diagram. 

A glance at the curves in Fig. 15 shows at once why. 


damping without making any measurable difference 
to the behaviour at the lower frequencies. When 
it is considered that the pressure cycle of a four-stroke 
engine running at 3000 r.p.m. has a fundamental 
frequency of only 25 cycles per second, it is clear that 
the 10th or even the 20th harmonic (250 or 500 cycles 
per second) will be such a small fraction of the 
resonant frequency of the passage that they will be 
practically unaffected by any reasonable changes in 
the degree of damping. 

These arguments showed that it would be quite 
safe to introduce two or more sharp changes in direc- 
tion to the flow of gas in the passage. These, at 
the same time as introducing a small degree of damp- 
ing, would greatly improve the rate of heat exchange 
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| between the hot gas and the walls, thereby keeping 
the diaphragm cool. There is also a suggestion 
| that this also prevents the spontaneous generation 
| of oscillation in the passage itself in certain circum- 
| stances, 

FinaL DEsIGn. 

This led to the final design, which consisted of five 
(yin. diameter holes drilled half-way towards the 
diaphragm from the cylinder (a length of jjin.) into 
a small air cell 15/1000in. deep and jin. diameter. 
From this air cell fifteen j,in. holes were drilled into 
a 5/1000in. deep air cell under the diaphragm. These 
smaller holes were in a loose insert so machined that 
when assembled they did not come in line with any 
of the ,in. diameter holes, any communication 
being across the central air cell. 

In this way good cooling was obtained by breaking 
up any hot core of gas travelling down the centre of 
any hole and also by obtaining much better heat 
exchange between the gas and the walls by the tur- 
bulence produced at the sudden changes of direction 
at the central air cell. These changes of direction 
also introduce the required degree of damping to 
the gas, which otherwise tends to oscillate at the 
natural frequency of the e. 

This design is shown in Fig. 140, and is entirely 
satisiactory. It will operate for very long periods 
on petrol engines without any cl , and has been 
operated in the C.F.R, Diesel fuel testing engine 
for eight hours’ continuous running without becoming 
choked, and it is known that this type of engine is 
very “dirty ” in the air cell. The insert can be 
cleaned easily when this becomes necessary. It 
very effectively prevents the diaphragm from becom- 
ing overheated under the worst possible conditions. 

A detonation diagram taken with this passage is 
shown in Fig. 16, and corresponds almost exactly 





with diagrams taken with the unit having no 
passage at all. 
Lone IypicaTor PassaGEs. 


The same principle has been successfully applied 
to the long passage so often unavoidable in slow- 
e es. In one such.example the engine 
(Diesel type) was running at speeds between 100 
and 275 r.p.m., and the indicator passage arranged 
by the engine builder was nearly 7in. long and fin. 
diameter, in a jin. Whitworth tapped 
hole. The rate-of-change of pressure diagram was, 
as might be expected, useless beyond the point at 
which combustion commenced. 

The pressure diagram given by the electro- 


the carbon pile unit referred to later, but it had 
@ pronounced ripple for 30 deg. to 40 deg. from the 
beginning of combustion, the amplitude of the ripple 
reaching about 3 per cent. of the total height of the 
diagram, and the rate-of-change diagram showed a 
confused ripple of very large amplitude. A fitting was 
then made which consisted of a $in. diameter rod 
enlarged at the outer end to screw into the jin. 
Whitworth thread and terminating at the inner end 
or cylinder surface so as to fill the jin. indicator 
hole. The outer end was tapped to take the indicat- 
ing unit. Two flats were filed at opposite sides of 
the cylinder end of this rod for about 2in. of its 
length, and a groove was turned in the rod where 
the flats terminated. Two more flats were then 
filed from this groove for about lin. of rod length, 
and arranged on the diameter at right angles to the 
first. pair of flats. A second groove was turned 
beyond the second pair of flats and this alternation 
of flats and grooves was continued throughout the 
length of the rod, and the last groove was drilled 
from one side to the other with a in. diameter 
hole, a central hole being drilled from the outer end 
to meet the transverse hole and to make the final 
connection to the indicating unit. The areas of the 
pairs of flats were reduced progressively from the 
cylinder end to the indicating unit end and the 
cross-sectional area of each groove was made equal 
to the area of one of the two flats preceding it. 

This arrangement gives a passage of progressively 
reduced area with a break in the direction of flow 
at each groove, but without expansion chambers. 
The effective length of the passage is a little increased. 
by the tortuous path, but not to an important extent 
compared with the length of the original passage. 

The resulting pressure diagram was completely 
free from ripples, and the rate-of-change diagram 
showed a clearly defined ripple at a frequency of 
about 1750 cycles per second, which agrees with the 
expected frequency of the waves set up in the cylinder 
itself. This ripple on the rate-of-change diagram was 
only about one-fifth of the amplitude of that given 
by the ordinary passage, and consisted of a single 
frequency instead of being so confused as to be 
impossible to analyse. 

The actual design used for these tests could no 
doubt be improved, but was quite adequate for 
normal work. No doubt with further experience 
with long passages of this type the passage effects, 
other than the time delay itself, could be almost 
completely eliminated. 


EFFEects OF ENGINE VIBRATION. 


During the course of the development work on the 
indicator both with petrol and Diesel engines, one 
effect was, for a long time, inexplicable. It is shown 
in Figs. 7 and 8 (ante) as a medium-frequency ripple on 
the base line. It starts just where the exhaust valve 
opens, builds up to a maximum in a few degrees, and 
then slowly dies out. Such a vibration, while possibly 
present in the gas, could not show on the pressure 
diagram as it would “integrate out” on account 
of its small amplitude and relatively high frequency 
compared with the general pressure changes. 

The first explanation was that mechanical vibra- 
tion, due to the shock of the closing of the exhaust 
valve, affected the unit, but this idea was abandoned 
when the same phenomenon was observed in a sleeve 
valve engine. Later it was noticed on a two-cycle 
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engine diagram im one cylinder only, and im quite a 
different position. Ultimately it was found that the 
first explanation was correct, and also that a definite 
mechanical shock must have occurred in the sleeve 
valve engine near top centre at the beginning of 
suction. The two-stroke engine was found to have 
a broken piston ring, which was striking a port edge. 
and thus causing the ripple. Im the case of the 
C.F.R. engine, the ripple could be almost eliminated 
by inserting a feeler gauge under the valve rocker 
arm to take up the usual clearance. 

A simple alteration to the indicating units which 
further increased their rigidity sufficed to eliminate 
this small defect, and it will be seen in Fig. 16 that 
there is no base line ripple, but only the suggestion 
of a small pressure change effect at the moment of 
inlet valve opening. 

Reverting to Fig. 8, there is a beat which is just 
visible on the detonation ripple, even with this no- 
passage unit, and the general wave is slightly irre- 
gular. The beat frequency is such that it must be 





magnetic unit was very good compared with that 





Enormous variations can be made in the degree of 


obtainable from any mechanical indicator or from 


due to a frequency equal to that of the ripple on the 
base line, and as it disappears with the rigid design 
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it was obviously caused by mechanical vibration of 
the unit consequent on the detonation shock. 

With further reference to Fig. 16 it should be men- 
tioned that routine testing is often facilitated if the 
detonation wave can be masked, even though this 
reduces the absolute accuracy of the record. Such 
masking is effected, when desired, by applying a high- 
frequency attenuating circuit, with the result shown 
in Fig. 17. 


OruER Types or Iypicatine Unrr. 


The following notes relate to our own experiences 
with indicating units of other types than the electro- 
magnetic and are not intended to convey that all 
such units necessarily have the same characteristics. 
Should the behaviour described in fact be more 
general than can be claimed from our own observa- 
tions, the comments may assist in making improve- 
ments. 

The unit which has been given the most complete 
tests is one of a well-tried design in which a single 
carbon disc is mounted between two copper-plated 
carbon discs, and the pressure applied through a stiff 
double diaphragm element, the outer end of which is 
almost flush with the surface of the combustion space. 

The natural frequency of the system is suffi- 
ciently high not to give trouble due to resonance 
with detonation frequencies and water cooling must 
be adopted to maintain a steady working tempera- 
ture. 

Since the output from indicating units may be 
affected in the high-frequency range by amplifier 
characteristics, and since the frequency response of 
the Standard-Sunbury indicator amplifier is known 
both in conjunction with and without its associated 
indicating units, it was decided to pass the output 
from the carbon block unit through the same amplify- 
ing system, and thus to obtain strictly comparable 
results with the least labour. 

Fig. 18 is a composite figure showing the pressure 
diagrams obtained on the C.F.R. engine. The 
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carbon block unit under knocking conditions giving 

curve A, while curve B was taken with an electro- 
magnetic type of unit used under the same conditions 
of knocking. (Curve C is the smooth running dia- 
gram taken with either unit.) It is almost immaterial 
whether the electro-magnetic unit is used with or 
without an indicator passage, provided the passage 
is DO SOS SIE IAI MAM elie gn. aa amare 
diagrams are required. 

From an inspection of Fig. 18, two distinct differ- 
ences are obyious. First, that the carbon block itself 
is affected by the shock effects of the detonation wave, 
giving a species of rate-of-change diagram super- 
imposed on the true pressure diagram, and, secondly, 
that while the steadily risimg pressures are well repro- 
duced, the rapid rise on detonation leads to an over- 
run which superimposes a general lift to the upper 
part of the diagram, which is only approximately 
restored to normal several degrees after top centre 
when pressure changes become steady again. 

This second effect might be described as a shock 
hysteresis and cannot be a true effect, first, because 
it leads to far too great a departure from the adia- 
batic expansion, which is correctly shown by the 
electro-magnetic unit and to be anticipated from 
general considerations ; and, secondly, because the 
over-run is not confirmed when a dynamic calibrat- 
ing unit described below is applied to the engine. A 
static test of this carbon block shows that it has a 
very small hysteresis to slowly applied loads. 

The frequency of the wave on Fig. 18 is the same 
as that of the detonation wave shown so clearly on the 
rate-of-change of pressure diagram (Fig. 16) given 
by the electro-magnetic unit. A closer inspection of 
Fig. 18 shows that, in addition to the over-amplifica- 
tion of the detonation effects and the over-run at the 
top of the diagrain, there is also an erratic ripple over 
the entire diagram strongly suggestive of vibration 


use of such a unit for a differentiated or rate-of- 
change diagram. 

A more ‘striking example of the effect of pressure 
waves on the carbon block is given in Fig. 19, on which 
is shown a diagram from this unit taken on a high- 
speed Diesel engine, having an indicator passage, 
3}in. long, and also a diagram from an electro- 
magnetic unit with the same passage. The passage 
frequency waves show on both diagrams, but are 
very much exaggerated by the block type unit. Even 
electrical filtering was not entirely effective in elimi- 
nating the wave effects from the earbon block unit 
diagram, and there was still evidence of over-run at 
the top of the diagram. 

Some quartz crystal indicating units also appear to 
be sensitive to shock effects and to give a species of 
rate-of-change ripple superimposed on the pressure 
diagram when subjected to detonation. The quartz 
crystals, however, give a greater initial amplitude of 
ripple at the onset of the detonation with more rapid 
return to true pressure response. Since various 
methods of clamping the crystals and different stifi- 
nesses of the supports alter the amplitude of the 
ripples, it is certain that, when they do occur, they 
are caused by a type of crazy contact due to moment- 
ary distortion of the initially optically flat pressure 
surfaces when impact loading takes place. It is 
probable that the carbon block unit is affected in a 
similar, but more extreme mannér, owing to the 
fact that in this case the source of the voltage given 
by the unit is actually at the mechanical contact 
between the surfaces. 

No opportunity has occurred to test the quartz 
crystal unit by differentiating the pressure diagram, 
but such a test might well lead to the development of 
better mechanical designs. It should be mentioned 
that the elimination of vibration effects from indicat- 
ing units, to such an extent that they are unaffected 
by vibration even on the rate-of-change diagrams, 
often requires alteration to the supports in the least 
expected directions, not at all obvious from critical 
inspection of the assembly. Unsuspected mecha- 
nical vibration effects probably exist in more than 
one of the modern indicators, and account for the 
multiplicity of frequencies reported as occurring 
with detonation. So far, our own tests have invariably 
led to a simplification of the diagram as each increase 
in the stiffness and stability of the indicating unit 
has been made. 


PRESSURE CALIBRATION OF DIAGRAMS. 


There is a growing tendency to insist on dynamic 
rather than static calibration of indicating units for 
use at high engine speeds, and such methods are 
strongly recommended because they permit any errors 
due to the indicating unit and the cathode ray or 
other oscillograph to be explored without the neces- 
sity of making a number of assumptions which cannot 
be proved. 

A diagram such as the pressure record, Fig. 18, 
taken with the carbon block unit, is quite useful for 
many purposes in spite of its defects, but if a good 
calibrating unit which can be used at engine speed 
can be substituted for analytical work, its utility is 
much increased and false conclusions are less likely 
to be drawn. 

The early description of the Standard-Sunbury 
indicator described various methods for making cali- 
brations, but none of these early methods was par- 
ticularly convenient or satisfactory for all engine 
cylinder, inlet, and exhaust pipe pressures 

Fig. 20 shows a part section (not to scale) of a cali- 
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brating unit which has been developed for use with 
the indicator and which responds to pressures from 
a fraction of an inch of mercury to the highest engine 
cylinder pressures with extreme accuracy and at any 
speed. It can be screwed into the thread used for the 
normal indicating unit or, of course, may be fitted 
into a duplicate hole if the engine is an experimental 
design provided with two indicator connections. 
Alternatively, it may be applied to the end of any 
small hole which can be drilled through a cylinder or 
cylinder head flange provided a stout supporting 
bracket is arranged to carry its weight independently 
of the connecting hole. 





adaptor 2, and drilled with a yin. hole, on which 
seats a small disc or valve 3 of magnetic material, 
weighing only 30 milligrams and surrounded by a non- 
magnetic annular dise 4, about */;o99in. thickcr than 
the valve itself. A second plate 5 is clamped above the 
annulus, thus limiting the valve lift to the 4/,)99in. 
mentioned above. The upper plate 5 is drilled with 
a yin. hole half through a central pole piece of 
magnetic material (plates 1 and 5 being non-magnetic), 
and this communicates with a small pipe 6 terminating 
in a union to be coupled to an air reservoir and a 
pressure gauge. A standard indicating unit pick-up 
and body of the type developed for high-speed indi- 
eating (subsequent to the original description of the 
apparatus) is fitted above the calibrating assembly 
and connected to the indicator amplifier. 

If this unit is applied to an engine cylinder and the 
engine run under the load and speed conditions for 
which a calibration is required, it will be found that 
the valve 3 lifts each time the cylinder pressure 
exceeds the air pressure applied through pipe 6 and 
falls again when the pressure drops below the applied 
air pressure, 

As the air pressure is increased the sharp kicks on 
the rate-of-change diagram obtained from this unit 
are seen to approach each other and when the maxi- 
mum cylinder pressure is reached they merge and 
disappear. The pressure at which disappearance just 
takes place is the maximum cylinder pressure, and 
this may be determined on an engine which gives 
reproducible cycles to within the limits of reading of 
a large-scale Bourdon gauge such as is used for 
measuring the applied air pressure. 

The repeatability is at least better than half of 
1 per cent. of the maximum pressure for cylinder 
indicating and to about !/,9in. of mercury for “ weak 
spring ” effects. Seat area effects cannot be detected 
provided no moisture is present on the valve or its 
seatings. As is to be expected with a disc valve 
weighing only 30 milligrams, the time lag is too small 
to be measured. 

Having determined the balance pressure for the 
maximum cylinder pressure, the scale of the normal 
indicator diagram may readily be ascertained. Should 
@ more complete analysis of a pressure di be 
required, the pressures throughout the cycle can be 
quickly determined directly with the calibrating unit 
by using it at the same time as the degree scale and 
noting the degree positions in the cycle at which each 
of a sufficient number of balance air pressures is 
reached. This method eliminates any need for first 
recording and subsequently measuring the normal 
pressure diagram. 

Fig. 21 shows an interesting and unusually com- 
plicated application of the calibrating unit to the 
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determination of atmospheric pressure positions in 
an engine inlet pipe. The pressure diagram is shown 
in Fig. 21a during one complete engine cycle (two 
crankshaft revolutions). Fig. 216 is a velocity diagram 
of the lift of the calibrating valve, each of the down- 
ward kicks on this rate-of-change diagram occurring 
when the inlet pipe pressure exceeds atmospheric, 
since no air vessel pressure was in this case applied 
to the calibrator air supply pipe. The balance point 
is at the beginning of the downward line in each case, 
as this ts the start of the movement of the 
disc valve off its seat. Each of the t 
the maximum velocity of the disc valve just before 
it comes to rest against the top plate of the unit. The 
balance points for falling are at the beginning 
of each are kick when the inlet pipe on 
falls again to atmospheric and the dise haps be 
return to the lower seat. 
In order to determine which aomutraid kick and 
kick constitute 4 pair (i.e., the beginning and 
end of a lift and reseat of the valve) the amplifier is 
switched to the integrating position used for cylinder 
pressure diagrams and the diagram shown in the lower 
part of the figure (21c) is obtained. It is easy on this 
diagram to determine the actual movements of the 
disc and to correlate these with the rate-of-change or 








effects and more than sufficient entirely to prevent the 
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more accurate indieation of the precise beginning of 
movement. In this particular case the balance pres- 
sure was atmospheric, but, of course, exactly the 
same procedure is used for measuring the points 
corresponding to other pressures. 

This calibrating unit will operate for long periods 
under engine running conditions and it solves the 
rather difficult problem of obtaining a true record of 
the suction and exhaust stroke pressures in the engine 
cylinder, there being some difficulty in obtaining a 
large enough scale for these portions of the cycle on 
the usual pressure-diagram. A slightly modified unit 
having a heavier valve with narrow annular seats 
gives equally satisfactory results for Diesel fuel 
system calibrations between pressures of a few 
pounds per square inch up to 10,000 lb. per square 
inch or over. 


MISCELLANEOUS IMPROVEMENTS. 


The Standard-Sunbury indicator is now constructed 
with switching on the integrating circuits suitable 
for low, medium, and high engine speeds in order 
to maintain a reasonable balance between the 
sizes of the rate-of-change and the pressure 
diagrams on the screen. This is desirable because, 
while the pressure diagram remains unaltered 
in dimensions at any speed, the rate-of-change dia- 
gram necessarily increases in size with increase of 
speed, its scale being a function of time. 

In addition an attenuator has been fitted into the 
amplifier which can be switched in to reduce or 
eliminate high-frequency effects when these are 
not required for analysis and when their elimination 





improves the general legibility of the rate-of-change 
diagram. For special purposes a tunable filter can 
also be added to cut any narrow bands of high fre- 
quency and is useful for a rough frequency analysis, 
as well as for the elimination of unwanted frequencies. 
For instance, if time does not permit the construction 
of a properly designed indicator passage so as to 
eliminate the passage frequencies at the source, a 
tuned filter will usually allow these effects to be 
reduced to such a point that they do not interfere 
with the diagrams. 

New indicating units have been designed which 
are insensitive to engine vibration and which are 
fitted with plug-on connectors and specially screened 
leads so that no interference can enter from petrol 
engine ignition systems. Some floating of the pressure 
diagrams in the early units was traced to radio- 
frequency interference and this has now been 
suppressed, 

The sweep control unit has been redesigned with 
ball bearings and a contact breaker which responds 
with certainty and accuracy at speeds up to at least 
6000 r.p.m., and other minor alterations have been 
included as the result of users’ experience during the 
past year, 

Several other applications of the apparatus have 
also been developed for the examination of other 
aspects of engine and fuel behaviour, or are approach- 
ing completion, but their description is reserved until 
the actual results obtained can be described. 

The authors wish to express their thanks to the 
chairman of the Anglo-Iranian Oil Company for per- 
mission to publish this paper. 
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Tre Researcn LABORATORIES. 


addition to a large research organisation in 
America, Kodak, Ltd., conducts a large amount 
of research work at Harrow, and the three-storey 
building illustrated in Fig. 29 has been especially 
designed for the purpose. The work carried out is 
not the routine laboratory testing invariably accom- 
panying any chemical process undertaken on a pro- 
duction seale. This testing, together with a certain 
amount of research connected with factory methods, 
is undertaken in a separate building known as the 
factory control laboratory. The research laboratory 





asphalt. In winter this covering prevents a large 


amount of heat loss; whilst in the heat of summer, 
the inside temperature of the building is kept down by 


flooding the roof to a depth of several inches so that 


the water by evaporating shall cool the building. 
Alive the water level duck boarding has been pro- 


vided for the full length of the roof, some 85ft. This 


length of clear space provides an ideal arrangement 
for the testing of films, lenses, and so on, by actual 


photography at known distances and for similar 


experiments. 


The building in general is an excellent example of 
construction made to fit the purpose for which it is 











FIG. 29—THE RESEARCH "JBUILDING 


has been erected and i for the purpose of 

pure research into the and chemical pheno- 

mene Co! ‘with photographie i , 
The building consists of a reinforced concrete 


work, part of which forms the floors, with the walls 
built of red brick. The total floor space is about 
10,000 square feet, and an almost exact north and 
south aspect has been provided. The roof is flat and 
equipped with a low parapet. It has two purposes 
in addition to its normal functions. First, it has 
been designed as an effective insulator of temperature. 
It is lined with several inches of cork covered with 





pended. . Thos im a where’ acids are 
deo tices ist black halt whicl 

being acidproof, can be suitable drains 
being provided. The throughout a 

covered with a paint which gives excellent light 
reflection, is clean, and hard wearing. 

As has already been explained, clean air of the 
correct temperature and humidity is an essential for 
photographic process work, and in the laboratory its 
importance is even greater. An air itioni 
plant, similar in general design to those already 
described and like most of them installed by Air 


handled 
besides 





Conditioning Corporation (Jeffreys), Ltd., of 
London, is provided. It maintains a constant 
atmospheric state of 68 deg. Fah. plus or minus 
2 deg., and 50 per cent. R H plus or minus 2 per cent. 
throughout the year. The plant has a capacity of 
about 600,000 cubic feet of air per hour, and utilises 
some 40 tons of refrigeration in twenty-four hours. 
In addition, there is the special experimental room 
for air conditioning, the apparatus for which has 
already been described. It has an area of about 12ft. 
by 14ft., and is isolated from the rest of the building 
as far as air supply is concerned. Double doors and 
windows and cork linings to walls, ceiling and floor 
enable the most exact atmospheric control to be 
maintained, so that the effect of atmosphere on the 
various Kodak products, as well as the methods of 
producing and controlling that atmosphere, may both 
be studied. 

In addition to atmospheric conditions, the neces- 
sities of the work call for direct cooling methods, 
almost as frequently as for heating methods, so two 
systems have been made available at the benches for 
cooling. The first consists of taps served with water 
at a temperature of about 5 deg. Cent., supplied from 
the air-conditioning plant. This service is used for 
such purposes as cooling low-temperature thermo- 
stats and so forth. In addition, a service is arranged 
of brine at a temperature of —5 deg. Cent., which can 
therefore be arranged to reproduce in the ordinary 
chemical apparatus the conditions prevailing in the 
factory. In addition to these supplies, there is, of 
course, the normal hot water supply ; a steam supply 
to certain rooms for use with stills, and, of course, for 
the air-conditioning equipment ; the usual gas and 
electric points; and a distilled water supply of a 
purity adequate for all ordinary purposes, such as 
the preparation of solutions, &c. This water is 
supplied by a still on the top floor and led by tin-lined 
lead piping to a distributing point on each floor. 














Fic. 30-LENS TESTING BENCH 


For more exacting requirements in the matter of 
purity, a laboratory still is also provided. 

In view of the considerable number of physical 
experiments carried out the electricity supply is 
unusually elaborate. First, the works mains are 
brought in at 220 volts D.C. This supply is used 
for all general purposes. Secondly, the town mains 
supply alternating current when it is required, as, 
for example, to supply synchronous motors. Thirdly, 
for general low-tension work a sixty-cell, 300-ampere- 
hour battery is connected by means of a series of 
cables to a distributor board in each room so arranged 
that almost any voltage from 2 to 120 can be had. 
Although the wiring has been carried out with a 
view to minimising interference, for delicate work, 
especially on the battery supply, it cannot be com- 
pletely eliminated, so a separate battery of smaller 
cells has been provided giving 150 ampere-hours 
at 120 volts. Space has been left in the battery 
room to accommodate further similar sets if required. 
The seven main cables which are run along the full 
length of each corridor have a capacity of 60 amperes, 
and the branch wiring to the distributor boards, which 
are invariably within a few feet of the main cables, 
is of 15-ampere capacity. 

.. A large fan mounted outside the building provides 
a\suction for ducting led to all the fume cup 

and cowls in the building, and by this means fumes 
are\rapidly removed. A goods lift is provided to 
all three floors, and special storage rooms are available, 
one being brine cooled, and another for the storage 
of/ inflammable material is equipped for fire 
prevention in the same manner as the large factory 
stores. While the detailed list of the apparatus and 
equipment of each working room would be neither 
interesting nor especially informative, some examples 
may be mentioned typical of the remainder. LTilus- 
trated in Fig. 30 is a lens-testing bench, which, as 
shown, is mounted on brick pillars. These pillars 
are carried right through the floor and are joined 
to the ferro-concrete foundation system of the 
building. This mounting, which is used for various 
pieces of delicate apparatus used in the physics and 
photometry rooms on the ground floor, has the advan- 
tage that it is as far as possible proof against vibration 
or distortion. The columns are insulated from the 
flooring by cork. 

The lens bench has been designed to measure 
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lenses of focal lengths from zero to about 6in. The 
lens to be tested forms an image of a test object 
25ft. distant and the image is examined by means of 
a high-power microscope. Turning the lens around a 
vertical axis enables images off the lens axis to be 
examined. The microscope carriage is connected 
to the lens holder by a T bar which controls. its 
motion so that it automatically remains focused 
on a flat plane. This plane represents the ideal 
image plane, and any deviations from it, termed 
tield curvature, are measured by the micrometers. 
These micrometers will also give a measure of the 
distortion. 

The lens bench has been designed as far as possible 
on kinematic principles. The microscope slides travel 
on three steel balls, and the carriage runs on three 








for all working purposes, thus making local lighting 
unnecessary. 
the ceiling will be seen, and the outlets to the corridor 
which forms the return will also be noted. Visible 
in the background is a wooden “‘ dado rail,” which 
acts as a housing for all the service pipes, cables, &c., 
and on which all taps, sockets, gas leads, and so 
forth, are mounted when wall benches are used. 
Thus, whatever type of furnishing is needed, the 
bench supplies are arranged in a manner which is 
at once neat, safe, and accessible, and only the 
minimum of “‘ wandering ”’ leads is encountered. 


CONCLUSION. 


No attempt at a complete description of the Kodak 
works in all its ramifications has been made, but the 

















Fic. 31—A PHYSICAL LABORATORY 


roller bearings. No shake or backlash can possibly 
occur with this construction. The rails on which 
the microscope carriage runs are flat to one ten- 
thousandth of an inch. This is the order of accuracy 
throughout the machine. 

Fig. 31 shows one of the physical laboratories 
and the general equipment available. It will be 
seen that such important accessories as electric 
points, gas, and so on, are brought to the centre 
of the room on suspended points, which eliminate 
the trailing cables and flexible pipes frequently 
encountered and, at the same time. allow central 
tables to be used. The lighting system, with its 
200-watt “‘ Glassteel” ceiling lights, provides a 
general illumination for the whole room adequate 





more interesting processes and departments ve 
been described with only sufficient detail to mak@the 
methods clear. To describe all the departments and 
all the processes in full detail would entail far more 
than is intended by these articles. We have been 
informed that the compressors ‘illustrated in Fig. 10 
on page 193 of our issue of February 12th were 
manufactured by Reavell and Co., Ltd. The machines 
are equipped with an after cooler to which a separator 
is attached, the separator discharging into an air 
receiver, where further provision is made to drain 
off entrained moisture. We are also informed that 
the compact air filters referred to im our issue of 
February 19th, page 205, are actually “‘ Kompack ” 
filters manufactured by Vokes, Ltd. 








The Leipzig Technical Fair. 


No. L. 


( r Sunday last, February 28th, the age-old 

Leipzig Spring Fair opened with a record attend- 
ance. It will continue open until Monday, March 8th. 
According to the official statistics, the number of 
exhibitors im the whole Fair has increased from over 
8000 in the Spring of 1936 to close upon 9000, while 
the number of foreign firms showing their goods has 
been doubled, and has now reached over 900. It 
is estimated that from 33,000 to 35,000 persons will 
visit the Fair from other countries, and it is of interest 
to record that over 2500 are coming from the United 
Kingdom, while there are noteworthy increases in the 
visitors from America, Scandinavia, and South- 
Eastern Europe. The large number of foreign visitors 
is taxing the accommodation facilities of Leipzig to 
the uttermost, but room has been found for practically 
all who are visiting the Fair. 

A new feature of the 1937 Fair is the House of 
Nations, Fig. 1, which was officially opened on Sunday 
morning by Dr. Raimund KG6hler, the President of 
the Leipziger Messamt. For many years National 
Meeting Places have been a feature of the Fair, but 
the new building provides excellent facilities for 
exhibitors and buyers to come together and meet 
their own countrymen. It also facilitates travelling, 
and gives information on financial arrangements with 
Register Marks. 

The top storey of the building is given over to Press 
requirements, and includes a technical and literary 
news service and full office, telephone, and postal 
facilities, with a well-appointed club room and 
restaurant. The Leipzig Fair authorities are to be 
congratulated upon the way in which a growing need 
of the Fair has been met, which again shows the 
adaptability of the Fair executive to meet new fields 
of service. 

Our own special interest is im the Technical Fair, 





which comprises engineering and building in all its 
branches. The total rented exhibition area in this 
section has increased by over 10 per cent., and is now 
40 per cent. larger than it was in 1933. On Sunday 
morning the foundation stone of a new “ Hall of 
Honour ”’ was laid, and we noted extensions in the 
halls which accommodate the building and the elec- 





The conditioned air supply pipes along | space 





trical sections, while an important increase in the 
occupied by the machine industry is contem- 
plated for future use. As in previous years, perhaps 
the most interesting part of the Fair is the machine 
tool section, in which some very large tools are 
housed. There is a considerable extension in the 
area devoted to outside plants, and the range of 
exhibits, such as shunting locomotives, road con- 
struction machinery, pumps, &c., is: larger than 
last year. In the building section considerable space 
is given to exhibits of new building materials, 
such as wood fibre treated with cement, reinforced 
concrete for roads and structures, and various heat 
and sound-insulating materials. A small section is 
devoted to protective means against air attacks, 
which inelude gas-tight cells of steel and reinforced 
concrete. The oil engines exhibit with the power 
plant section is larger than last year, and we noted 
the revival of the gas engine using home-produced 
fuel, and the use of gas-charging stations for vehicles 
worked in connection with the various town and grid 
supplies. In the transport section there are new 
developments in the use of cranes on curves, while 
the textile and refrigerating industries, and food 
packing, is well represented by new plant. 


MacuineE Toous 1n HA 9. 


The German machine tool industry is now organised 
in the Fachgruppe Werkzeugmaschinen under the 
leadership of Dr. Ing. Hermann Schoening, and the 
direction of Dr. Fritz Kappel and Dipl. Ing. E. 
Bandell. The industry, we were informed, has, 
despite criticism, unanimously adopted the idea of 
a yearly Fair exhibition by the principal firms in 
the group, in contradistinction to that of an exhibition 
at intervals of some years, such as is favoured 
in Great Britain and America. Despite fears that, 
with well-occupied works and keener competition 
which a yearly exhibition undoubtedly entails, this 
plan would prove a hardship to the exhibiting firms, 
the contrary has been experienced, and the industry 
has steadily developed and increased. At the close 
of last year’s Fair the entire space for over 160 firms 
in Hall 9 was sold, and the applications of some 
70 firms had to be refused. It was decided to move 
the whole of the wood-working machinery exhibits 
into Hall 11, where some 75 firms are now accom- 
modated, while in the side aisles of this Hall and 
also in Hall 12 exhibitors have been allotted space. 
It is now proposed by the Maschinenbau G.m.b.H. 
of Berlin, to build a larger hall for machine tools, 
which, it is hoped, will again attract British, French, 
and American firms. 


TRENDs IN DesIGn. 


A new standard colour of grey blue, somewhat 
lighter than that of previous years, has now been 
adopted for all German machine tools. It has been 
decided upon after extensive workshop tests and in 
collaboration with the German colour industry. 
This year’s exhibit is outstanding; it marks the 
return to the Fair of the very large machine tools, 
such as those exhibited at the stands of Schiess- 
Defries, Henry Pels, H. A. Waldrich, Collet and 
Engelhard, Schulze and Naumann, and other makers, 
while some very large presses for the steel and bakelite 
industries are shown by Albrecht, Kircheis, Gétz, Wein- 
garten, and other firms. In general, there has been an 
extended adoption of improved lubrication systems. 
with both forced and gravity feed, and many machines 
have luminous indicator and automatic shut-off gear. 
should the supply of oil fail. Electric drives are now 
practically universal, and some special arrangements 
by the A.E.G. and Siemens-Schuckert are shown. They 
include both plain and flange motors, and some new 
drives ol the Ward Leonanl trpa he The hydraulic drive 
still finds, however, wide application on grinders, millers, 
shapers, and planers, and also b machines. 
A further extension of this system is the hydraulic 
operation of lathe headstocks shown on stands of 


FiG. 1—THE HOUSE OF NATIONS, 
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Gebr. Béringer, Magdeburger Maschinenfabrik, F. A. 
Scheu and Alfred H. Schiitte. The * H.” (Heynau) 
mechanical stepless drive finds a wider use on drilling, 
milling, and similar machines. Another development 
is the pneumatic feed for bar material, which is shown 
on Monfort’s stand and also by Forkart in connec- 
tion with air-operated clutches. Grinding machines 
for both externa] and internal parts are represented 
by several new designs and centreless grinding 
is demonstrated in a new way on the Lidképing 
machine made by the 8.K.F. tool-room department, 
and shown by Dr-Loéwe. We noted that considerably 
more use is being made of high-speed tools and 
cemented carbide tool materials, such as Widia, 
‘Titanite, and Borlerit. Several firms show special 
machines for diamond-cutting tools and grinding and 
lapping machines for the finishing of tools. We were 
given to understand that the tensile strength of 
cemented carbide tools has been greatly increased, 
which means that much larger tools can be designed 
and used. 

As regards the various machine tool motions, there 
appears to be a simplification of contro! with a view 
to easier operation, and on many machines the cutting 
speeds are clearly indicated while the machine is 
working. The control of cutting pressure, which was 
first studied by Professors Wallichs and Opitz, of 
Technical High School, Aachen, in connection with 
the development of Widia and similar too] materials, 
has been greatly improved, and is shown in a new form 
by Schiess-Defries. It has now been successfully 
applied, we understand, not only to boring mills and 
lathes, but also to forging machines and rolling mills. 

In our next issue we shall give short descriptions 
of some of the more interesting exhibits. 

(To be continued.) 





Steam Raising with Spent Tan. 
An interesting problem of generating steam efficiently 
with what was previously a waste product has recently 
been solved at a Midlands tannery with the assistance of 

— Combustion, Ltd., of Little Hulton, near Bolton. 
uestion is spent tan, of which some 25 
Forse are bern as in the tannery each week. It is a pulpy 
mass containing from 70 to 80 per cent. of moisture and 
of no local value, but, of course, must be disposed of. 

The cost of carting it to a dump was about 5s. a ton, so 
the tanners resorted to burning it under their boilers. 
There are two 8ft.. by 19ft. Lancashire boilers at the 
works, and an attempt was made by hand firing to burn 
the tan mixed with an equal proportion of high-grade 
coal, washed nuts costing 20s. 6d. a ton. The hand.fired 
method, however, was not efficient, and the owners 
consulted the Bennis Company, which made a thorough 








AUTOMATIC COKING STOKERS 


investigation of the conditions, and after some experi- 

mentation, made a few alterations to their Bennis air- 

draught automatic coking stokers to deal with this 
material. 


These stokers were fitted to one of the boilers and not only 
now rid the works of the spent tan, but provide all the 
steam required, whereas both boilers had to be worked 
before, and under the new régime a much cheaper coal 
is used with the tan. The tan and the coal are wheeled 
on to the floor of the stokehold in the proportions required 
and are mixed by hand. They are then shovelled up 
into the hoppers of the stokers. 

The power to impel the air for combustion 
of the fuel and to drive the stoker mechanism is very 
small, less than 4 H.P. in the it case, and being 
ind t of the steam pressure of the boiler, full load 
conditions may be obtained whenever required. The 
fuel is fed on to the fire continuously in small regulated 
quantities and can be varied from zero to 2000 lb. per 
hour according to the proportion of coal and tan used 
and steam required. The furnace is self-cleaning, the 
fuel being slowly carried to the rear end of the furnace 
bars which are supported o Mh ype eee troughs, so 
that any eidtvidil Wie’ sti replaced. The clinker 
and ashes are deposited Sas a ‘Shasnber between the 





bridge and the end of the bars, and may be withdrawn 
without interfering with the steaming capacity of the 
boiler. The of the mechanism subject to wear are 
replaceable with highly chilled wearing pieces, dovetailed 
into sockets which may be removed and very 
easily. 

The extreme flexibility of the stoker in meeting the 
varying loads is apparent from the following tests of 
the performance of the plant at the tannery, and from 
estimates of loads and efficiencies that could be obtained 
from the use of the stoker on a typical ordinary Lancashire 
boiler plant fitted with economisers and su 

It may be pointed out that the boilers are very 
short, have neither economisers nor superheaters, 
and the available draught over the fires is only 
0-07in. water gauge. Nevertheless, the effects of the 
experiment have been eminently satisfactory, as is 
shown by the results of tests communicated to us by 
the makers of the stokers. The following table gives 
(1) the data as obtained: when burning a 50/50 mixture 
of the spent tan and washed slack, costing 14s. 6d. per 
ton; (2) when burning a 50/50 mixture of spent tan and 
washed nuts, costing 20s. 3d. per ton; (3) using washed 
nuts only, costing 20s. 3d. per ton :— 


i 2 3 





Duration of test, h. min. . 4 ; 4 20 4 3..20 
Heating surface of boiler, / 
square feet a ide 650 | 650 650 
Nature of draught ..: ++:| Balaneed | Balanced | Balanced 
Water gauge draught over i 
Bg inches 5 | 0-06 | 0-07 6-07 
emperature of flue 
(leaving boiler), deg. = 682 630 685 
CO, in flue gases —_— 
boiler, percentage ... . 9-8 9 11-4 
Smoke ... None None None 
Temperature of fe feed water to 
boiler, deg. F 80 80 80 
Steam pressure by gauge, Ib. 
per square ine! 70 70 70 
Heat per Ib. of per boiler, 
B.Th.U, 1,140 1,140 , 1,140 
Name of fuel .. . 50/50 mix- 50/50 mix- Washed 
ture of ture of nuts 
washed washed 
slack and nuts and 
spent tan spent tan 
Calorific value, as fired 
B.Th.U. se wee) 6,865 7,527 13,450 
Proximate analysis : 
Volatile, per cent. 22-16 23-94 32-83 
Fixed m, per cent. 28-59 31-21 60-86 
Ash, per cent. ; 6-25 2-85 2-31 
Moisture, per cent. 43-00 42-00 4-00 
Price in pence per ton . 93 121-5 243 
Fuel burnt per square foot of 
grate per hour, lb. ... 34-1 22-0 22 
Equivalent evaporations + as 
from and at 212 deg. Fah.: 
Water oe boiler per hour, 
Ib. 4,240 3,110 5,680 
Water per square ‘foot. boiler 
heating surface per hour... 6-5 5-78 8-74 
Cost of fuel per 10,000 Ib. 
water “ actual,” pence 118 140 148 
Thermal efficiency, boiler. 
only, per cent. ... vas 58-4 58-3 62 


Below a table is given showing the outputs and 
efficiencies it is estimated could be obtained by this 
new stoker when burning a 50/50 mixture of spent tan 
and coal, and coal only respectively, on a modern Lanca- 
shire boiler plant, fitted with economiser and super- 
heater tubes, and having the normal intensity of draught 
found on this type of plant. The evaporations given 
could, it is claimed, be ine in accordance with 





any extra draught available over the fires. 


mercial. proposition. Further investigation was made 
as to the practicability of drying the tan, but again it 
was found that the cost of labour and power in conveying 
the material to heaters and then to the boilers would 
not tmprove the tan as a fuel in proportion to the cost 
of drying. These two possible ways of improving the 
tan as fuel being found commercially impracticable, the 
problem remained to design a stoker that would handle 
the material and burn it efficiently in its raw state as 
moved direct from the tannery to the boilers. 








SIXTY YEARS AGO. 





A sTRrxine illustration of the great change which has 
oceurred during the past sixty years im the relationship 
of the State to science is presented in a leading article 
entitled ‘‘ State Aid to Science ’’ which appeared in our 
issue of March 9th, 1877. In those days the Government’s 
participation in the advancement of science could be 
summed up in two words, * South Kensington,” which to 
many people stood as a symbol of interfering pedantry. 
Our leading article left our readers in no doubt as to our 
own opinion concerning the “ South Kensington band ”’ 
as we called those concerned with the science and art 
department of the Board of Education. We exposed the 
efforts which the Department was making to extend its 
influence and drew particular attention to the recent 
escape of the Royal Irish Academy from being drawn 
within the South Kensington net. A more insidious 
attempt had since been made, we recorded, to subject our 
premier scientific body, the Royal Society, to Government 
thraldom. It had aetually been offered a grant of £4000 
for the encouragement of scientific research! We urged 
the Fellows not to allow themselves to be entangled by 
the offer of assistance. If they aecepted the Government's 
help, they would, we maintained, soon find that their 
independence had vanished and that in a short time their 
Society would become a mere adjunct of a Government 
department and have no control over its own destinies. 
A number of “ real men of science” had, we recorded, 
already seen the danger and were opposed to the accept- 
ance of the Government's bait. A “ certain clique ’’ how- 
ever was very active in the matter. We charged the 
members of that clique with openly working to secure an 
end which would be to their own advantage. Their object, 
we said, was not the promotion of scientific research but 
the ultimate establishment of “a great Government 
department which would afford a large number of high- 
salaried offices.”” Those single-minded men of science wino 
had unfortunately lent their support to the scheme had, 
we believed, been deceived into accepting it at its face 
value and had failed to see the machinations of those 
behind it. We maintained that no true scientist would or 
should accept State aid for anything which he intended 
doing although he might accept a reward for work which 
he had already done. To bow the neck to State assistance 
would be to encourage second-rate work of a kind which it 
was already difficult enough to hold within bounds. We 
hoped that the day was far off when the free and inde- 
pendent action of the Royal Society, as the respresentative 
of British science, would be curbed by a baneful relation 
with a State department. ... The subsequent history of 
the subject would fill a volume. It would fittingly begin 
in 1900 when the National Physical Laboratory was esta- 
blished under the control of the Royal Society and with 
the aid of a Treasury grant of £13,000. It would include 
the foundation in 1907 of the Imperial College of Science 
and Technology with an annual subsidy of £20,000. 
Chiefly however it would be concerned with the movement 
which started in 1915 when a deputation, headed by the 
Royal Society, waited upon the Presidents of the Board of 
Trade and the Board of Education for the purpose of 

















B.Th.U.’s Draught | Grate Quantity of fuel burned. Lb. water Water evap| 
Fuel used. per Ib. over | area, evap. per | per hr., lb. | Efficiency, 
of fuel. aq. ft. Per aq. ft. of Total per Ib. of fuel. per cent 
| grate area. hour. 
50/50 mixture spent 6,856 0- 25in. 36 42-5 1530 .——~—«8+«- 2. 5,800 67 
tan and coal ... we. 
Washed slack 12,126 0-25in. | 36 39-0 14t. |e. 11,200 80 
we. 


Below we give in tabular form the analyses of a number 
of samples of spent tan from various tanneries, the 
average of which is representative of spent tan produced 
at tanneries generally. 


urging the Government to increase its interest in scientific 
research. The movement then initiated eventually gave 
us the Department of Scientific and Industrial Research, 
an organisation which has grown to such an extent that 


Proximate Analysis of Spent Tan. 

















As received. As dried. 

B.Th.U. | Volatile, | Fixedcarbon, | Ash, Moisture, B.Th.U Volatile, | Fixedearbon, Ash, 
per Ib percent. | percent. per cent. per cent per lb per cent. percent. per cent. 
2150 18-63 5-70 2-17 73-50 8120 70-30 21-50 8-20 
2862 33:00 6-27 0-93 59-80 7120 82-10 15-60 2-30 
1605 15-92 | 3-32 0-76 80-00 8028 79-60 16-60 3-80 
2441 23-07 | 4°37 0-56 72-00 8719 82-40 15-60 2-00 
2145 20-35 | 3-95 0-70 75-00 8579 81-40 15-80 2-80 
1784 16-95 } 4-84 0-81 717-40 7892 75-00 21-40 3-60 
2757 27-26. | 5-08 |. 0-66 67-00 8354 32-60 15-40 2-00 
2112 24-06 | 2-64 | 3-30 70-00 7040 80-20 8-80 11-00 
2932* 22-40% | | 4-52* | hae 71-84* 7981-5* 79-20 ~—O«@3a* Sa 

a * Average. : ; . 


The average composition of spent tan is 71-84 per 
cent. of moisture, 22-4 of volatiles, 4-52 of fixed 
earbon, and 1:24 of ash. So, as will be noticed, 
the material contains a very high percentage of moisture, 
and, on first thoughts, it would appear that the best way 
to deal with it as a fuel would be to red the moisture 
by mechanical pressing. It has been found, however, 
that not only is this pressing a costly process, but it fails 
to reduce the tage of moisture to anything like 
a reasonable extent, and is therefore not a good com- 








even the National Physical Laboratory, now under its 
control, is only a unit in its composition. The Royal 
Society, it may be added, has throughout maintained its 
independence. Our fears for its future were groundless. 








Deratu or SrR WALTER CLODE.—We regret to note the 
death of Sir Walter Baker Clode, who was President of the 
Railway Rates Tribunal from 1922 to 1932. 
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Science and Building. 





WIrH a view to bringing to the public notice the 
research work in connection with the building trade 
which is being carried out by the various organisations 
controlled by the Department of Scientific and 
Industrial Research, an exhibition has been arranged 
at the Building Centre in New Bond-street. This 
exhibition, which will remain open until the end of this 
month, comprises a large number of models, photo- 
graphs, and examples of.the work in progress. 
Although lack of space somewhat restricts the show- 
ing of the full scope of the various organisations, the 
visitor will be impressed by the amount of work being 
carried out and the wide field covered by the 
researches. The Building Research Station shows a 
number of interesting photographs and examples of 
various materials, such as bricks, concrete, plasters, 
&c., and the methods of testing them. The National 
Physical Laboratory exhibits a number of instruments 
and models dealing with such subjects as illumination, 
acoustics, and the investigation of structures and their 
materials. The Water Pollution Research Board and 
Chemical Research Laboratory have arranged an 
interesting display showing the method by which the 
extent of the contamination of water by lead pipes is 
ascertained. The latter body also demonstrates the 
use of British clay products and synthetic resins for 
the base-exchange method of softening water. The 
exhibit of the Research Association of British Paint, 
Colour, and Varnish Manufacturers comprises a series 
of photographs of the various tests and properties of 
paints. Models of steel-frame buildings for flats and 
the application of foamed slag as an te for 
light-weight concrete are shown by the Industrial 
Research Council of the British Iron and Steel 
Federation. In addition to showing a wide range of 
industrial rubber products, the Research Association 
of British Rubber Manufacturers has included in its 
exhibit the methods and instruments used in the 
scientific testing of rubber. In addition to the above, 
several other research organisations display repre- 
sentative examples of their work, and during the 
exhibition cinema films are being shown to amplify 
the information given. Lectures of interest to 
builders and architects will be given at 8 p.m. on 
the 10th, 17th, and 24th of this month. 








Letters to the Editor. 


(We do not hold ourselves responsible for the opinions of our 
correspondents. ) 
COMBUSTION FACTOR DIAGRAM FOR 


C.I. ENGINES. 


Sre,— We have read with interest your article on “A 
Combustion Factor Diagram for C.I. Engines,” by Com- 
mander Gowlend and Mr. Henderson. 

On applying the method to some of our own engines, 
we find that it breaks down in the case of a no-load test, 
where the B.M.E.P.=0, and the fuel consumption in Ib. per 











B.H.P.H.=cc. The combustion factor is therefore 
indeterminate. 
This difficulty is easily got over by a modified treatment, 
__ Fuel (Ib.) 
or = BHP. x B.M.E.P. 
_ Fuel (Ib.) % B.M.E.P. 
~ Hour B.H.P. 
B.M.E.P.x LxAXN 
But B.H.P. = 
‘a 33,000 
BM.E.P. 33,000 
BHP. LxAxN- 


K being a constant for any series of tests at one speed on 
one engine. 


Hence C7.= vet: @.) xK 
Hour 
and B.M.E.P.=B.H.P. x K, 


which makes plotting very quick and easy. 
We are much obliged to the authors of the article, and 
propose to make regular use of their method in future. 
Ruston anp Hornssy, Ltd., 
W. A. GREEN, 
Experimental Department. 
Lincoln, February 27th. 








Pig Iron and Steel Duties. 


Tue Treasury has issued, on the advice of the Import 
Duties Advisory Committee, an order for the exemption 
from duty of pig iron and for the removal of the addi- 
tional duty chargeable on consignments of iron and steel 
products imported with a certificate of origin and quota 
certificate under the provisions of Section 6 (1) of the 
Finance Act, 1936. The Committee says :-— 


“The demand for iron and steel both in this country 
and abroad has risen very rapidly during recent months, 
while difficulties have arisen in obtaining adequate supplies 
of pig iron and iron and steel scrap, used in large quan- 
tities for the manufacture of iron and steel. The demand 


for pig iron, particularly for steel making, is now in excess 





of the supplies available from this country and other parts 
of the Empire, with the result that the steel industry is 
being hampered in its efforts to cope with the increased 
demand for steel. The present total duty on pig iron 
(other than certain special qualities already exempted 
from duty) is 33} per cent., the rate which has been in 
foree since June, 1932, and the present level of world 
prices makes it unprofitable to import pig iron from foreign 
sources. We are satisfied that the steps being taken by 
the British Iron and Steel Federation to ensure that so 
far as possible supplies are adequate and that prices are 
not unreasonably increased will be facilitated by the 
removal of the present duty on pig iron pending the 
developments which are taking place to increase the 
supplies from home and Empire sources. We recommend, 
therefore, that pig iron should be added to the Exemptions 
Schedule. We propose to keep the situation under review, 
in order to be in a position to make any recommendations 
which may appear to be desirable, having regard to the 
developments mentioned. , 

** With regard to steel, in our report of July 31st, 1936, 
we recommended that consignments of certain iron and 
steel products, when accompanied by quota certificates 
and certificates of origin in accordance with the provisions 
of Sec. 6 (1) of the Finance Act, 1936, should be charged 
at a reduced rate of duty of 20 per cent., and effect was 
given to this recommendation by the Additional Import 
Duties (No. 29) Order, 1936. The striking increase in the 
demand for steel in this country has been paralleled by a 
similar growth of demand from consuming industries in 
other countries, with the result that for the time being the 
world demand tends to outrun supply. The competition 
of the various consuming countries to obtain such supplies 
as are available may consequently make it difficult for the 
United Kingdom to secure the supplies which it requires 
to augment the home production without stimulating a 
rise of prices to an unduly high level. The agreement 
between the steel industry in this country and the Con- 
tinental Cartel reached in July, 1935, with the consequent 
development of co-operation between them, has been of 
considerable assistance in these circumstances in facilitat- 
ing the purchase of the necessary supplies, and the quota 
fixed under the agreement has been substantially increased. 
With the present level of prices, however, the duty of 
20 per cent. at present chargeable upon licensed imports 
puts a strain upon the working of the co-operative arrange- 
ments. After a careful review of the position, we are 
satisfied that the time has now arrived when the duty on 
imports under the agreement should be reduced, and we 
accordingly recommend the removal of the additional 
duty chargeable on iron and steel products imported with 
quota certificates and certificates of origin under the 
Additional Import Duties (No. 29) Order, 1936.” 








The Metering of Mercury Arc 
Rectifier Supplies and Outputs. 


In a paper on the above subject, read before the Insti- 
tution of Electrical Engimeers by Mr. C. Dannatt, on 
March 5th, a preliminary survey is made of the difficulties 
involved in metering, active energy, reactive kVA, total 
kVA, and power factor in the input cireuits of mercury 
arc rectifiers, owing to the presence of harmonics in current 
and voltage. It also deals with the measurement of 
output from these rectifiers when considerable ripple 
exists in the current and voltage. The performance of 
induction and motor type integrating meters is examined 
experimentally on rectifier circuits and the observed errors 
are quoted. Good agreement is found between the observed 
errors and those expected from theory and the known 
variations of meter characteristics with frequency both 
in the case of enorgy and kVA measurement. Similar 
tests are described on motor and mercury type integrating 
meters on the output side of rectifiers. 

The difficulties in metering arise from the fact that the 
current, and in some cases the voltage, are considerably 
distorted, whereas the meters used for measuring active 
and reactive energy are frequently designed so that they 
operate accurately only when dealing with sinusoidal 
quantities of fundamental frequency. Errors are there- 
fore liable to arise owing to variation in meter performance 
with frequency. In those cases where the charge for 
energy is based on an arbitrary multi-part tariff designed 
to compensate the supply authority for the disadvantages 
arising from reactive load on the system, errors may also 
arise owing to the impossibility of obtaining meter torques 
proportional to products of current and voltage of differing 
frequency. although the reactive energy ina distorted 
system contains such products. Another problem may 
arise when metering the energy of unsmoothed rectifiers, 
since the output consists of a combination of steady and 
pulsating energy. The latter component can lead to con- 
siderable error in the amount of energy recorded if it is 
metered on an instrument designed for measuring D.C. 
energy only. 

The conclusions reached are that in the case of A.C. 
metering the induction type watt hour meters can be 
entirely satisfactory. In spite of large errors in this class 
of meter at harmonic frequencies, the amount of power at 
such frequencies is not large excepting in the case of two 
or three anode rectifiers, so that the overall error is small. 
Meters of the-Thomson type with modification necessi- 
tated by the shunt feed system to the field coils can be 
made satisfactory, and in the case of rectifiers with a high 
number of anodes would be sufficiently accurate in spite 
of shunt errors, again for the reason that the harmonic 
power is small. On the other hand, other disadvantages 
of the Thomson type meter would appear to make the 
induction type distinctly preferable. The conclusions 
regarding’ watt hour meters apply equally to inherent 
meter errors in reactive power meters, but there is here 
the further difficulty of metering the “ distorted power ”’ 
component. While it is shown that for certain favourable 
conditions in rectifier circuits theoretical relationships 
can be used to correct meter readings for this component, 
the author is not aware of any entirely satisfactory method 
of measuring reactive power, power factor, or total kVA 
in rectifier circuits. 

With regard to output metering, standard mercury 
meters may be subject to error owing to the inductance 





of the voltage coil, but. this could be obviated by re-design 
to reduce the phase error of this circuit. Thomson meters 
are satisfactory providing the frequency error in the shunt 
circuit is eliminated. Apart from these considerations, 
the factors which govern the choice of a meter are the 
same as are met with in choosing meters for undistorted 


circuits. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 28. 2d. post 
free, unless otherwise stated, 


WORM GEARING. 


No, 721—1937. This + ser tera applies to worm 
gearing comprising correctly generated worm wheels and 
profile-ground worms, connecting shafts at right angles, 
and having a normal pressure angle of worm thread of 
20 deg. of the following classes :—Class A, precision gears 
for wheel pitch line speeds above 1000ft. per minute ; 
Class B, high-class gears for wheel pitch line speeds below 
1500ft. per minute ; Class C, commercial gears for wheel 
pitch line speeds below 300ft. per minute. The recom- 
mended thread form for worms has a normal pressure 
angle of 20 deg. and is such as can be generated from a 
straight-sided basic rack. The principal departure from 
the basic rack form reco in B.S.8. No. 436—1932, 
Helical and Straight Spur Gears, is in connection with the 
clearance, which has been reduced from 0:25 to 0-20 of 
the normal module. This has been done in order to give a 
more substantial tip to the teeth of hobs and also to avoid 
undue reduction in the root diameter of the worm and in 
the cross-sectional area of the wheel rim. The thread 
thickness of the worm has been made equal to one-half 
the pitch at one-half the total depth instead of at one-half 
the working depth, since the wheel is usually the weaker 
member and more subject to reduction of tooth thickness 
by wear. The Committee recommends that other thread 
forms shall be admissible subject to their giving correct 
conjugate action. The Committee, in thea ce of any 
generally accepted methods of calculating horse-power 
capacity, has been free to recommend entirely new formule. 
These formule give proportions of gears in accordance with 
good practice. Owing to the difference in tooth action of 
worm gears as compared with yo helical, and bevel gears, 
however, the speed factor for ther ey Reree eee 
dependent m (a) the rubbing s r ( revolu- 
tions per fin oly thus taking into account the effect of 


local tion of heat on surface temperature as well as 
the of repetition of stress. In regard to materials, 
the Committee unanimously and strongly recommends the 


use of a suitable phosphor-bronze for the wheel rim and a 
worm of case-hardened steel, profile ground and polished 
after hardening. 

Copies of this specification may be obtained from the 
Institution, price 5s. 4d. post free. 


STANDARD METHODS FOR TESTING PUMPS. 


Nos. 722, 723, 724—1937. These three 
deal respectively wi 
for wells and pros 
liquids. Following the 

testing 








@ new express train between Norwich and London next 
autumn. Known as “‘ The East Anglian,” it will cover the 
journey in 2 h. 15 min, g a stop at h. The 
train will be made up of new rolling stock, and be hauled 
by a “ Sandringham ” class streamlined engine. 


InstrruTe or Marine Enoingers.—This Coronation 
year the Institute of Marine i held its annual 
banquet at the Guildhall, London, on Friday, February 
26th, with the President, the Hon. Alexander Shaw, in 
the chair. After the loyal toasts had been honoured, 
Admiral of the Fleet Sir A. Ernle M. Chatfield, First Sea 

the toast of ‘‘The Rt. Hon. the Lord 
the City Corporation,” and pointed out the 
close connection that has always existed between the City 
and the Fleet. In reply, Sir George Broadbridge, the Lord 
Mayor, referred to the history of the Thames, and assured 
tnarine. engineers ast they. weerd siwaes ave ne Oopecr 
of the City. tn reply to Alderman Sir Vansittart Bowater, 
who ““H.M. Dominions Overseas and the 
Mercantile Marine,” Mr. W. J. Jordan, High Commissioner 
for New Zealand, had some interesting statistics to give 
of trade between this country and New Zealand, showing 
that per capita that Dominion imported from Great 
Britain more than any other country. Lieut.-General 
Sir Travers Clarke “The Shipbuilding and 
Engineering Industries,” to which Mr. F. E. Rebbeck, 
President of the Shipbuilding Em s: du Federation, 


4 were concluded when the President 
hadJreplied with commendable brevity to an equally brief 
but ive proposal of his toast by Sir Richard D. Holt, 


President of the Chamber of Shipping. 
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CaNaDIAN Routine Stock Orprers.—The Canadian 
National Railways have placed orders to the value of 
nearly 20 million dollars for rolling stock with Canadian 
firms. It is anticipated that the Canadian Pacific Railway 
Company will also be shortly placing extensive orders for 
rolling stock. 

NEw Locomotives ON THE SuDAN Rar.ways.—The 
Sudan Railways have t into service four 
4-6-4+4 4-6-4 Garratt locomotives, made by | This 
Beyer, Peacock and Co., Ltd. These new engines have a 
oo wheel base of 82ft., the coupled wheel bases each 

10ft. 6in. The gs gmeang are as follows : 
mar (four), _ in. by 26in.; coupled 
wheels diameter, 4ft. 9in.; heating surface, 400 
square feet; boiler pressure, 200 lb. per square inch ; 
total weight in working order, 169 tons.; at 75 per cent. 
boiler pressure the tractive effort is 38,400 Ib. and at 
85 per cent. 43,520 lb. The maximum axle load is 12 tons. 

L.P.T.B. Catswick Worxs.—Under the replanning 
scheme now in pos at the Chiswick works of the London 
Passenger rt Board, a new experimental test shop 
is to be built. It will provide improved facilities for 
research and experiment for the improvement of the 
Board’s vehicles. Whilst the majority of the re 
will be carried out with a view to running costs 
by seducing commenter: of fuel and lubricants and 
extending the life of wor! experiments are in 
mind for reducing noise vibration and improving 
riding comfort generally with direct advantages to the 
travelling public, Means of smoother accelera- 
tion and easier control of the vehicle by the driver will be 
studied. The use of the shop will be confined largely to 
preliminary technical in which should indicate 
readily whether a particular alteration to design or a new 
invention will be likely to justify a test under service 
conditions. 

Paoposep Tune Extension in Soutn Lonpoy.— 
Representatives of South London met Lord Ashfield in 
October and urged that the Bakerloo Railway be extended 
from Elephant and Castle Station to Camberwell Green. 





The following letter has been sent by the London Passen- | the 


ger Transport Board to the authorities concerned :—‘ I 
am directed to refer to the meeting which took place 
between the representatives of South London and Lord 
Ashfield on October 26th last, and to inform you that 
plans for the development of a tube railway in South 
London are now receiving very close attention by members 
of the 8 Joint r, Aes Seg which is composed of 
the representatives of the main line railways and the Board. 
Owing to the magnitude of the scheme its consideration 
must of necessity take — time, and it is unlikely that 
any effective decision on the will be reached by 
this Committee before March at the earliest.’’ We gather 
that the decision referred to is not likely to be reached 
before April or May. 

New L.M.S. Expresses.—The London, Midland and 
Scottish Railway Company will introduce new high- 
speed express services in each direction between London 
and Glasgow, as from July 5th. This decision follows the 
successful test runs carried out from London to Glasgow 
and back last November with the locomotive “ Princess 
Elizabeth,” which, with an average load of 240 tons, 
covered the 802-8 miles from London to Glasgow, and back, 
at a mean overall speed of 69 m.p.h. The new trains 
will leave Euston and Glasgow (Central) respectively at 
1.30 p.m., and will perform the journey of 401-4 miles 
in 6h, 30 min., at an overall a age g dS 8 m.p.h. 
The only stop in each direction be at Carlisle, to set 
down only on the northbound journey and to pick u 
only on the southbound journey. The new t will 
each comprise nine coaches by one of five new 
streamlined locomotives which are being constructed 


holding 10 tons of coal and 
complete new trains, each of nine coaches, are being 
built for the service at the L.M.S. Wolverton works. 
Each will weigh 283 tons and will be 540ft. long, — 
the engine, giving accommodation for 82 first-class 
150 third-class passengers. Two of the nine vehicles will 
be kitchen cars and a complete restaurant service will be 
provided, there being dining seats for 168 passengers. 
Rattway Staristics.—Railway statistics for the calen- 
dar month of November and the four weeks ended Novem- 
ber 28th, 1936, which have now been published by the 
Stationery Office, price 2s. 6d. net, show that the total 
number of journeys (excluding season-ticket 
holders) taken on all standard gauge ys in Great 
Britain in the month of November, 1936, was 100,406,496, 
an inerease somnpeaet with November, ae of 492,419, 
or 0-5 cent. rhe jee taken yy passengers at 
peduiild fauen decreased by 370,967, and those at standard 
or ordinary fares increased by 863,386. The receipts from 
passengers ( seagon-ticket holders) showed 
an inerease of £52,427, or 1-6 per cent. pe oa | 
und i of the London 


816,324, or 1-2 per cent., 
£32,656, or 1-2 per cent. 
from passenger train traffic 
parcels and 

parcels post) were £148,170 more than in November, 1935. 
For the four weeks ended November 28th, 1936, the coach- 
ing train miles showed an inorease of gg the oniaor 
with the four weeks ended November 30th, 1 


total to Ee en a 


traffic) in the 
was 23, 344,353, 8 with the corre- 


sponding four wom of oer 1985 of 6102 tons. The freight 


train receipts amounted to £7,473,887, a decrease of | req 


£1121. The freight train miles run were 115,355 more 


than in the corresponding period of 1935, an increase of 
1-1 per cent. The average train load decreased from 


133} to 128% tons, and the net ton-miles per engine hour 
from 474} to 4384. 


con at | Wiehe many "be" eth 





Miscellanea. 


Om From Coat in 8.A.—We are informed that, follow- 
ing the acquisition of the South African rights in the 
Fischer-Tropsch oil from coal process by .the Anglo- 
Transvaal Consolidated Investment Company, Ltd., 
plans are being made ready for the early erection in South 
Africa of a plant which wil ‘lh involve a large capital ——— 

manufacturers. 





ture. It is understood that British 
boty pe tenders for the which wil be required 
be the first Fischer- petrol plant in the 


British Empire. 


FRENCH MeranLuraisr Honovrep,—The well-known 
French metallurgist, Monsieur Charles Edouard Guillaume, 
Director Honoraire du Bureau Internationale des Poids 
et Mesures, has been made a Grand Officer de la Légion 
ping til Locate igs Newt his honour a 
plaque has been cast to commemorate his work. He was 
awarded the Nobel prize in 1930 and has for many years 
carried out research in metrology, metallurgy, 
chrohometry. Monsieur Guillaume is the inventor of 
invar and elinvar. 


ScHOLARSHIPS IN ELECTRICAL ENGINEERING.—. 


tions, which must be received not later than A) Rech, 
1937, are invited for the fo! schol 

by the Council of the Institution of rical Engineers :— 
Duddell Scholarship, value £150 annum, and tenable 
for three years; Ferranti Sc! , value £250 per 
annum, and tenable for two years; ” Swan Memorial 


Scholarship, value £120 for one year ; Silvanus Thompson 
Scholarship, value £100 per annum and tuition fees tenable 
for two years; and the William Beedie Esson Scholar- 
ship, value £120 per annum, tenable for two years, renew- 
able in approved cases for a third year. 


Tr ry 1936.—The February issue of the International 
Tin Research and ment Couneil’s Bulletin 
contains detailed statistics of the and con- 
sumption of tin for the year 1936. World production, it 
ringer greg gh -cent. in 1936 to a total 
of ‘bahia: ade tema: wes ,652 tons in 1935, and is 
when an output of 186,986 tons 
was seen © The countries partic 
p oopmers produced 90-8 per cent. of the world’s tin in 
against 88-9 per cent. in 1935. The world’s apparent 
consum: of tin increased from 142,478 tons in 1935 
to 157,182 tons in 1936. In the United States the con- 
sumption was 75,643 tons, this figure representing 48 per 
cent. of the world’s total consumption. In the United 
Kingdom the consumption of 21,860 tons in 1936 was 
the highest recorded since 1930. 


Testrixne Metats sy Sounp Waves.—An instrument, 


ipating in the control 


known as the ‘ defectoseope,”’ for the testing of metal 


up to 1 m. in thickness has been invented by the Soviet 
scientist, Professor 8. Y. Sokolov. With the aid of the 
instrument it is said to be possible to determine the 
quality of metal with absolute precision before it is used. 
The appliance is based on the ability of sound to. 
through metal. In a metallic or liquid medium, ultra- 
sound waves are carried forward in the form of narrow 
bunches. If a crack, an air hole, or some other defect 
occurs in the path of the ultra-sound ray, the ray is 
deflected and does not pass through fhe defect. This 
property is utilised by Professor Sokolov in his new instru- 
ment, by means of which it is possible to irradiate steel, lead, 
gold, and other metals in block form.or as manufactured 
articles. - Consisting of a high-frequency lamp generator, 
a quartz anode, a quartz cathode, and a receiver, the new 
instrument is convenient and po é 

Snort Txcunica Courses FoR TEacHERS.—The 
Board of Education is making arrangements for a short 


course on science, electrical. -engineering, and 
sooshecaatise iar teachers in engineering subjects in recog- 


in and electrical science and practice. The 
first two in each morning will be occupied by 
lectures at which there will be ities for i 


and discussion, and the final period of one hour will be 
allotted to discussions in small groups. Evening lectures 
of general interest will be attended by members of all 
courses. The afternoons will be left free for recreation, 
ia cue soures Semele: groves Se ee 
enced tutor and members are asked oboe te up n 

of common interest, Sing 

and the general organisation of classes. 


Aw Arc Wetpine ComreTirion.—One of the 
awards yet offered for competition in. the scientific 
has been announced by the James F. Lincoln Are Welding 
grog with sereetecs - Pag cmt — use 
In this competition, which ca papers engineers, 
technicians, oe and skilled * we ‘who 
ae Cee ee So Wee oe 
dollars will be given in es, and there 

"peialiinals pale 


receive not less than 13,700 vollars for his | 


To partic 
tage apple to its. fearon amy pea 


1 


a the acon arate Nowy pres a 
was impractical with other methods. of construction 
could better be obtained by arc welding. In_ certain 
classifications, however, slightly different eligibility 
uirements apply, and full details and entry blanks for 
the contest may be obtained from Mr. A- F. Davis, secré- 
tary, the James FE. Lincoln Are, Welding Foundation, 
Post Office Box 5728, Cleveland, Ohio, U.S.A. The 
particulars we have received do not say if the competition 
is open to other than American subjects. 


/ new 
use in 


- i dog (her p< whole-or- in part) | 
caetal 





Air and Water. 





JERSEY ArrPorT.—lIt is announced that the new Jersey 
airport will be opened on March 10th. 


TRANSATLANTIC Fiyinc Boat ExprEerRmMENTs.—On the 
afternoon of Thursday, February 25th, the Empire flying 
boat “‘ Cambria” flew from Southampton to the mouth 
of the river Shannon in Ireland to carry out a series of 
local flying tests and wireless comm ion experiments 
with the new Irish Free State station at Rynanna. 

New Frencn Am Srrvices—Railway Air Services 
and Air France have come to an arrangement whereby 
air passengers from Glasgow, Liverpool, and Midland towns 
will be able to reach towns as far distant as Marseilles, 
Cannes, Geneva, and Zurich in one day. A new service 
is to be opened between Paris, Bordeaux, and Toulouse. 


ArmmPorTs IN THE UNITED SratTEes.—A recent report 
of the American M Association shows that of 
about 2000 airports and grounds operated in the 
United States, 475 come under the classification of 
municipal ai . Of the 475 municipal airports, 200 
are used as terminals for the national airways system that 
was set up in July, 1936. 

Betrast Harsour.—The annual 
Harbour Commissioners shows that year the port 
cleared vessels aggregating a net register tonnage of 
4,570,159, a record figure for —— harbour. Over 3,857,280 
tons of goods were ores exported. Amongst 
other improvements were the widening of the Victoria 
Channel by the removal of the West Twin Island, exten- 
sion of Pollock Dock and oo Quay, and the levelling 
and draining of reclaimed land 

Ecyptian Fiyine isiecnn: —The * Oases Circuit " 
race of the Egyptian flying meeting began on Tuesday. 
February 23rd, and was finished on Agen February 26th. 
The first machine home was a ‘‘ D.H. Puss Moth,” piloted 
by Flight Lieutenant Heber Perey. He landed at Almaza © 
at 1.36 p.m., and of the remaining forty-one competitors, 
thirty-four were in by 5 p.m., the other machines having 
fallen out owing to minor The winner of the 
race, whieh was judged on points, was a German pilot, 
Frickerr von Sternberg. 


“ Scrap anp Burp ”’ ScHEME.— i tion 
in the House of Commons, the President of 
Trade said chat the results of operation of Part IT of the 
British Shipping (Assistance) Act, 1935, is that fifty ships 
of approximately 186,000 tons gross have been or are 
being constructed. The total estimated cost of these ships 
was £3,686,923, while the total amount advanced to the 
shipowners concerned was £3,548,124. Ships totalling 
97 of. 386,000 tons gross, i 49 British vessels of 
SSE PN9 tone gross, Hae begs SF walt Be demolished. ‘3 

Quarter’s Wreck RetuRNs.— to Lloyd’s 
he aa G 100 tons gross 
for the quarter ended September 30th, 1936, there were 


Sor ond covet sie taatlin Sige gan deer 
owe tons, totally 


tons, and seven 
lost. Of these five of t kenge f motor ships and 
five of the sailing ships were British. The gross reduction 
in the mercantile marine of the world from all causes 
reported during the quarter was 142 steam and motor 
aggregating 237,021 tons, and thirteen sailing ships 

18 tons. 

DEVELOPMENTS AT CaPE Town AIRPORT.——Statistics 
for air traffic. at. the Cape Town airport during last year 
show substantial increases on the figures for the previous 
twelve months. In connection with the impending 
arrival and departure of the big Empire flying boats at 
Durban, it has — decided to operate three connecting 
between Cape Re scape and Durban, and it 
is expected that before the end of this year there will 
be daily services flying on the Cape Town— route. 
Air facilities at Cape Town are improved and 
developed to meet the greatly in traffie which is 
now anticipated. Runways lengthened, a 
eet i bing sao, a new ov 


blind approach 
ment redo station i and details are 
a Boag. om Be pe See li 


of the Mersey 


rt of the Belfast 


a 


of 


Mersey Docxs.—At a recent meeting 


Docks and Harbour Board, the Works Committee. recom- 
mended that in connection with the proposals to provide 
of 


improved facilities for the docking and undocki 
vessels engaged in the coastwise trade, the necessary steps 
be taken to obtain the consent of the Admiralty for the 
construction of a river entrance lock into the West 
Waterloo Dock, and that a grant be obtained from the 
Duchy of Lancaster in respect of that portion of the bed 
of the river which will be required for the proposed works. 


The new dock works would provide for an entrance with a 
lock, 450ft, long .by, 65ft. wide at the west side of the 
Waterloo Dock, would enable vessels drawing up to 


about 17ft. of water to enter and leave the dock at prac- 
tically any state of the tide. The cost of the new works is 
estimated at £653,540. 

An Agro-zncrve DyNaMomETER.—In a paper on the 
measurement of engine power in flight before the 
Royal Aeronautical Soctety, Mr. N. S. Muir described a 

transmission developed for 
with some of the results obtained 
Aircraft Establishment. The new 
r serves to measure the torque transmitted 


Crs daeet apes ia Mc ON Thee peli Dos 


perenne Bo This 
ee ee 
po aw age oe 


eee cong cron 


used 

ment from the basic ols of Ford's eel which 
been used largely in marine . In essence it 
certain | consists of a set of electrical ‘ormers whose primaries 
are energised by a suitable A.C. generator and the variation 
of air gaps in the iron cores is used to provide a variation 
of ‘secondary Olitput voltage which is arranged to be 
proportional to the change of air gap. The deflection 
of the spring element in the dynamometer is arranged to 
vary the air gap a like amount, and therefore the output 
voltage is a measure of the torque. 
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THE DUTIES AND THE STEEL SHORTAGE. 


THE reduction in iron and steel duties (see 
page 276) will be weleomed by all the consuming 
industries, and even the steel makers will experi- 
ence a sense of relief if it leads to the amelioration 
of existing conditions. The shortage of steel seems 
to be regarded as a development of the past few 
weeks, but those who have followed our Market 
Notes and News will realise that for months it 
has been steadily growing more pronounced, and 
has become accentuated since the end of last 
year. As the demand is increasing, and there seems 
little likelihood of a corresponding rise in pro- 
duction, it is only reasonable to suppose that 
even the present unsatisfactory position will 
deteriorate. The engineering industries have been 
amongst the chief sufferers, and nearly a year ago 
were complaining of the interruption to their work 
caused by the arrears in deliveries of finished steel 
materials. Quite recently representatives of the 
shipbuilders and the steel makers met to discuss 
the position which had arisen through the late 
deliveries of steel to the shipyards and the conse- 
quent delay in the completion of vessels. The 
motor trade also has been loud in its complaints 
of the difficulties of obtaining the quantities of special 
steel required. To put it shortly, there is not an 
industry using steel in which operations have not 
been handicapped, but the industries mentioned are 
the largest consumers of finished rolled steel. Littleis 
known of the progress of the rearmament pro- 
gramme, but in spite of the priority accorded 
Government work, disturbing rumours are current 
that all is not going according to schedule. The 
re-rollers—who produce a good proportion of the 
material from the scarcity of which the trades 
referred to are suffering—are obliged to limit their 





outputs, owing to the shortage of supplies of raw 
material in the shape of billets and sheet bars. To 
make matters worse, supplies of Continental steel 
which should have reached this country last Decem- 
ber are still undelivered and arenotexpected toarrive 
until the latter part of April or May, and this includes 
heavy tonnages of semi-finished steel which would 
have helped to relieve the necessities of the 
re-rollers. This situation in the home market has 
naturally had an adverse influence upon the export 
trade, and foreign buyers are unable to place 
orders. Consequently, export prices have risen in 
a number of instances above the home trade prices, 
and the markets have been disorganised by the 
practice of charging high premiums, principally on 
Continental steel. The willingness of foreign buyers 
to pay such prices, however, may be taken as a 
measure of the world shortage. 

It is not difficult to discover how the shortage 
came about in this country. The production of 
raw steel in spite of record outputs in 1935 and 
1936 was not sufficient to meet the greatly expand- 
ing home demand, but whether the re-rolling mills 
of the country have been employed to full capa- 
city is difficult to say. Probably in most instances 
they have, but it is certain that the firms produc- 
ing raw steel have been hard put to it to make do 
with the quantities of steel-making pig iron and 
scrap they have been able to obtain. Available 
statistics do not greatly help us to explain the 
position, and if ever there was a time when an 
authoritative statement by the British Iron and 
Steel Federation were needed, it is the present. 
That organisation is in a position to produce figures 
and to estimate the situation likely to obtain during 
the next few months, and to save a large propor- 
tion of the steel trade and all the ing indus- 
tries from blundering along on hand-to-mouth 
rations without kno of when they will 


92 | receive their steel or the price they will have to 


pay. It is interesting to compare the figures of 
1929 with those of 1936. The chief difference in 
the situation ruling in those two years is that in 
1929 there were no im duties, the limitation of 
imports agreed between British steel makers and the 
Cartel was not in force, and there was no Defence 
Programme to absorb unknown quantities of steel. 
It was, however, a “ boom ” year, and it is possible 
to form some idea of the nation’s steel require- 
ments in good trading conditions by a study of 
the production figures issued by the British Iron 
and Steel Federation. The British production of 
pig iron and ferro-alloys in 1929 totalled 7,589,300 
tons, of which 2,347,900 tons was hematite and 
3,196,500 tons basic iron, a total of 5,544,400 tons 
of steel-making pig iron. The production of steel 
ingots and castings in that year was 9,636,200 tons, 
whilst the output of semi-finished steel was 
7,242,100 tons, and of this, 2,184,100 tons was 
despatched from the producers’ works, and pre- 
sumably used by the re-rollers. Finished steel 
was produced to the extent of 7,624,700 tons. In 
1929, however, there was imported 71,886 tons of 
basic pig iron and 2,750,396 tons of finished steel. 
Taking the available figures, therefore, home con- 
sumers and exporters had available 10,375,096 
tons of finished steel. Comparing these figures 
with those for 1936, it is somewhat surprising to 
find that the production of pig iron and ferro- 
alloys last year was not more than 7,685,700 tons, 
or only 96,400 tons more than in 1929. Of this 
quantity, 1,713,200 tons was hematite and 
4,326,300 tons basic iron, a total of 6,039,500 tons 
of steel-making iron. The production, of steel 
ingots and castings, however, increased consider- 
ably, and in 1936 was 11,698,200 tons, or 2,062,000 
tons more than in 1929. The production of finished 
steel last year was 8,451,100 tons, or 826,400 tons 
above that for 1929. These figures show that the 
production of steel increased to a far greater extent 
than that of pig iron, and indicates one potent 
reason for the difficulty the steel makers have had 
in meeting the demand. Again, the total imports 
of pig iron in 1936 amounted to 247,348 tons, of 
which 166,215 tons was basic iron. There was 
also 1,235,729 tons of finished steel imported. ‘The 
quantities of finished steel therefore available for 
the British market in 1936 both. from home and 
foreign sources amounted to 9,686,829 tons, which 
was 688,267 tons less than in 1929. . 
The foregoing figures may give only a rough 
indication of the present situation, but they do 
disclose that the limitation of imports and the 
duties together have contributed to bring about a 
shortage. The addition of pig iron to the Free List 
may facilitate foreign purchases, but it is difficult 
to see in what way the halving of the duty of 20 per 
cent. on quota steel can affect the situation. 
Nothing is said in the White Paper as to any 
increase in the quantities admitted to this country 





under licence, and theagreement between the British 
steel. makers and the Cartel restricting imports 
from those countries to 525,000 tons per annum 
still stands. It is also doubtful if the reduction in ~ 
the duty is sufficient to tempt the Continental 
makers to send large quantities of steel to Great 
Britain, even if it were available. It was recently 
estimated that the Continent. would require a price 
of at least £10 c.if. for small bars, compared with 
the present price of £7 15s. to £8 2s. 6d. d/d 
Birmingham, and it is unlikely that the present 
reductions in the duty would enable this increase 
to be obtained. 


“Whats Wrong?” Again. 

Ix will be recalled that in a Leading Article in 
our issue of December 18th we discussed the diffi- 
culty which engineering firms all over the country 
were experiencing in finding just the right type of 
men for positions of responsibility. We received 
a good number of letters on the subject, some of 
which we printed. A few were from employers, 
but the majority were from junior engineers, some 
in and some out of jobs. To us it was rather dis- 
appointing that no one seriously challenged our 
statements. Silence seemed to prove that our 
experience was not exceptional, and that there is 
in fact something wrong with the current methods 
of training and bringing up young engineers. 

In these circumstances we have read with much 
pleasure an address delivered by Mr. H. L. Guy 
to the Manchester Technology Old Students’ 
Association. In it our Leader is scarified almost 
line by line. If we submit that our statements 
come out quite unscathed from that process, that 
is no reflection upon the energy which Mr. Guy 
applied to their disintegration. We wish we could 
print the address in full as an example of how an 
attack should be delivered, particularly when, as 
Mr. Guy was, you are addressing an audience which 
may safely be assumed to be sympathetic with your 
views. He opened by quoting many passages from 
our article and by referring to recent presidential 
addresses from which our remarks received support. 
He then admitted that “it is right and necessary, 
if continued progress is to be made and atrophy 
escaped, that at intervals of not more than ten 
years, all systems, organisations, and administra- 
tions shall be coldly and dispassionately examined, 
and that once in a generation they shall be subject 
to a minor revolution.” But in this case Mr. Guy 
is apparently adverse to the application of this 
excellent principle, for he continues: “If the 
general statement is not true, that in this country 
and under our present social and educational 
system, young men are not to be found, able and 
fitted to assume positions of responsibility in engi- 
neering organisations, those who shout it do a 
serious disservice to their country and to the 
younger men of their own breed and profession 
who from the very circumstances of their case are 
unable to rebut an exceedingly damaging and false 
accusation.”” We cannot agree with Mr. Guy that 
the circumstances prevented the young men from 
rebutting the accusation. We should have been 
very glad if they had done so, and if more than one 
or two had protested that the defect lay with 
employers. Mr. Guy’s words may have led many of 
his audience to hint that it. was the young men who 
were accused in THE ENGINEER, whereas, in fact. 
the subject of our criticism was’ a system. One 
does not ‘“‘ accuse ”’ a piece of steel of being soft, if 
it has not had the proper treatment to make it hard. 
Mr. Guy is perfectly satisfied that the system with 
which he is associated at the Metrovick works 
leaves nothing to be desired. Presumably, he 
wishes us to understand that the experiences of 
other firms and individuals is worthless. We need 
not quote his actual sentences, but they seem to us 
to imply that any opinion which elderly men may 
express about the merits of younger men are tainted 
by the years. Who, then, is to be the judge ¢ 
Are the young men to sit in judgment upon the 
effect of a system on the development of character, 
and by what standard—if they will not take that 
of employers—are they to decide what does con- 
stitute fitness for a given post? We suggested 
that if such dissatisfaction as we found did generally 
exist, every effort should be made to discover the 
causes and source of-the trouble: Mr. Guy’s argu- 
ment is that there are no grounds for complaints. 
We hope his complacency is justified, and that the 
numerous contrary opinions which we have heard 
are unjustified. But the energy of his criticism has 
not converted us. 

It is not. often that we refer in these editorial 
columns to our advertisement pages, but we feel 
impelled to do so in this instance. Amongst our 
small advertisements in the current issue will be 


found one headed ‘‘ Engineers.” Despite its 
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unusual form, we may say that it is a perfectly 
genuine advertisement from a very important 
company. It states the requirements of a manu- 
facturing firm with excellent conciseness, and at 
the same time indicates clearly the reason why 
certain qualities are needed. We have no hesita- 
tion in saying that every engineering works 
manager would endorse those requirements. We 
have no doubt that they are just those which were 
in the minds of all who have tried to find and 
have failed to find such men. We do not wish to 
suggest for a moment that some, even many, such 
men do not exist. What we do say, and what 
we still think, despite Mr. Guy’s satisfaction, 
requires looking into, is that the proportion of men 
with those qualities produced by our present system 
of education and training is not as high as it ought 
to be. No one expects 100 per cent. efficiency in 
any human enterprise, but if experience indicates 
that the percentage is low, then an examination of 
the system is called for. Surely, it is not unreason- 
able to expect that an expensive upbringing 
should produce more than 4 per cent. of young 
engineers ready to seize opportunity. That, 
according to Dr. Bowie, is the efficiency in America. 
Mr. Guy appears to regard the same ratio as 
representative of this country, and is not dis- 
satisfied with it. We are. 








Obituary. 
WILLIAM TAYLOR. 


Amonest the many who will hear with regret of 
the sudden death ef Mr. William Taylor on Monday 
last, in none will the regret be more sincere than in 
those members of the Institution of Mechanical 
Engineers who accompanied him on the Summer 
Meeting to Canada and the United States in 1932. 
Both on shipboard and on shore, he enlarged by his 
friendliness a popularity which had already been 
founded at the Institution meetings at home, and 
particularly during his term of office as Vice-President 
and the early part of his presidency. He was one of 
those men who is careful only to speak publicly of 
subjects which he knew well, and in consequence the 
part he took in discussions was invariably interesting 
and instructive. Furthermore, he had the interests 
of the members at heart and showed it in practical 
ways that were appreciated by them. 

He was a frequent visitor to North America, where 
he was almost as well known as in this country, and 
was imbued by American methods of works organisa- 
tion, Taylorism, motion study, and similar devices 
for the regimentation of output. He might, we 
think, be described as a man with an exceptionally 
tidy mind ;_ he loved doing things as they ought to 
be done, and in their proper sequence. We never 
saw him moved. Whatever his feeling of opposition to 
some action or idea might be, it was always expressed 
in the same calm and persistent manner that he 
employed when he was promoting some scheme of 
his own—as, for example, the help to inventors and 
patentees which he initiated at the Institution. 

To engmeers the highest scientific honour in the 
land, if not in the world, comes rarely. They are too 
often overlooked in the galaxy of research workers 
in less obviously useful subjects. But to William 
Taylor, that honour, if belated, came at last. Three 
years ago he was made an F.R.S., principally in 
recognition of his work on fine measurement. That 
work, started many years ago, was elaborated 
for the Screw Gauge Committee. He originated the 
elegant method of measuring the effective diameter 
of a serew thread with needles, originally for the 
standardisation of lens screws, but the needle and 
prism method, as it is called, is now universally 
employed for the fine measurement of all kinds of 
serew threads. But whilst this invention no doubt 
influenced the Royal Society, it was not the only 
direction in which William Taylor had won the right 
to the coveted F.R.S. Ever since the foundation 
of the firm by him and kis brother Thomas, some 
fifty years ago, precision had been the keynote of its 
activities, and it had unquestionably established a 
reputation for lenses and certain classes of high- 
precision tools that was recognised throughout the 
world. In this work “ W. T.,”’ as he was called, was 
the moving spirit, for his brother “‘ T. 8. T.” and Mr. 
W. S. Hobson—the third member of the firm after 
the retirement of Mr. H. W. Hobson, who had joined 
it in °87—were more engaged on the business than 
the technological side. 

Both the Taylors were mechanically minded from 
their nursery days. In due course, Thomas, who is 
the elder, was apprenticed to Howards, of Bedford, 
and later to R. and J. Beck, makers of microscopes ; 
whilst William went to “ Finsbury” as one of the 





first students and took up electrical engineering. 
In ’85 their father, who was in the hosiery business, 
removed from London to Leicester, where William, 
fresh from college, started as a consulting engineer. 
But in the following year Thomas left Beck’s, hired 
part of a factory in Slate-street, Leicester, and with 
no more capital than £300 founded the lens-making 





business. A few months later William joined him, 
and in the following year H. W. and W. 8. Hobson 
became members of the firm, the former as a partner. 
Thus was established Taylor, Taylor and Hobson, Ltd. 
In 1894 it became. necessary to find more room for 
the growing activities of the company, and the 
Stoughton-street works were established. 

Whilst the manufacture of lenses was the principal 
work of the firm, and owes a great deal of its success 
to the enterprise of William Taylor, who introduced 
new methods, other interests were not wanting, 
amongst which may be mentioned the development of 
a pantagraph engraving machine, which, although 
primarily undertaken for the use of the firm, opened 
up a new line of business, An electric etcher is 
now in production: for cutlery and other firms. 
Another “side line” is the ing of moulds to 
impress the design on golf balls. William Taylor 
was an enthusiastic golfer, as much, we are inclined 
to think, on hygienic principles as on recreation. He 
played every week-end as long as his health per- 
mitted, and naturally took a scientific interest in the 
attack on the ball. The result was the production 





WILLIAM TAYLOR, F.R.S. 


at. the works of a golf ball driving machine. We are 
not aware that any profitable research with it was 
carried out, but it may be used by the makers of 
balls for testing and the establishment of standards. 

We have referred but briefly to William Taylor’s 
development of new methods of grinding lenses. It 
was to that subject that he devoted his Presidential 
Address to the Institution of Mechanical Engineers 
in October, 1932, and we strongly recommend those 
who were not happy enough to hear a masterly dis- 
course to read it. Moreover, they will learn from it 
what manner of man William Taylor was, and the 
nature of the work to which he had devoted the great 
part of a very useful life. 





G. A. HARVEY, 


THE death occurred on Thursday, February 25th: 
from heart failure, of Mr. George Alfred Harvey’ 
founder of the firm of G. A. Harvey and Co. (London): 
Ltd., sheet metal and steel plate workers. Mr- 
Harvey, who was eighty-four years of age, and lived 
at Preston Park, Brighton, was chairman of the 
firm, which he founded in 1874 in a small shed at 
Lewisham, where, with the assistance of one boy, 
he carried on the business of a zinc worker. From 
this modest beginning the business grew rapidly, 
and in 1894 the galvanising and tank-making depart- 
ments were removed to new premises at Iron Wharf, 
Greenwich. Both the Lewisham and Greenwich 
works were eventually found to be inadequate, and 
in 1913 the firm moved to the site of the present works 
in Woolwich-road, which now cover 40 acres of ground 
and employ 2000 hands. 

The interest of Mr. Harvey in the welfare of his 
employees was given expression to by his inauguration 
of the Harvey Benevolent Fund with a gift of £15,000, 
and the foundation in 1935 of a Jubilee Trust Fund 
of £5000 for*necessitous cases in respect of junior 
workers. He also took a great personal interest in 
the development of a housing estate near the works 
for the benefit of his employees. 

Mr. Harvey was at one time a member of the 
Lewisham Vestry, and was instrumental in obtaining 
many reforms in the administration of Poor Law 
relief. He became a member of the first London 
County Council, which was constituted in 1888, and 
it was about this time, also, that he contested the 
Lewisham parliamentary seat as a Liberal. 





PHILIP A. LANG. 


We have to announce with regret the death on 
February 25th, of Mr. Philip A. Lang, at the age of 
eighty. Mr. Lang was of German origin, but. in 





early life he migrated to America, and in the ’eighties 
of the last. century had risen to the position of head 
of the detail department of the Westinghouse Electric 
and Manufacturing Company, and subsequently 
was superintendent of the shops at East Pittsburg. 
In the early part of 1906 he came over to this country 
to be acting general manager of the Trafford Park 
Works of the British Westinghouse Electric and 
Manufacturing Company, Ltd., and in July of the 
same year he was confirmed in the post of general 
manager. The organisation of these works was a 
herculean task, as manufacture had only begun in 
1901, and there were as yet no established traditions. 
Mr. Lang threw himself heart and soul into this 
work and concentrated particularly on persuading - 
the employees to work together with mutual good will. 
He may be said truly to have been the founder of 
the now well-established social life of the Metro- 
politan-Vickers Electrical Company, Ltd. (the 
successor to the British Westinghouse Electric and 
Manufacturing Company, Ltd.). In September, 
1913, he was made managing director of the company. 
He resigned this position in February, 1918, but 
remained in an advisory capacity in London to give 
the board the benefit of his experience until 1921. 
After his retirement, however, his contact with the 
Metropolitan-Vickers Electrical Company was still 
maintained, and he continued in touch with the 
management until quite recently. 
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Garcke’s Manual of Electrical Undertakings. London : 
Electrical Press, Ltd. Price 37s. 6d. net.—The. thirty- 
ninth annual volume of Garcke’s Manual contains ol 
2100 pages of text, providing a complete record of all 
available technical, financial, and commercial informa. 
tion of electricity supply undertakings in Great Britain 
and throughout the British Commonwealth. The latest 
available accounts and statistics for 1935-36 = oe 
Important data give in respect to each supply un - 
rine extent of the authorised area, paneleeon, number 
of premises in the area, and the rateable value. Other 
exclusive features comprise a Directory of approximately 
13,000 directors and officials, giving names, addresses, 
and appointments, and a Directory of approximately 
6000 electrical contractors alphabetically arranged under 
towns, &c. The Manual also deals in an equally compre- 
hensive manner with electric railway, tramway, and 
trolly vehicle systems, electrical manufacturing com- 
panies, investment trust and allied concerns. In all, 
over 5000 undertakings are recorded. The progress of the 
year section contains a great deal of statistical data on the 
financial and technical progress of the industry over a 
number of years. 

Manual for the Handling of Applications for Patents, 
Designs, and Trade Marks throughout the World. London : 
Massie Publishing Company, Ltd., 59, Chancery-lane, 
W.C.2. Price 33s. net.—Patent law is a subject which 
is not always easy to understand in this country, and it 
is not unusual for those concerned with the patenting of 
inventions or registering of trade marks abroad to e i- 
ence a considerable amount of difficulty owing to a lack 
of knowledge of other countries’ laws. It is the intention 
of the publishers of this work to issue each year supple- 
mentary correction sheets in order to it quite up to date, 
and it is therefore bound in the loose-leaf ledger manner. 
Whilst it is inadvisable for the inventor to attempt to 
secure foreign patents without the assistance of registered 
agents, anyone who desires to know the nature of the 
task that has to be faced will welcome this volume. 





How to Buy Timber. By R. R. Rivers. London: 
Sir Isaac Pitman and Sons, Ltd., Parker-street, W.C.2. 
Price 3s. 6d. net.—This little book has been written as a 
guide for builders, architects, carpenters, cabinet makers, 
&c. Its various sections deal with hardwoods, softwoods, 
and plywoods, describing each of the better-known classes 
and giving practical details as to their properties, selection, 
and purchase. Although engineers have but little to do 
with timber nowadays, the book will prove useful to 
those who are occasionally called upon to estimate for 
jobs in connection with which a certain amount of wood 


is to be used. 
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15,000-kW Parsons’ Turbo - Alternator. 


nsilfcnnindiaeecinta 


HE machine illustrated on this and the following 

pages is interesting as an example of the turbo- 
generator of medium size, yet comparable in effi- 
ciency and in the severity of its steam conditions 
with some of the most modern units for central 
station duty. It has recently been constructed by 
C. A. Parsons and Co., Ltd., and is now in regular 
service. The unit, a photograph of which taken on 
site is reproduced on page 278, has a maximum con- 
tinuous capacity of 15,000 kW at 3000 r.p.m., and 
supplies three-phase current at 11,000 volts. It works 
with steam at a gauge pressure of 600 lb. per square 
inch, superheated to 800 deg. Fah. at the stop valve, 
and exhausts at a vacuum of 28-8in. 

The turbine, shown in a Supplement, comprises 
two cylinders in tandem, with a single exhaust 
branch to the condenser. The high-pressure 
cylinder in which the steam is expanded from its 
initial conditions to a pressure of about 45 lb. abs. 
is of molybdenum steel throughout, to minimise the 
deformation due to temperature stresses. The low- 
pressure cylinder is of cast iron, as the highest tem- 
perature to which it is exposed does not exceed 
about 360 deg. Fah. In both cylinders the steam 
belts are bridged across with numerous stout bars 
integral with the castings, so as virtually to conserve 
the continuity and rigidity of the cylinders, while 
the latter are further safeguarded against distortion 
by removing, as far as possible, any constraint due to 
the heavy joint flanges. This is done by making a 
saw cut from the outside edge of the flange into every 
bolt hole, thus allowing the flange to expand and 
contract longtudinglly in conformity with the body 
of the cylinder. 

The blading of the turbine is of the reaction type 
throughout. There are altogether seventy-one moving 
rows, varying in height from lin., with a mean dia- 
meter of 16-5in. to 14in., with a mean diameter of 
56in. The high-pressure cylinder contains fifty-two 
rows, all of the end-tightened type. In this form of 
blading the clearances upon which steam tightness 
depends are axial instead of radial, and can therefore 
be readily adjusted by the-operator to any desired 
setting. More important, perhaps than this feature, 
is the ample clearance which can be allowed over the 
blade tips, as this can be of any magnitude without 
affecting the efficiency of the machine. The blading, 
therefore, is not liable to damage in the event of dis- 
tortion of the cylinder by temperature stresses or 
other causes. In the low-pressure cylinder where 
temperatures are quite moderate, and where the 
greater specific volume of the steam and the increased 
length of the blades render steam tightness of less 
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tightened blades is of Monel metal, and the erosion 
shields are of a very hard tungsten alloy, which has 
been found thoroughly effective in resisting the 
destructive action of water particles in the steam. 
The two turbine rotors are connected by a double- 
claw flexible coupling, and each is located axially 
by a double-acting thrust block of the pivoted pad 
type, arranged inside one of the Means 
are provided for a slight axial adjustment of the 
high-pressure bearing, so that the internal axial 
clearances of the blading may be set to any desired 




















gear type, at one end and the centrifugal governor 
at the other. The draws oil from the reservoir 
and delivers it at a pressure of 70 lb. per square inch. 
Part of the oil passes through the automatic reducing 
valve L, by which the pressure is lowered to about 
15 lb. per square inch for the general lubrication of 
the machine, The remainder of the oil, at the full 
pressure of 70 lb. per square inch, serves for the con- 
trol of the valves. Before entering the system, how- 
ever, it has first to traverse the emergency trip vaive M. 
This valve, the operation of which will be described 
later, only comes into action in the event of the 
turbine speed exceeding a predetermined limit or 
in case the attendant should desire to stop the 
machine as quickly as possible for any reason. After 
flowing round the valve M the oil enters a chamber U 
from which some of it is led by pipes to the main stop 
valve and the relays of the governor valves. The 































of the composite type, a labyrinth packing being 
supplemented by four carbon rings. In the low- 
pressure cylinder carbon rings only are used for pack- 
ing, All glands are steam-sealed and to prevent the 
sealing steam escaping to atmosphere, a small con- 
denser is fitted to each gland. The cooling surface 
of this condenser is a copper coil through which a 
portion of the condensate is caused to flow. The 
amount of sealing steam can be observed at any time 
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MAIN STEAM CHEST 


importance, ordinary radial clearance blading is 
used. The greater part of this blading, as well as 
the end-tightened blading of the high-pressure 
cylinder, is manufactured in short segments, the 
blades and distance pieces of each segment being 
welded and brazed together, so that the accuracy of 
the blading is independent of the skill of the blader. 
Separate, blades rolled integrally with their roots, 
which also act as spacers, are used for the last five 
rows of blading, while the last two rows of all are 
fitted with Parsons anti-erosion shields. Except for 
these two rows, the blading throughout the turbine 
is of stainless iron. The shrouding of the end- 


by shutting off. the cooling water, but when once 
adjusted no further attention is necessary, as the 
proper operation of the gland is indicated by the 
dripping of the condensed steam into an open tundish 
adjacent to the gland steam valves. 

The steam chest containing the combined runaway 
and stop valve and the two governor valves is a 
steel casting mounted separately from the turbine 
and connected to it by flexible pipes. Details of the 
governor and valve gear are illustrated. At the 
high-pressure end of the turbine is a cross shaft 
driven by worm gearing from the turbine spindle. 
This shaft carries the main oil pump, which is of the 








Resetting Knob 
R 
so ate 
Governor 
peor, Yj Reducing 
Ye Auxiliary Valve L 
Yi ; \wurg. 
“ | Jo exe 
S Ps Emergency Trips: y=“ 
Value LE 
~ ? To Cooler 
‘Main Oil ~Hand Regulating “ 
Pump \ Valve ofewings 
Drain to Tank 
f 
P 
“Tue Enoincer | = 
ARRANGEMENT OF GOVERNOR AND OIL PUMP 
value. The glands of the high-pressure cylinder are | remainder, known as the “ pilot oil,” is diverted by 


an adjustable valve T to a chamber surrounding the 
end of the governor spindle, which chamber is in 
communication with the pilot pistons of the relays. 
Its only way of escape from this chamber is by 
passing through a sleeve valve F operated directly 
by the governor, so that the pressure of the pilot 
oil will depend upon the greater or less opening of 
this sleeve valve. It is the amount of this pressure 
which determines the degree of opening of the 
governor valves. 


GOVERNING ARRANGEMENTS. 


In the illustration two valves are shown under 
the control of the governor. The first valve regulates 
the admission of steam until a given load is attained. 
With any increase of load beyond this point, the 
second valve opens, supplying steam to the by-pass. 
It will be understood from the drawing that the main 
oil supply at 70 lb. pressure, and the pilot oil at a 
variable pressure, are both taken separately to each 
of the governor valves. The pilot oil is led to the 
underside of a spring-loaded pilot piston E, while the 
main oil is conducted to the waist of a plunger B. 

The operation of the valve is as follows :—Should, 
for example, the load on the turbine increase, the 
movement of the governor will diminish the opening 
of the sleeve valve F, thus causing the oil pressure 
to rise in the pilot circuit. This increase of pressure 
will raise the pilot piston E, thereby causing the 
plunger B to be lifted by the floating lever connec- 
tion above. Pressure oil will thus be admitted to the 
underside of the power piston C fixed on the spindle 
of the governor valve, with the result that the valve 
will rise and admit more steam to the turbine. As 
the governor valve opens, however, it will raise the 
end of the floating lever, thereby causing the plunger 
B to return to its neutral mid-position, when -the 
action will cease. 

Conversely, if the load falls, the sleeve valve F will 
be opened more widely by the governor and the pres- 
sure in the pilot system will become less. The pilot 
piston E will therefore be forced down by its spring, 
lowering the relay plunger B and allowing oil to escape 
from beneath the piston C on the valve spindle. This 
piston will then descend under the action of the 
spring above it, and the opening of the governor valve 
will be reduced until its motion is arrested by the 
return of the plunger B to its mid-position. The 
springs of the respective pilot pistons are so adjusted 
that the valves open in proper sequence at specified 
loads, so that the turbine will always be working 
under the most economical conditions for any par- 
ticular load. 


Tue Mar Sror VALve. 


This valve serves both as an ordinary hand- 
operated stop valve and as an emergency valve, 
since it shuts automatically in case of overspeeding 
of the turbine or failure of the oil supply. It may also 
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be tripped at any moment by the attendant. The 
valve itself is of the balanced type forged solid with 
its stem, similar in construction to the governor 
valves, so that there are no parts to become loose 
under the influence of heat or wear. The upper part 
of the valve spindle carries a piston D to the under- 
side of which the pressure oil is admitted. The piston 
is held down against the pressure of the oil by a hand- 
controlled sleeve, the end of which abuts against a 
shoulder H on the piston. 

In order to open the valve, the sleeve is slowly 
raised by turning the hand wheel when the piston 
will rise under the action of the oil pressure, the 
shoulder H being kept all the time in contact with the 
end of the sleeve. Conversely, of course, the valve 
can be closed to any desired extent by turning the 
hand wheel in the opposite direction. Should the 
oil pressure fail at any time, owing to the operation 
of the emergency trip gear, or for any other reason, 
the stop valve will at once shut automatically. The 
piston will be foreed downwards by the strong spring 
above it, returning the valve rapidly to its seating. 
As soon as the piston ins to move, the shoulder H 
will lose contact with the end of the sleeve, so that 
any oil remaining under the piston will be free to 
escape through the ports J which are normally kept 
closed by the end of the sleeve. In order to limit 
the flow of oil when the ports J are uncovered, a 
diaphragm is fitted in the supply pipe at A. 

After the automatic closing of the valve in this 
manner it cannot reopen by itself when the oil pres- 
sure is restored, even though the hand wheel remains 
in the “ open ”’ position. Before any steam can again 
be admitted to the turbine, the hand wheel must 
first be turned until the sleeve is screwed down into 
contact with the piston. This is a valuable provision, 
as it ensures that after an emergency stoppage, the 
turbine can only be restarted by a deliberate action on 
the part of the attendant. 

Another contribution to safety is the fact that 
since the stop valve can only be operated by oil pres- 
sure, it is impossible for the turbine to be started or 
restarted before the auxiliary oil pump is working. 
This pump, of course, is driven quite independently 
of the turbine. It is situated below the lowest oil 
level in the tank, so that it is always primed, and 
it automatically primes the main oil pump. The 
auxiliary oil pump has sufficient capacity to supply 
all the oil required, both for the valve gear and 
lubrication, until the main oil pump is brought into 
service. It delivers into the general oil system at a 
pressure of 70 Ib. through the non-return valve shown. 


Tue Emercency TriP VALVE. 


All oil for the operation of the valve gear 
enters by the port P and flows normally round the 
trip valve M to the main and pilot oil circuits and 
to the stop valve. The valve M is a piston valve held 
in its working position by the catch R against the 
action of a strong spring tending to lift the spindle. 
lf the turbine speed should exceed a certain limit, the 
bolt of the emergency governor on the end of the 
turbine shaft will strike the lever provided for this 
purpose and release the catch R. The valve M will 
then rise until the piston S is above the port U. 
The oil in the valve system can then escape freely 
through the port U and both the governor valves 
and the main stop valve will at once close auto- 
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economical load of the turbine. The condensate 
is first used as the cooling medium for the operating 
steam of the air ejector, and is then passed through 
the four main heaters in series, the last two stages 
being on the boiler side of the feed pumps, so that the 
pumps have only to deal with water at a comparatively 
low temperature. The first two heaters take steam 
at absolute pressures of 6-5lb. and 17-5 lb. respec- 
tively from two tapping points in the low-pressure 
eylinder. The third heater takes steam at 46 lb. 
absolute pressure from between the two cylinders, 
and the last heater is supplied at 100 1b. abs. from 
a tapping point near the exhaust end of the high- 
pressure cylinder. Altogether about 22,000 lb. of 
partially expanded steam are withdrawn per hour 
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close automatically and feed to the boilers will be 
continuous through the by-pass pipe F. The auto- 
matic valve may be tested at any time by operating 
either of the pilot valves by hand. 


THE CONDENSING PLANT. 


The condenser illustrated on 278 is of the 
three-pass type, and is so designed that one half of the 
tubes may be cleaned while the other half is in service. 
This provision was necessary because the machine 
is required to operate for long periods without 
shutting down for condenser cleaning. The shell of 
the condenser is of welded steel with water-boxes 
of cast iron. The total cooling surface is 11,000 
square feet, but the condenser is required to maintain 
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AUTOMATIC HIGH-PRESSURE HEATER BY-PASS ARRANGEMENT 


from the turbine for heating purposes, thus increas- 
ing the thermodynamic efficiency of the plant, and 
reducing at the same time the work to be performed 
by the condenser and its auxiliaries. 

An automatic by-pass valve is provided to short 
circuit the two heaters on the high-pressure side of 
the boiler feed pump, in case of any failure of a tube 
or other cause of serious leakage, as an accident of 
this sort might otherwise result in flooding the 
turbine. The device is illustrated diagrammatically 
above. The boiler feed pump delivers water into 
the branch A and normally this water flows over the 
top of the double-seated valve E and out by the branch 
B, whence it passes through the two high-pressure 
heaters in series, and so to the boilers by way of the 
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FEED-HEATING SYSTEM 


matically. The lifting of the valve M also prevents 
the entrance of further oil through the port P, though 
the full supply of oil to the lubrication system con- 
tinues as before. The catch R may be released at 
any time, by a hand lever outside the turbine, should 
the operator wish to stop the machine suddenly or 
to test the gear. It can be reset with perfect ease 
by depressing the knob on the end of the valve 
spindle. 
FEED-HEATING ARRANGEMENTS. 

The condensate is raised regeneratively to a final 
temperature of 320 deg. Fah. before being returned 
to the boilers. The arrangement of the feed-heating 
system is shown diagrammatically above. The 


extraction pump delivers the condensate to the heat- 
ing system at a temperature of 84-5 deg. Fah., 
corresponding to a vacuum of 28-8in. at the most 





non-return valve C. The valve E is held to its lower 
seat by a light spring G, acting on a piston on the 
upper end of thé valve spindle. The space above the 
piston is connected to two pilot valves J, which are 
operated by floats in chambers connected with the 
steam space of the respective heaters. Under normal 
conditions the floats are in their lowest positions, and 
their pilot valves J are closed. The space above the 
piston H is then subject to full boiler pressure, owing 
to the slight leakage past the piston. 

If a tube should fail in either of the heaters, the 
water level wiil rise and lift the float, thereby opening 
the pilot valve and allowing the water above the 
piston H to escape more rapidly than it can be renewed 
by the leakage past the piston. The piston will then 
be raised by the water pressure below it, and the 
valve E will be held to its upper seat, water will thus 
be shut off the heaters, the non-return valve C will 


its specified vacuum of 28-8in. at the most economical 
load of 12,000 kW, with 20 per cent. of the tubes 
plugged, under which conditions the active surface 
would be reduced to 8800 square feet. The tubes 
are of copper-nickel alloy with a diameter of fin. 
and a length of 14ft. 6in. between tube plates. They 
are expanded into the tube plate at their inlet ends 
to permit of the most favourable entrance for the 
water, and thermal expansion is permitted by means 
of the usual ferrule attachment at the outlet ends. 
Duplicate vertical motor-driven extraction pumps of 
the Parsons standard type, each of sufficient capacity 
to deal with the whole of the condensate, are provided 
and the condenser is fitted with a quick-starting air 
ejector to enable the vacuum to be rapidly obtained. 
In normal service the air is extracted by a two-stage 
air ejector, the steam used in the ejector being con- 
densed and its heat returned to the system. 


ALTERNATOR. 


The alternator, a section of which is shown in the 
Supplement, is of the totally enclosed turbo type. The 
excitation is supplied from a direct-coupled exciter. 
The continuous maximum rating of the alternator is 
18,750 kVA, three-phase, at 11,000 volts, 0-8 power 
factor, 50 cycles per second, and the speed is 3000 
r.p.m. The design and construction is in accordance 
with Messrs. C. A. Parsons and Co.’s latest practice 
for machines of this type and output. 


STaToR. 


The stator casing is built of electrically welded 
mild steel plate, thus ensuring a sound and rigid 
construction with the minimum weight. The core 
is formed of thin laminations of a high silicon steel 
alloy, having low hysteresis and eddy current losses. 
The individual plates are insulated with a stoved 
enamel. The core plates are punched in segments 
complete with slots. High-power pressing devices 
are employed in order to build the core plate into a 
tight and uniform core. The completed core is tested 
electrically to ensure that the insulation between 
laminations is intact and that there is no local 
heating. 

The core conductors are of the Parsons patented 
helically stranded type of coreless cable, the indi- 
vidual wires being insulated and spiralled in a definite 
lay to eliminate eddy currents. The conductors are 
insulated with a machine-wra tube of micanite. 
A special varnish which remains flexible at all work- 

ing temperatures is employed in the manufacture of 
the insulation, which is thus unaffected by the rela- 
tive expansion of the copper and iron under service 
conditions, 

The maximum amount of mica, consistent with 
obtaining a properly bonded and consolidated insulat- 





ing tube, is employed in the manufacture of the insula- 
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tion. Each individual conductor, after being impreg- 
nated with varnish and dried out, is tested to nearly 
five times the normal working pressure. The dielec- 
tric losses of the insulation are also checked. 

The ends of the slot conductors are divided and 
are connected to the end windings by Parsons patent 
multiple joints. The use of pi po a joints reduces 
the eddy current loss in the end windings and at the 
same time facilitates the making of the joints. The 
end windings are formed with copper strip connec- 
tions arranged in three banks, one for each phase. 
They are rigidly supported with moulded mica and 
wood and held with non-magnetic 
supports. A view of the stator end windings is 
reproduced on page 278, 


Enp SHIELDs. 


The end shields are made of a non-magnetic and 
non-conducting material which results in an appre- 
ciable reduction in eddy current losses. The small 
weight of these shields allows them to be easily 
handled and readily removed for inspecting the 
alternator. 


Roror. 


The rotor is machined from a solid forging of high- 
grade mild steel manufactured to a rigid specifica- 
tion. A hole is axially through the centre 
of the shaft to enable a thorough inspection of the 
material in the centre to be made, thus ensuring 
that there are no defects. The windings are carried 
in radial slots milled in the rotor body. The coils 
are of copper strip formed on a coil-winding machine 


before being placed in the slots. The ends are flexibly | 
connected to the slip rings, ohe at each end of the | 


rotor. The windings are insulated from the rotor by 
moulded micanite troughs, the insulation between 
turns is also of micanite, while the end windings are 
securely packed with moulded heat-resisting asbestos 
packings. The end caps which support the end wind- 
ings against centrifugal force are made of non- 
magnetic steel. Damping windings are provided in 
the slots, and the end caps are electrically connected 
to the rotor body by means of flexible bonding strips. | 
The completely wound rotor was run at an over- | 
speed of 40 per cent. above normal, thus doubling | 
the normal stress in order to verify the soundness of | 
its construction. 
VENTILATION SYSTEM. 


The multiple inlet enclosed system of ventilation is 
employed, cool air being admitted over the whole 
length of the stator and ensuring uniform and 
effective cooling of the complete alternator. A 
diagrammatic arrangement of the ventilation 
system is given in the Supplement. The air 
is circulated by means of fans mounted on the 
rotor. Heat is abstracted from the air by passing it 
through an air cooler which is supplied with water 
from the condenser circuit. The air cooler is accom- 
modated in the foundation block, and can be readily 
withdrawn for inspection. The cooling surface is 
constituted by gilled tubes, any one of which can be 
removed and replaced without disturbing the 
remainder. 

The exciter and the slip rings are totally enclosed 
and are ventilated by means of cool air drawn from 
the main air circuit. The air is returned to the main 
circuit through viscous air filters which remove any 
carbon or metallic dust due to the operation of the 
carbon brushes on the commutator and slip rings. 
Emergency doors are provided to enable the alter- 
nator to be ventilated on an open-air circuit in the 
event of a failure of the water supply to the air 
cooler. A thermometer device gives the operator 
visible and audible warning of an undue rise in the 
temperature of the air. 

TEsTs. 

The alternator was completely erected in Heaton 
works, and its characteristics were determined by 
careful tests. During the temperature tests, the 
alternator was driven by a turbine, while for the 
determination of the losses a calibrated D.C. motor 
was used. The open circuit and short-circuit charac- 
teristies were checked and the following heat runs 
were carried out with the alternator running at 
normal speed :— 

(a) Unexcited. 

(6) On open circuit excited to normal voltage. 

(ce) On three-phase steady short circuit at the 
maximum load current. 

The temperatures of the core and windings were 
recorded by embedded thermo-couples, and the runs 
continued until the temperatures were steady. The 


temperatures were also checked by thermometer | 


after shutting down at the end of each test. 


readings were carefully analysed and indicated that | No leed- 


the temperature rise of the alternator when operating 
at its maximum output would be appreciably 
than permitted by B.S.8. No. 225—1925. 

During the open circuit runs oscillograms of the 
wave form of the voltage between phases and between 
phase and earth were obtained. The harmonics 
are very low, being of the order of 1 per cent. They 
were checked by means of a filter bridge and the triple 


harmonics were measured separately “by connecting | 


the windings in open delta. 
The alternator efficiency was determined by the 


method of the summation of losses, the separate 
losses being calculated from the power inputs to the 


calibrated D.C. motor with the alternator running 
under the three conditions already mentioned. 

The data obtained from these tests showed the 
efficiency of the alternator to be 97:25 per cent. at 
the continuous maximum rating. 

A second unit of the same speed and output has 
since been constructed and minor improvements in 
the design of its alternator have resulted in the 
efficiency being increased to 97-5 per cent. 

In addition to the usual tests, the alternator was 
subjected to a number of sudden three-phase short- 
cireuit tests at increasing voltages up to the normal 
voltage of 11,000 volts to enable the inherent reactance 
to be checked. An automatically controlled gravity- 
operated knife switch, with oil-immersed contacts, 
was used for making the short circuits. This design 
of switch can be operated with precision and the 
danger of one phase closing before the other is 
minimised. These conditions are necessary if accurate 
results are to be obtained. The oscillograph records 
of the short-circuit tests were analysed and the 
reactance determined. The sub-transient reactance 
was found to be 15 per cent., which agreed closely 
with the estimated value. The exciter was tested 
separately to its full rated capacity and on overload ; 
it passed all tests satisfactorily. The stator, rotor, 
and exciter were finally pressure tested in Fenommmance 
with the B.8.8. No. 225—-1925. 








Synchronous Motors with Large 
Overload Capacities. 


*“V.A.X.” (variable automatic excitation) syn- 
chronous induction motor devel and patented by 
the Mistcopolitan Viskion 1 Company is — 
tn the cnapiat aulling Goll aiatiors; hash 
in the case of rolling mills, &e. By 
providing the exciter with two field , one a 
shunt winding and the other a series A the excita- 
| tion supplied to the secondary of -the slip-ring induction 
be oi is made automatically to increase. As shown in 
he diagram Fig. 1, the shunt winding is connected across 
‘i exciter armature through a small permanent resistance 
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Fic. 1—MOTOR CONNECTIONS 


set when the motor is on test, whilst the series field is 
supplied from a double-wave metal rectifier fed from the 
secondary of a series transformer in one phase of the stator 
supply. 

As the load increases the rectified current supplied to 
the series field winding increases with a consequent rise 
in the current fed into the secondary or rotor of the motor. 
While the shunt field of the exciter is set to supply the 
necessary excitation at no load, the series field is designed 
to give the additional excitation needed to obtain the 
desired leading or unity power factor at full load and to 
hold the motor in step at the maximum overload expected. 
Contrary to the usual practice of running the machine at 
all loads with the excitation required for maximum over- 
load, the new scheme provides at any instant the excitation 
needed for the load being carried. The result is that the 
motor excitation losses are less, the heating is less, the 
efficiency higher, and there is no fear of the motor falling 
out of step under rapid changes of load or fall in voltage. 

Although rectified current is fed into one of the rotor 
windings, the resulting exciter voltage and current-carried 
by the motor field are practically smooth and a smoothing 
condenser is unnecessary. Numerous tests made on a 
375 H.P., 375 r.p.m. synchronous induction motor are 
said to have proved that the scheme is perfectly sound. 
After the exciter windings had been adjusted a series of 
load , as shown in the table ieioe, were taken 
from no load to 100 per cent. overload to indicate how the 
various field currents and power factor vary with change of 
load:— 











with the rectifier loaded on the motor, and Fig. 2 shows 
Sn eens sane varied almost exactly with the 


| 

iS eens set appearing in ngs February issue of the 

Metropolitan- Vickers Gazette, Mr. J. W. Mulligan explains 
that the field for the “VAX.” ‘synchrovous motor is 
very 'wide. It can be successfully employed in 
installations requiring a constant speed and powers from 
about 100 H.P. and upwards and with power factors of 
unity to approximately 0-75 leading, depending on the 
pone of the motor. It offers advantages over other forms 
of power correcting apparatus, such as simplicity of 
operation, high efficiency, high maximum peak overload, 
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relatively low starting kVA, and lower capital cost. It is 
not claimed that all these advantages are obtained in 
every case, but one or more of them are almost always 
secured. In certain cases the “‘ V.A.X.” motor is found to 
be cheaper to install than an induction motor with a static 
or rotary condenser and more simple to operate. It will 
have a higher efficiency, lower maintenance charges, and 
less liability to commutation troubles as compared with 
an induction motor with a phase advancer or any form of 
polyphase commutator. The machine has a lower starting 
kVA and a higher starting torque than a salient pole 
synchronous motor and a higher efficiency, higher peak 
overload capacity, and lower starting kVA than its nearest 
competitor, the ordinary synchronous motor. 
Considering the last item, the following will show how 
the superiority of the “ V.A.X.” motor over the ordinary 
synchronous motor is obtained without additional 
financial outlay. The value of excitation required by 
any synchronous induction motor, in addition to a fixed 
amount needed by the load, is governed by two factors : 
(1) the amount of leading kVA to be injected into 
the supply system supplying the motor or, in other words, 
the leading power factor of the motor; and (2) the M.M.F. 
necessary to force the flux through the. magnetic circuit 
of the motor itself. If the normal value of excitation 
required by these two factors is insufficient to hold the 
motor in step during the time that the maximum peak 
overload expected comes on the motor, then by some 
means the excitation must be increased. The method 
usually adopted in the case of the ordinary synchronous 
induction motor is to increase the amount of excitation 
required by (2) by increasing the air gap of the motor. 
At (a) in Fig. 3 O A is the exciting current required by the 
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load, O C the magnetising current of the motor, and AC 
the total exciting current. O A can be split into two com- 
ponents, O B, the part in phase with the volts, and A B, 
the part out of phase or the leading wattless kVA to the 
same scale as the kW. Cosine @ is the leading power 
factor of the motor. 

If OB represents the full load on the motor and an 
overload of 18 per cent. were applied with a constant 
value of excitation AC, the diagram would become as 
shown at (6) in Fig. 3, witha unity power factor. A further 
increase in load is shown at (e), Fig. 3, where the power 
factor is lagging and any further overload would pull the 
motor out of step. The maximum overload that the 
motor could meet in this case is 25 per cent. If a peak 
overload of 100 per cent. is expected the value of excitation 
OC would have to be increased 3-3 times its original 
value by increasing the air gap (Fig. 4). ‘This results in a 








| Rotor Exciter | Exciter 
Load. Supply _ Line | Input | ryt Power | Exciting | Exciter Shunt field Series field 

The volts. | current. | kW. |} kVA. factor. | current. \. volts. | current. | current. 
3000 35-6 | 22-8 185 0-123 lead | 378 | “ge |e — | 287 
less Half load 3000 45-6 156 237 0-66 lead 401 23-8 6-65 2-87 
Full load 3000 65 314 338 0-93 lead 442 i 26-6 7-42 3-956 
1} x full load 3000 86 447 447 Unity 47a | (28-4 | 7:96 | 4:96 
2x full load .. 3000 120 | 613 624 0-982 lag 514 | 30-8 8-65 | 6+33 

| 





Au oscillogram showed that when 100 per cent. overload 
was thrown on the motor running on light load the rotor 
excitation current and the exciter auxiliary field current 
followed the load current instantaneously. The rectifier 
with the series transformer supplying it was calibrated 


total value of exciting current 61 per cent. higher than 
originally, and this current must be applied to the motor 
at all times irrespective of the load. The field losses in 
the machine would be 2-6 times the original full-load 
value, and considerably more copper must be used in the 





2 


a 


84 


THE ENGINEER 


Marcu. 5; 1937 








field to carry this increased current. Even then the loss 
in efficiency at full load will be some 2 to 3 per cent. With 
the “ V.A.X.” motor, on the other hand, the exciting 
current is varied as the load on the motor varies. Its 
value is controlled by the load itself and the exciting 
current at any instant is only that amount required by 
the load on the motor at the particular instant. It follows 
that the excitation losses with the new machine are much 
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Fic. 4—DIAGRAM FOR ORDINARY MOTOR 


less than those of an ordinary synchronous induction 
motor, and this is most marked at fractional loads. 

A typical case is demonstrated by the curves Fig. 5, 
which relate to 2200-volt motors of the two types designed 
fer 500 H.P., 600 r.p.m., a leading power factor of 0-95 at 
full load, and for peak loads of 100 per cent. without 
falling out of step. With the “ V.A.X.” motor there is a 
gain in efficiency at full load of 2-1 per cent. and 5-75 per 
cent. at half load. The curve Fig. 6 shows that the power 
factor of the ‘‘ V.A.X.” is more nearly constant than in 
the other case. Although 100 per cent. overloads were to be 
met, this is not by any means the limit for which “‘ V.A.X.” 
motors can be designed. Peak overloads of 200 per cent. 
can be successfully dealt with, but a peak overload of 
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LOU per cent. with an ordinary synchronous induction motor 

would be difficult to obtain. As shown, in order to meet 
the peak overloads with the ordinary type of synchronous 
induction motor it is necessary to increase the air gap of 
the motor and this has a very adverse effect on the power 
factor of the machine if run as a slip-ring motor. All 
synchronous induction motors start as induction machines, 
and with the ordinary type of motor a very large lagging 
current is drawn from the line during the starting operation ; 
in fact, in some cases the magnetising current alone is 
very much more than the load current when the machine has 
been brought into synchronism. In the case of the ordinary 
500 H.P. motor mentioned above the full-load current is 
112 amperes, whilst the magnetising current as a slip-ring 
motor is 178 amperes. The kVA drawn from the line 
during starting against full-load torque is 24 times the 
full-load kVA. With the “ V.A.X.” motor, however, the 
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FIG. 6—POWERMFACTOR CURVES 


starting kVA would only be some 1-3 times the full-load 
kVA under similar starting conditions. 

It is often claimed that synchronous induction motors 
will operate satisfactorily as induction motors and without 
overheating if the excitation fails, but this is only always 
true of the “ V.A.X.” motor. If ordinary machines are 
designed to meet large overloads when running synchron- 
ously, they will seriously overheat when running asyn- 
chronously owing to the excessive magnetising current 
and low lagging power factor. As the control of the 
exciting current is entirely automatic and the machine 
itself is no more complicated than an ordinary slip-ring 
induction motor, the operation of the “ V.A.X.” motor is 
simple and reliable. The additional apparatus required 
consists of the usual D.C. exciter, a metal oxide rectifier, 


The Klip Power Station. 


ProsPERITY in the Rand goldmining area is reflected 
in the rapid increase in the demand from the Victoria 
Falls and Transvaal Power Company. To meet this 
demand the power station shown in the accom i 
illustration has been erected in a coalfield near the river 





fans, pumps, &c., has been recently introduced by Broom 
and Wade, Ltd., of High Wycombe. In the accompanying 
drawing is shown one of the new motors, which has a 
jin. air hose connection and with a pressure of 80 lb. per 
square inch develops 26 H.P. at 2500 r.p.m. The design 
is pra similar to that of the firm’s multivane drills 
and grinders. The motor comprises a stainless steel rotor 


ying | slotted for its full length to take four power blades, which 


are made of a non-metallic material having a low coefficient 


KLIP POWER STATION 


Klip, about 30 miles south of Johannesburg. Sixteen 
turbo-alternators with condensing plant are being supplied 
by the Metropolitan-Vickers Electrical Company, con- 
sisting of twelve main sets of 33,000-kW capacity and four 
house service sets of 7000-kKW capacity. The respective 
kVA ratings are 40,000 at 0-825 power factor and 8750 
kVA at 0-8 power factor.. The main sets are to be wound 
for 10,500 volts and the house service sets for 2100 volts, 


of friction. As may be seen, this rotor revolves in the inner 
casing of the motor, which is set off-centre. Air is admitted 


‘from the ports A at the narrow end of the crescent-shaped 


space formed by the rotor and casing, and after expand- 
ing is exhausted into atmosphere by way of the ports B. 
Various methods are employed for maimtaining contact 
between the blades and the stator casing. In motors 
which do not call for high initial torque, holes are drilled 
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the speed in each case being 3090 r.p.m. The aggregate 
capacity of the sixteen sets will be 424,000 kW, and 
together with the existing stations at Brakpan, Simmer 
Pan, Rosherville, Vereeniging, and Witbank, will bring the 
total capacity of turbo-alternators operated by the 
Victoria Falls and Transvaal Power Company up to 
820,500 kW. The Klip and Witbank stations are the 
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Africa, and are ope 
Victoria Falls and Transvaal Power Company, Ltd. 








A Rotary Compressed Air Motor. 
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SECTIONS THROUGH ROTARY COMPRESSED AIR 


property of the Electricity Suppiy Commission of South 
rated for the Commission by the 


Aw improved type of rotary compressed air driven air 





and a series transformer, all of which have been proved 
reliable in practical service. 


motor, made in various sizes, with outputs from 4 H.P. 
to 7 H.P., for the purpose of driving small centrifuges, 


Alm MoToR 

through the rotor to the bottom of the blade slots, and 
the incoming air enters these holes with sufficient energy 
to lift the blades and start the rotor revolving. Upon a 
requisite speed being attained, the blades are held out by 
centrifugal force. In motors where a high starting torque 
is required, air is either passed to the underside of the 
blades continuously or during part of the revolution of the 
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MOTOR 


rotor, so that the blades are forced out immediately the 
air supply is opened. As the rotor is non-reversible, the 
blades are set at an angle, thereby reducing friction and 
giving a better ratio of expansion for the air from the time 
it enters the working space until it is exhausted, This 
gives a higher torque power and smaller air consumption. 
At the air inlet end of the rotor is a centrifugal governor 
of the ball and cone. type, which Spereice in conjunction 
with a throttle valve controlling the air inlet and auto- 
matically cuts down the ly of air to the motor as the 
speed increases as a result of load reduction. Lubrication 
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of these motors is effected by means of air line lubricators, 
which supply a mist of oil with the incoming air, and this 
naturally gives free lubrication to all sliding and rubbing 
parts. The profile of the blade tips is so arranged to main- 
tain an oil film capable of carrying the load due to centri- 
fugal foree. The main bearings, which are of either the 
ball or roller type, are lubricated by means of grease 
nipples. The makers have sent us particulars of one of the 
many applications of this little motor. One of the 4 H.P. 
type has been recently supplied with other “ Broomwade ” 
pneumatic equipment for the building of bridges in 
Baghdad. It is intended for reducing the air temperature 
for men working itra caisson. The motor is fitted with a 
15in. fan mounted direct on the spindle, and is arranged to 
pass 240 cubic feet of free air a minute at a pressure of 
30 Ib. per square inch. By building the fan into the air 
duct leading into the caisson and passing the cooled exhaust 
air from the motor directly in front of the fan, the tempera- 
ture of the air delivered in the caisson is to be reduced 
by 45 deg. Fah. 











Singing Propellers.* 
By HARRY HUNTER, O.B.E., B.S8c., Vice-President. 
(Continued from page 260, February 26th.) 


Ships C.—These vessels are six whale catchers of 140ft. 
in length and having a speed of 14/14} knots, the triple- 
expansion, single-screw machinery developing 1400 I.H.P. 
at 163 revolutions. 

On four of the vessels stainless steel working propellers 


were specified, two ordered from one firm A, and two 
from another firm B. The four spare propellers were 
specified to be of cast steel 3 per cent, nic and these 


were ordered from yet another firm C, making three 
different manufacturers in all. All these propellers 
were made from the same drawing (see Fig. 5). The 
blade end boss surfaces of the stainless steel propellers 
were ground to a smooth finish, but not polished; the 
3 per cent. nickel steel propellers had ordinary cast steel 








yet taken place. These ships will be fitted with p 
of cast steel 3 per cent. nickel. er 

It should be again mentioned that all pro) rs were 
ordered from drawing, Fig. 5, and have m measured 
up after machining and found to be as correct to drawing 
as one would expect. The following list elarifies the 


ordering of propellers :— 
Working propellers. Spare propellers, 
Vessels 1 and 2 Material - or aol Material, ies steel 
steel, manufactured 3 per cent. nickel, 
by firm A ; noisy man by 
firm C ; quiet 


Material, cast steel 
3 per cent. nickel, 
manufactured by 
firm C; quiet 


Material, stainless 
steel, manufactured 
by firm B ; quiet 


Vessels 3 and 4 


Another case of a noisy propeller happened in 1935 
on similar class of vessel—the. working propeller was 
specified to be of stainless steel manufactured by firm B, 
and the spare propeller of 3 per cent. nickel manufac- 
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Roller Bearing Railway Axle-Box. a 8 
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Tue tapered roller bearing axle-box illustrated by the | ee eo 
first drawing, has been recently evolved by British | rt | as me Stem 
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Fic. 5—FOUR-BLADED PROPELLER FOR SHIPS “C”’ 
‘oe finish trimmed off in places.. All the propellers, after | tured by firm C—see Fig. 6.. Owing to the late delivery of 
GSS "Y ~— machining, were tried for diameter, pitch, and surface, | the working propeller, and to save time, it was decided 
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ROLLER BEARING AXLE -Box) 


change in the arrangement of this dual inner race tapered 
roller bearing. The small ribs or raised circular ridges 
which used to be present at the outer ends of the inner 
race are no longer to be found, and the rollers are now con- 
tained in a special cage. This construction allows the 
self-contained roller and cage assemblies to be removed 
bodily frbm the inner races when the outer races are 
moved aside. The back cover is secured to the axle-box 
by bolts—there are actually four—which pass through the 
axle-box body and have their heads at the front. The 

ing outer races are fitted loose in the axle-box body, 
so that when the bolts have been slackened off the body 
can be removed by hand from the ing assembly, 
bringing with it the front outer race and the front roller 
and cage assembly. Thus it will be gathered that there is 






Ws 







——— Ve rN 




















@ 





Tre Engineer” 


METHOD OF SUPPORT FOR TIRE - TRUING 


no difficulty about the inspection of front races and 
rollers. By pushing the back cover back against the wheel 
hub the back rollers and races can also be inspected. 
The second illustration shows how this method of 
disassembly adapts itself to the tire-truing operation. 
Bronze protective i are fitted over the back 
ing assemblies and the wheel lathe collets over 
the front inner race track. To prevent damage to 
the tracks the lathe collets are made of relatively 
soft material, while it will be realised that the 
bronze casings protect the back bearings from swarf and 
any other accidental damage during the truing opera- 
tion. The collets are, of course, held in the conical housings 
in the lathe headstocks of a modern collet type tire- 
truing lathe. 








New AERODROME IN PALESTINE.—Work is proceeding 


also thickness, and found to be as nearly correct to drawing 
as one could expect for steel castings. 

On the sea trials of the first vessel, at 72 revolutions 
humming or singing started and increased in tone up 
to approximately 100/103 revolutions ; above 103 revolu- 
tions the noise disappeared altogether, and did not occur 
at the maximum designed revolutions, namely, 163. 
The weather during the trials was moderately rough with 
short waves, and a fair amount of racing occurred. When 
the revolutions increased up to 180/185 the machinery 
ran well and without a recurrence of noise at the propeller. 
After about six hours’ trial the vessel returned to the 
yard, was dry docked, and the working propeller removed. 
The spare propeller of cast steel 3 per cent. nickel was 
then fitted and the vessel again proceeded to sea the 
following day under sea conditions similar to the previous 
trial. On this occasion the propeller ran quietly at all 
revolutions up to the maximum and during the periods 
of racing. 

On the sea trials of the second vessel fitted with the 
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FIG. 6—PROPELLER FOR 


same make of stainless steel propeller, humming or singing 
occurred at approximately the same revolutions and 
extending over the same revolution period. This propeller 
was removed and the spare one fitted. A second. trial 
took place and everything ran quietly. 

On the third vessel, with a stainless steel propeller 
made by firm B, sea trials were run and everything worked 
quietly at all revolution periods. In this instance the 
spare propeller was not tried as this is of the same manu- 
facture as the first two spares. 

The trials of the fourth vessel proved to be satisfactory, 
no noise being apparent at any period of revolutions. 
Vessels 5 and 6 were next taken on trial, the propellers 
in this case being of ordinary cast steel, and no noise 
was observed at any revolution period. Two other vessels 
are in course of completion, the trials of which have not 








rapidly on the new aerodrome near Lydda, in Palestine. 
The aerodrome is already in use and improvements 
costing about £200,000 are being carried out. 





* North-East Coast Institution of Engineers and Ship- 
builders, February 12th. 











to run trials in this country with the spare propeller, after 
which the vessel would proceed to Norway to finish fitting 
out, and have the spare propeller removed and the working 
one fitted. On trials here with the 3 per cent. nickel pro- 
peller, humming or singing occurred at 100 to 170 revelu- 
tions, the note tone increasing as the revolutions increased, 
and did not disappear on reaching the maximum revolu- 
tions. This propeller was rejected as useless for a vessel 
of this type, and. to enable her to proceed to sea a cast 
iron one was fitted, the vessel leaving the yard for Norway. 
On. arrival in Norway the propeller was changed for the 
stainless. steel one already mentioned.. The results of 
this propeller were as follows :— 


(1) It was quiet. Some weeks later word was received 
t 
(2) The propeller was starting to sing. Later still, 
(3) That it was singing and very noisy. 
This happening, it should be mentioned, took place 
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NORWEGIAN WHALE CATCHER 


in 1936 word was received that passing through the Tropics 
the propeller was quiet ; as they approached the Antarctic 
and colder water the noise increased in intensity, and on 
the fishing grounds was very noisy. 

It should be stated that both working (stainless steel) 
and spare (3 per cent. nickel) propellers were made to 
Fig. 6. Attention is drawn to the sections of blades, this 
propeller having aerofoil section and the blade section 
of this year’s propellers mushroom form. The alteration 
was made to try and prevent or eliminate any vibration 
which may have been taking place on the following 
edges of the blades. 

In view of this company’s experience with noisy pro- 
pellers they consider the cause is one which is very hard 
to define and may be due to difference in: (1) material, 
(2) method of manufacture, (3) heat treatment after 
casting (annealing), (4) blade section or formation, (5) 
climatic conditions. 

Ship D.—Ship D was a twin-serew vessel of 330ft. 
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length, 54ft. beam, with two main 
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twanging beat from both propellers, but mainly from 
port side. 

36 r.p.m.—Deep vibrating hum both shafts, with 
practically no definite beat. Whole aft tunnels space 
vibrates and throbs ; very objectionable. 

Working up to 84 r.p.m.—Noise disappears when 
revolutions and ship speed have settled down. 

84/90 r.p.m.—Deep hum with definite beat approach- 
ing a grind. Hum with loud rasp and beat which 

is not so definitely marked. By this is meant the 
beat is not a sharp twang, but a noise or intensification 
of the hum which continues over a greater length of 
time per revolution. The general noise is very loud 
and objectionable. 

62 r.p.m.—Practically continuous deep hum slightly 
rising and falling, fairly loud. A definite thrashing or 
tearing noise, as if the blades were striking an obstacle, 
was observed when reducing revolutions before steady 
conditions were reached. In apprentices’ room right 
aft, which is practically over propellers, hum is very 
loud and pronounced with a beat at each revolution. 

15-20 r.p.m.—Engine just turning over. A deep 
throbbing hum observed. 

When starboard engine was stopped, noise diminished 
very considerably except for a very slight trace of 
similar character. 

50 r.p.m., Both Engines.—Noise similar to 62. 

Starboard engine stopped, noise diminished suddenly 
by about half, but reappeared practically as loud as 
before, after a short interval. 

50 r.p.m., Both Engines.—Port engine stopped. noise 
still continued, but of different’ character. Three 
blades out of four could be distinctly heard (two light 
twangs followed by a loud rasp, then an interval). 

50 r.p.m., Both Engines.—Very loud deep hum with 
definite beat or intensification of the noise each 
revolution. 

60 r.pm., Both Engines.—Vessel making one half 
turn to starboard, helm hard over. Port propeller 
rasps or twangs each revolution. Starboard propeller 
hums. 

Both engines running astern up to half speed. No 
noise of any description observed. 

The noise in this ship was objectionable and cast iron 
propellers were fitted. 


triple-expansion 
engines, each having cylinders 19}in., 3lin.—52in. by 30in. 
stroke, developing 2500 H.P. total at 97 r.p.m. Propeller 
ils are shown in Fig. 7 and bossings in Fig. 8. The 
following are notes from a trial to investigate the noise :— 
hum accompanied by definite 







passed the inspection and were taken over. 




















































tion now is that one of the propellers has stopped singing, 
but the other continues. 

Ship F.—This ship is a passenger vessel, 256ft. by 36ft. 
by 23ft., single-screw, driven by a triple-expansion engine 
having cylinders 22in.-34}in.-60in. by 39in. stroke, 
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and developing 1900 1.H.P. at 102 r.p.m., giving the 
vessel a speed of about 13 knots. A new bronze propeller 
was fitted in May, 1934. On the first trip a singing was 
heard. The noise followed the shafting to the engine, 





Ships E and EE.—These two vessels are single-screw 
tankers, sister ships with identical engines. Dimensions 
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as follows :—Length, 442-d5ft. B.P.; breadth, 60-25ft.; 
draught, 26-125ft. The main engines are eight-cylinder, 
four-stroke, single-acting, supercharged, each cylinder 
being 650mm. (25-6in.) by 1400 mm. (55-2in.) stroke, 
developing a full power of 4170 8.H.P. at 131 r.p.m. The 
design of propellers is shown in Fig. 9. 





and could also be heard on deck. In June of the same 











OF SHIP “D* 

year the vessel had to be taken into dock to see what 
could be done to reduce the disturbing noise which was 
annoying to the passengers. Seventeen lin. lead rivets 
were drilled in each blade. The row of rivets followed the 
edge of the propeller blade at a distance of 2in. The 


In these ships the noise started at about 85 r.p.m. 
and died down at about 112 r.p.m. The noise was not 
definitely objectionable and the propellers were accepted 
provided that at the end of the guarantee period they 
should be examined, and if found sound accepted. They 
‘he informa- 





this actually reduced the noise to a certain amount. 

At half there was very little noise, and at full 
speed, when the revolutions were over 101, there was very 
little noise. When the vessel was lightly loaded—that is, 
when a certain part of the propeller blade cut the surface 
of the water, there was less noise than when the vessel 
was fully loaded, and when the tip of the propeller blade 
just cut the surface the noise was strongest. With the 
sea against there was no noise to be heard, but when the 
vessel was rolling the noise could be heard off and on. 
It also appears that the rudder had a certain influence, 
as the noise increased when the vessel turned to the right. 
The epee is right handed. Very soon the lead rivets 
got and fell out, and when two or more rivets had 
fallen out the noise increased in strength. It was noticed 
that it was always on the following edge that the rivets 
fell out. It was also noticed that when more than two 
rivets had fallen out there was a singing noise after the 
engines had stopped. This noise continued as long as the 
vessel was moving. 

In December, 1934, a new propeller was fitted of the 
same type and by the same makers. This propeller 
had a sound which was not so strong and more constant 
at different speeds and draught, and with the sea against no 
noise could be heard 

In May, 1935, the first-mentioned propeller was fitted 
again after an alteration had been done to it, and there 
is now no noise to be heard except very little at slow speed. 


Dimensions of Propellers, Ship I’. 
ai i No. 1, 


. 14ft. Bin. ... 


eM 3 Late. Tin. .. Adft. 3in L4ft. Bin 
Area, square feet uae 7 73 7 
Weight ... . . 4,15.1.0 5.2.3.0 4.13.0.6 
Maximum revolutions 102 106 102 
Sxrcorion 4. 


A number of workshop tests were carried out on a bronze 
propeller of 18ft. diameter, 18-3ft. pitch, weighing 
8-6 tons, and also on the corresponding spare cast iron 
propeller which had the same diameter and pitch, but 
maximum blade thicknesses increased by about 25 per 
cent., weighing 9-2 tons. Throughout the tests the 
propellers were resting on wooden blocks at the boss face 
and no tail shaft was fitted. These tests indicate that the 
magnitude and character of the acoustic response of 
such propellers depends on the nature, frequency, magni- 
tude, and locality of the application of the inciting force. 
For instance, a single-hammer type of blow causes the 
propeller to emit a clanging noise which changes into a 








Swarm Sc. 


SHips “E*' AND “EE 


hum. The more hammer-like the blow the longer the 
“clang ”’ persists. A soft blow, however, causes a hum 
only. In both eases the hum is of the same pitch, namely, 
about 103 v.p.s. for the bronze, and the same for the cast 
iron propeller. A continued ion of hard blows 
of sufficiently high frequency keeps the propeller clanging, 
whereas a similar succession of soft blows only causes it 
to hum. Both bronze and cast iron propellers showed 
the above features, the latter, however, responding less 





readily. 
To com the acoustic response of bronze and cast 
iron the exciting force was applied by a spring- 


loaded hammer delivering a standard single blow of 
about 5ft.-lb. energy. The sound was judged by means 
of a stethoscope applied to the blade, and the time for 
the sound to - ah to a standard level was taken. The 
bronze and cast iron propellers were struck alternately 
to preserve a standard low sound level. The blows were 
struck at different places along various radii and lines of 
constant “decay time” are plotted in Fig. 10, the full 
curves being for the bronze, and the dotted for the cast 
iron propeller. These results show that excitation towards 
the tips gives a longer “decay time” than towards the 
; also the “ decay time” for cast iron relative to 
bronze is longer than ene would expect—having regard 
to the relative singing propensities under working condi- 
tions of propellers of the two materials. Throughout these 
tests ‘‘ grating ’’ or “‘ grinding ’’ noises, such as are heard 
from some noisy propellers, could not be reproduced, 
possibly because the workshop conditions were too far 
removed from service conditions. 
It was evident that the manner in which a blade 
vibrates—like the noise—depends on a number of factors, 
and to investigate the manner of vibration a small-scale 





distance between the rivets was 4in. . The result of 


model of a pair of opposite blades of the propeller shown 
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in Fig. 11 was made. The model was an expansion of 
the helical blade—that is, the driving face was in one 
plane—on which sand was laid. The blade being caused 
to vibrate in any given manner the sand tends to accumu- 
late in regions of no movement, and so indicates nodal 
areas and nodal lines. The exciting foree was applied 
by a form of bow to the edge at various points, and the 
various manners of vibration are shown in Fig. 11. 
Fig. 11 A shows the manner of vibration when the exciting 
force is applied around the tip edge between the arrows. 
This manner was the only one readily obtained from 
excitation in this region. Figs. 11, B, C, D, show the 
manner for excitation at the one point, but with different 
modes of “bowing”; the blade under excitation at 





The Encincer . Swain Sc 
Fic. 10—-LINES OF CONSTANT VIBRATION DECAY 
Times 


this point most readily responds in manner D. Fig. 11, 
E and F, show the manners of most ready response to 
excitation near the root at point shown. (The model 
does not represent working conditions in several respects, 
¢.g., the blade root fixing is different from that in an 
actual propeller; also the surface is not helical, nor are 
the working stresses present, or the damping effect of 
the water.) The vibrations were all in the audible range, 
the pitch of note rising as the total length of nodal lines 
increases. The-discordancy also increased, the manner A 
giving a clear musical note, and manners E and F a 
discordant squeak or squawk. 

The different manners of vibration of the model blade 











FiG. 11—-MODES OF VIBRATION OF PROPELLER 
BLADE 


seem to be caused by various combinations of three forms 
of vibrations, namely, (1) longitudinal flexural vibration 
—that is, flexion of the major axis—(2) transverse flexural 
vibration—that is, flexion of the minor axis—(3) torsional 
vibration. Thus, manner A seemed to be a combination 
of torsional vibration with the low-frequency, first-degree 
longitudinal vibration. Manner B seemed to be a two- 
node transverse flexural vibration, and C a three-node 
vibration of the same form. D, E, and F seem to be 
complex combinations of the higher degrees of the trans- 
verse and longitudinal forms. The noises heard from 
propellers are described as singing, hum, saw note, metallic 
ringing, twang, rasp, grind, grate. The author suggests 
that the quality of the noise depends upon the manner in 
which the blades vibrate. In a working propeller there 
may well be manners of vibration even more complex 











than those shown in Fig. 11 ; the various blades may well 
be vibrating in different manners giving a chorus which 
can be described as a “ grating” or “ grinding” sound. 
In the above tests under no conditions was the distressing 
grinding or grating of bad, noisy, propellers reproduced, 
and some hesitation is felt in putting forward the above 
theory to account for such noises, which are far more 
distressing than anything produced during the workshop 
tests above described. 

An opinion was also formed from these and other tests 
that the responsiveness of a propeller will be influenced 
by the rigidity and stresses at the blade roots. In addition 





FiG, 12—PITTING OF CAST IRON PROPELLER 


to working stresses, the blade roots are also affected by 
boss scantlings in relation to the force exerted by the 
shaft cone. 


Section 5. 


In considering the question of the “ noisy ’’ propeller 
the paper by the late Sir Charles Parsons and Mr. S. 8. 
Cook of 1919 automatically comes to mind.f This paper 
summarises the results of a: number of years’ research 
and investigation into the cause of “ pittmg’’ of bronze 
propellers—particularly the after ir im quadruple- 
screw vessels. The authors arrived at the conclusion 





FiG. 13—PITTING OF CAST IRON PROPELLER 


that the pitting was due to erosion rather than corrosion— 
that is to say, to mechanical action rather than to chemical 
action. The mechanical action responsible was considered 
to be water hammer due to collapsing of vortices on the 
propeller blade. It was also concluded that the vortices 
were generated either by the blade itself, or some member 
ahead of the propeller affected. This theory was generally 
accepted at the time, and so far as the author knows 
has never been questioned since. 

It is of particular interest to note that throughout this 
paper, and the discussion upon it, no reference to noisy 
propellers was made. The vessels suffering from pitting 
of propellers were apparently all large, fast, liners or war- 
ships in which a noisy after end has to be accepted, and 
it may well be that the “ usual propeller noises ’”’ in such 
craft are sufficient in magnitude to droavn any “ humming,” 
&c., such as experienced in the. type of vessel now dealt 
with. According to the discussion on the paper referred 
to, it seems that the pitting trouble was overcome by an 
alteration to the alloy of which the propellers were made, 
the alteration increasing the erosion-resisting properties 
of the material. It may be only a coincidence that noisy 





+ ‘“‘ Investigations into the Causes of Corrosion or Erosion of 
Propellers,” Hon. Sir Charles Parsons and Stanley Cook, Inst. 
of Naval Architects, April 10th, 1919. 


‘found over a large number of cast iron propellers, 





propellers seem not to have been experienced before 

the date of the above-mentioned paper, and it may or 

may not be that the change in material has been aceom- 

panied by an increased tendency for the propeller to 
nd acoustically to water hammer blows. 

The pitting of cast iron is, and has been for 
many years, a difficulty whose incidence bears a very 
strong similarity to that of the noisy bronze propeller. 
Figs. 12 and 13 are photographs of typical pitting on a 
cast iron propeller. In this i ease the pitting 
does not start for an inch or two after the leading edge ; 
in others, the pitting starts right on the leading edge and 
sometimes even slightly round on to the driving face. 
Fig. 14 shows a sort of average of the final stage of pitting 
Fig. 15 the early stages of a propeller which pitted right 
on the Jeading edge and slightly on to the after face. 
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Fic. 14—PiITTING OF CAST IRON PROPELLER 


Investigation of the pitting of cast iron propellers leads 
many people. including the author, to the view that it 
is due to mechanical forces rather than chemical, and that 
the forces causing the pitting are of the nature discussed 
in Sir Charles Parsons’ and Mr. Cook’s paper, and that 
the vortices are generated either by the blade itself or by 
some member ahead of the blade, or a combination 
of the two. The author thinks it very likely that the 
hydraulic forces that cause the cast iron to pit are the 
same as cause the bronze propeller to sing. If this is 
correct, then Figs. 12, 13, and 15 show the locality in 
which the “ clapper” strikes the propeller in a single- 
screw ship. Some support is given to above by the experi- 
ence that cast iron, fitted to replace noisy bronze, propellers 
have in all cases within the author’s knowledge been 
found to suffer from rapid pitting. 

Fig. 16 shows propeller blade element near the tip of 
ship A passing the aperture. During one revolu- 
tion the blade element passes through the wake of varying 





BLADE SECTION 
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Fic. 15—EARLY STAGES OF PITTING 


speed and therefore meets the water at varying slip angles. 
From analysis angle B is the mean slip angle for the 
revolution ; angle A is the minimum slip angle, and C 
is the maximum slip angle occurring when the element 
is passing through the aperture. The slip angle at this 
position is some 17 deg., and although the author has no 
direct information on the subject, it seems likely that such 
an angle of incidence may well cause or contribute sub- 
stantially towards the breakdown of flow along the back 
of the blade with generation of vortices of sufficient 
energy to cause “pitting” and “singing.” There are 
also to be considered the water flow conditions at tip 
edge—that is, AA in Fig. 15. At high slip angles it 
may well be that the water “ cascades ’’ over this portion 
of the edge in a particularly violent manner, and is an 
important contribution towards the causes of “‘ pitting ” 
and “‘ singing.” To minimise the effect of the above 
two factors it would seem necessary to arrange for such 
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blade sections towards the tip as will work over a sub- 
stantial range of slip angles with a minimum of disturbance 
of the water at the "bank of the blade. 

Looking next at disturbances generated ahead of the 
blade, these may be generated either by a preceding 
blade, or, in a single-screw ship, by the stern post, and 
im a twin-screw ship by the shaft bracket or 
The disturbance may be in the nature of a vortex trail 
astern of the member; it is suggested that this vortex 
trail is of a pulsating nature—that is, the length and/or 
direction of the vortex trail is influenced by the passage 
of the propeller blades. At certain angular. speeds of 
the propeller it is suggested that the vortex trail will be 
eut by one or more of the blades, and the vortices combine 
with those generated by the blade itself to form vorticals 


Y} 


A 


STERN POST 





RUQDER FOST 
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of sufficient magnitude to cause pitting or singing. The 
Author would suggest that considerabie light’ would be 
thrown on the problem if it were possible to arrange in 
a ship afflicted with a noisy propeller for an ocular ins 
tion of the flow conditions at the propeller blades. This 
would probably involve the fitting of “ windows ” in the 
after end, and the. introduction of air bubbles or other 
indicator through the hull ahead of the propeller. Some 
of us have had experience of engineering phenomena in 
which, literally, a few minutes’ observation has cleared 
up @ problem that has resisted years of attack by other 
methods. 

The foregoing would account for the noise occurring 
at certain speeds only, and not necessarily at the full 
speed ; it does not, however, account for the undoubted 
fact that of two commercially identical propellers on 
the same ship one may be noisy and the other quiet. 
Tt can only be suggested that the conditions for noise are 





FIG. 1—DISCHARGE LAMPS 


very critical, and that commercial limits of geometry 
and metallurgy are wide enough to upset the balance. 
It is no easy matter to prescribe geometrical limits for 
the accuracy of a casting such as a propeller, and more 
difficult still to check. the product against the design. 
Tolerances are not usually specified to the propeller 
maker ; it is seldom found, however, that the pitch of large 
propellers at any section will depart. more than 1 per cent. 
from the design; the thickness will be within in. of 
design towards the tips, and jin. towards the root. On 
the. metallurgical side the properties. usually specified 
are ultimate tensile, bend test, and elongation. It may 
be that variations can and do occur in the modulus of 
elasticity and the elastic hysteresis of propeller bronze, 
and that such variation can make the difference between 
@ quiet and a noisy propeller. The author, however, 
has been unable to find any information on such agg sa 
and hopes that the discussion may pr 
enlightenment. 

In Dr. 8. F. .Dorey’s 1932 paper on elastic hysteresist 


¢ “Elastic Hysteresis in Crankshaft Steels,” 5. F. Dorey, 
D.Se., Institution of: Mechanical Engineers, December, 1932. 





one of his conclusions is: ‘‘ The hysteresis effect can be 
almost entirely removed in the case of low carbon steels 
by heating in boiling water for one hour.”’ This indicates 
that the value of the hysteresis effect in metals can be 
susceptible to relatively minor treatment, and is of 
special interest in connection with the stainless steel 
propellers of ship C 5, which, it will be recalled, were 
reported as being quiet in the Tropics and noisy in the 
Antarctic. 


CoNcLusIoON. 


It seems certain that whether a propeller is noisy or 
not is extremely critical, and the balance can be easily 
tipped either way. From the point of view of noise pro- 
duction there are three factors to be considered, namely, 
(1) the “ clapper ”’ or inciting force ; (2) the location in 
which the “ clapper ”’ strikes ; (3) the responding member, 
in this case the bronze 

As regards (1) it seems that the inciting force is most 
likely or eddies set up by hull members ahead of 
the , and that they can best be reduced by so 
disposing and shaping such members as to reduce or 
ee . It also seems that these eddies 

be magnified by the blades themselves; this effect 
cam be reduced by so shaping the blades, icularly at 
the tips, that they pass —— the disturbed wake with 
the least making. As regards (2), it seems likely 
that the inciting forces strike the blades towards the 
tip, which locality also seems to give the most audible 
response. 

Efforts under Ay should therefore be concentrated 
over this localit ds (3) it seerms possible that 





to ensure a quiet peller the the geometrical accuracy of 
the finished pro; may have to be closer than the 
usual commercial limits. 


suggested that certain physical properties, 
e.g., modulus of elasticity and elastic hysteresis may 
have some effect on the responsiveness of the propeller. 
The elastic hysteresis of steels is well known to have an 
important damping effect on torsional vibrations in 
marine shaft systems, and it would not be surprising 
if the same a had an effect on the responsiveness 
of propeller bronze 
In conclusion, I would like to thank the Admiralty, 
Lloyds Register of Shipping, and the following firms 
for having supplied much of the foregoing information :— 
Measrs. Cammell Laird and Co., Ltd.; John G. Kincaid 
and Co., Ltd.; the North- Eastern Marine Engineering 
Company, Ltd.; .; Smith’s Dock Company, Ltd., Middles- 
brough and North Shields; the Wallsend Slipway and 
Engineering gg Ltd.; the Manganese Bronze 
and Brass Com Ltd.; Fred Olsen and Co., and Oertz 
International Streamline Rudder Company, Ltd. 








Mercury Discharge Lamps in 
Engineering Works. 


ALTHOUGH only seven years have elapsed since the first 
high-pressure mercury vapour discharge ps were 





IN A TURNING SHED 








produced in the Wembley Laboratories of the General 
Eleetric Company,!and less than four years since the 


Osira lamp was offered by the company as a standard 
commercial article, considerable strides have been made 
by lamps of this kind. With a lumen ‘output for a 
given wattage of nearly three times that of the most 
efficient tungsten filament lamps, they were immedi- 
ately applied to street’ lighting, for which they at 
first seemed to be mainly suitable. The original 
large units lent themselves most readily to outdoor 
situations or to the illumination of very spacious interiors, 
where they could be mounted at a height sufficiently great 
to make use of their large output of light. The com- 
paratively recent introduction of 150-watt and 240-watt 
units has led to the’adoption of these lamps in workshops 
and other places, and experience has shown that in many 
cases the kind of light emitted is decidedly beneficial. 
There is said to be a constantly growing demand 
for Osira and similar mercury vapour electric discharge 
lamps for the illumination of engineering workshops 
throughout the country. 

While the efficiency is most marked in the large 
units, it holds good proportionally in the smaller unite, 
and a more satisfactory intensity of genetal or local light- 
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mort 








ing is possible without increase in energy consumption. 
Even though a machine operator may do no more than 
feed material into a machine, and watch the product fall 


rocesses 


into a hopper, he requires good light, while for 
which demand over- 


skill its importance cannot 
i Time and again it has been found that good 
illumination increases output and improves the product. 
Adequate and otherwise satisfactory lighting creates a 
cheerful atmosphere, and bee near seb about their jobs 
in a bright spirit. Errors which may cost many pounds 
are minimised. 

The modern electric discharge lamp starts automatically, 
works at ordinary voltages, and requires nothing beyond 
a choke coil to control its current. Where the best possible 
power factor is required, a condenser may be added, but 
this is to be regarded as a refinement rather than as an 
essential. Although in certain cases Osira or similar lamps 
may be used in existing fittings, for maximum efficiency it 
is usually preferable to employ specially designed reflectors 
to suit the tubular lamp, whilst in some situations it 
is also essential to enclose the tube in an outer glass. 

It is claimed that even if these discharge lamps were 
no better than tungsten filament lamps on the score 
of energy consumption, the special quality of their light 
would still make their use desirable in engineering works. 
When light is produced by heating solid matter, as in the 
case of the filament lamp, or the gas mantle, the first 
visible radiance at comparatively low temperatures is 
composed almost entirely of red rays. With a further rise 
of temperature, orange, yellow, green, blue, and violet 
rays are emitted progressively, and although the balance 
of these rays never approaches the exact equivalent of 
daylight, at the highest temperature which is practically 
possible in any glass-enclosed filament, all the colours of 
the visible spectrum are present, and, roughly speaking, 
the higher the temperature, the ‘‘ whiter ” the light. 

As in engineering the majority of the products are 
metallic, and an object is seen because of the light it 
reflects and ordinary metals reflect blue, green, and 
yellow rays best, seeing becomes easier by mercury dis- 
charge lamps than by other lamps, though the intensity 
of the light may be no greater, Little of the work carried 
out on metal requires colour discrimination, The operator 
is more concerned with the distinctness of seeing. He must 
be able to distinguish forms, and it is a demonstrable 
fact that forms, surfaces, edges, and angles are best dis- 
tinguished with light of a limited spectrum. Owing to the 
better reflection of the limited spectrum rays from the 
average interior of engineering premises, shadows are 
soft and luminous, and this same characteristic gives 
mereury vapour light the apparent power to illuminate 
the interior of castings, cylinders, &c., which in the 
ordinary way could only be examined with a portable 
lamp. The same applies to moulds in the foundry, whilst 
work in the erecting shop which often calls for light on 
vertical surfaces can be handled without additional side 
lighting. 

Tool marks, dents, and scratches which are not always 
easy to detect by ordinary artificial light, even of high 
intensity, are said to show up under the rays of a dis- 
charge lamp. The reading of a micrometer also is facili- 
tated. A carburetter maker working to 0-0003in. is 
reported to have noted a marked decline in faulty parts 
since the installation of Osira lamps. In steamy and 
smoky atmospheres mercury discharge lighting has also been 


IN A MACHINE SHOP 


found to have a more penetrating effect than other lamps. 

The illustrations, Figs. 1 and 2, show respectively the 
use of high-pressure mercury vapour discharge lamps in the 
turning shed of Walmsley’s, Ltd., paper-making machinery 
engineers, Bury, Lanes:, and in the machine shop of 
Saunders and Roe, of East Cowes. 








InstiTUTION or CHEMICAL EnctnzEers’ ANNUAL DiInNNER.— 
On Friday last the Institution of Chemical Engineers held its 
h annual dinner at the Hotel Victoria. Over 200 members 

were present, and throughout the evening the 


and guests 
‘convivial spirit for which this Institution’s dinners..are known 


was always. in good evidence. With to the 
although o "sb a flor peso note crept in, they were for the 
tly brief. Dr. W. Cullen, the 
ent-olet, pro a gcohe toast of “* His Majesty’ 's Ministers,” 

hr vies urgin, the i Pasiamentary Sec: to the 
Board The toast of “ The ution ” 
was ies tye Colon the Hon. E. F. rot nll and the President 
replied. Mr.J.W. Napier proposed “* The Guests,” and responses 
were made b; erg, jor General Ae A. ‘ a and Sir Alexander 
Gibb... The Mr. W. A. 8. Calder, proposed the 
health of Dr, Hi Poan who briefly responded. 
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Markets, Notes and) News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 
The Scrap Agreement. 


Much confumg wprer to have followed the 
announcement. by the-Bri Iron and Steel Federation 
that an arrangement had been reached between that 
organisation and the National Federation of Scrap Iron 
and Steel Merchants. It appears that in the first place 
the Steel Federation approached Thos. W. Ward, Ltd., 
and George Cohen, Sons and Co., Ltd., with the suggestion 
that they should purchase the whole of the scrap necessary 
to meet the requirements of the stecl works. The fact 
that this proposal had been made leaked out before it 
was accepted, and as a result the National Federation 
of Serap Iron and Steel Merchants called a meeting to 
consider the situation. A deputation from the scrap 
trade waited upon representatives of the steel industry, 
and according to their report to the scrap merchants 
they had no option but to agree to the steel makers’ 


demands. Apparently, a number of the scrap merchants 
refused to adopt the scheme on the grounds that the 
deputation had no authority to reach any agreement 


on behalf of the Scrap Federation. Meetings of the 
district associations iated to the Scrap Merchants’ 
Federation took place, and later the British Iron and 
Steel Federation issued a notice that an arrangement 
for the distribution and control of scrap prices had been 
arrived at. This apparently is not the view of a number 
of scrap merchants, who state that information regarding 
the terms of the t had been withheld from 
them and that the agreement had not been adopted by a 
general meeting of their Federation. On February 23rd 
the Secretary of the London and Southern District 
Scrap Merchants’ Association issued a circular in which 
_ it was stated that “it is hoped that all members of the 
Federation will be patriotic enough to appreciate that 
the necessity for this control is obvious, for if this method 
fails other means must be found to attain the desired 
result, which would have a very detrimental effect on 
the businesses of those firms who have failed to agree.” 
The proposals, so far as they have been made public, 
provide that the steel merchants shall not sell scrap for 
export, but permission to export classes of scrap not 
as essential raw material may be given by the 
British Iron and Steel Federation. The steel works will 
confine their purchases to members of the Scrap Federa- 
tion, and the members of that Federation will restrict 
their sales either to the steel works direct or to their own 
members. The Central Agency, consisting of three or 
four scrap firms, will decide to which districts the scrap 
will be sent, 


The Pig Iron Market. 


The situation in the pig iron market continues to 
cause concern, since not only are the consuming works 
unable to obtain satisfactory supplies of any kind of pig 
iron, but there seems little prospect of relief for some 
time to come. The production of basic pig iron is insuffi- 
cient for the requirements of the steel makers, and although 
efforts have been made to obtain material from foreign 
countries they have not met with success. It is rumoured, 
however, that the British Iron and Steel Federation has at 
last to purchase some additional tonnages, but 
considerable quantities are needed to make up the 
difference between the demand and the supply. In fact, 
the suspension of the duties on pig iron just announced 
has occasioned little surprise. and it may attract 
more imports to this country. In the Cleveland 
district conditions of scarcity continue to rule, whilst the 
—— is increasing from Pag some of whom are 

ginning to experience usual ing ¢ ion in 
trade. It must be said that the til pa soe to 
distribute their production amongst users on an equitable 
basis, but there is much dissatisfaction felt at the pre- 
vailing situation... Although most of the large consumers 
have ked their requirements for the first half of the 
current year, the works are in arrears with deliveries and 
in many cases buyers require supplementary tonnages. 
The ‘makers, however, can only accept an insignificant 
proportion of such new orders. One or two small lots 
have been sold for export lately, but these transactions 
have been entered into principally in order to retain old- 
established overseas connections. In the Midlands there 
is a vigorous demand for all grades of iron, only a part of 
which can be satisfied. The Northamptonshire makers 
are still practically out of the market, and are not finding 
it easy to meet the pressure of specifications against 
contracts. It is not so easy now to obtain supplies of 
Derbyshire iron, as the majority of consumers have 
augmented their purchases of Northamptonshire material 
with the former. Lately there has been an increased 
demand for the special classes of iron used ly by engi- 
neers, and as the price of these is uncontro! quotations 
show a wide variation. Some of the Scottish pig iron 
makers are badly in arrears with deliveries and there seems 
little likelihood at the moment of any adequate increase 
in the production. In the hematite market cers are 
keeping a tight hand _ new business. output in 
all districts is passing directly into consumption and in a 
number of cases there is a tendency for the makers to fall 
further into arrears with deliveries. Odd Is are being 
delivered for export inst old contracts, but no new 
business is being accepted for overseas destinations. 


Scotland and the North. 


There has been no relaxation in the activity at 
the Scottish iron and steel works, with the exception 
ei of the re-rolling industry, which is handicapped 

y the difficulty of obtaining full supplies of semi-finished 
steel. The heavy side of industry, however, is pro- 
ducing a large tonnage of sections, plates, and joists, a 
considerable proportion of which is going into con- 
sumption at the Clyde shipyards. In spite of the efforts 
of the steel makers to fill their contracts, arrears in 
deliveries are frequent and have been a subject of dis- 





cussion between the steel makers and the shipbuilders. 
Specifications, however, are pouring into the steel works at 
such a rate that there seems little likelihood of the arrears 
being overtaken for some time. The structural engineers 
are also handicapped by the impossibility of obtaining 
material as it is required against contracts and also from 
the difficulty experienced in placing fresh orders. So far 
as sections and plates are concerned the works order 
books are badly congested, although there is no doubt 


the makers are struggling to make the best of the situation. | T 


The sheet industry is receiving offers of a large volume of 
business, but the works are only able to accept a small 


proportion as they cannot obtain sufficient supplies of | ang 
demand has | March 22nd). 


sheet bars. Both the home and export 
expanded of late, but the mills have not been able to take 
advantage of this development and most of them cannot 
quote for delivery before the end of April. The official 
prices for sheets remain unaltered, but it is impossible to 
do business at these rates and premiums of 35s. to 40s. 
are being demanded and paid. The re-rollers are being 
offered a considerable tonnage of business, particularly 
in small bars and reinforcing rods for concrete work. The 
limited supplies of semis reaching this section of the 
industry, however, have compelled some of the works to 
restrict their acceptances. There has been no change in 
quotations. Re-rolling bars are quoted at £9 10s. for 
home delivery and at the same price f.o.b. for export. In 
the Lancashire market the demand continues to expand, 
but comparatively little business is transacted owing to 
the difficulty of finding a works in a position to accept 
orders for reasonable delivery. Recently the textile 
machinery makers have experien an improvement in 
demand, and this has been reflected in increased pressure 
upon the steel works. At Barrow all the works have 
sufficient orders on their books to keep them actively 
employed for months to come, and in this district there is a 
heavy production of billets, bars, rails, and hoops. 


The Midlands and South Wales. 


It is difficult to give a reliable estimate of the 
extent to which trade is hampered by the shortage of 
raw materials. Most of the steel works appear to be 
operating at a high rate of capacity, but the re-rollers, 
particularly the sheet makers, are very badly hit by 
the scarcity of semis. In fact, it is stated that some works 
recently have had their deliveries from the steel works 
sharply cut down. Naturally, in these conditions, the 
question of deliveries counts more than prices, and as 
the re-rollers contribute a substantial tonmage of the 
finished steel production of the country, the reduction 
of the quantities from this quarter has had a detrimental 
effect upon general business in steel. To some extent, it 
is the result of the failure of the Continental Steel Cartel 
to supply its quota. The position is the more irritating 
in that the re-rollers and the sheet makers have large 
orders on their books, and there is a heavy tonnage of 
business both from home and abroad awaiting acceptance. 
The constructional engineers find that their supplies of 
sections and joists reach them only at irregular intervals 
and after long delays, and complain that they are unable 
to arrange economic working programmes. The steel 
makers, apparently, have been trying to meet the situation 
by a system of rationing, but whilst this may have pre- 
vented a number of firms temporarily closing down, it 
has failed to satisfy any consumer completely. Many 
of the works decline to quote any specified date for 
delivery, and as a consequence all that consumers can do 
is to send in a specification in the hope that it will be 
dealt with in a reasonable time. Naturally, the stock- 
holders in the Midlands are experiencing an almost 
unprecedented demand, but already their stocks are 
badly depleted and the difficulty is to secure fresh supplies. 
The re-rollers producing small steel bars and strip are 
actively employed, but their operations are limited. A 
fair business has passed in colliery supplies, but whilst 
a few buyers were able to place far forward contracts 
some weeks ago, the makers are not keen upon accepting 
similar orders. Cases have occurred in which premiums 
have been quoted for delivery October-December. In 
South Wales the same stringency is felt in all de; ts 
of the market as in other districts. The tin-plate trade 
would be able to operate at a higher rate if it were possible 
to obtain sufficient tin-plate bars. In the meantime, the 
whole industry is working at about 69 per cent. of capacity. 
The works are charging premiums of 2s. to 2s. 6d. on the 
official prices of 19s, 9d. f.o.b., 20 by 14 basis, plain 
wood or iron hooped boxes,. and. 19s. 4$d. f.0.t. for the 
home trade. 

Current Business. 

The Maryport Docks and Harbour are to be 
repaired and reconditioned, and Sir Cyril Kirkpatrick 
and Partners, civil engineers, of London, have com- 
menced a detailed survey to assess the cost. This survey 
has been authorised by the Commissioner for i 
Areas. The Metropolitan-Vickers. Electrical Company, 
Ltd., has received an order for yx amma for the Klip 
power station, 30 miles south of Johannesburg, consist- 
ing of sixteen turbo-alternators with condensing plant. 
The scheme for a steel works at Jarrow is understood to 
be under review, and deputations from Tyneside of 
Members of Parliament representing northern consti- 
tuencies have waited upon the President of the Board of 
Trade to advance the claims of the town.. A new. shaft 
designed to tap two seams at present untouched is to be 
sunk at the Herbertshire Colliery, Denny, Stirling, belong- 
ing to Robert Addie and Sons’ Collieries, Ltd. Edgar 
‘Allen and Co., Ltd., have received contracts recently for 
a complete gypsum-handling plant for the Aberthaw 
and British Channel Portland Cement Company, Ltd., 
and for four McCully gyratory crushers for the Allis- 
Chalmers Manufacturing Company, Ltd., London. The 
London and North-Eastern Railway Company proposes 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


to construct a halt at Kinsley Road Bridge between 
Hemsworth and Nostell, on the Doncaster to Wakefield 
line, to serve the mining villages of that district. The 
Leicester Corporation has placed a contract with C. A. 
Parsons and Co., Ltd., London, for a turbo-alternator 
costing £109,000. Procter Brothers (Wireworks), Ltd., 
of Call Lane, Leeds, took over on March Ist new premises 
at Hills Dry Docks, Cardiff, for the extension of their 
wireworking business. The ment of Overseas 
rade announces that the following contracts are open 
for tender :—South African Railways and urs 
Administration: Supply and delivery of mild steel 
les, sections, plates, rounds, and flats (Johannesburg, 
Argentine State Railways Administration : 
Supply of 67,689 m. of seamless steel tubing for boilers, 
locomotive superheater coils, manufacture of bushings, 
&c., and 8324 seamless steel boiler and superheater tubes 
for different types of locomotives (Buenos Aires, April 
7th). South African Union Tender and Supplies Board : 
Supply and delivery of 1500 cast iron spigot and socket 
pipes, 3}in. by 9ft., or, alternatively, 1370 cast iron pipes, 
3}in. by 3 m., or 1125 spun iron pipes, 3-26in. by 12ft., 
with locking and joint rings (Pretoria, April 9th). 


Copper and Tin. 

After several days of rather hectic buying and 
selling in the copper market which created wide variations 
in prices, values at the inning of this week receded 
sharply. The movements of the electrolytic price were, 
however, largely due to the violent fluctuations in the 
standard copper quotation. Consumers remained aloof 
to some extent whilst these disturbed conditions were in 
evidence, but the speculative activities in the London 
standard market naturally exercised an influence on the 
electrolytic price. It seems to be generally expected that 
whilst quotations may recede from their present levels, no 
pronounced fall will take place, and once the market settles 
down the tendency will be for values to improve. The 
producers are said to regard the violent upward move- 
ments with distaste, and were not pronounced sellers at 
the higher prices. In fact, several of the large American 
producers withdrew quotations when the excitement in 
the market was at its height. It is quite possible that 
for a little while to come irregular conditions will rule 
in this department, but apparently normal trading is 
being gradually restored. In the London standard 
market there is still a big speculative account open and 

rofit taking will probably create fluctuations in_prices. 
ft was reported that a very large percentage of the buying 
originated on the speculative activity of foreign operators, 
and it was suggested that the position was by 
a number of small holders who participated in the rush 
to obtain copper.... The most interesting development 
in the tin market was the publicaton of the February 
statistics, which showed a reduction in the visible supply 
of over 1000 tons to 18,758 tons, compared with 
19,791 tons at the end of January. The market generally 
might have been prepared for a small reduction, but 
there is no doubt that the final figures were unexpected. 
Business in the United States for some time past has been 
quiet,’and until there is a revival in this trade the market 
is not likely to develop much strength. This probably 
accounted for the fact that in spite of the reduction in 
the visible supply prices were on the easy side after the 
ublication of the figures... Continental buying also has 
dull following the speculative activity which took 
place last week. It is notable that the monthly supplies 
in February were 10,516 tons, compared with 11,510 tons 
in January, whilst the deliveries were 11,549 tons in 
February compared with 11,441 tons in January. 


Non-ferrous Metals Average Prices. 


The official average prices issued by the London 
Metal Exchange for February show the greatest advance 
during one month for a very long period in all the prin- 
cipal metals dealt in. The improvement is largely the 
result of the intensive speculative buying, which was a 
feature of the metal market in the latter part of February. 
The average price of standard copper showed a rise of 
£7 14s. 8d. as compared with the January figure, and of 
£7 13s. 5d. on three months’ metal. In the case of electro- 
lytic the average was £7 18s. 10d. better, and on best 
selected copper £7 10s. On wire bars there was a rise of 
£8 3s. 2d. over the average for January. The increase in 
the average prices for tin amounted to £4 9s. 9d. in the 
case of cash and £4 12s. 7d. on three months’ metal. 
Prices in the lead market also appreciated and the Feb- 
ruary average on metal for shipment in the current:month 
advanced by £1 0s. 11d. and on shipment the third follow- 
ing month £1 3s. 6d. over the January figure, the mean 
being £1 2s. 3d. higher. Values in the spelter market 
showed a substantial increase. For shipment in the 
current month the average for February increased by 
£3 19s. 5d. and for shipment in the third following month 
£4 0s. 10d. over that for January. The mean was £4 0s. 1d. 
above the January average. The following are the London 
Metal Exchange average quotations for February :— 


SranpDaRD CoPpPER Cash (mean) ... .. £59 5 6 
3 Months (mean) ... £59 6 9 
Settlement .. ... £59 5 3 
ELscTrotytic CorpPzr (mean) wee asa ‘wee COGRE 405 
Etxcrrotytic Wree Bars... ... .-- .-- £65 3 8 
Best CorrpeR (mean) ... -. .. £6413 9 
Stranparp Trx ... ... Cash (mean) ... ... £233 19 af 
3 Months (mean) ... £234 16 8 
- Settlement. .... ... £233 19 6 
For shipment the current month ..... £28 6 4} 

For shipment the third following 
Leap A eas cen cae eae een eas sf 
WN ee ene HET a £28 6 5 
Oia: oss cas ees es ee 8 
(For shipment the current month £25 2 5} 

J For shipment the third following 
SPELTER moat a. SRT ee a 
Megiicis = 05. AGH £25 4 5 
4 Settlement £25 2 73 
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Current. Prices :for Metals and '/Fuels. 


Makers ’ official home trade prices per ton, delivered buyers’ stations. 








PIG IRON. 
Home. Export. 
(Did Teesside Area) 

N.E. Coast— £8. d. £ 8. d. 
Hematite Mixed Nos.*... 4 17 6... 314 6 
No. I > 418 0. 315 0 

Cleveland— _ Teesside Pasty 
No. 1 we slink t DB @5 —_ 
No. 3GMB.. Ak ® — 
No. 4 Forge ... .. ... 32) O88. — 
Basic (Less 5/- rebate)... 4 2 6 = 

MrpLaNnps— 

Staffs.— — Country Station) 
North Staffs. Foundry... 4 6 0. -— 

ri » Forge ... 4 1 bia —_ 
Basic (Less 5/- rebate)... 4 2 6... —_ 
Northampton— 

Foundry No.3... ... 4 3 6... —_ 

BN Soe cine eo eS — 
Derbyshire— 

No. 3 Foundry 46 0... —_ 

ee 4. 140.4 _ 

Scortanp— 

Hematite, f.o.t.furnaces* 417 6 .. —_ 
No. 1 Foundry, ditto ... 410 6.. eae 
No, 3 Foundry, ditto .. 4 8 0.. — 
Basic, d/d (Less 5/—rebate) 4 2 6. —_ 
N.W. Coast— 418 od/d eeanin 
Hematite Mixed Nos.*... { 5 3 6 ,, Sheffield 
5 9 6 ,, Birmingham 
bd fom Ri rebate. 
"MANUFACTURED TRON. 
Home. Export. 

Lancs. anp YORES.— £ s. d. i 
Crown Bars ... ae Oe Bs 1110 0 
Best Bars 2 7.6... 112 6 

MipLaxps— 

Crown Bars ... oot BO ITED 10 10 0 
Marked Bars (Staffs.) ~~ se” 8 1210 0 
No. 3 Quality 10 5 0 — 
No. 4 Quality 1015 0 —_ 

ScoTLanp— 

Crown Baers ... 22.0%) 13) 7 6 uu 1 100 
a. to ee” .. F217 6 ll 2°6 

N.E. Coast— 

Crown Bars a , ir ea 10 100 
Best Bars... otised: Rui Be oe Ah .2..4 
Double Best Bars > vie ape 1112 6 

NoRTHERN IRELAND AND FREE StaTE— 

Crown Bars, has RvaG > 2 ae pee 
STEEL. 
Home. Export. 

LonDON AND THE SouTE— £s. d. £8. d. 
Angles 7. 2 ee ce 9 2 6 
Tees... . 5 i, (ee Os ee 10 2 6 
Joists. ix SF ae ee 9 2 6 
Channels... .. - fi SB 26... 9 7% 6 
Rounds, 3in.andup ...10 5 6 .. 10 2 6 

” under 3in ~ ae Os 910 0 
Flats under Sin., ... 912 6.. 910 0 
Plates, jin. port nie .. 912 6 

»  %in. S58 Ore a 917 6 

. fin. ... .10 6 6.. 10 2 6 

pe ls oe cn 1010 6.. 107 6 
Un. & to jin. incl. 1. 2: @.: 1015 0 
Boiler Plates, jin...- 10 .§ 4... 1015 0 

Norru-East Coast— £ 8, d. £8. d. 
OMNES nc sg he ae ee ae 9 2 6 
ca pyc: tees" k eee cou Be Tae ae 10 2 6 
BT ern GY a ae 92 6 
Chanmillt...... 6.04: se BBO. 97 6 
Rounds, 3in. andup ...10 3. 0.. 10 2 6 

o under 3in. ... 910 0... 910 0 
Plates, jin. (basis) .. 910 6... 912 6 

oii se 917 6 

re tin. ... opht OE: 10 2 6 

» in. . 10 5 6.. 10 7 6 
Un. & to jin. lathe: 918 0O.. 10 17 6 
Boiler Plates, jin... -10 0 6.. 10 15 0 

MipLanps, aND LEEDs aNnD DistRIcT— 

. £ s. d. £ s. d. 
Angles et ie ee lee 926 
Tees... - 10 Sei 10 2 6 
Joists... 93 0. 9 2 6 
Channels... ... ... 4:9. 8.0. 9 7 6 
Rounds, 3in. aud up 10 3 0. 10 2 6 

” under 3in. 910 0.. 910 0 
Flats, 5in. and under ... 910 0.. 910 0 
Plates, jin. (basis) 013 0... 912 6 

* fin. ... PP 9 OM: 917 6 

z ie... ee we 10 2 6 

Sse... et 10 7.86 
Una. & to fin. inci. 918 O.. 10 17 6 
Boiler Plates, jin- 10 2 0.. 10 15 0 











only from associated British Steelmakers. 


STEEL (continued). 


Rounds, 3in. and up 
” under 3in. 


Flats, Sin. and under ... 


Plates, jin. (basis) 

” in. eee 

” fin. ... 

” gin. one eee 
Un. & te fin. incl.... 
Boiler Plates, jin. 


Soura Wares ArEA— 


Angles 
Tees... 
Joiste ... 
Rounds, 3in, and up 
%» under 3in. 
Flats, 5in. and under 
Plates, jin. (basis) 
»» fin. ... 
* tin. ... 


” 


it aevck: 
Un. jin. to fin. incl. 


IRELAND—F.0.Q. 


Angles 
Tees... 
Joists... 
Rounds, 3in. and up 
” under 3in. 
Plates, jin. (basis) 
” fin. ... 
; tin. ... 
” tein... ... 
Un. fin. to jin. inel. 


_ 


_ 


— — 


— 


- 10 


OTHER STEEL MATERIALS, 


Sheets. 
11-G. to 14-G., d/d 
15-G. to 20-G., d/d 
21-G. to 24-G., d/d 
25-G. to 26-G., d/d 


Home. Export. 
£8. d. £8. d 

2 3 OO. 9 2 6 
10 63 O.. 10 2 6 
93 0.. 9 26 

, get 97 6 
10 3 0... 10 2. 6 

9 MR Bis 910 0 
910 0.. 910 0 

. 910 6... 912 6 
. 915 6.. 917 6 
- 10 2 6 
ie ae ae gl 10 7 6 
- a8 <Q. 10 17 6 
Be B® isto i015 0 
ses £ 3s. d. 
93 0.. TE oe 

0 3 0.. 10 2 6 
9.2. Bx 9 2 6 

9 8 O.. 9 7 6 

0 3 O.. 10 2 6 
910 @... 910 0 
910 0... 910 0 

S he @ 04 912 6 
918 0... 917 6 

. a OT 10 2 6 

0 8 0.. 1 7 6 
0 3 0.. 10 17 66 
BELFastT. Rest or [RgELanp. 
£ s. d. £ a. d. 
Oe se 910 6 
10 8 O.. 1010 6 
9 8 O.. 918 0 
913 0.. 915 6 
10 8 0... 10 10 6 
=. @;. 8 8 0 
915 6., 918 0 
10 0 6... 10 3 90 
10 6 6.. 10 8 0 
10 12 6.. 10 13. 0 
§ 6. 10 8 0 
Home. Export 

£ s..d. £sd 
22K 10: O a f.o.b. 12 10 0 
SF 10'"@-44 f.o.b. 12 15 0 
ee nee f.o.b. 13 0 0 
. 22 12. Bs... f.io.b. 13 15 0 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
Australia £11 5s. Irish Free State, £13 5s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. 


per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 
£ se. d. 


Home. 
4-ton lots and up ... 
2-ton to 4-ton lots 
Under 2 tons 


+ 44,0, 
-4 7 6 
- 14 00 


Export : India £16 10s. c.i.f.; South Africa, £15 10s. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £15 17s. 6d. f.o.b. ; 
Sweden, £14 lis,; Irish Free State, £14 15s. f.0.q.; 
General, £15 15s. f.o.b. 

Tin-plates 

20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. to 20s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. £ s. d. 
Basic (0-33% to0-41%C.) ...' ... PS glk Bes 
” Medium (0-42% to 0-60% C.) By 25 9 sti 
» Hard 0-61%t00-85%C.) ... sas ey Se 
” » (0:86%t00-99%C.) ... ae ee 
» (1% C. and up) iitns ie ake 
Soft (up to 0- 25% C.), 500 tons and up $i. Ot @ 
Rails, Heavy, 500-ton lots, f.0.t. . 8 10 0 
i. eupeainias is .710°0 
FERRO ALLOYS. 
Tungsten Metal Powder.. 3/10} per lb. 
Ferro icant 3/9 per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c.to6p.c.carbon £21 10 0 T/- 
” » €6p.c.to8p.c. £21 0 0 1/- 
” »  8p.c.tol0p.c. £21 0 0 T/- 
” » Specially Refined ... 
” » Max. 2p.c. carbon £32 10 0 I1/- 
” ” » Lp.c. carbon £35 15 0 11/- 
” ” » 0°50p.c.carbon £36 10 0 12/- 
” ” » carbon-free ... 9}$d. per Ib. 
Metallic chromium... ... ... 2/5 per lb 
Ferro Manganese (loose), 76 p.c. £13 15 0 home 
» Silicon, 45 p.c. to 50 p.c. £12 0 0 seale 5/- p.u. 
98 tee £17 0 0 scale 6/- p.u. 
» Vanadium 12/8 per Ib. 
» Molybdenum... ... ... 4/6 per lb. 
» Titanium (carbon free) 9d. per Ib, 
Nickel (per ton) ’ £180 to £185 
Cobalt ... ... 1/- to 7/1. per Ib 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 
(Oficial Prices, March 3rd). 
Corrzr— 
Cash... ... £70 15 Oto £70 17 6 
Three months ... £69 2 6tof69 5 0 
Electrolytic ...0.. 01... 4. £73) 10 Oto £75 10 0 
Best Selected Ingots, d/d Bir- 
mingham .... ... £75 5.0 
Sheets, Hot Rolled £102 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) ... 15}d. 1544. 
»  Brazed (basis) hts Ae 13 © 8 
Brass—- 
Ingots, 70/30, d/d Birmingham £62 10 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 134d. L3dgd. 
»  Brazed” 15d. 164d. 
Tr 
Cash vee » £250 5 Oto £250 10 
Three months ... . £251 10 Oto £251 15 oO 
Leap: £32 8 9to £32 10 0 
SPELTER : wir Seo £3 1 3to £31 8 9 
Aluminium Ingots (British) ... £100 to £105 
FUELS. 
SCOTLAND. 
LaNARKSHIRE— E 


(f.0.b. Oe wit ro Unscreened) 17/- to 17/6 


Hamilton Ell 18/6 
Splints 20/- 
AYRSHIRE— 
(£.0.b. Ports) —Steam 17/6 
FiresHIRnE— 
(f.0.b. Methil or magnsgysaede 
Prime Steam... ... ... 18/- 
Unscreened Mevigntinn 17/6 
Lots1ans— 

(f.0.b. ot aterored Prime 17/6 
Secondary Steam . 17/- 
ENGLAND. 

Sourn Yorxsame, Hott— 
B.S.Y. Hards.. .. 19/— to 19/3 
Steam Screened ... 17/6 to 18/- 
NorRTHUMBERLAND, NEWCASTLE— 
Blyth Best ett 19/—- to 19/6 
» Second 18/6 
» Best Small... 15/- 
Unscreened ne! 18/— to 19/- 
Dvurgam— 
Best Gas... ... 19/— to 20/- 
Foundry Coke wae tte nace, 24/6 to 90/- 
SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/- a 
South Yorkshire .. ... ... 24/- to 26/- -_ 
Seconds ... in . 22/- to 23/- — 
Carpirr— SOUTH WALES. 
Steam Coals : 
Best Admiralty — 25/— to 26/- 
Best Seconds aS as 25/- 
Best Dry anal 24/~ to 25/- 
Ordinaries 23/6 to 24/- 
Bunker Smalls 18/- to 18/6 
Cargo Smalls... 17/- te 17/6 
Dry Nuts soy bebe b tae Renee) ck ~ oem ROI Me 20/6 
Foundry Coke 7 i. es ss B= to 47/6 
Furnace Coke 27/— to 28/- 
Patent Fuel ... 23/6 
SwansEa— 
Anthracite Coals : 
Best Large... 36/~ to 40/- 
Machine-made Cobbies... 41/- to 48/6 
Nuts AREF pial ihe Pe 40/- to 48/6 
Beans 25/- to 35/6 
Peas etree 19/— to 23/6 
Rubbly Culm... 12/— to 12/6 
Steam Coals : 
Large Ordinary 19/- to 25/- 





FUEL OIL. 
Inland consumption ; contracta in bull. 
Exclusive of Government tax of ld. per gallon, 


Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 suid 33d, 
Diesel Oil 4}. 
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. * 
French Engineering Notes. 
(From our own Correspondent in Paris.) 
Employers’ Authority. 

THERE is no need to attach undue importance to 
any un of the Paris Exhibition at the official 
opening eight weeks hence, for it is certain that, when 
completed, the success of the most important and dis- 
tinctive exhibition that has been held since 1900 will be 
fully assured. What is of more importance is that the 
labour troubles which are responsible for the delay reveal 
the uncompromising character of the st le for authority 
‘between employers and the Confédération Générale du 
Travail. The Exhibition works suffered all through the 
second half of last , first by strikes and then by the 
somewhat detac’ attitude of the men towards work 
when they believed that their victory had given them the 
upper hand, followed at the beginning of this year by the 
forty hours’ working week, which is alleged to have had 
the effect of still further slowing down effort. Work on 
the Exhibition had fallen so far below schedule that it 
appeared hopeless to expect to complete it by the day 
fixed for the official opening. Then the Government 
started negotiations with the C.G.T. for a suspension of the 
forty hours’ week. There was ining for increased 
pay and the working of extra shifts in order to employ 
more men, and finally it was arranged that men should be 
recruited exclusively through unions affiliated to the C.G.T. 
so that no one outside C.G.T. unions could find employ- 
ment. Contractors received intimation in the form of an 
order that they were to apply to the labour recruiting 
union for the additional men required. Apart from com- 
plaints that the labour organisation supplied men wholly 
unsuited to the work they were called upon to perform, 
contractors protested vigorously against a method of 
recruiting that was not only an abuse of authority, but an 
iDegal attempt to deprive workers of their right to belong 
to any union they pleased. Unless the Government with- 
draws the monopoly accorded to the C.G.T. they threaten 
to appeal to the Conseil d’Etat. The contractors are 
solidly supported by the Confederation of Employers, and 
the conflict between employers and the C.G.T. appears to 
have reached a critical stage. Protests are also made by a 
federation representing labour unions with a strong mem- 
bership of ski workers who refuse affiliation to the 
C.G.T. The trouble arises from the fact that the Con- 
fédération Générale du Travail is recognised by the 
Popular Front Government as the sole accredited repre- 
sentative of the working classes, whereas its early history 
was one of Communist agitation, and since it became an 
active collaborator of the Government in carrying out the 
social reo isation scheme the importance of the C.G.T. 
has grown with the affiliation of unions that flocked to it 
at the time of the labour revolt. The general secretary, 
who was formerly a worker in a State match factory, has 
affirmed that his aim is to ensure for a Labour State a 
control over paws Feber name with all that it means 
in the way of industrial nationalisation. Hence the C.G.T. 
strives to bring within its fold the entire working com- 
munity in order to impose its authority on employers who 
are now solidly arrayed against that federation. 

Arbitration and Strikes. 

An elaborate legislation for settling industrial 
disputes has had the effect of calming labour effervescence, 
but it has not put an end to strikes, for which arbitration 
is compulsorily substituted by law. When the workers’ 
initial success was stabilised to a certain extent by collec- 
tive contracts giving a statute to labour with unilateral 
advantages, snes a ep with regard to employers and 
conditions of work which the unions interpret as implying 
&@ permanency of employment by depriving employers of 
their right to dismiss men, authority was completely 
destroyed. As the only means of communication between 
what have become ted camps are the shop delegates, 
employers obtained some guarantee as to the conditions 
under which they would be elected, for the extremist 
unions aimed at electing as shop delegates their own 
political agents who would see that the men did not lose 
their jobs. To a large extent they succeeded, and in big 
works and factories employers complain of the activities 
of Communist “ eells.” Although strikes are much less 
frequent than they were, the cause of nearly all of them is 
the dismissal of men for reasons that are fully justified by 
employers. At the Peugeot motor car works at Sechaux 
a strike followed upon a man being removed from one shop 
to another. Pending arbitration proceedings the men 
returned to work, and then struck a second time against 
the dismissal of nine ringleaders in the previous conflict. 
Employers are ing out for their right to exercise 
authority over the men, and they are supported by their 
technical staffs, shop managers and foremen, who have 
threatened to strike in defence of authority, as was the 
case at Sochaux and previously at Lille, while equally 
significant are protests by a section of the men 
against being kept out of works by a minority body of 
strikers. The recruiting monopoly of the C.G.T. unions at 
the Exhibition works has had the effect of e ing mem- 
bers of non-affiliated unions, the number of which, if not 
exaggerated, shows that there is a considerable section of 
specialised workers in reinforced concrete, steel con- 
struction, and other branches of trade who will have 
nothing to do with a federation of unions that follows a 
political creed which is incapable of advancing professional 
interests. 


Coal Output. 

The decline in coal production in consequence of 
the short week had to be made good by increasing the 
quotas of foreign coal, and is nothing yet to show 
that coalowners are able to revert to their former output 
without employing more foreign labour, which the Govern- 
ment is not disposed to authorise so long as there is 
unemployment at home. Notwithstanding that the 
number of men at work during January was 10,000 more 
than in the first month of last year, the uction of coal 
and lignite fell from 4,172,186 tons to 3,725,130 tons. The 
higher cost of coal at the pits and increased inland water- 
way freights have raised prices very appreciably to con- 
sumers at a time when more has to be paid for imported 
coal and production costs have been raised by amounts 
variously estimated at between 50 and 75 per cent. during 
the past eight months. ; 





British Patent Specifications. 
When an invention is communicated from abroad the name and 
address of the communicator are pri: in italics. 
When an abridgment is not illustrated the Specification is 
sth aus 





Copies of Specifications may be obtained at the Patent Office, 
Sale enh 35, Si thampton-buildings, Ch y-lane, W.C.2, 
le. each. 

The date first given is the date o; apelisetion ion ; the second date, 
Pre ope gg eS amg of the acceptance of the 
complete Specification. 





ELECTRICAL APPLIANCES. 


458,604. July 25th, 1925.—Hicu-pressurE MeTAL-varouR 
Extecrric Discuarce Devices, The General Electric 
Company, Ltd., of Magnet House, Kingsway, London, 

W.C.2, and V. J. Francis, 

of RP il, T _= + 1e8 

of The "Tn Wankiey. 

Company, ., Wem A 

Middlesex. 


This invention relates to high- 
pressure metal-vapour electric 
discharge devices and aims 
at eliminating irregularities in 
operation which may be caused 
by variations in the form of 
the coldest spot of the envelope. 
That is to say, i ities 
between one specimen and 
another. It is generally assumed 
that the sealing-off pip will be 
the coldest , and it is difficult 
to make this uniform in a suc- 
cession of lamps. In order to 
ov this trouble the inven- 
tors provide a definitely shaped 
b A in the envelope, which 
is formed in the mould and 
provides the coldest spot. The 
two,ends of the lamp, one of 
which includes the sealing-off 
pip B, may be described as 
irregularities, so they are 
coated with platinum paint C C 
to raise their temperature. The 
specification gives the dimen- 
sions and operating character- 
istics of such a lamp.—Decem- 
ber 23rd, 1936. 


459,161. July 17th, 1936—Merrcury Vapour ReEcririErs, 
The British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2. 

This invention is concerned with a grid for mercury va 
rectifiers or similar electric discharge apparatus, which is 
arranged between the anode and the de-ionising body, and with 
which a comparatively low positive voltage already suffices 
for the striking of the discharge. This condition is attained 
by arranging, in conductive connection with the grid, an 
semstealty conductive member so as to mate ra least a past 
thereof disposed within an opening in -ionising ly 
and protruding beyond the de ionising body in the direction 
of the cathod This in the simplest fashion that the 
electro-static field of the grid acts yr de-ionising 
body even in cases where the openings -ionisi 
are very small. Tn th deowing A designation the anadavenieh 
fed with current through the pin B, which is insulated by a 
porcelain insulator C, and in vacuum-tight manner 
through’ the metal cover plate of the rectifier chamber. The 
flange D serves simultaneously as a current contact and as 
vacuum-sealing means, and is held i the insulator b: 
means of screws E, which are provided with insulating tubes F. 
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The anode is surrounded by the protecting tube G in whose 
interior the de-ionising body, which may be a Ls geed plate 
rovided with a large number of holes, is fixed. grid B is 
Bxed between the anode and the de-ionising body, and may also 
be of graphite or also of metal. The lead J which, with the aid 
of the insulator K, is insulated in its through the 
protecting tube G serves as current feeder. The grid is 
provided with a pin L of an electricity conducting material, 
which should preferably be —_— or a difficultly fusible 
metal. This pin has a portion disposed in one of the bored holes 
of the de-ionising body M and protrudes beyond the body in 
the acioreese 4 pls aoe 80 Ss the a field of the 
id acts through the de-ionising ly. Ino to strengthen 
the action, a number of such grid-connected and protruding 
electrically conductive pins may be provided in the openings 
of the de-ionising body. Experiments have shown, however, 
that in most cases a single pin will ensure an extraordinary 
lowering of the striking voltage, even when the de-ionisi 
body is provided with comparatively narrow openings 
presents a greater length in the direction of the elevtric arc 
passage than is, for instance, the diameter of the separate 
openings.—January 4th, 1937. 
459,469. April Ist, 1936.—Vacuum-ticuT Seats For ELECTRON 
& Devices, The Westinghouse Electric and 
orn Company, East Pitts Pennsylvania, 
device a metal envelope is used 
rough usage. 


In this electron 
and the whole structure is intended to withstand 





describes the construction in general, but the 

i the materials used for the envelope and 
the lead-in seals. For the envelope, it is said, it is preferabie 
to use a com ion of nickel, cobalt, and iron, containing 
from 24 to 34 per cent. nickel, 5 to 25 per cent. cobalt, less than 
per cent. manganese, and the remainder iron. The preference 
for this alloy is because of its low coefficient of expansion 
throughout the range of annealing the parts of the container. 
It is also preferable to use this alloy because it permits the use 
of borosilicate glass for the vitreous material. These boro- 
silicate glasses haye expansivities between 3-0x10-* ecm. 
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and 6-5x 10-* em. per centimetre per degree Centigrade. The 
alloy mentioned is easily fabricated and yet is not attacked 
by pv” vapour if such an interior atmosphere is desired. 

use of vitreous material is also contemp which has 
a very high softening point, such as above 800 deg. Cent., which 
material, for example, may be porcelain or quartz for the 
vitreous material., » It. will be moted» that the construction 
of the rest of the device permits the application of more than 
800 deg. Cent. softening rary anaes and thus permits utilisa- 
tion of porcelain or quartz for sealing material—January 8th, 
1937. 


FURNACES. 


459,172. July 4th, 1935.—AnneaLine Furnaces, The Genera 
Electric Com , Ltd., Magnet House, Kingsway, London, 
W.C.2, and BY v. Williams, Research Laboratories of the 
G.E.C., Wembley, Middlesex. 

This invention is concerned with the bright annealing of 
strip metal in a continuous furnace. Such strip must be eooled 
down again to such a temperature that it will not tarnish on 
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ex to the atmosphere. The inventor proposes to effect 
this cooling by peasing the strip between two rolls A and B, 
of which B is hollow and is water cooled. In order that several 
strips may be operated upon simultaneously and not wander 
across the face of the drums, so that they become entangled, 
the drums are grooved in either fashion as shown._January 4th, 
1937. r 


METALLURGY. 


459,390. October 11th, 1935.—Etecrric Resistance ALLoys, 
British Driver-Harris Company, Ltd., Gaythorn Mill, 
Albion-street, Manchester, 15, and W. M. Kay. 

This invention comprises an electric resistance alloy, com- 
ising 15 to 25 per cent. chromium, and containing 0-01 to 
-2 per cent. calcium, 0-01 to 0-5 per cent. zirconium and 
0-01 to 1 per cent. aluminium, the lance being nickel ; or an 
alloy comprising 7 to 22 per cent. chromium and 8 to 30 per cent. 
iron and containing 0-01 to 0-2 per cent. calcium, 0-01 to 0-5 per 
cent. zirconium, and 0-01 to 1 per cent. aluminium, the balance 
being nickel, which forms the major part of the alloy ; or an 
alloy as set forth above containing 0-01 to 0- 05 per cent. calcium, 

0-1 to 0-3 per cent. zirconium, and 0-07 to 0-38 per cent. 

aluminium ; or an alloy as set forth above, and also containing 

0-02 to 2 per cent. ese and/or 0-2 to 2 per cent. silicon, 

preferably 0-05 to 1 per cent. m and 0-4 to 1 per cent. 

silicon. Buch additions replace a like amount of nickel in the 
alloy, the nickel, however, still forming the major part of the 
alloy. In all cases the alloy is either completely non-ferrous or 
the nickel-chromium content is large relatively to the iron 
content. Thus the alloy has the characteristics of a non-ferrous 
alloy. Experimental tests have proved that resistance wires 
and strips made from such alloys have a greatly increased 
period of useful life when exposed to high temperatures, as 
compared to the useful lives of the known pe sere and 
nickel-chromium-iron alloys without the additional metals 
herein specified. Small quantities of agg ~ ep and sulphur 
may be present in the alloys as impurities. e nickel may also 
contain up to 2 per cent. cobalt.—January 7th, 1937. 





MACHINE TOOLS AND SHOP APPLIANCES. 


469,129, April 3rd, 1936.—Wrarrine Macuines, C. Tredget, 

and Molins Machine Company, Ltd., 2, Evelyn-street, 
Deptford, London, 8.E.8. : 

This invention is concerned with the wrapping of packets 
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in a cellulosic or similar material, with a tearing strip to 
facilitate the opening of the packet. The packet to be wrapped 
is shown at A and is moved through the machine by the conveyor 
B to the wrapping mechanism, which is not shown. The cellulosic 
wrapping material is supplied by the reel C and passes over the 
guide rollers as shown to the two rolis D, EK, which are provided 
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Fig.2 


with a cutter F to make the thumb piece G (see Fig. 2). The 
wrapper then goes on to the cutting-off knife H onl so to the 
package A. At the same time the strip of tearing material 
is supplied by the reel J, provided with adhesive at K, and 
after assembly with the wrapper, dried by passing over the 
hot plate L._January 4th, 1937, 


CRANES AND CONVEYORS. 


459,466. February 27th, 1936.—Jiecaine Conveyors, Hunt- 
ington, Heberlein and Co., Ltd., and L. Henschel, Bush 
House, Aldwych, London, W.C.2. 

This invention is concerned with jigging conveyors of the 
type in which a trough is.supported.on a number of inclined 
springy struts and is reciprocated by an unbalanced weight, 
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in this case the struts A are themselves rigid, but the necessary 
flexibility is provided by their attachment to the conveyor 
frame and trough. At the bottom they are riveted to transverse 
strips of spring steel B, which are fixed to the frame at the centre 
by the brackets C.. At the upper end they are attached to the 
tro by shackles D, embracing a rubber eushioned sleeve on 
bolt-like pivots E.—January , 1937. 








Forthcoming Engagements. 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 








SterHENsoN Locomotive Soc.-Royal Technical College, 
Glasgow. ‘‘The Mechanisation of Permanent Way Main- 
tenance,” K. Reid. 7.45 p.m. 

Turespay, Marcu 9TH. 

Inst. or Bririskh FounpRYMEN; BuRNLEY SEcTION.— 
Municipal College, Ormerod-road, Burnley. ‘‘ Cupola Practice,” 
J. Jaekson, 7.15 p.m. 

Inst. or ELectrica, Eneingrrs: Scorrish Centre.—39, 
Elmbank.crescent, Glasgow, C.2. “ Continuous Extrusion of 
Lead Cable Sheaths,” Dr, P. Dunsheath, 7.30 p.m. 

TUESDAY, MARCH 9TH. 

ILLUMINATING ENGINEERING Soc,.—Inst. of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. “Some A ts of the Street 
Lighting Problem,” 8S. English; ‘The Representation of 
Lantern Characteristics," R. Maxted. 7 p.m. 

Inst. or Avromonme Enorveers.—Geisha Café, Hertford- 


street, Coventry. ‘‘ Silencing of Gus Noises in all Classes of 
Motor Vehicles," Wing-Commander T. R. Cave-Brown-Cave. 
7.30 p.m. 


Inst. or Crvm. Enoryrers.—Great George-street, 58.W.1. 
‘** Welded Joints in Pressure Vessels,” Dr, 8. F. Dorey. 6 p.m. 

Inst. or Etecrrica. Enemygers; Norra. Mip.anp 
Srupents’ Szction.—Hotel Metropole, King-street, Leeds, 
“Magnetic Characteristics and Factors of D.C, Machines and 
their Influence on the Performance Characteristic,” A. E. 
Cunningham. 7.15 p.m. 

Inst. oF ENGINEERS AND SuHrpsurmpers.—39, Elmbank- 
erescent, Glasgow. ‘‘Some Aspects of Metallie Corrosion,” 
Dr. U. R. Evans. 7.30 p.m. 

Inst. oF Martine EnoineEers.—The Minories, E.C.3, “ The 
Loeffler Boiler Installation on the s.s. ‘Conte Rosso,’”’ 8. 
McEwen. 6 p.m. 

Inst, oF MecHANICAL ENGINEERS ; SoutH WALES Brancu,— 
Royal Metal Exchange, Swansea. ‘‘ Modern Developments in 
Application of Electric Welding,” J. H. Paterson, 6 p.m. 

Inst. oF Metats: Nortu-East Coast Locan Srcrion.— 
Electrical Engineering Lecture Theatre, Armstrong College, 
Newcastle-upon-Tyne. ‘ Large Non-ferrous Castings,” J. E. 
Newson. 7.30 p.m. 

Inst. oF Metats: Scortisn Locan Section.—Joint meeting 
with the Inst. of Engineers and Shipbuilders in Scotland. Institu- 
tion of — and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘Some Aspects of Metallic Corrosion,” 
U. R. Evans. 7.30 p.m. 

SHEFFIELD METALLURGICAL Assoc.—198, West-street, Shef- 
field, 1. ‘The Relationship between Mechanical Tests of 
Materials and their Suitability for Specific Working Conditions,” 
Dr. N. P. Inglis. 7.30 p.m. 

WEDNESDAY, Marca 10ra. 

Inst. or Crvu. ENGrIneers: Stupents’ Secrion.—Great 
George-street, S.W.1. ‘The Design and Construction of 
Drainage and Sewage Treatment Works for London Film Pro- 
ductions, Lid., at Denham,’ D. Temple, 6.30 p.m. 

Inst. oF ENGINEERS-IN-CHARGE.—St. Bride Inst.. E.C.4. 
“The Modern Steam Trap and its Applications,’ B. B. Brown. 
7.30 p.m. 

Inst. or WELDING.—-Inst. of Mechanical Engineers, Storcy’s- 
gate, 8.W.1. ‘“‘The X-ray Examination of Welds,” V. E. 
Pullin. 6.30 p.m. 

Norru-East Coast Iyst. oF ENGINEERS AND SHIPBUILDERS : 
Grapuatge Section.—Bolbec Hal!, Newcastle-on-Tyne. ‘‘ Cold 
Stores for Ships,’ E. H. Vie. 7.15 p.m. 


Wepnespay, Marcu 10rxn, anp Tourspay, Marcu lItH. 


Inst. or Merats.—Inst. of Mechanical Engineers, Storey's- 
gate, 8.W.1. Annual general meeting. Programme, page 170. 
Tuurspay, Marcu IIx. 

Inst. oF AUTOMOBILE ENGINEERS.—M at =) 
Technical College, Unity-street, Bristol. ‘Silencing of Gas 
Noises in all Classes of Motor Vehicles,’’ Wing-Commander T. R 
Cave-Brown-Cave. 7 p.m. 

Inst. or Etecrricar ENGINEERS.Savoy-place, Victoria 
Embankment, W.C.2. ‘ Modern Factors Affecting Electricity 
Costs and Charges,” J. A. Sumner. 6 p.m. 

Inst. or MecnanicaL. Encingeers: Nortru-WesTERN 
Brancu.—University, Manchester. ‘‘ The Calculating Machine 
at the University of Manchester,” Prof. D. R. Hartree. 7.15 p.m. 

Inst. oF Mecuanical ENGINEERS: YORKSHIRE Brancyu.— 
Hotel Metropole, Leeds. *‘* Mechanics of Gliding,” R. Kronfield. 
7.30 p.m. 

Rauway Crvus.—Royal Scottish Corpn. Hall, Fetter-lane, 
E.C.4. ‘‘ Modern Locomotives of the Southern Railway,” J. 
Clayton. 7.30 p.m. 

Royat AERONAUTICAL Soc.-—-Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. “‘‘ Airserew Blade Vibration,” Major B. C. 
Carter. 6.30 p.m. 

Fripay, Marcu 12rH. 

CuemicaL Encrngertne Grovr.—Burlington House, Picca- 
dilly, W.1. “ Copper in Chemical Engineering,” 8S. Baker. 8 p.m. 

Inst. oF MECHANICAL ENGINEERS : East MIDLANDS BRANCH. 
—tTechnical College, Lincoln. ‘Hardening and Tempering,” 
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of the week preceding the etings. In all cases the trmE and 
PLACE at which the meeting is to be held should be clearly stated. 





To-Day. 

Inst. or ELectricaL ENGINEERS: METER AND INSTRUMENT 
PRE me W.C.2. “The Metering of Mercury 
Are Reetifier Supplies and Outputs,” Dr. C. Dannatt. 7 p.m. 

InsT. OF MECHANICAL ENGINEERS : East MipLanps Branca. 

—College of Technology, Leicester. “‘ The Expectations of 
Aircraft Design,” N. A. V. Piercy. 7 p.m. 

Inst. oF MecuanicaL ENGINEERS.—Storey’s- , 3.W.1, 
Informal meeting. ‘‘ War-time Supply of Liquid Fuels,’’ H. A. 
Humphrey. 6.30 p.m. 

Junior Inst. or EnGIngErs.—39, Victoria-street, S.W.1. 
“* Street Fire Alarm Signalling,” L. E. Calvo. 7.30 p.m. 

MancHEsTER Assoc. or Encingers.—Grand Hotel, Aytoun- 
street, Manchester. Annual dinner and dance.~- 7 p.m. 

To-pay To THurRspay, Marcu 257s. 

SciENcE In Bourtprnc Exurstrion.—The Building Centre, 
158, New Bond-street, W.1. ’ 
Saturpay, Marcu 67H. 

inst. or British FounprymMeNn.—Engineers’ Club, Albert- 
square, Manchester. ‘‘ Light Repetition Castings,” R. P. 
Layfield. 4 p.m. 

Monpay, Marcu 8rx. 

BRADFORD ENGINEERING Soc.—Bradford Technical College. 
“* Modern Practice in Steam Generation,” E. N. Taylor. 7.30 p.m. 

Inst. or Crvit Encinzgers: Nortn Ireranp Assoc.— 
Queen’s University, Belfast. “‘ Newry Ship Canal Improvement 
Scheme,” R. Ferguson. 6.30 p.m. 

inat. oF ELECTRICAL ENGINEERS: NortTH-EasTERN CENTRE. 

Armstrong College, Newcastle-on-Tyne. “The Jointimg and 
Terminating of High-voltage Cables,’ W. Holttum. 6.15 p.m, 

Inst. or Tkansport.—Inst. of Electrical Engi , Victoria 


Embankment, W.2. ‘‘ Notes on Commercial and rating 
Aspects of Trollybus Operation,’ T. E. Thomas. 5.30 p.m. 





W. H. Dearden. 7 p.m. 

Inst. or Metats: SHEFFIELD LocaL Secrion.—Non-Ferrous 
Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. Annual general rk. * Some 

01 


Recent Researches on Wire-drawing,”’ Prof. F, C. mpson. 
7.30 p.m. 

Inst. of Wetpinc: Mipianps Brancn.—James Watt 
Memorial Inst., Great Charles-street, Birmingham. ‘ Welding 


of Pressure Vessels,”’ Dr. S. F. Dorey. 7.15 p.m. 
Junior Inst. or Enoinrers.—-39, Victoria-street, S.W.1. 
“* Utilisation of Underground Water Resources,” A. E. Judd. 


7.30 p.m. 
Nortu-East Coast Inst. o¥ ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘ Business Control and 


Management,” H. A. Sisson. 6 p.m. 

Puysicat Soc.—Imperial College of Sei and Technology, 
Imperial Institute-road, 8.W.7. Annual general meeting. 5 p.m. 
Sarurpay, Marca 13ru. 

SrerHEeNson LocomottvE Soc.—4, Bury Old-road, Man- 
chester, 8. “‘ Present-day Locomotives of the Southern Railway, 
Western Section,” H.G. Kitpin. 6.30 p.m. 


Monvpay, Marcu 1éru. 

Braprorp ENGINEERING Soc.—Bradford Technical College. 
** Re-designing for Are Welding,” R. M. Gooderham. 7.30 p.m. 

Inst. or AvTOMOBILE ENGINEERS.—39, Elmbank-crescent, 
Glasgow. “ Economics of Repair Operations,” B. H. P. de 
Roeper. 7.45 p.m. 

Touxspay, Marcu 16ru. 

Brarrish Assoc. or Rerriceration.—Inst. of Marine Engi- 
neers, 85, The Minories, E.C.3. ‘* Some Considerations in the 
Marketing of Refrigerated Produce,’ Dr. L. B. A. Grace. 
6.30 p.m. 

Compustion AprriaNnce Makers’ Assoc. (Sotmp FvEL).— 
Connaught Rooms, Great Queen-street, W.C.1. Annual meeting, 

InLuMinatTinG ENGINEERING Soc.—Trocadero Restaurant, 
Piccadilly, W.1.. Annual dinner. 








Inst. or Merats: Birminenam Locat Secrion.—James 
Watt Memorial Inst., Birmin i ion on “* Lubri- 
cation in the Cold Working ,” introduced by H. W. 
Brownsdon and F. J, Slee, 7.p.m. 

Inst. or Merats: Swansea Locat Srerion.--Y.M.C.A., 
Swansea. ‘Some Trends in the Use of Tin in Modern Engi- 
neering Practice,” D. J. htan. 6.30 p.m. 

Inst. or Sanrrary Enoingxrs.—Caxton Hall, 8.W.1. 
** Notes on the Comparative Working of ‘Air Diffusion,’ 
‘ Channel,’ and ‘ Simplex ' Methods of Activated ie Process 
es Partial Treatment at Croydon,” F. E. Pipe and J. FE. Farmer. 

p-m. 

lyst. or Transport.—tInst. of Electrical Engineers, Savoy- 

, Victoria Embankment, W.C.2. “The Place of Touring 
in the National Scheme of Transport,” C. H. Davies. 6 p.m. . 
WeEpnEsDay, Marcu 17rH. 

Inst. or AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 

ts Economics of Repair Operations,” B. H. P. de Roeper. 
+15 p.m. 

Inst. or ExgcrricaL ENGINEERS: TRANSMISSION SECTION.— 
Visit to the Willesden works of the British Thomson-Houston 
Company, Ltd. Leaving 1.E.E. building at 1.45 p.m, 

Inst. or WeLpine: Mancuester anp District Brancu,-- 
Manchester College of Technology. ‘Testing of Welds,” H. N. 
Pemberton. 7.30 p.m. 

Roya Soc. or Arts.—John-street, Adelphi, W.C.2. ‘‘ The 
mi ener gure of Labour by Machinery,” H. D. Henderson. 
8.15 p.m 


WEDNESDAY TO Fripay, Marcu I7ru ro 197TH. 

Inst, or Navan Arcurrects,—-Royal Soc. of Arts, John- 

street, Adelphi, W.C.2. Annual meeting. 
Tuurspay, Marcu 18TH. 

Lyst. oy Marnmve EnGIngERS.—-Battersea Polytechnic, 8.W.11. 
“ Different a a of War Vessels,’ Eng. Rear-Admiral W. M. 
Whayman. p.m. 

Inst. oF MecuanicaL ENGINEERS: Mipianp Brancu.— 
James Watt Memorial Inst., Great Charles-street, Birmingham. 
“ Modern Rolling Mill Design,” A, Poole. 6.30 p.m. 

Inst. or MecnanicaL Encinzers : Sourh WALEs Brancu,— 
South Wales Inst. of Engineers, Cardiff, ‘‘ Automatic Control 
of Trains,” A. W. J. Dymond. 6 p.m. 

Inst. oy MecuanrcaL ENGINEERS: SovurHERN Brancu.— 
University College, Southampton. “The Main and Auxiliary 
Machinery of the ‘Queen Mary,’"* J. Austin. 7.15 p.m. 

Inst. or Merrats.—Society of Motor Manufacturers and 
Traders, Ltd., 83, Pall Mall, London, 8.W.1. ‘‘ Refractories,” 
J. H. Partridge. 7.30 p.m. 

Inst. or Wetvine.—Inst. of Mechanical Engineers, Storey’s- 
gate, 8.W.1. “The X-ray Examination of Welds,” V. E. 
Pullin. 6.30 p.m. 

Tuurspay, Marcu 181TH, To Sarurpay, Marcu 207TH. 
Inst. or Puysics.—University of Birmingham Physics 
ab y. 8S d Conference on Industria! Physics. 
Fray, Marcu 19ru. 

Inst. or Mecuanicat Enoinggrs.—Storey’s-gate, 8.W.1. 
“ Racing Motor Car Design,” R. A. Railton. 6 p.m. 

Junior Inst. or Enoingers.—39, Victoria-street, 8.W.1. 
— ing and Maintenance of Gas Mains in Congested Areas,” 
G. H. Rodgers and J. E. Gray. 7.30 p.m. 

Monpay, Marcu 22np. 

Inst. or WeLpInc: Norru-EastFrn Brancu.—Cleveland 
Scientific and Technical Inst., Corporation-road, Middlesbrough . 
“ Welded Diesel Engine Frames,” Dr. W.S. Burn. 7.30 p.m. 

Turspay, Marcu 23rp. 

Inst. or AvromosiLe ENGingERs.—James Watt Memorial 
Hall, Great Charles-street, Birmingham. “‘ Economies of Repair 
Operations,” B. H. P. de Roeper. 7.30 p.m. 

Inst. or ExecrricaL Enorveers: Scorrish CEntTRer.- 
North British Station Hotel, Edinburgh. “ Modern Factors 
Affecting Electricity Costs and Charges,” J. A. Sumner. 7 p.m. 

Suerrietp MeratiuraicaL Assoc.-—198, West-street, Shef- 
field. ‘ Present Developments in Refractories,” W. J. Rees. 
7.30 p.m. 











The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


Ransomes AnD Rarter, Ltd., of Ipswich, have received from 
the Air Ministry an order for a number of mobile cranes of a new 
sroecs toe raneriog and Toplscig Ceeplane sogines ant for 

jor removing ing aerop engines a or 
general utility work. They will be fitted with pneumatic tires, 
which will the cranes to be used on softer ground. 

BuLt Motors, of Ipswich, inform us that included in the 


contracts secured since the beginning of the Pi are orders for 
“Super Silent’ motors for the Daily yo building, 
Dagenham Town Hall, Municipal Hall, olverhampton, 
Li 1 University, and Poplar Town Hall. In addition, 
Bull “ Super Silent ” motors have been ordered for more than 
twenty new cinemas since the beginning of this year. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Tue British [non anp Stes FepEration is changing its 
address on March ist to Steel House, Tothill-street, West- 
minster, 8.W.1. 

Tue Satem ENGINEERING Company, of Salem, Ohio, U.8.A., 
has opened a branch office at First Avenue House, High Holborn, 
London, W.C.1. The personnel of the London office includes 
Mr. J. W. Holden, managing director, and Mr. A. T, Greiner, 
manager. 

Tur University Cotiecr EnGineertne Socrery, London, 
has in preparation the first issue of a year book, which will be 
sent free to former students. It is hoped that all old members 
will send in their names, addresses, years at » academic 
and professional eneaientianty pares appointment, and news 
of their contem: ies to P. H. Walker, Engineering Depart- 
ment, University College, Gower-street, W.C.1. 

_ Mr. J. Matporn, of the United Engineering and Foundry 
Company, of Pittsburgh, has entered the services of Davy 
Brothers, Ltd., of Sheffield, in the capacity of outside technical 
representative. He wil! take up his appointment at the firm’s 
London offices, Steel House, Tothill-street, Westminster, 
S/W.1, as soon as these offices are available at the end of March. 
It will be recalled that the United Engineering and 
Company is at present laying out the plant for Ri ‘Thomas 
and Co., Ltd., a large portion of which is being manufactured 
by Davy Brothers, Ltd. 
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A Seven-Day Journal. 


The Air Estimates for 1937. 


THE Air Estimates for 1937 were issued on Friday, 
March 5th (Stationery Office, 3s. 6d. net), accom- 
panied by a memorandum by Lord Swinton, Secretary 
of State for Air (Cmd. 5388, Stationery Office, 3d. 
net). The memorandum, after pointing out that 
the expansion scheme announced in 1935 will be 
completed during the financial year 1937, and that 
the additional scheme announced in March, 1936, is 
progressing well, reviews the successive stages by 
which the R.A.F. has been built up. The delays 
which the various schemes have undergone are 
detailed in the memorandum, and include the delays 
in the delivery of air frames, owing to difficulties of 
reorganisation, the shortage of skilled labour, and 
the perfecting of new types. Actual deliveries of 
Service aircraft during the last eleven months 
amounted to over 2} times the average annual output 
of pre-expansion days, and the output of engines 
amounted to over 3§ times the corresponding figure. 
The number of employees engaged directly in air- 
craft production was about 63,000. The total of the 
Air Estimates is given as £88,588,600 gross, as com- 
pared with £55,705,600 for 1936. After reviewing the 
various recruiting problems and command reorganisa- 
tions, the memorandum goes on to comment on the 
increased expenditure on ‘‘ Technical and Warlike 
Stores,”” Vote 3. The additional figures are explained 
by the cost of modernising the equipment. It men- 
tions the new monoplane machines which ate to be 
used for the Metropolitan Force, the engines being 
of the latest type, including sleeve valve engines, 
and emphasises the attention given to improving 
and simplifying equipment and instruments. The 
shadow factories and other structural works are 
commented upon, and the memorandum concludes 
with a review of civil aviation, referred to in the 
succeeding paragraph. 


Civil Aviation in the Air Estimates. 


THE cost of civil aviation, Vote 8, in the Air Esti- 
mates for 1937, amounts to £2,315,000, an increase 
of £1,555,000 over the figure for 1936. The increase 
is accounted for by the Empire air mail scheme, 
with its consequent extended organisation of Empire 
air routes, and experimental oversea flights, including 
flights across the North Atlantic ; the purchase of 
Heston airport, and, finally, the creation of an air 
traffic control organisation within the United King- 
dom. The Empire scheme for the delivery of first- 
class mail by‘air will commence in 1938. The memo- 
randum also mentions an “introductory ”’ period 
to be commenced in 1937. After referring to the 
extensions to the various air services carried out 
during the year, the memorandum goes on to review 
the conclusions of the Committee on Internal Air 
Communications appointed in 1936 under the chair- 
manship of Sir Henry Maybury. The conclusions, 
which were approved by Parliament, led to the pro- 
vision of £100,000 in the present Estimates for the 
purpose of carrying out the first recommendations. 
The sum will be used largely for the provision of 
radio and control organisations. The memorandum 
proceeds to refer to the acquisition of Heston Airport, 
the setting up of the new Air Registration Board, 
and the subsidising of light aeroplane clubs. The 
extensions, made necessary by the general increase 
of military and civil flying, to the various meteoro- 
logical services within the Empire are reviewed, and 
the necessity for close co-operation with organisations 
abroad is emphasised. The memorandum concludes 
with a review of the work of the Air Ministry itself. 


The Employment Returns. 


THE Ministry of Labour announc:d on Monday 
last, March 8th, that it was estimated that at 
February 22nd, 1937, the number of insured persons, 
aged 16-64, in employment in Great Britain, exclu- 
sive of agricultural workers, was approximately 
11,187,000. This was 81,000 more than a month 
before and 662,000 more than a year before. There 
was an increase in employment between January 
25th and February 22nd in most of the principal 
industries. Those showing the greatest improve- 
ment included building and public works contracting, 
general engineering, motor vehicle and aircraft manu- 
facture, and shipping service. In none of the principal 
industries was there a marked decline in employment. 
At February 22nd, 1937, the numbers of unemployed 
persons on the registers of employment exchanges in 
Great Britain were 1,391,932 wholly unemployed, 
161,834 temporarily stopped, and 74,079 normally in 
casual employment, making a total of 1,627,845. 
This was 61,378 less than the number on the registers 
at January 25th, 1937, and 397,176 less than a year 
before. In the case of about 40 per cent. of the total 
of 1,385,171 persons on the registers who were apply- 
ing for benefit or unemployment allowances, the 





last spell of registered unemployment had lasted 
less than six weeks; for about 57 per cent. it had 
lasted less than three months, and for about 69 per 
cent. less than six months. During the four weeks 
ended February 22nd, 1937, the number of vacant 
situations notified by employers to. the employment 
exchanges’ and juvenile employment. bureaux was 
236,665, while the number filled was 197,623. 
Between February 25th, 1936, and February 22nd, 
1937, 2,634,446 vacant situations were filled, while 
in the period February 26th, 1935, to February 24th, 
1936, the number filled was 2,562,989. 


Strike at the Rolls-Royce Works, Derby. 


In connection with the stoppage of work at its 
Derby establishment, Rolls-Royce, Ltd., has issued 
a statement expressing its regret at having to stand 
off an increasing number of workers as a result of a 
strike of a relatively few grinders. The company 
says that it has always paid the large majority of its 
grinders the skilled man’s rate for the district, 
although such recognition is by no means universal 
throughout the industry. The grinders promoted an 
application for 10s. a week more than the skilled rate, 
and this claim went through the usual channels of 
negotiation. The company was unable to accede to 
the request, but offered an increase of 2s. per week to 
semi-skilled grinders who were not in receipt of the 
skilled man’s rate. Thereupon 300 grinders imme- 
diately ceased work. The strikers, in addition to 
receiving the fully skilled rate for the district, were in 
receipt of piecework bonuses, which on a general 
average were equal to about 54 per cent. of the skilled 
rate. Coincident with these events, the Executive 
Councils of the Unions to which the strikers belong 
have been in negotiation with the national authorities 
on the employers’ side in relation to rates to be paid 
to machine men. In the application presented by the 
men’s Unions the highest rate asked in respect of 
certain machines, including grinding machines, was 
the skilled rate of the district, yet the men at the 
works of Rolls-Royce, Ltd., are out on strike for a 
rate 10s. more than that embodied in the demands 
presented by their own Unions. The company feels 
it has no alternative but to resist this application. To 
grant it would be unjustified on the merits of the 
case and would be a serious injustice to other skilled 
classes of workmen whose services in production are 
equally valuable. On Wednesday the men held a 
meeting to reconsider their position. 


Industrial Survey of South Wales. 


On Monday last, March 8th, the “ Second Indus- 
trial Survey of South Wales” was published. The 
survey was undertaken by Professor H. A. Marquand, 
of University College, Cardiff, and a staff of assistants, 
on behalf of the Industrial Development Council of 
Wales and Monmouthshire. A grant was given in 
aid of this work by the Commissioner for the Special 
Areas. Details concerning the unemployment in 
South Wales are given in an unusual manner. For 
example, it is stated that of the men listed as unem- 
ployed, about 20 per cent. should be discounted as 
unemployable owing to the length of time they have 
been idle, age, or poor physical standard. Referring 
to the coal trade, the survey makes suggestions of an 
international coal cartel, or a reduction of tariff 
barriers on German manufactured goods, with the 
object of reducing the principal reason for the present 
German coal exporting policy. Referring to the pro- 
posed calcium carbide industry in Wales, the survey 
points out that the raw materials for the manufacture 
of calcium carbide can be found in this country only 
in Wales or in Scotland. Since the British Oxygen 
Company was unable to obtain powers to establish 
a plant for the manufacture of calcium carbide in 
Seotland in 1936 the company had made many 
inquiries as to sites in South Wales acceptable to 
Parliament. The question of manufacture in Scotland 
is, however, under parliamentary consideration at the 
moment. Other industries suggested in the survey 
are nitrogen fixation and plastic manufacture and 
working, while coal tar, bitumen and oil refining is 
suggested as a grouped industry. 


Co-operation between Metallurgical 
Institutes. 


Ar the annual general meeting of the Institute of 
Metals, which opened on Wednesday of this week, 
March 10th, the President, Mr. W. R. Barclay, 
announced that a scheme of co-operation between the 
Institute and the Iron and Steel Institute had become 
effective. Under this scheme members of each Insti- 
tute can become members of the other without 
formality other than written application. Such 
members will pay a combined annual subscription of 
£5 5s. The subscription previously due has been 





£3 3s. per annum to each Institute. This provision 
will apply in the case of the Iron and Steel Institute 
to subscriptions payable for the year beginning 
January Ist, 1937, and in the case of the Institute of 
Metals to subscriptions for the year beginning July 
Ist, 1937. Eligible candidates applying for member- 
ship of either Institute can simultaneously apply for 
membership of the other and in these cases a com- 
bined entrance fee of £2 2s. will be payable, this pro- 
vision also applying to an application for membership 
of one Institute made within twelve months of an 
application for membership of the other. Thus it 
becomes possible to join both Institutes for a single 
payment of £7 7s. instead of £10 10s., as heretofore. 
Arrangements have also been made whereby present 
associates of the Iron and Steel Institute, present 
student members of the Institute of Metals and new 
applicants for membership shall be eligible as asso- 
ciates of the Iron and Steel Institute and as student 
members of the Institute of Metals up to the age of 
twenty-six, on payment of a joint annual subscription 
of £2 2s. This scheme for reduced subscriptions is 
the first step in a more extensive plan of co-operation 
that is receiving the attention of the two Councils. 
It follows one recently completed by the two Institutes 
with the American Institute of Mining and Metal- 
lurgical Engineers, whereby members, associates, and 
student members of the British Institutes may, if 
under the age of thirty-three, become junior foreign 
affiliates of the American Institute of Mining and 
Metallurgical Engineers on specially favourable 
terms, the arrangement being reciprocal in the case 
of members of the American society. 


A Royal Commission on the Location of 
Industry. 


On Tuesday last, March 9th, Mr. Ernest Brown, 
Minister of Labour, moved the financial resolution 
on which the Special Areas Bill will be based. In the 
course of his speech Mr. Brown pointed out that Sir 
Malcolm Stewart had been greatly impressed by the 
dangers which would arise through the uncontrolled 
and unrestricted growth of great centres of popula- 
tion, particularly of London. He had expressed the 
opinion that this growth should be controlled as a 
means of securing a more evenly distributed popula- 
tion, and in consequence a more evenly distributed 
production in which it was hoped the special areas 
would share. The continued expansion of industry 
raised problems of public health, communications, 
vulnerability in time of war and the like, and it was 
proposed to set up a Royal Commission to give 
authoritative and comprehensive study to these wide 
issues. The terms of reference and the names of 
those appointed to serve would be announced later. 
Speaking for the Opposition, Mr. Dalton pointed out 
that Sir Malcolm Stewart had already investigated 
the problem, and that while a Royal Commission was 
sitting, an ever-increasing stream of workers would 
be coming to centres like London and Birmingham, 
thereby depleting the special areas of their primary 
asset. The simple way of dealing with the problem, 
he contended, was for the State to influence the loca- 
tion of industries. A Minister of Cabinet.rank should 
be appointed to take general charge of the special 
areas, and new industrial undertakings should be 
established in those areas unless the owners could 
show good cause for choosing some other locality. 


The Scotswood Works and Munitions. 


At the annual dinner of the North-East Coast 
Institution of Engineers and Shipbuilders, on Friday 
last, March 5th, Sir Thomas Inskip, Minister for the 
Co-ordination of Defence, made an announcement 
with regard to the future of the Scotswood Works 
of Sir W. G. Armstrong, Whitworth and Co. (Engi- 
neers), Ltd. He stated that negotiations for the 
acquisition of Scotswood by the Government were 
nearing a final stage, the intention being to use the 
factory for armament production. While he quite 
understood that there was a natural preference for 
commercial orders to orders for arms, he was sur- 
prised to find that the Government’s proposal was not 
altogether welcome. He stated that he was in a posi- 
tion to say that under Government management at 
least five years’ continuous employment, not only 
for the 3000 men and boys at present working, but 
for possibly double that number would be provided. 
As an alternative, so definite a statement could not 
be made as to the prospects of orders for locomotives, 
which represented three-quarters or two-thirds of the 
present production of the works. He promised that 
the Government would not be unsympathetic to the 
retention of the smaller interests in the area. Refer- 
ring to the Government rearmament programme and 
its effect on civilian industry, Sir Thomas said that 
he felt it would be no bad thing if certain orders were 
postponed for:some two or three years while con- 
tractors were busy on Government work. 
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Automatic Control. 
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(Continued from page 269, March Sth.) 


THe HENDERSON AvuToMaATIC PrILoT. 


HE Siemens autopilot for aircraft presents us 

with a system of automatic steering which is 
based on the actual detection, separately, of the 
angular displacement @ and the angular velocity 
of the aircraft, the two signals being subsequently 
united, in proper ratio, for the purpose of determining 
the instantaneous setting of the rudder. The Sperry 
gyro-pilot for ships operates by detecting 6 only and, 
in effect at least, by deducing from the value of 0 
the corresponding value of w. From the point of 
view which we now desire to bring forward it is 
immaterial whether the Sperry system determines 
accurately or otherwise. It is also immaterial 
whether is actually determined as a separate 
entity or whether, as is the case, the process of 
deduction results in a signal representing a com- 
bination of 6 and @ in the united form in which we 
desire to use them. The broad fact to be noted is 
that the Sperry s)stem operates, in principle, by 
detecting one quantity, 6, and deducing from it the 
other quantity w. Since the deduced quantity, a, is 
simply the rate of change of the detected quantity, 6, 
the method of deduction involves the differentiation 
of the detected quantity with respect to time. In its 
practical effect the lost motion in the follow-up 
mechanism of the Sperry gyro-pilot is equivalent to 
a mechanical differentiator, although from the 
strictly mathematical point of view it is without 
doubt a very bad one. 

Regarding the Sperry gyro-pilot from this stand- 
point we see at once at least two other possible 
methods of procedure. We might, for instance, 
reverse the Sperry method and detect the angular 
velocity w leaving the angular displacement 6 to be 
determined by deduction from the value of a. The 
deductive process would now be one involving the 
integration of the detected quantity and in practice 
would be performed by some kind of mechanical 
integrator. This method of procedure possesses two 
points of practical interest. In the first place, since 
the quantity detected is angular velocity and not 
angular displacement, a simple robust detector of 
velocity will take the place of the delicate or costly 
magnetic or gyroscopic compass commonly employed 
to detect displacement. Secondly, it is easier to 
design and construct a robust, accurately working 
mechanical integrator than to design and construct a 
mechanical differentiator of equal strength and 
accuracy. 

Another alternative method of procedure would 
be to detect the angular acceleration of the ship about 
a vertical axis through its centre of gravity and to 
deduce therefrom both the anguiar velocity » and 
the angular displacement 6. This method, would 
have the practical advantage that it would involve 
the use of a very simple form of detector, namely, an 
accelerometer. It may, however, be objected that 
the method involves one integration of the detected 
quantity in order to obtain @ and the re-integration 
of » in order to obtain 6. Apart from the complexity 
of mechanism which the double integration would 
necessitate, it might be objected that the deduced 
value of 6 would be open to an accumulated error of 
serious amount. 

An example of the first-named method of pro- 
cedure involving the detection of the angular velocity 
« and the deduction therefrom by integration of the 
angular displacement 6 is presented in a scheme for 
the automatic steering of ships devised some few 
years ago by Sir James Blacklock Henderson. So 
far this scheme has not been tried in practice, but its 
philosophical interest justifies our including a deserip- 
tion of it in these articles. That description falls 
naturally into two parts, namely, an account of the 
angular velocity detector and an account of the 
mechanical integrator and other equipment by which 
the signal received from the detector is caused to 
produce an appropriate rudder action. 

In our description of the Siemens autopilot we 
included a brief account of the manner in which a 
gyroscope may be used to detect the angular velocity 
of the body on which it is mounted. For the 
of detecting the angular velocity of a ship about 
a vertical axis through its centre of gravity—or in 
brief the velocity of yaw—the gyroscope, in accord- 
ance with the explanation previously given, may be 
mounted as shown in Fig. 20 (a), namely, with its 
axle aligned horizontally and in the fore-and-aft 
direction inside a gimbal ring which in turn is free to 
rotate on an athwartship axis the bearings of which 
are fixed relatively to the ship’s hull. The direction 
of rotation of the fly-wheel being as shown, a turn of 
the ship to port will cause the forward end of the axle 
to dip while a turn to starboard will cause it to rise. 
lf the dipping and rising of the axle are opposed by 
the action of springs or equivalent devices the magni- 
tude of the dip or rise at any instant will be a measure 





of the angular velocity with which the ship is yawing 
to port or starboard. This arrangement is referred to 
as a constrained gyroscope because as the bearings 
of the athwartship axis are fixed relatively to the 
hull that axis can turn in a horizontal plane only if 
the ship as a whole turns or yaws. Presently we shall 
have to speak of a free gyroseope, an arrangement in 
which the athwartship axis is free to turn in a hori- 
zontal plane independently of the turning of the ship. 
This arrangement may be realised as shown by 
Fig. 20 (6), namely, by mounting the gimbal ring 
inside a second ring which is free to turn about a 
vertical axis. 

As a means of detecting angular velocity a con- 
strained gyroscope is satisfactory from the point of 
view of robustness. It is, however, open to the 
objection that if the angle of tilt of the axle is at all 
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FiG. 20—CONSTRAINED AND FREE GYROSCOPES 


great any rolling motion which the ship may have in 

addition to its yawing motion will react on the | 
gyroscope and cause it to give a false indication of the | 
rate of yawing. If the gyroscope axle is coincident or | 
parallel with the longitudinal axis about which the | 
ship rolls, that is to say, if the axle is horizontal, the | 
gyroscope will not respond in any way to the rolling | 
motion. If, on the other hand, the axle is vertical | 
as shown at Fig. 20 (c) the gyroscope will not respond | 
to yawing of the ship but if the ship rolls the gyro- 
scope will respond by swinging its axle to and fro 
through the vertical position. If the axle lies between 
the horizontal and vertical positions the gyroscope 
will respond both to yawing and rolling of the ship. 

It follows then that a constrained gyroscope in 
order to be wholly satisfactory as a detector of 
yawing velocity must be made non-responsive to 
rolling motion. In other words it must not be 
allowed at any time to tilt its axle to any material 
extent out of the horizontal plane. This require- 
ment at first sight seems to prohibit the use of a con- 
strained gyroscope for the intended purpose since the 
magnitude of the tilt is the very quantity which we 
desire to employ as a measure of the yawing velocity. 
Sir James Henderson’s solution of the problem shows 
how the paradox may be resolved. 

The general arrangement of the Henderson gyro- 
scopic detector of angular velocity is shown by the 
sketch, Fig. 21. The fly-wheel A, about 4in. in 
diameter, is mounted, by means of a spherical bearing 
at its centre, on the end of a hollow shaft projecting 
from a bracket B and is driven through a flexible 
shaft C by a motor D running at about 4000 r.p.m. 
On the remote face of the fly-wheel there is a project- 
ing member E the end of which engages with a bell 
crank lever F turning on a pin G. The other arm of 
the lever forms a swinging contact between two 
adjustable stops H J. When contact is established 
at one or other of these stops a motor K is started up 
in one direction or the other. This motor, through a 
worm and quadrant drive, rotates the pin G. A’ 
flexible spring L fixed to the pin engages with a 
slotted plate attached to the vertical arm of the bell 
erank lever. 

Although the fly-wheel is mounted on a spherical 





bearing at its centre it is constrained after the manner 
of the gyroscope shown in Fig. 20 (a) because the bell 


crank lever permits the end of the member E to move 
only up or down. The small versine movement of 
the member E arising from the finite length of the 
bell crank arm with which it engages is negligible in 
its effect on the action of the system, but is accom. 
modated mechanically by the sphericity of the 
central bearing on which the fly-wheel is mounted. 
If the end of the member E is tilted downwards 
contact will be established at the stop H, the motor K 
will be started up and the pin G will be rotated to 
flex the spring L in the direction required to break 
the contact at H. The number of turns made by the 
motor K between the instant at which it is started 
up and the instant at which it stops on the breaking 
of the contact at H is a measure of the rate at which 
the fly-wheel is being turned about a vertical axis, 
that is to say of the angular or yawing velocity of the 
ship. The principle of the mechanism, as very little 
study is required to show, is quite simple. We may 
in fact compare it directly with the arrangement shown 
at a Fig. 20. If the axle movement is resisted by a 
spring, as indicated at Q Fig. 21, then as we already 
know, rotation of the fly-wheel about a vertical axis 
will cause the axle to tilt to an angle « which is a 
measure of the rate of rotation of the fly-wheel about 
the vertical axis. If the force of the spring on the 
axle is increased by turning the nut Q the axle will be 
restored towards the horizontal. The number of 
turns of the nut required to restore the axle exactly 
to the horizontal position will be a measure of the 
angle « and therefore of the angular velocity of the 
fly-wheel about the vertical axis. It is immaterial 
whether the axle is allowed actually to tilt through 
the angle « or whether the tilt is confined by stops P 
permitting the axle to depart from the horizontal by 
only a very small amount. If stops are employed the 
number of turns of the nut to be counted will be that 
required to make the axle just float between the stops. 
The mechanical integrator by which the angular 
displacement 6 of the ship at any instant is deduced 
from the record of the angular velocity provided by 
the above-described detector is shown in diagram- 
matic form in Fig. 22. It makes use of the familiar 
device of a disc A driven at constant speed and a 


|roller B resting edgewise on the disc, the radial 


distance of the roiler from the centre of the disc being 
variable. In practice it is necessary to take pre- 
cautions to ensure that there is no slip in the fric- 
tional drive between the disc and the roller. The 
theory of this device is simple and need hardly 
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FiG. 21—-HENDERSON GYROSCOPIC DETECTOR 


be given in detail. If the angular velocity n of 
the disc is constant and if the distance x of the 
roller from the centre of the disc is at all times made 
proportional to the velocity of yaw, , signalled by 
the detector, then at any instant the net number of 
turns made by the shaft on which the roller is mounted 
will be proportional to. the instantaneous angular 
displacement, 6, of the ship. When the angular 
velocity, «, of the ship is zero the roller should be at 
the centre of the dise and it should move to the right 
or the left of the centre according as the velocity w 
is in one direction or the other. According as it is 
to the right or left so will it derive from the disc 
rotation in the clockwise or contraclockwise direc- 
tion. The net turns of its shaft therefore build up, 
or decrease and build up in the opposite direction, 
and by their number measure the velocity of swing 
of the ship off its set course to one side or the other. 

As indicated in Fig. 22 the constant speed of the 
dise A is derived by driving it from a shaft coupled 
up to the motor D Fig. 21 which supplies power to 
spin the fly-wheel of the detector. The radial distance 
of the roller from the centre of the dise is governed 
by a worm drive from a shaft which is connected to 
the shaft M of the motor K Fig. 21 and is therefore 
a direct measure of the number of turns made by 
that motor and hence of the yawing velocity of the 
ship. It may be noted in passing that as the drive 
between A and B may become somewhat uncertain 
when the roller is close to the centre of the disc, a 
double roller arrangement such as is indicated at 
C may be employed. The roller shaft in this case is 
driven by the epicyclic member of a differential 
gear in between the two rollers. It will 
therefore rotate to the same extent as it would if it 
were driven by a single roller fixed solidly to it at a 
point mid-way between the two rollers. 
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Returning to the main diagram we have a shaft 
D the net number of turns of which indicate at any 
instant the angular displacement of the ship off 
its set course and a second shaft V the net number of 
turns of which provide a measure of the angular 
velocity of the ship at the same instant. We have 
now to add these two indications together in proper 
proportion and transmit their united signal to the 
rudder-operating mechanism. To this end the 
movements of the two shafts are transmitted through 
gearing to the epicyclic members of two differentials 
E F with the result that their algebraic sum is passed 
on to a third shaft G. The differential E is inserted 
in order to provide a means of adding additional 
motion to the shaft G by the hand controller H. 
This hand control is employed for the purpose of 
effecting any correction of the course which may be 
required from time to time or for the purpose of 
altering the course. The gear ratios between the 
shafts D and V and the differentials E and F deter- 
mine the proportions in which the displacement 
6 and the velocity are united for the purpose of 
controlling the rudder setting. 

The net number of turns of the shaft G is in this 
way a measure of the angular displacement 9 and 
the angular velocity w of the ship combined in a 
certain proportion determined by the gear ratios 





within the mechanism. The shaft G therefore may 
be coupled up to operate the valve of a servo-motor 
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FIG. 22—MECHANICAL INTEGRATOR 


relay fitted with the usual follow-up arrangement 
or be otherwise employed to control the setting of 
the rudder. We know from first principles that if it 
is so connected to the rudder-operating mechanism 
the angle of deflection of the rudder at any instant 
and therefore the moment applied by it to the ship 
will be a function of 9 and @ and that as a con- 
sequence the recovery path of the ship after it has 
been disturbed from its set course by some accidental 
transient agency will be in the form of a decaying 
oscillation, provided the rudder moment is the only 
moment acting on the ship during the recovery 

The system as we have described it provides all 
that is necessary for the automatic steering of a 
ship in calm weather. In its complete form however 
it includes means for dealing with the conditions 
which arise in rough weather or, in general, when 
the ship is subjected to an extraneous moment in 
addition to the rudder moment. These means 
comprise the addition of acceleration control in 
accordance with the principles discussed in our fourth 
article. 

The manner in which the angular displacement 
6 is deduced by means of a mechanical integrator 
from the angular velocity w signalled by the gyro- 
scopic detector has already been discussed. 
somewhat similar method is employed for deducing, 
by means of a mechanical differentiator, the angular 
acceleration « from the same observed quantity 
. The differentiator Fig. 23 resembles the integrator 
Fig. 22 in consisting of a dise driven at a constant 
speed and a roller K, the radial distance of which 
from the centre of the disc is variable. In the 
integrator this radial distance, x say, is determined 
by the number of turns given to the shaft V and is 
therefore directly proportional to the angular velocity 
w of the ship signalled by the detector. In the 
differentiator the roller carriage is mounted on a 
nut M which is free to rotate relatively to the carriage 
and on the screw V. The nut M is geared, as at L, 
to the spindle carrying the roller K. The second 
wheel L meshes with an elongated pinion which in 
turn engages with a wheel P driving one member 
of a differential gear. Any rotatory displacement 
of the pinion P will, in the usual way, be added to 
the rotary displacement of the shaft G. Hence if, 
as previously described, the displacement of G con- 
sists of the sum of the 6 and w factors and if the 
displacement of P represents the acceleration factor 
« the sum of the three factors, 6, w and « will be 
presented by the rotary displacement of the shaft J. 

The theory of the differentiator illustrated in Fig. 23 
is given in a mathematical note. It cannot be fully 








explained without resort to mathematics, The action 
turns however upon two readily perceived facts. 
First, if the shaft V is stationary and if the roller 
happens to be at some radial distance x from the dise 
centre the rotary movement which the roller picks 
up from the disc will wind the nut M along the screw V 
in the direction required to reduce x. The rotation 
of the roller and its radial movement cease 
when the roller reaches the centre of the disc. Hence 
if V is stationary the roller seeks a position of rest 
at the centre of the disc. Secondly if the shaft V is 
rotating with constant angular velocity and if the 
roller happens to be at the centre of the disc the 
rotation of the screw within the nut will cause the 
roller to move away from the centre of the disc. As 
soon however as the roller leaves the dise centre it 
will pick up rotary motion from the disc, which 
motion, transmitted through the gears L to the nut M 
will act to restore the roller towards the centre of the 
dise. The radial movement of the roller will cease 
when these two opposed motions balance one another. 
In this position of zero radial movement the nut M 
must be rotating in the same direction and with the 
same angular velocity as the shaft V for if it were not 
the difference in the angular velocities would cause 
a movement of the nut on the serew and therefore a 
radial movement of the roller. It follows at once 
that if the shaft V is rotating with constant angular 
velocity the roller will seek a position of rest—as 
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FiG. 23—MECHANICAL DIFFERENTIATOR 


regards radial displacement—at a distance x from 
the dise centre proportional to the angular velocity 
of the shaft V. 

If the shaft V is stationary, as first assumed, the 
implication is that the velocity w of the ship is con- 
stant and therefore that its acceleration « is zero. 
If the shaft V is turning with constant velocity, as 
assumed in the second instance, the implication is 
that the velocity of the ship is changing at a 
uniform rate and therefore that the acceleration « 
is constant. It therefore follows that the radial 
distance z of the roller from the centre of the disc 
is at all times proportional to « the acceleration of 
the ship and is zero if the acceleration is zero. If the 
acceleration of the ship is variable the distance x 
will vary closely in keeping with it and a difference 
will be manifested between the velocity of the 
screw V and the nut M. This difference will, as can 
be shown mathematically, induce a rotary displace- 
ment of the wheel P the magnitude of which at any 
instant will be a measure of the radius x, and there- 
fore of the angular acceleration of the ship at the 
instant. In actual operation the rotary displace- 
ment imparted under these conditions to the wheel P 
is compounded of two terms one of which is a measure 
of the acceleration « and the other a measure of the 


A} velocity w. The latter term is added algebraically 


to the velocity term already included in the displace- 
ment of the shaft G. 

By means of the detector, the integrator and the 
differentiator the rotary displacement of the shaft J 
becomes in this manner at any instant a measure of 
the sum of three quantities, one proportional to the 
angular displacement 6 of the ship, the second pro- 





portional to the velocity » and the third propor- 
tional to the acceleration x. This united signal is 
employed to control the setting of the rudder in the 
usual way through some form of servo-motor fitted 
with a follow-up motion. Alternatively Sir James 
Henderson has devised means whereby the signal 
derived from the shaft J is employed to control the 
rate at which the rudder is deflected in accordance 
with the principle of rudder velocity control men- 
tioned at the end of our fourth article. 





Maruematicat Nore. 

Theory of the Henderson Mechanical Differentiator.—Let the 
angular displacement of the shaft V in Fig. 23 be designated q. 
Then by virtue of the connection of V with the mechanism shown 
in Fig. 21, we have y=k 6 and therefore p=k 6, where 6 and 
6 are the angular velocity and acceleration of the ship. 

Assume first that V is stationary, i.c., p=const. and @=9 (or 
6=const. and 6=0). Assume further that at the instant at 
which V becomes statio the roller K is at a radial distance 
Xo from the centre of the dise. Then the angular velocity n of 
the disc being constant and in the direction shown in Fig. 23 
and the thread on the shaft V being right-handed, the motion 
communicated by the dise to the and thence through the 
gears L to the nut M will wind the nut along the screw towards 
the right. The carriage and the roller will partake of this motion, 
which will cease when the roller reaches the centre of the disc. 
Hence if V is statio: the roller will seek a position of rest at 
the centre of the dise, if it is not already at that centre. If there 
is no slip between the roller and the disc, the roller, as can 
readily be proved, will return to the disc centre in accordance 
with the equation X =X», e~4t, where A=pn p /2 1r in which p 
is the gear ratio of the wheels L, p is the pitch of the screw V. 
and r is the radius of the roller. Theoretically the roller will 
require an infinitely time to return to the centre of the disc. 
The time required je it to reduce the initial distance X»y by, 
say, 90 per cent. will however be given by t=loge 10/A and 
therefore by making A large, as may readily be done, the time 
required by the roller to reach a point close to the centre can be 
made very short. 

Assume next that V is rotating with uniform velocity, i.e.. 
¢y=const. (or 6=const.). Assume further that the roller is at 
the centre of the disc at the instant (¢=0) at which V acquires 
uniform velocity. At zero time since the roller is at the centre 
of the dise it, and therefore the nut M, will have no angular 
velocity. Hence if ¢ is in the direction shown in Fig. 23, the nut., 
carriage and roller will start to move to the left with a linear 
velocity proportional to y and the pitch of the serew V. As soon 
as the roller moves to the left away from the dise centre it 
begins to acquire angular velocity from the dise. This rotation 
transmitted through the gears L will im angular velocity to 
the nut M and the direction in which M turns will be the same 
as that in which V is turning. If at any instant the angul 
velocity of the nut is gm then the velocity of V relatively to the 
nut will be p—@m and therefore the linear velocity of the nut, 
carriage and roller to the left will be X=(@—@m) p/2 x. Hence 
the radial motion of the roller will cease when the roller reaches 
some distance, Xs, say, from the centre which is such that 
@m=@. At this radius the angular velocity of the roller acquired 
from the dise will be n X;/r and therefore the angular velocity 
of the nut M will be gm=p n X»/r. Hence the radial motion of 
the roller will cease at a radius given by Xs=rg/pn= 
kréjpn=B6. Hence if the ship is moving with constant 
angular acceleration the roller will seek a position at a radius 

portional to 6 from the centre of the dise. It can readily 
ead that the roller moves from the dise centre out to the 
radius X» in accordance with the equation X=X» (1—¢4*). 
Theoretically as this equation shows the roller will require 
an infinitely long time to reach X5. As before, however, it will 
reach a point, say, °/;, Xs from the centre in a time given by 
t=loge 10/A. Monae if A, as previously, is large the roller will 

uire only a short time to reach a radius very nearly equal 








to . 
Assume finally that V is rotating with non-uniform velocity 
(i.e., 6=variable). It follows from the preceding ent that 
the roller will follow the variation of 6 with a close degree of 
exactitude and that at any instant we may write—to a first 
order of approximation at any rate—X=B 6, where 6 is the 
instantaneous value of the ship’s acceleration. Differentiating 
we get X=B 6. But X is the radial velocity of the roller carriage 
peat andr and will therefore be determined by the relative angular 
velocity between the screw V and the nut. Writing @ for the 
variable angular velocity of V and @ for the variable angular 
velocity of M we get X=(~—QYm) p/22=B 96. Integrating we 
t P—@m=22%Bé/p. The constant of integration is taken as 
td zero because when the ship is sailing steadily on its set 
course 6, 6 and 6 are all zero and the nut M will be in its zero 
position. Writing &6 for @ the integrated equation gives us 
@m=k é6—k6/A. Hence if 0’ is the gear ratio between the nut M 
and the pinion P the angular displacement of P at any instant 
will be given by y=’ k o—p’ k6/A=E 6—F 6. If the angular 
displacement of the shaft J is s=a-+8+-y where « and § are the 
component displacements contributed by the mechanical 
integrator and the shaft V respectively—see Fig. 22—then we 
have «a=C@ and B=—Dé6. Hence s=C6+(E—D)6—Fé. 
If the rudder moment is given by R= —K § then in the absence 
of any extraneous moment we will get R=I1é=—KC9#™ 
—K (E—D)6+K Fé6or 
ik (E—D); se 
* (—KF)* * @—-KF) 
and in general if there is an extraneous moment the control of 
the rudder-displacement in accordance with the value of s will 
reproduce the form of equation (4) in the previous mathematical, 
note on the general theory of acceleration control and all the 
deductions drawn from that equation will hold good. 
(To be continued.) 


6=0. 











Characteristics of Arc Welding Machines. 


By 8. G. P. 


j lemon welding engineer, works manager, and 
electric arc welder knows from experience that 
there are certain qualitative differences in the 
characteristics of arc welding machines of various 
manufacture. Opinion concerning the merits of 
machines is, however, usually based on the personal 
views of the user. He, as a rule, maintains that such- 
and-such a machine is more pleasant to work with 
than another; that welding is smoother, and that as 
a result better work is obtained than with another 





DE LANGE. 


machine operating under the same conditions. It is 
obvious that such an opinion is not of any great 
technical value,-and that it should never be taken as 
an indication of the reliability of the machine, par- 
ticularly, as sometimes happens, it is based on but a 
few tests. It is therefore necessary to draw up a 
routine procedure by which all welding machines can 
be judged ; a procedure which can be applied in all 
similar cases. This procedure to be of value must be 
independent of the opinion of the welder, the welding 
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rod, and of the nature and dimensions of the test job. 
This article will endeavour to show in what manner 
such @ survey should be undertaken. 

Experience has taught that in practice one welding 
machine is superior to another when the current 
fluctuations are small, although there are great changes 
in the voltage. This requirement is complied with 
by giving the plant a steep “ static characteristic.” 
This is illustrated in Fig. 1, where A represents the 
normal are; a reading of 30 volts, 300 amperes, is 
obtained at this point. Short circuit occurs at K ; 
0 volt, 360 amperes. The strength of the current 
mereases by 20 per cent., which does not affect the 
quality of the weld. When the welding plant was 
first developed it was thought that in this manner all 
conditions were fulfilled, but it was soon discovered 
that two welding plants, having the same static 
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Fic. 1—STATIC CHARACTERISTIC 


characteristics, could have widely diverging welding 
properties. The explanation was soon found to be 
that unless the current and voltage changes between 
A and K took place very rapidly, the action was 
unsatisfactory. 

In order to be able to develop this point, the 
various processes which take place in the welding 
are will be investigated as regards their mechanical 
and electrical phenomena. 

It is possible to avail ourselves of two different 
methods of checking this :— 


(a) The cinematograph film, taken at an excep- 
tionally high speed (4000 images per second), 
so that when it is projected at the normal speed 
it shows what takes place in “‘ slow motion.” 

(6) The oscilloscope on which the welding current 
and voltage curves are shown during operation of 
the plant. 

(a) The film shows that the following occurs :— 
Because of the heat of the arc a drop of molten metal 
is gradually formed at the extreme end of the rod. 
This drop grows in size, approaches the job, and 
finally flows over into it like a thick thread. The 
thread then becomes thinner until it breaks off. 
During this transfer of metal a metallic connection is 
made, causing a short circuit between rod and job, 
so that the arc is extinguished. When the thread of 
molten metal has broken off, the arc reignites and the 
process is repeated. This transfer of material is 
shown in Fig. 2 (from a film 
made by A. Hilpert, American 
Welding Journal, 1933). 

The action described above 


takes very little time. Its 
duration varies between 
0- 1-0-0005 sec. Approxi- 


mately ten to forty drops are 
transferred per second, 
according to the type of 
welding rod used and the 
strength of the current. In 
all, about 5-25 per cent. of 
the welding time is used for 
the transfer of metal; during 
the remainder of the time 
there is practically no trans- 
fer of metal. 

With heavily coated weld- 
ing rods the film often shows 
another type of drop transfer. 
A globular drop, coated with 
slag, rapidly moves from rod 
to job, without causing a 
short circuit.* 

(6) The above deseribed 
phenomena can also be seen 
in the oscilloscope from the 
curve of the welding arc ten- 
sion. When the arc is in operation, the voltage 
fluctuates round about the average. value,. which 
lies between 18 and 30, volts. This is. according 
to the type of rod employed. and the nature of the 
job. The voltage fluctuations can be easily explained 
by the constantly varying distance between the 
extreme end of the rod and the job. The distance 
varies because of the drop transfer of the metal and 
the involuntary movements of the welder. During 
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* See the X-ray pictures in the article by Mr. I. Sack, Philips 
Technical Review, No. i, 1936. 





the drop transfer of the welding material (short 
circuiting), the voltage suddenly falls practically to 
zero, to regain its previous value after the transfer 
has taken place. 

These fluctuations of the are voltage are inevitable 
with the welding process, and they are for this 
reason no criterion of the welding properties of a 
welding plant. 

On the contrary, it is in spite of these large 
variations that a welding plant must generate a 
current strength as constant as possible. The short 
circuit that occurs when striking the are, or which is 
brought about by the drop transfer of the molten 
material, decreases the voltage suddenly, as the resist- 
ance of the circuit falls to zero. But owing to the 
magnetic inertia, which is an inherent characteristic 
of every circuit, the machine voltage cannot follow 

















FiG. 3—-DUAL CURRENT WELDING MACHINE 


immediately. The superfluous voltage causes a 
current surge in the gireuit (which has, at that 
moment, a greatly reduced resistance), and this only 
ends when the machine voltage is also lowered so that 
a balance is re-established. 

Assuming that the drop transfer of molten electrode 
material is terminated within 0-01 sec. Then if a 
welding plant requires 0-1 sec. to decrease its voltage 
from 30 volts to almost 0, the decrease of the voltage 
comes too late. On the other hand, if at the end 
of the short circuit period the voltage of the welding 
machine does not increase again rapidly, the striking 
of the arc is endangered. As a matter of fact, con- 
ditions for the striking of the are are only favourable 
when the material has a very high temperature 
causing the gases in that particular place to remain 
conductive (ionised). In practice, this current 
surge is responsible for the spluttering of the are or 
sticking, and when welding thin plate may cause the 
plate to be burnt through. It is indicated by the 
dotted line in Fig. 1. 

From the above it is clear that the high-speed 
response of the apparatus to the sudden changes of 





FiG. 4—VOLTAGE AND CURRENT OSCILLOGRAMS 


the resistance of the are will cause the current 
strength to remain smooth, will keep the arc easy 
and quiet, while striking the arc becomes an easy 
operation. The burning into the seam will also 
be much more regular. 

Since the speed at which the welding plant 
adapts itself to the variations is a most important 
factor, it is clear that the static characteristic cannot 
be a satisfactory means of judging a welding plant. 
With the exceptionally rapid short circuiting occurring 
in the are welding process, of which the duration 
must. be measured in thousandths of a second, the 
means employed to compensate for the rapid fluctua- 
tion in resistance of the arc play a decisive part. 
The significance of the oscillogram when judging 
the performance of a welding plant is that it shows a 
true picture of these rapid changes and operations. 
It shows what actually happens down to the smallest 
detail in a conclusive manner ; hence its importance. 

During welding, the voltage moves between three 
values :— 

Short circuit voltage 
Welding voltage 
Open voltage ... 

The greatest changes in voltage occur with the 

changeover from no-load to short circuit, and vice 


Slightly over 0 volts 
18-30 volts 
Approximately 60 volts 





versd. If for that peak the voltage adapts itself 
with sufficient speed, then it will adapt itself with 
even smaller changes in voltage between welding, say 
voltage and short-circuit voltage—that is, between 
30 V and 60 V. If use is made, for comparison 
purposes, of the oscillograms of the extreme case, 
0 to 60 V, from which it is possible to read the time 
lapse necessary for the response to the voltage, 
@ measure expressed in figures is obtained instead of 
the vague terms “ slight inertia,” ‘‘ without inertia.” 

The same method of judging has already been 
adopted in the new American normalisation regula- 
tions for welding apparatus.f In those regulations, 
® measure is defined for the time of recovery. This 
period is stipulated as being that time which elapses 
between the breaking of the short circuit and the 
attaining of half the no-load voltage. 

Oscillograms of converters, from which the recovery 
time can be determined, have already been published 
in various journals. For comparison purposes with 
welding rectifiers, two oscillograms, which were 
obtained with the Philips dual current welding 
machine, type 1306, are reproduced here. This 
apparatus, Fig. 3, is suitable for welding with D.C. 
up to 140 amperes, with A.C. up to 300 amperes. 
The oscillograms refer to the range of D.C., during 
which the unit operates as a welding rectifier, 7.e., 
rectifying tubes convert the voltage increased by the 
transformer to a suitable voltage into welding D.C. 
Fig. 4 illustrates the course of voltage and current 
at the changeover from short circuit to no-load 
(sudden break of the short circuit). Fig. 5 is the 
voltage diagram, which has been drawn for the purpose 
of explanation, with a greater time scale. From this 
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it appears that in less than 0-002 sec. the voltage 
rises from the short-circuit value to the open-circuit 
value. In this instance the time necessary for reach- 
ing the full open voltage (the equilibrium condition) 
is taken into consideration, and it will be called the 
“ full recovery time.” The comparison with other 
oscillograms has also been taken into account, The 
time scale of Fig. 5 can be derived from the waves of 
the open voltage. In view of the fact that the rectify- 
ing tubes are connected in four phases, each wave 
corresponds to 0-005 sec. The exceptionally short 
“‘ full recovery time ” of 0-002 sec. is explained by 
the inertia-less action of the oxide coated cathode 
rectifying tubes. 

The favourable conclusions concerning welding 
characteristics, which may be made from the observa- 
tions given above, have been fully confirmed in 
practice. 
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PUMPS FOR LOS ANGELES WATER SUPPLY. 





For the 140-mile aqueduct bringing water from the 
Parker Dam reservoir to Los Angeles, the water must 
be lifted a total of 1016ft. by five pumping plants, the last 
station being 126 miles from the reservoir. The successive 
lifts are 290ft., 318ft., 147ft., 438ft.. and 440ft. With 
the aqueduct in use at full capacity, the pumping require- 
ment will be 300,000 kW, with an annual energy con- 
sumption of 2} million kilowatt-hours. With a cost of 
£6,600,000 for the pumping machinery and an annual 
operating expense of £1,100,000, very great care was 
necessary in the selection and design of the pumps. The 
aqueduct flow will be 1605 second-feet, and the equipment. 
at each pumping station will consist of nine units of 
200 cubic feet per second capacity, of which one will be a 

re or reserve unit. The power of the motors will be 
4300 H.P. for low head, 9000 H.P. for medium head, and 
12,500 H.P. for the high head pumps. The water con- 
nections at each station will consist of three steel pipes of 
10ft. diameter, each branching into three pipes to three 
pumps. Vertical shaft single-stage pumps were adopted, 
even for the highest lifts, and a laboratory was built for 
experimental work and for testing the models of pumps as 
designed by the contractors. It was specially important 
to test the use of single-stage pumps for the high lifts of 
452ft. and 476ft. maximum head. The speeds are to be 
300 revolutions for the low head, 400 at medium head, and 
450 at high head, all having a pressure head of 5ft, at 
inlet, which is sufficient for good operation, with freedom 
from cavitation. Higher speeds would have increased 
the cost out of proportion to any advantage. For sim- 
plicity of design, there are no movable vanes or other 
means of regulating pump discharge, the quantity delivered 
being governed by varying the period of operation. 





Qt 





+ The American Institute of Electrical Engi dards 
for Electric Arc Welding Apparatus, January, 1934, paragraph 
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EXHIBITS AT THE LEIPZIG TECHNICAL FAIR 





FiG. 2—BORING, DRILLING AND MILLING MACHINE 


Fic. 3—DOUBLE - 





COLUMN BORING MILL—SCHIESS - DEFRIES 





The Leipzig Technical Fair. 


No. 


(Continued from page 275, 


Scutess-Derries A.G. 


NE of the largest stands in Hall 9 was that of 

Schiess-Defries A.G., of Diisseldorf and London. 
The firm was showing high-speed and Fay automatic 
lathes, boring mills, crank pin turning machines, 
and cutter grinders. Among the principal exhibits 
was the large portable, fully universal, horizontal 
boring, drilling, and milling machine which we illus- 
trate in Fig. 2. It has a bed length of 5-8 m., with 
a breadth of 1-9m. The maximum distance from 
the boring spindle to the bed is over 4-3 m. with a 
2:7m. movement of the spindle headstock. The 
machine is: driven by a motor of 18 to 20 B.H.P. 
The machine, which weighs over 46 tons, is furnished 
with a lifting hook so that it can be moved by a 
crane to the most convenient position in relation 
to work. The main spindle has a diameter of 180 mm. 
and carries within it a 75 mm. diameter high-speed 
spindle which can be used for tapping or screwing. 
The vertical column can be rotated through 360 deg. 
by means of 4 B.H.P. motor, while the spindle head- 
stock, which is balanced and moved by hand opera- 
tion, can be tipped to 30 deg. either side as well as 
being moved up and down the column. The machine 
is provided with push-button control, and the auto- 
matic oil-circulatg system is protected by signal 
lamps. We particularly noted the wide range of 
spindle speeds for boring, turning, and milling, and 
the finely stepped feed. Quick power reverse is 
fitted to all the motions, and safety devices are 
provided on all reversing gears. The machine we 
describe has been specially designed for large work 
where it is often necessary to bore or drill holes 
at an angle or to mill or turn inclined faces. 

Among other exhibits on this stand were double 
and single-column boring mills. The double-column 
mill illustrated in Figs. 3 and 4 has a table diameter 
of 2:1 m., and was shown working using high-speed 
Widia-tipped tools at speeds up to 50 r.p.m:° A 
special feature is the single lever “ joystick ’’ moye- 
ment which has been so designed that the movement 
of the handle corresponds with the direction of the 
movement of the machine. It is interesting to note 
that the hand wheels on these boring ves Hat are 
made of built-up wood, which, although more costly 
than cast iron, is preferred by many operators. As 





IT. 
March 5th.) 


illustrated in Fig. 4, this machine can be equipped 
with the special tool-pressure measuring holder, 
which is shown on the stand on one of the larger 
lathes and on the single-column.boring mill, with the 
electric overload control system outlined in our 
drawing. 

The single-column vertical boring mill has a 
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pressure-measuring element of the latest type 
which, instead of a steel membrane with a liquid 
electrolyte, now embodies an electrical device, 
consisting of two coils working on the transformer 
system. A section through this holder is reproduced 
in Fig.7. The pressure exerted on the steel membrane 
by the tool varies the gap between the two coils, 
and the variation of the induced current is utilised 
to operate a magnetic clutch working in conjunction 
with a sun and planet gear on the feed motions of 
the machine. If the tool suddenly meets a hard 
place and the pressure is increased, the feed auto- 
matically becomes smaller until the hard spot is 
passed when the full feed is resumed. In case of 
severe overloads the entire main and feed motions 
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can be automatically cut off and the machine thereby 
protected. The control desk, similar to that shown on 
the right of Fig. 4 contains the electrical measuring 
apparatus, built by Siemens-Schuckert. At the top 
of the panel there are two lamps, that to left being 
green and that to right, red. The green lamp is 
lighted as soon as the tool pressure falls below the 
designed minimum, and as soon as the maximum 
pressure is exceeded the red lamp lights up. In the 
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Fic. 5—900-TON PRESS—PELS 


centre a milli-ammeter gives a visible indication 
of the load on the tool, while at the sides are 
zero setting knobs for both coarse and fine cuts, and 
a three-way switch for setting the device for (1) 
roughing with temporary cutting out of feed, (2) 
finishing with continuous feed cut-out, (3) both 
main drive and feed cut-outs. The machine is also 
equipped with an improved and simplified system 
of colour control supplied to the makers by Murray 
Colour Control, Ltd., of Leeds. It comprises a 














FiG. 6—NIBBLING SHEARS--PELS 


small vertical setting column on the top of which 
is @ frame in which indicating charts designed for 
different materials and speeds and for individual 
pieces of work can be inserted. 

The charts are prepared in the planning depart- 
ment and times and speeds can be fixed or 
the colours used for dimensions. By turning 
a milled head at the bottom of the column, so that 
the pointer is set to the required operation, the 
sequence of colours appears at openings in the front 





of the column, and the levers controlling the table 
and feed speeds can then be altered to conform with 
the colours indicated on the column, no particular 
skill being called for. 


Henry Pets anp Co. 


From the many exhibits of Henry Pels and Co., 
of Erfurt, Berlin, and London, we have chosen for 
illustration in Fig. 5 the 900-ton double-standard 
excentric press with closed gap, having a distance 
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FiG. 7-TOOL PRESSURE MEASURING DeEVICE— 
SCHIESS - DEFRIES 


between the standards of 1-4 m. It has been specially 
designed for trimming fins from drop-forged crank- 
shafts, and is shortly to be installed m one of 
Germany’s leading steel works. The frame is built 
up of 2}in. thick steel plates electrically welded, 
and, as Fig. 5 shows, is of particularly strong design. 
The ram has a surface of 1-05 m. by 1-4 m., and its 
height can be adjusted by means of a 7 B.H.P. 





motor. ‘The main drive is by means of a 75 B.H.P. 
motor through a pinion meshing with the toothed 


fly-wheel rim, and there is an elastic coupling between 
the motor and the gearing. For engaging the press 
there is a special electro-magnetic coupling, with a 
speed control governor acting as an overload device, 
ag height adjustment of the ram is effected by 

@ reversing motor operating one plunger. This 
press, which weighs over 50 tons, has a height above 
the floor of 5-5 m. with a total height of 6-7 m. 

Another interesting exhibit was a 200-ton folding 
press with an effective length of 5:25m. The 
maximum pressure exerted by this press is 250 tons. 
The heavy welded plate construction is designed to 
ay an unyielding bed, guaranteed against breakage. 

e actual table has tee slots on the top and on the 
sides for attaching the various tools, It is welded to 
the frame of the machine and is supported on a broad 
base. Fitted in the gap of the machine as exhibited 
was a tool for making conveyor troughs in two 
operations. 

In Fig. 6 we illustrate a typical example of 
a high-speed nibbling shears and punch which is 
widely employed in the sheet metal industry. With 
this machine it is possible to cut out shapes 
from the centre of a sheet or to make straight 
and curved cuts from the edge of a sheet. The 
speed of the upper blade is about 1400 strokes a 
minute, and the vlade can be raised or lowered by a 
hand wheel. The finish of the cut is clean so that 
subsequent machining is quite unnecessary. About 
1 H.P. is required, the motor generally running at 
a speed of 1400 to 1500 r.p.m. The machine illus- 
trated has been specially designed for flanging and 
hollow work. Other machines shown include a 
set of heavy-duty guillotine shears with drawing cut 
and variable cutting rake designed for cutting plates 
up to 6mm. thick with a length of 3-08m. These 
shears are so that the rake of the upper 
blade is adjustable either from 3 deg. to 1 deg. or 
from 5 deg. to 3 deg. Owing to the oblique downward 
movement of the upper plate, together with the 
variable cutting rake, straight cuts are produced 
and even narrow strips are free from distortion. 

(To be continued.) 








American Fountain Practice. 


By E. E. R. 


No. 
(Continued from page 


E next fountains to be described, which, like 

those of the preceding article, are also of the 
permanent type, are installed in a city park at Dallas, 
Texas. Although designed specially as features of 
the Texas Centennial Exposition, held at Dallas in 
1936, and to be reopened for the 1937 season, they 
were built as permanent embellishments of the park 
in which the Exposition is located. It is to be noted 
that these fountains have no elaborate architectural 
design, but some striking effects were achieved in 
combination with certain architectural features. 
Effects equally striking were obtained in fountains 
which were exclusively water displays, having no 
architectural or sculptural accessories. The fountains 
at Dallas were designed by Mr. Clarence C. Bulger, 
architect, in collaboration with the local lighting 
specialist of the General Electric Company, and with 
Messrs. Myers, Noyes and Forrest, consulting civil 
engineers, and representatives of the Park Board. 


Texas CENTENNIAL Exposition FountvaLys. 


In the main court of the Exposition—termed the 
Esplanade of State—are fountains forming acces- 
sories to a large reflecting basin, 723ft. long and 70ft. 
wide, in which are reflected the changing colours of 
the fountain jets and of the facades of the ornamental 
buildings flanking the Esplanade and its pool. This 
reflecting basin is shown in the plan, inset in Fig. 6, 
which gives longitudinal! and transverse sections: 

It will be seen that the basin is in three levels or 
pools, the water pouring over weirs in low cascades. 
These weirs, pointed or triangular in plan, as shown 
in Fig. 6, were built of glass bricks anchored down 
to a concrete base or sill. In a concrete cove behind 
each weir, 60-watt green-globe lamps in water-tight 
hoods were placed, 10in. apart, to illuminate the falling 
water... This transparent weir construction, with its 
lamp arrangement, is shown in Fig. 7. 

Fronting upon the upper end of the Esplanade of 
State is the Texas Hall of State, and at this end of 
the reflecting basin stands a pylon, 50ft. high, 
decorated in colour and relief. This pylon—marked 
No. 1 on the drawings—is triangular in section with 
concave sides, each side illuminated indirectly from 
400-watt lamps in reflectors having green roundels, 
and making a total of about 50 kilowatts. At the base 
of the pylon are two superimposed ornamental bowls, 
with water continually overflowing to the reflecting 
basin and flowing through it to pass over the trans- 
parent weirs. These bowls, with the jet nozzles and 
illuminating lamps, are shown in Fig. 8. 

From the base of the pylon spouts a jin. jet of 
water, directed somewhat above the horizontal and 





falling into the pool at a distance of about 75ft., as 


TRATMAN. 
II. 
245, Februiry 26th.) 


indicated in the longitudinal section of Fig. 6. This 
jet requires 120 gallons per minute at 160ft. head, 
while the bowls have a flow of 150 gallons per minute 
at 25ft. head. A centrifugal pump with 10 H.P. 
motor supplies the jet, and a 2 H.P. pump supplies 
the bowls. Illumination of the jet is effected by a 
group of seven 1500-watt underwater projector 
units, placed in the lower bowl at the base of the 
em and three similar units in the upper bowl. 

ese latter are directly under the jet and throw 
their light directly upon the stream of water. Seven 
1500-watt units are placed under water in the pool, 
just where the falling stream of the jet strikes the 
surface. All of these lights have amber-coloured 
lenses, giving a golden hue to the flowing and falling 
water. 

Flanking the opposite end of the reflecting basin 
are two ornamental pylons, 35ft. high—Nos. 2a 
and 2B on the drawings, Fig. 6. These are 
ornamented in colour and bas-relief. Each pylon 
rises at the rear of two superimposed bowls about 
12ft. high, which, with their lamps and jet nozzles, 
are shown in Fig. 8. From these bowls spout 
four jets having nozzles of 10 mm. diameter and 
extending to the middle of the reflecting basin, 
as shown by the end elevation in Fig. 6. All of these 
jets are illuminated by submerged floodlights, similar 
to those of the first fountain and having amber- 
coloured lenses. A night view of one of these illu- 
minated side fountains, with its pylon and bowls, is 
shown in Fig. 9. 

For the two sets of jets, the water supply required 
is 300 gallons per minute at 130ft. head, and is fur- 
nished by a single centrifugal pump with motor of 
10 H.P. For the water flowing in the two pair of 
bowls at the base of the pylons, the water supply is 
300 gallons per minute, and is delivered by a 10 H.P. 


An attractive fountain or water display, for which 
ho architectural structure is required, has been 
arranged in the park lagoon in front. of the Plaza, 
on which the Fine Arts Building faces. A photograph 
of this illuminated fountain at night is reproduced in 
Fig. 10, and the general arrangement of its nozzles 
and coloured lights is shown in Fig. 11. From a 

conerete basin, whose rim is level oa the hon 
partion Of the ‘legit, ‘springs @ vertical jet with a 
20 mm. nozzle, and rising to a height of 75ft. Close 
around it are four shorter jets from nozzles of 10 mm. 
diameter. This group requires a flow of 190 gallons 
per minute at 190ft. head, which is delivered by pumps 
driven from a motor of 15 H.P. 

At a distance of about 50ft. from the group of 
vertical jets, in both directions and at the ends of 
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the concrete basin, is a row of nine jets spouting 
at angles of 45 deg. to 60 deg. above the horizontal, 
and having their nozzles at the water surface of the 
lagoon. The two groups of inclined jets meet to form 
a water arch about 35ft. high, their spray mingling 
with that of the vertical jets. In Fig. 11 is shown the 
pipe and nozzle arrangement for these inclined jets. 
The three jets nearest the central group have nozzles 
of 4 mm. diameter; the next three have 6 mm. 
nozzles, and the outer three have 10 mm. nozzles. 





END ELEVATION AT LOWER 
END OF REFLECTING BASIN. 
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Cutcaco Exrosrrion FounrTarns. 


Distinct departures from the general or typical 
design of ornamental fountains were introduced at 
the ‘Century of Progress. Exposition”’ held in 
Chicago in 1933 and again in 1934: These fountains 
were designed by Mr. J. L. McConnell, chief 
mechanical engineer for the Exposition, in collabora- 
tion with the engineers of the Westinghouse Electric 
and General Electric Companies, which companies 
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LONGITUDINAL SECTION OF REFLECTING BASIN 


5ft. high along the edge of the lagoon. Indeed, it 
was intended to extend this effect around the entire 
outline of the lagoon, a distance of about 7500ft., 
but although the experimental length was successful 
as to appearance, it was not carried further owing 
to financial limitations. For the distance of 200ft. 
@ 2in. pipe was laid along the face of the wall of the 
lagoon, 7in. below the top, and concealed by a con- 
tinuous curved metal hood which projected about 
10in. from the wall and Tin. below the top. This 


Pyton No.2A Pylon No.1 
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FiG. 6-TEXAS EXPOSITION— FOUNTAINS IN MAIN COURT 


Each nozzle has its own control valve, as shown in 
Fig. 12. In each group the first three nozzles are 
served by a l}in. pipe, with a ljin. and lin. branch 
on which the nozzles are mounted. The second 
group is served by # 2in. pipe, with 1}in, and lfin. 
sizes for the nozzle branch. The third or outer group 
is served by a 2}in. pipe, with 2in. and l}in. sizes 
for the branch on which the nozzles are placed. 
These eighteen jets require 290 gallons per minute 
at 162ft. head, and this is supplied by a pump and 
motor of 15 H.P. 

Five main discharge lines—two 3in., two 24in., 
and one 2in.—supply the jet pipes, being used 
according to the supply required. Each main is 
equipped with an electric valve of the thrustor type, 
so that separate control is available as follows :— 
(1) For the centre jet, (2) for the four jets around 
the centre jet, (3) for each pair of the eighteen side 
jets. These last jets, forming the water arch, are 
controlled in pairs in order to have the display 
symmetrical. 

For the illumination of this lagoon fountain, the 
underwater lighting equipment of the centre group 
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FiG. 7—TRANSPARENT WEIR 


has twenty-four lamps of 1500 watts; four with 
amber lenses, four with red, and eight each with 
blue and green. For each group of inclined side jets, 
there are eighteen similar units, but of 400 watts ; 
three each of amber and red, and six each of blue and 
green. The series of colour changes is effected auto- 
matically by electronic tubes and reactor control. 
The changes in colour effects and water effects are 
controlled according to a predetermined cycle by 
means of a motor-driven controller. The arrange- 
ment of the coloured lights is shown by the part 
plan in Fig. 11. The total lighting load of this lagoon 
fountain is about 50 kW. 

From the standpoint of effective llummation for 
exposition purposes, it is thought by the electrical 
engineers that the ratio of light to water in these 
fountains is rather low, and that the volume of water 
is too small. It has been suggested in regard to 
fountain design, as noted in the ing article, 
that the best results may be obtained when all the 
essential equipment-—such as pumps, motors, valves, 
nozzles, and lighting units—is arranged and 


furnished by some ‘one organisation that makes a 
specialty of such equipment and can plan the entire 
installation as a unit, with proper relation between 


co-operated jointly in the design and installation 
of the lighting features and equipment of the Exposi- 
tion. All the fountains were of the temporary type, 
and involved a minimum of architectural or structural 
ornamental work. In fact, some of the largest and 
most conspicuous fountains consisted entirely of the 
water flowing from pipes or nozzles. 

As economy of construction and opera‘tion was a 
highly important factor, several of the designs aimed 
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pipe had im. nozzles 2in. apart, and fitted with 
atomising or spraying heads }in. long and #in. in 
diameter. A curved deflector in front of the nozzle 
broke up the issuing stream of water into fine spray. 
Concealed within the metal hood were 25-watt 
lamps, 12in. apart with alternating green and white 
bulbs. 

Fountain of the Electricity Building.—The facade 
of the Electricity Building was concave, and in the 
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“The Encincer’ 


at utilising a minimum amount of water by means of 
atomising it in special nozzles, and so. discharging 
it in the form of fine spray. With all the water thus 
broken up the highest effects in illumination could be 
obtained, the fine particles having a high reflecting 
value. The nozzles employed were mostly of a type 
used for the sprinkling of newly laid concrete paving, 
for curing the concrete. 








FiG. 8—-ARRANGEMENT OF ILLUMINATED BOWLS 


centre of the large semi-circular court was an illu- 
minated fountain which consisted of four concentric 
basins, stepped about 2}ft. one above the other 
and rising from an outer pool 70ft. in diameter. A 
total of 496 jets from jin. nozzles discharged 1200 
gallons per minute.. From each of the four levels 
rose a ring of jets to a height of 18ft. and directed 
inwards, the water pouring down the stepped structure 
in the centre. 





This’ spray system was used as an experiment in 





its several parts and functions. 


giving the appearance of a continuous cascade about 


For the first row, the jets were illuminated rose 
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colour, and those of the other rings were amber, 
green, and blue successively. The diameters of the 
four rings were 38ft. for the first or lowest, and 26ft., 
19ft., and 12ft. for the others. Lamps of 250 watts 
were placed in the two lower'rings, and of 400 watts 
in the two upper rings ; forty-eight lamps in the first 
ring, and thirty-two, thirty, and twenty-five in 
succeeding rings. At the centre ornamental metal 
supports about 60ft. high carried a canopy in the 
form of an inverted cone of chromium-plated copper, 
32ft. in diameter, its highly polished surface reflecting 
the rippling or shimmering effect of iridescent light 
from the water. Around the base of the standard 





FiG. 9—ILLUMINATED PYLON 
or column were six floodlights of 500 watts. At this 
fountain the lighting effect was constant, there being 
no changes in the colours. Day and night appearances 
of this fountain are shown in Figs. 17 and 18, page 
306. In the latter, the background is the facade 
of the Electricity Building, with vertical groups of 
neon tubes which gave the appearance of falling 
water. This feature, however, had nothing to do 
with the fountain. 

This fountain had light equipment totalling 42 kW, 
with 135 floodlighting projectors. A motor-driven 
centrifugal pump housed in the base of the fountain 


1200 gallons per minute through 507 jets and spray 
nozzles. The two end fountains were illuminated 
continuously with clear white light. The centre 
fountain had seventy underwater projectors equipped 
with red, green, amber, and blue lenses. The changing 
effects were controlled by thermionic tubes and 
reactor sets, providing gradations of changing colours. 

The water effects of these fountains comprised a 
central jet or group of jets rising to a height of 60ft., 
and surrounded by rings of jet sprays of varying 





heights. These water effects were changeable, and 
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FIG. 11—PLAZA FOUNTAIN 


all fountains had the same cycles in synchronism. 
By means of a central controller operating electric 
thrustor valves, a series of eight distinct water 
effects was given, each occupying a period of seventy- 
five seconds. The entire series of water and colour 
changes ended with a display of vertical jets 80ft. high. 

Water-dome Fountain at Chicago._—For the second 
season of the Chicago Exposition, 1934, a fountain 
of very unusual size and spectacular appearance, but 
with absolutely no architectural construction, was 





circulated 1200 gallons per minute through the 


installed in the North Lagoon to the designs of 





FiG. 10—TEXAS EXPOSITION—PLAZA FOUNTAINS 


496 jet nozzles. On the roof of the Electricity Build- 
ing, and screened from view, were seventeen incan- 
descent searchlights, 36in. in diameter, each with 
a 32-volt, 3-kW lamp. These searchlights were so 
arranged that their beams intersected over the vertical 
axis of the fountain and formed, with the rising 
spray, a fan-like aurora of light high in the air. Of 


the light reflected from the fountain only about 
10 per cent. was absorbed by the jets and spray, 
the remainder being reflected from the canopy to 
provide a soft, diffused illumination of the court. 
Fountains in the Lagoon.—Three electric fountains 
installed in the South Lagoon at the Chicago Exposi- 


tion 





were spaced 160ft. apart, each discharging 








Mr. McConnell., It had the largest flow of any fountain 
yet built, discharging the enormous quantity of 
approximately 68,000 gallons per minute. It com- 
prised three separate features. At one end was a 
cascade 16ft. high and 170it. long. Extending at 
right angles from this was a “stem’”’ or double 
longitudinal row of jets, giving a sort of water arch 
effect, 550ft. long, with a base width of 30ft. and a 
height of about 18ft. above the water level of the 
lagoon. The jet nozzles were about 3ft. above the 
water level. 

At the further end of this “ stem ’”’ was a dome of 
water, 210ft. in diameter and 65ft. high, formed 


| LOft., 9ft., 
i 


forming the base of the dome. On three sides of 
the dome, outside of its base, were fountains with 
vertical jets rising 50ft. and 75ft. above the water 
level. This great fountain, consisting entirely of 
the flowing water, was in the open lagoon and not 
on land, 

Views of this great water display by day and night 
are shown in Figs. 13 and 19, p. 306. From both these 
views it will be seen that there was a double dome 
efiect, an outer ring of closely spaced jets spouting 
against the lower part of the main dome. In the 
night view, a part of the fountain “ stem ”’ is seen at 
the left of the dome, while at the extreme left is the 
cascade flowing from the level of the bridge indicated 
by the row of lamps. Beams from a battery of search- 
lights are shown striking the cloud of water vapour 
rising above the fountain. 

To form the cascade, a pipe was laid along the side 
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FIG. 12—INCLINED JETS 

of a bridge crossing the lagoon, the pipe having 336 
nozzles }in. in diameter and spaced 6in. apart. For 
the “ stem ” of the fountain, two pipes about 500ft. 
long and 4ft. apart were laid along the opposite 
sides of a service walk about 3ft. above the water 
level of the lagoon. Each pipe had fifty-two nozzles 
fin. in diameter, set diagonally to the line of pipe, 
throwing the water upward and outward, and spread- 
ing it so as to give the appearance of a continuous 
flowing sheet of water. 

For the dome, an inner ring of two lines of pipe, 
160ft. in diameter, formed the base. One ring had 
714 nozzles of fin. diameter, and the other had jin. 
nozzles, all discharging upward and inward to form 
the high or main dome. Outside of this, a pipe ring 
of 210ft. diameter had 1008 nozzles of fin. diameter, 
about 8ft. apart, spouting upward and inward to 
form an outer dome about 20ft. high, the water 
striking the lower part of the main dome. 

Each of the three vertical jet fountains flanking 
the dome had a main nozzle of 26mm. diameter, 
throwing a jet 75ft. high. Around this was a 20ft. 
ring of pipe giving 131 spray jets. Three rings of 
and 4ft. diameter had eight nozzles of 








BY NIGHT 


Fic. 13—-DOME FOUNTAIN 
10 mm., sixteen nozzles of 12} mm., and sixty-five 
vertical jets, respectively, Within the largest ring 
were eight rings of 27in. diameter, with forty-three 
jets each. 

All nozzles for this fountain were made of ordinary 
iron pipe, no special nozzles being used. The nozzle 
end of the pipe was shaped to an oval cross section 
for a length equal to about nine times the diameter 
of the pipe. The relations of long and short axes 
of the oval varied according to the results desired. 
but the area of discharge was approximately 80 per 
cent. of the area of the circular pipe. 

Pump equipment was so distributed that pipes of 
minimum diameter would give the desired discharge. 
Thus a pump house under the bridge had two pumps 
with 250 H.P. motors to serve the ‘“‘ stem” and a single 
200 H.P. pump for the cascade. Each of the two jet 
fountains flanking the dome had a pump house with a 
75 H.P. pump for the jets and a 250 H.P. pump for 
one of the dome rings with }in. nozzles. The third 





entirely by jets of water spouting from ring pipes 








jet fountain had only its own 75 H.P. pump. Finally, 
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a pump house under the centre of the dome contained 
four pumps of 250 H.P. for the dome jets with fin. 
nozzles. There were twelve pumps in all, operated 
by motors aggregating nearly 2500 H.P. for the total 
discharge of 68,000 gallons per minute, as shown by 
Table IIT. All the water was pumped directly from 
the lagoon and flowed back into it. 


Taste UI.—Pumping Hquipment for Fountain. 

















Galls. 
Pumps} per |H.P.| Total /Total 
min. g-p.m. | H.P. 
Cascade... ... ... 1 | 9,000} 200 | 9,000 | 200 
Wet ies Gas 2 | 6,800} 250 | 13,600 500 
Dome, inner ring, }in.... 2 6,900! 250 | 13,800 | 500 
Dome, inner ring, fin... ...) 2 | 6,800) 260 | 13,600 ; 500 
Dome, outer ring, fin.... ..., 2 6,500 250 | 13,000 500 
Jet fountain, No.1 . 1 1,375; 75! 1,375 75 
Jet fountain, No.2 ... 1 | 1,375) 75} 1,376 | 75 
Jet fountain, No. 3 1 | 1,376] 75} 1,875 | 765 
Total 12 — | — | 67,125 | 2,426 





Floodlights within the dome and “stem” gave 
lighting effects in five colours, the projectors having 
lenses of white, red, amber, blue, and green. Auto- 
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matic control of the colour effects and changes was 
effected through thyratron tubes and reactor sets in 
combination. The entire fountain had 4246 lamps of 
60 to 1000 watts. 

For the cascade 100-watt lamps, 12in. apart, were 
arranged in a curved metal reflector placed above the 


TasLe 1V.—Fountain Lights, Chicago Exposition. 











| Total 
i watts. 
Dome, centre 60 1000-watt floodlights| Red | 60,000 
i ae »  |Amber| 30,000 
| . 92 *” ” | Blue 92,000 
ai inner ring 1232 100-watt bulbs ---| Green | 123,200 
| 840 3 »  —_-e| Clear | 84,200 
» outer ring |1230 60-watt bulbs ...| Clear | 73,800 
Y le = «eee, 168 100-watt bulbs -«--| Clear | 16,800 
Stem ... ... ...| 214 500-watt floodlights | Clear | 107,000 
Jet fountain No.1) 160 60-watt bulbs (in | 
Tim) ... ...  «..) Clear 9,600 
_ 36 500-watt floodlights | Clear {| 18,000 
Jet fountain No. 3) 160 60-watt bulbs (in 
rim) .... ......| Clear | 9,600 
| 36 500-watt floodlights | Clear 18,000 
Jet fountain No. 2) 160 60-watt bulbs (in i 
| rim) ......  ..-| Green | 
2 1500-watt floodlights| Green 
| 18 1000-watt | Green 
| 8 500-watt Red 71,500 
| 11 1000-watt . | Red 
| 11 500-watt sa | Amber 
20 1500-watt pa | Blue | 
| Total watts ... 713,700 
| Total kilowatts 713-7 


jet pipe, throwing their light down upon the falling 
water. The “stem” of flowing water was lighted 
from within by 214 lamps of 500 watts, spaced 5ft. 
apart and ed in two staggered rows. Of the 
three vertical jet fountains at the dome, the two on 
either side of the dome had white light only, but the 
one in front of the dome had coloured lights. 

Within the dome were two rings of lights, 150ft. 
and 200ft. in diameter. The outer ring consisted of 
a single row of 60-watt lamps with white globes, the 
lamps being ed in eighty-two sections or 
boxes, each containing fifteen lamps. The inner ring 
had a double row of 100-watt lamps, those of one row 
white, and those of the other with green bulbs. These 
also were arranged in sectional boxes. The segtions 
were assembled at the shops and were electrically 
connected when set in place, thus expediting the field 
work. The general arrangement is shown in Figs. 14 
and 15, and it will be seen that the lamp boxes had 
inclined glass covers and curved aluminium reflectors 
at the rear, so arranged as to throw the light upward 
and inward. Floodlights were mounted on top of the 
pump house under the centre of the dome. 








Overflow from the base of the dome into the lagoon, 
a height of about 3ft., was illuminated by two rows 
of lamps arranged as shown in Fig. 16. A eurved 
metal hood of l6in. radius formed the rim, and 
below this was an inclined reflector, the rows of 
lights being placed under the hood and in front of the 
reflector. 

A spectacular effect was created by a battery of 
concealed searchlights mounted above the control 
house on the bridge and throwing their beams upon 
the clouds of water vapour—of continually changing 
colours—which rose to a great height above the 
fountain. This effect is shown in the night view, 
Fig. 13. 

Floodlights for this fountain were built on a new 
system, which reduced the cost very materially. No 
attempt was made to have these lights waterproof. 
All electric wiring was wa’ f, but water entered 
the fixtures around the bulbs, &c., by holes made for 
that purpose in the bowl which 
were of spun aluminium. Three legs on the fixture 
formed a stand, and the fixtures were mainly about 
4in. under water. Glass covers were used only where 
required for colour or diffusion of light. Wiring was 





mainly rubber-covered and lead-covered cable, with 
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Fics. 14, 15 AND 16—FLOODLIGHTS OF WATER DOME 


flexible waterproof cable connections to the lighting 
units. Time was saved in construction of the wiring 
system by the use in some parts of strips of metal 
raceway. The lights of this great fountain are listed 
in Table IV, and totalled 713,700 watts, or 713-7 kW. 


(To be continued.) 








Letters to the Editor. 
(We do not hold ourselves responsible for the opinions of our 
correspondents.) 


* HINTON RAILROAD.” 


Str,—On page 689 of “* The Life of Telford,” ** Hinton 
single railroad” is mentioned. I have been unable to 
find any other reference to this line, and should be much 
obliged if anyone could say where it was, together with 
any other details of interest. 


Guildford, March 7th. C. F. Denpy MARSHALL. 


“ WHAT’S WRONG?” AGAIN. 

Srr,—With reference to the above subject I give below 
some details of my own experiences which may throw light 
on the troubles of junior engineers. 

I started my training in January, 1925, by taking a 
premium pupilage with Messrs. ——, Ltd., Sheffield 
(price £300). I remained here till March, 1930, the time 
being spent as follows :—Two years three months in the 
works, one year six months in the drawing office, and 
three periods of six months each spent in full-time study 
at the University of Sheffield, for which I hold the Works 
Pupil’s Certificate. 

I went to Canada in April, 1930, returning to England 
in June, 1932, to fifteen months’ of unemployment. In 
September, 1933, I was compelled to accept a job as 
maintenance fitter with the British Celanese Company, 
Ltd., Spondon, Derbyshire, where I remained till 
November, 1935, when I came to London. I am now 
employed in a similar job by H. J. Heinz, Ltd., Harlesden. 

To-day, at thirty-two years of age, despite some two 
years’ D.O. experience, including eight months abroad, 
I see little prospects of anything better, it being six years 
since I was last employed in a drawing office. At the time 
I left Sheffield I was one of four pupils, all the other 
three have left the profession ; indeed, one was reduced to 
patching up second-hand cars for a living. 

Yet such advertisements as—Engineers, age twenty- 
five to thirty-five, wanted for Nigeria, salary £300 to 





£325, appear—about £6 per week for service in tropical 


Africa ; or advertisements calling for specialised experience, 
such as time study, yet offering no chance for the general 
trained man. 
Degrees may be commonplace, but openings such as 
these will never attract men of initiative to the industry. 
London, N.W.10, March 7th. J. G. Moore. 








SIXTY YEARS AGO. 

A BRIDGE disaster at Ashtabula, Ohio, in 1876, as a 
result of which ninety people lost their lives, had an 
important influence on subsequent railway bridge practice. 
The Ashtabula Creek was spanned by a bridge of the 
‘“* Howe ” truss type carrying two lines of rails. After an 
existence of only eleven years the bridge “ snapped 
asunder ” under the weight of a passing train. In our 
issue of March 16th, 1877,.we reproduced drawings of the 
bridge and commented upon its design. There was much 
room for criticism. Indeed there was hardly a detail in 
the design which did not afford ground for adverse com- 
ment, so much so that the real problem was to understand 
how the bridge managed to survive eleven weeks, let alone 
eleven years. It had a span of about 150ft. and consisted 
of a single pair of trusses resting at each end on brickwork 














piers and carrying a deck on the upper flanges. There 
was more than sufficient evidence to show that the designer 
had sought to apply to an iron bridge the principles 
employed in the construction of timber bridges and that 
in addition he had introduced ideas of his own which 
offended the most elementary principles of structural 
engineering. The bridge was, or appeared to be, composed 
of old rails and round bars joined by bolting their ends to 
cast iron blocks. We described it in brief as an unscientific 
and unpractical conglomeration of loose pieces of cast 
and wrought iron without a pin or a rivet at any point in 
its structure. One feature of the design would by itself 
have been sufficient to condemn it. The upper flange, or 
boom, of each truss was composed of five rolled iron 
beams of rail section in 20ft. lengths. These beams 
“broke joint” in twos and threes alternately with the 
result that at every 20ft. the cross section of the flange 
was reduced to three-fifths or two-fifths of its apparent 
value. The five beams were laid side by side with spaces 
between them and at the panel points were bolted to cast 
iron angle blocks. These blocks on the under side were 
formed with inclined faces against which the ends of the 
web bracing struts abutted. The joint was completed, 
and was held together solely, by passing the vertical tie 
rods of the web bracing through holes in the cast iron 
blocks and bolting a plate, extending across the flange 
beams, to their ends. The whole design depended upon 
the strength of the cast iron blocks and as events proved 
one at least of them was composed of faulty metal. We 
described the structure as a libel on modern bridge 
building and flattered ourselves that in this country with 
our Board of Trade system of inspection it would never 
have been permitted to exist. We drew a comparison 
between it and Telford’s Menai Straits bridge the fiftieth 
anniversary of the erection of which had just been cele- 
brated.... Nevertheless there was then approaching 
completion in this country a bridge across the Tay which 
was in a few years time to produce a worse disaster than 
that at Ashtabula, a disaster into which defective design 
undoubtedly entered as a cause. The American catas- 
trophe called prominent attention to the danger of using 
cast iron in railway bridges and led directly to the aban- 
donment of the practice. 
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New Motor Suies ror Sxaw Savitz Live.—Following 
the recent placing of an order for a new passenger motor 
ship of 26,500 tons to be built on the Tyne, Shaw Savill 
and Albion Company, Ltd., now announces that it has 
also ordered from Harland and Wolff, Ltd., a motor cargo 
ship of about 11,000 tons gross for the Australian and 
New Zealand service. This new vessel will be specially 
designed for.the carriage of refrigerated produce, and will 
also be able to carry over 1000 tons of chilled beef. The 
new ship will be generally similar to the “ Waiwera,” 
“ Waipawa,” and “ Wairangi,” built by Harland and 
Wolff a few years ago, with the exception that the pro- 
pelling machinery will be of the Harland-B. and W. two- 
cycle, double-acting type. 
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Distilled and Sterile Water Supply in a 


London 


surgical and medical demand for pure 


7 


distilled and sterile water in a large modern 
hospital is great, and the ysual methods of meeting 
it are unsatisfactory. Distilled water is produced in 
stills and distributed in flasks, while sterile water is 
provided by many scattered steam or gas-heated 
sterilisers in which ordinary tap water is boiled and 








Fic. 1—COMPLETE WATER 


drawn off as required. Apart from the fact that these 
methods are cumbersome they fail to give the best 
results. Operators are liable to make mistakes or 
omissions, and there is no positive proof of complete 
sterilisation. ~.The individual sterilisers are subject 
to heavy wear and tear, are costly, and occupy 
much space, and require constant attention, including 
frequent descaling to avoid the discharge of scale 
particles with the sterile water. 

A central automatic plant for the distillation and 
sterilisation of water working on the Jessop-Cook 
system at the University College Hospital, London, 
overcomes these difficulties by providing a supply of 
hot and cold distilled and sterile water at draw-off 
taps in the operating theatres, sterilising rooms, and 
elsewhere. The plant is shown im Fig. 1, whilst 
Fig. 2 gives the constructional details. Broadly, 
it consists of a gun-metal evaporator A, heavily 
tinned internally ; two condensers B, with stainless 
steel condensing surfaces; a stainless steel tank C 
for storing the distilled water ; a heating coil D for 
maintaining it at a temperature which prevents 
the formation of alge growths; an arrangement 
shown at E adjacent to C for sterilising air admitted 
to the distilled water tank, and a network of stainless 
steel pipmg and fittings for supplying the distilled 
and. sterile water to the draw-off points such as F 
and G. 

The plant is housed on the roof of the hospital 
building, and the distilled and sterile water is fed 
by gravity to the lower floors. The low-pressure 
evaporator A operates on town water fed from a 
float-controlled cistern H vid an automatic feed 
regulator J. Steam is supplied to the evaporator 
at a pressure of about 20 lb. per square inch from 
boilers in the basement, through a reducing valve, 
and reaches the evaporator by way of an ascending 
pipe K. In circuit with this pipe is the arrangement 
E, consisting of a steam-heated cylinder for sterilising 
the air admitted to the distilled water tank. The 
cylinder contaims a coiled pipe connected at one 
end to the air space above the water level in the 
storage tank, and at the other end to a sterilised 
breathing device L in the form of a metal canister 
containing cotton wool, which is maintained warm 
and dry by conducted heat from the steam-heated 
cylinder E. The heated coil through which theair passes 
kills any bacteria which the filter L may allow to 
pass. Owing to the well-known affinity of pure 


distilled water for atmospheric bacteria this breathing 

device is very essential, and provided the cotton wool 

is renewed at frequent intervals it is quite effective. 
The plant is automatically controlled by a float M, 


DISTILLING AND STERILISING PLANT 


Hospital. 


the supply valve N in the m.in steam pipe. Water 
vapour from the evaporator s discharged into the 
stills or condensers B and the resulting distillate 
gravitates into the storage tank. Cooling water 
for the condensers is drawn from the raw water 
cistern H and is discharged through a discharge pipe 
with a valve O controlled by the float M in the storage 































tank to avoid waste of cooling water during non- 
operating periods. 

The coil D, which prevents the formation of alge 
growths in the storage tank by maintaining the 
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FIG. 2—DETAILS OF PLANT 

distilled and sterile water at a temperature of about 
80 deg. Cent., is supplied with steam bled from the 
main steam pipe through a branch pipe equipped 
with a thermostatically controlled valve P. Con- 


the evaporator is drip discharged through traps Q to a 
descending condensate pipe running in close proximity 
to the ascending steam mains. Hot distilled and 
sterile water is fed by gravity to various taps, such 
as that indicated at F, on the various floors through 
a drop pipe R which also runs in close proximity 
to the ascending main steam pipe, which keeps the 
water in the pipe R hot. Cold distilled and sterilised 
water is delivered on the various floors through 
draw-off taps such as G, and is obtained by cooling 
water derived from the hot-water drop pipe in a 
cooler §. A thermograph T gives a record of the 
temperature of the water in the storage tank. 

Hot distilled water has a powerful solvent action 
on most metals used in ordinary engineering work. 
Pure tin overcomes the difficulty and has been used 
with success for many years, but as the lay-out of 
this plant called for a large-scale pipe system mostly 
built into the structure a mechanically weak metal 
such as this could not be employed with safety. 
Certain grades of stainless steel have been found, 
however, to be immune from attack by hot distilled 
water, and lavish use has been made of this metal 
in this plant. The condensing surfaces, the storage 
tank, with all its fittings, the piping system, the 
cooling cylinders, and the draw-off taps are all com- 
posed of stainless steel, and the internal surfaces are 
brightly polished. 

Besides meeting the ordinary medical and surgical 
requirements of the hospital, the plant supplies large 
quantities of distilled water for sterilising instru- 
ments and bowls, and the objectionable carbonate 
film deposited on articles subject to long periods of 
boiling in ordinary town water is avoided. The 
plant provides an ample supply of distilled water of 
absolute sterility and eliminates a vast amount 
of tiresome work, whilst it also avoids wear and tear 
on bowls and instruments arising from the removal 
of scale. Apart from routine cleaning and changing 
of evaporator coils, it uires no maintenance. 
The plant was designed and installed by the hospital’s 
engineering department in collaboration with Metal 
Propellers, Ltd., stainless steel specialists. 











The Soul of a Civil Engineer. 


By UITLANDER. 


N the great colonial empire of Indonesia is a small 

native state called Deuteronegri.* This state. 
and its capital city, is ruled by an enlightened native 
Sultan. Among the Sultan’s departmental officers 
is the Director of the Waterworks. This man is of 
pure Nordic descent, who in his youth dreamed 
dreams beneath his Northern skies, and in his later 
years sees visions in this tropical paradise, All civil 
engineers, he explained to me, must see visions. They 
cannot carry out their vocation if they are merely 
practical. They must see a vision, for example, of 
@ great bridge or a huge dam across a river, which will 
be of inestimable benefit to the local inhabitants. 
They must see it complete and functioning in their 
vision before they can persuade the hard-headed 
Government financiers to produce the necessary 
funds. They have to preach a gospel, and that par- 
ticularly difficult kind of gospel which produces 
material results in the shape of hard cash. In this 
particular city of Deuteronegri the Civil Engineer is 
fortunate that he has the sympathy of the native 
Sultan. 

I visited him the other day, and he showed me some 
of his vision at work. He did not tell me that he saw 
visions ; I realised it when he showed me what he 


| was actually doing, for he is a man of action rather 


than words. 

For centuries the city of Deuteronegri has been 
drained by open ditches along the road. Water 
flowed down these open sewers, and in them the 
populace performed all the necessities of life, and also 
washed their bodies and their clothes. Our Civil 
Engineer had looked on at this, grieved that people 
should not be able to wash themselves and their 
clothes in the pure water which he longed to provide. 
Now he is engaged in putting through a tremendous 
reform. The sewers are being closed. Huge drain 
pipes are being laid in the ditches, and they are being 
covered in. But at once there arises a grievance. 
The people of the place have nowhere to wash their 
bodies or their clothes. The Waterworks Director, 
therefore, is constructing enclosures surrounded by 
low walls, at suitable intervals. These are paved, 
and from pipes in the wall gush streams of clean, 
fresh water from special drains. Here the people can 
do all their washing ; for their other natural func- 
tions he has supplied other enclosures, so that his 
water supply may remain unsullied. The walls sur- 
rounding these enclosures are to be carried out in the 
old Indonesian style of architecture, with decorated 
posts at the entrance and the corners. For the actual 
water pipes he designed gargoyles copied from figures 
of the old Indonesian temples, in which the district 
aboufids. But he realised that the people are 
nominally Moslem, and would be offended by the 
figures of their ancestral gods, so he has substituted 
simple flower ornamented pipe-heads. He wanted to 
build them of brick, in the old style, and had experi- 
mented in that medium. 

‘* There is brickwork in this city,’’ he said, ‘‘ which 
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densate from the storage tank steam coil and from 











* This name is fictitious, but the facts are as stated. 
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is two hundred years old, and it is as good as ever. 
But look at this.” 

He flipped a corner of his model with his thumb, 
and a flake fell off. 

** So I am using cement,” he said; “an ancient 
art in a new medium, which will last.” 

The Sultan, as an enlightened ruler, is pleased that 
his people should have pure water, and, as a native 
prince, that the ancient culture of his people should 
survive. The visions of the pure Northerner and the 
pure Southerner meet and triumph. 

Next he took me to the big Mosque, which stands 
in the grounds of the Grand Vizier’s palace. Moslem 
ritual demands that all who enter the Mosque for 
worship must first wash their feet, hands, faces, and 
the inside of their mouths.. This was onco doubtless 
an excellent innovation for Arabs who never 
washed at all, but consider the way in which it is 
carried out to-day. A shallow tank stands in front 
of each Mosque or sometimes a moat completely 
surrounds it. In this the worshipper stands, and 
thus his feet are washed; from this he scoops up 
water, and washes his hands and face, and rinses out 
his mouth. It is easy to see how, if a Mosque is 
popular, as this is, disease can be spread across a 
continent by travellers and pilgrims, or brought to 
our city from afar. 

Our Director therefore has provided four taps, at 
the entrance to the Mosque, at such a height that 
& man squatting can easily wash his face and rinse 
his mouth with pure water. The taps are operated 
by a lever connected with a small iron platform. The 
worshipper stands or squats on the platform and 
enough water gushes out for his ablutions. It is so 
designed that the water only runs for a certain time, 
so that if a weight is put on the platform to keep the 
water running, it stops automatically after two 
minutes. Then the worshipper can walk through 
the tank into the Mosque. What a boon it would be 
if this could be introduced in India, Arabia, and 
Egypt. The Director sees a vision of Moslems all 
over the world using their ritual ablutions, not for 
spreading disease, as is actually the case, but for its 
original intentions of health and cleanliness. 

Lastly, the Director took me to his little home 
among the hills, 3000ft. high. From the great moun- 
tain which towers above us jut two spurs, heavily 
wooded behind, but bare turf in front. Around the 


front of each spur I thought I saw a road. I asked 
my host what a road could be doing there. 

“* Oh, just to walk round,” he said. 

I could not realise that any governing body would 
make a road which served no commercial purpose 
whatever. He explained, however, that it seemed a 
pity that the Europeans who lived in that delightful 
garden village should be barred from the woods and 
hills for lack of roads and paths, and the provision of 
these would have a commercial value in increased 
tourist traffic. The native, of course, trod out a 
narrow path with his bare feet, but no booted white 
man could walk along it. The Director therefore 
persuaded the Forestry Department to let him make 
roads and paths. He does this as a hobby in his spare 
time. His vision is to open up the beauties of Nature, 
and the wonderful vistas from the high hills, to the 
residents and visitors of the district. 

He took me for a tour of inspection the next morn- 
ing. For two hours we walked along paths hewn out 
of the cliff. We looked down into a gorge a hundred 
feet below. The path was so narrow that we could 
searcely get along. At any moment I feared that I 
might lose my balance, and topple over among the 
trees beneath my feet. We were attended by a native 
foreman and two coolies, to whom my host shouted 
instructions in Indonesian. In the intervals of 
scrambling and gasping he explained to me in English 
his vision of wide paths along which tired city workers 
might walk, and find health of body and peace of mind. 

“This is not made properly yet,” he said. “‘ There 
is no more money. We must wait for the next 
estimetes.”” 

That is the only difficulty. Lack of money alone 
prevents the consummation of what seems to be a 
civil engineer’s ideal, the use and control of the forces 
of Nature, without destroying them, for the greatest 
possible benefit of mankind. 








The Printing and Allied Trades 


Research Laboratory. 


On Tuesday, March 9th, H.R.H. the Duke of Gloucester 
opened the new laboratories of the Printing and Allied 
Trades Research Association at 10, Robin Hood-lane, 
E.C.4. This Association until recently had an income of 








only £1500 per year, and did not seek the help of the 
Department of Scientific and Industrial Research in its 
work, which mainly consisted of providing an efficient 
information service to the industries served. The 
announcement, however, that the Department was pre- 
pared to make increased grants to research associations, 
if corresponding increases in industrial support were 
forthcoming, led the printing and allied trades to reconsider 
their whole attitude to co-operative research. Asa result, 
industrial support for the Association amounting to £7000 
per year was secured, and the Department agreed to 
add £3000 per year to this figure, so that the Association 
has now an assured income of at least £10,000 per year. 
In addition, the Department is prepared to contribute a 
further £100 for every further £100 subscribed by industry, 
up to a total of £2000 per year. 

The new laboratories, which are situated at the heart 
of London’s principal printing centre, consist of three 
floors and a basement. Some of the rooms are illus- 
trated on this page. The ground floor is being used 
as general offices, a library, and a reading room. The 
basement has two large strong rooms which were in 
existence when the building was taken over, and these 
rooms have been converted into an optics laboratory 
and a constant humidity chamber. In the optics labora- 
tory there is installed apparatus used for the testing and 
measurement of colour, opacity, and various other factors 
in printed matter and printing materials. This laboratory 
has, amongst other equipment, a mutochrome for trying 
out ranges of colour patterns easily ; a Donaldson colori- 
meter for the measurement and specification of colour 
in terms of three primary colours, and a Hilger spectro- 
graph for the measurement of the wavelength of light. 
Adjoining this laboratory and separated from it by an 
air lock is the constant humidity chamber, two views of 
which are reproduced herewith. The temperature of 
this room is constantly maintained at 65 deg. Fah., and 
the relative humidity at 65 per cent., with a deviation 
of not more than 1 deg. Fah. and 1 per cent. relative 
humidity. The temperature is automatically controlled 
by a bimetallic strip and the humidity by the change of 
tension in a bunch of human hairs which varies with the 
moisture content of the air. Three fans provide the 
means whereby the atmospheric conditions. are regulated. 
One of them draws its air over trays of water, the second 
through a heater, and the third over calcium chloride. 
Fans suspended from the ceiling keep the air circulating 
round the room and assure its even distribution. In 
the constant humidity chamber the printability of paper 
can be tested and the results of the tests will, it is claimed, 
enable printers to decide with complete certainty the 
correct ink for each type of paper. The drying rate of 
inks, photogravure etching, preparation of plates for 
photo-litho work, and the suitability of papers for various 
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printing processes, will also be tested in this room. It 
contains apparatus for testing the quality, strength, 
elasticity, folding endurance, smoothness, porosity, and 
ink-absorption properties of papers. 

The Physics Laboratory is situated on the first floor 
and contains a small-scale representative printing plant 
and a certain amount of apparatus for the testing of 


a total of 2808 million gallons. Table ITI is important for 
our present purpose, because it gives the consigning 
countries from whieh our supplies for 1935 were received, 
and is of special significance in wartime. If we add up 
the percentage of tonnage involving transport from the 


TaBLE IIL.—Consigning Countries Supplying the United 
Kingdom's Oil Imports for 1935 with Percentage. 





were installed in parts of the country where they were 
perhaps more free from possible attacks in case of war 
than was the case on the North-East Coast.”’ Hydro- 
genation plants are expensive and take several years to 
construct, so that if the Prime Minister’s ideas are to be 
realised there is need to hurry. I doubt whether the 
Committee of Defence can rely on hydrogenation to meet 
Time is too vital a factor. The 


H paper which does not call for constant temperature or Co : 1935. any near emergency, 

i humidity. Here are also tested the light fastness of inks Sietah: Week Sadias ey SB 33-57 existence of a few more such ts would be a great asset, 
} and papers, the drying rates of inks, adhesives, book- See i es as) but there is the question of their adequate protection from 
1 binding materials, &c. The apparatus for carrying out vA... 2 the air to be considered, and only the Committee of 
i accelerated tests on printed papers, such as posters, &c., Romania”... 3... ee ee Defence can weigh up the factors involved. Above all 
comprises an are lamp set within a frame of small boxes. ee er ee er ra else, we must be prepared for a war which arrives soon. 

i Each of these boxes has a part of its side open to the rays Tag... ee. eye see ee gente nee ee O87 brief survey of the national situation with regard 
i of the lamp, and when a printed paper is to be tested it British Dominions and Colonies... ... ... 4°32 to liquid fuel supplies leads me to the most important part 
ne is placed in a box leaving one half of it exposed to the — BAP tee RS ot ae eae ae 4 of my address. at must be the policy of our Govern- 
f rays of the lamp, the other part being screened. The Other ediiien 8 (Oe eee ment to ensure the maximum security ? Consider the 
; effectiveness of the ink against exposure is ascertained HOM pie than following quotation from a paper by Colonel W. A. 
4 by comparing the exposed with the unexposed parts after | west, we find that it exceeds that arriving from the east ; | Bristow :— 

: a predetermined time interval. It is possible to vary the | but owing to recent increased supplies from Iran (Persia), First take Dutch Borneo and Persia. The obvious 











feeds; Bie: eH 



























humidity and tem conditions whilst the paper is 
being tested. At one end of the Physics Laboratory 
dark zooms and photo-micrographic rooms are partitioned 
off. In the latter room investigations are carried out 


the feos to-day is that practically half our supplies 
would normally reach us vid the Mediterranean, and much 
of this passes through the Suez Canal. 

The world’s tanker position is shown in Table IV. 


route for these oils in peace time is vid the Red Sea and 
the Suez Canal, but it would be more than difficult to 
send oil by this toute in time of war. The ports of depar- 
ture are known, and the speed of the tankers is slow. The 


on printing alloys. The second floor contains the analytical Red Sea could be air-patrolled by three or four countri 
1 i i ies i Taste IV.—World’s Tanker 000 Tons Gross and uld be air- or intries, 
laboratories. apparatus in these laboratories includes IV po yin = tL od z : = B e 1936. wpeards the Suez Canal could be made Pica a. ola 


muffle furnace capable of giving temperatures up to 








Our Liquid Fuel Supplies in 


1445... 8,896,437 
Total deadweight tonnage approximately 15,200,000 tons. 


The United States own nearly as much tonnage as the 


craft, and anything that did get 


f 
a 
2 l . Cent., ; i Country. Number. Total tons gross. a ; 
1 see cg. Cont., an oven in which temperature can be| reat Britain and Ireland... ... 379... 2,813,344 | run the gauntlet of the Mediterranean, every yard of which 
1 ; Pegs sat deg. Cent., and a s Geaelen cy ee ee would be within range of attack by quite a number of other 
if with a a ity of 9 cubic. metres of distilled water an Other British Dominions ...... ae 203.939 countries potentially hostile.” 
hour. Adjoining this laboratory are two smaller rooms. aes bangs ics Imports vid the Atlantic would be safer, but could 
One is a balance room where accurate weighing is done. 434 2,638,657 we spare the cruisers to convoy over 3 million 
> The other room has been equipped for the purpose of United States 388 2,491,368 : ve ; i 
3 : ; Bek. ir ane P ‘ tons of tankers, in addition to protecting 80,000 miles 
i reproducing the varying climatic conditions to ascertain ae ssi aan et MRR ~ nests of Empire sea route and the 100,000 tons of 
; a effect on papers, inks, and adhesives. : — eee Rca TS 329,319 merchandise and 50,000 tons of food imported daily ? 
+ uring a recent visit we were impressed by the efficient ee Fe TURE ee Es 150,191 Even convoyed transport will be open to attack by sub- 
; manner in which the new laboratory has been equipped Soviet Russie... a... eo MB ase NT STO marines and aircraft far more dangerous and extensive 
: and laid out. There is no doubt that its work will benefit Norway... 00... .: . 28M... DOG eT than during the last war, and we may recall that over 
H not only the industry for which it has been established, — —— 100 ships were sunk in one month and more than 1000 in 
: but the reading public in general. Other ise eo we Vertes one year. Oil tankers are slow-moving craft and it is 
eis Se ee Renita well understood that their convo: rpc, ang and 
me and the Navy’s burden 


much anxiety would be remo } 
considerably lightened if we have an adequate store of oil 


in reserve. 
We are forced to conclude that it is essential for the 


- British Empire, and might be willing to help us in every | security of this country’s defence to have a national 
War-Time.* way. On the other hand, it is just as shot her pisos Samp for ligid fusls equal to at least a year's 
policy would be : ‘‘ Fetch, pay for in and carry away supply. Having regard to the fact that it is storage for 


By HERBERT A. HUMPHREY. 


One has only to realise that our Air Force, our Navy, 
and the mechanised portion of our Army, almost the whole 
of our road transport and half our mereantile marine, 
depend on our supply of liquid fuel, to understand that 
complete paralysis and defeat would overtake us if these 
supplies were not available. They are as important as 
supplies of munitions and food, and indeed probably con- 
stitute the most vulnerable point for enemy attack. In 
round figures, we import 10 million tons of liquid fuel 
annually, of which 4} million tons is petrol. At home we 
produce motor spirit to the extent of 6. per cent. of our 
requirements as benzole, petrol, and substitutes, and by 
hydrogenation about 2} per cent. to 3 per cent. of our con- 
sumption. It is abundantly clear that under no ¢ircum-- 
stances can any large extension of home production be 
relied upon to meet the present emergency. We are 
therefore forced to rely upon our imports and storage 
reserves. 

In the case of motor spirit, the United Kingdom pro- 
duces only 5-8 per cent. of its consumption; France, 


in your own tankers no more than your normal supply 
from us.” 
In recognition of these facts, what should be the liquid 
fuel policy of our country ? First, let us see we can 
do to increase home production if cireumstances oblige 
us to do so. There has been much loose talk outside and 
even inside Parliament on this subject, and the possi- 
bilities have been greatly e We already pro- 
duced 76} million gallons of motor spirit in 1935, equal to 
6 per cent. of our consumption. Of this, some 45} million 
gallons was benzole. The equi it at our coke ovens 
is more efficient for benzole extraction than that of our 
gasworks, for the former recover up to 97 per cent. The 
gasworks have found it expedient to recover only 37 
cent. With the erection of additional plant at ge 

the position could be slowly improved. Shale oil only 
yielded 0-8 per cent. of our motor spirit consumption, and 
any possible increases in this direction can only amount 
to an almost insignificant addition. The production of 
methyl alcohol (methanol) is increasing, and that of 
ethyl alcohol from molasses and other sources is being 


rol that is most urgently needed, and that any admissible 
ja ee ee eT uae a of an 
immediate beeeres i rapid completion, I am con- 
vinced that schemes of storage in 
overground tanks is the cheapest and best. The tanks 
should be grouped in centres widely spread, and where other 
means of interconnection are not sufficient, connected 
together and to the ports by pipe lines. 


Norx.—This address was prepared before the issue in 
Parliament of the “Statement relating to Defence 
or sg heh It is now evident that the Committee of 

has given special attention to the storage of liquid 
fuels for emergency purposes. It is possible therefore that 
a national storage scheme, may already be included in 
the Government’s defence programme. 











14-5 per cent.; Germany, 45-0 per cent.; and Italy, | developed; but one must remember that molasses has 

4:3 per cent. Roumania, Poland, and Russia are self- * be afi The quantities oy pd ag a BOOKS RECEIVED. 

supporting. All other European countries have to rely | relatively small. The production of oil and petrol v ; : ; . 

on imports. the low-temperature carbonisation process has lately come | _ Protection of the Public i a G ar ake . 
Taking all petroleum products, Table I gives the world’s | into greater prominence due to the belated commercial ae = Lid., 14, Henrietta-street, W.C.2. Price 


vig) ; 1g p success of one type of plant. The official report of the ; 
Te Eee Sven SOF Wy Slee Teeuee : Mines Department provides the following figures for Great | Mining Year Book, 1937. Compiled by W. E. Skinner. 
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— z ee , ‘ Coal treated. a: ms tar, Price 20s. net. 
ussia ... 26,700, ab “97 | ear. Tons. ions. allons. Adventures Underground. By T. C. Bridges. London: 
Roumania 8,800,000 ... 3:62 | 1933 . 317,703 741,177 4,899,820 . C.4. 
Poland ... 500,000 051 4-0 1934 . 284,242 767,438 4,693,832 EF eh — Sons, Ltd., 35, Paternoster-row, E.C.4 
Ry ome 440,000... 0-18 1935 ... ... 327,000 ... 878,000 ... 5,300,000 ce Ss. 6d. net. Pig ins 
r ica... 31,760,000 ... 13-05 nagement. ae Se. 
ine In 1935 there were nine plants nominally in operation, Modern Works Ma By B- barton aiid, 
; : London: Sir Isaac Pitman and Sons, Ltd., . 
Iran (Persia) 8,200,000 3-37 but the greater part of the production was due to one| woo price gs. 6d. net 
: eee ee 4,100,000 1-68 (5. 95 company, namely, Low Temperature Carbonisation, Ltd. petiole Lepnerniy * 
India, Sakhalin, Japan Plants using their process are in operation at four centres,| Modern Foremanship, By T. H. Burnham, B.Sc. 
} endothers.....-... 1,960,000 0-80 ) and at least one more is projected. They all adopt straight | London: Sir Isaac Pitman and Sons, Ltd., Parker-street, 
‘Neth E. Indies .. 6,400,000 2-63 carbonisation of coal without admixture of oil, and it is | W.C.2. Price 7s. 6d. net. 
North America... 5,800,000 2-38 important to them that a very large part of their tar/ The Conquest of the Stratosphere. By C. G. Philip. 
Africa : output is purchased by Imperial Chemical Industries to| London: Sir Isaac Pitman and Sons, Ltd., Parker- 
(Mostly Egypt) ... 175,000 0-07 be hydrogenated, thus materially assisting their revenue. | street, W.C.2. Price 7s. 6d. net. 
Celene i958 i, ss 890,000 0-37 The erection of further plants should be encouraged, but Higher Algebra. By S. Ba i, M.A., and J. M. Child, 
‘ the following facts have to be borne in mind :—A ton of rove Be ‘ 4 Co., Ltd., St 
World total ... 243,415,000 . 100-00 bituminous coal, having 36 per eent. volatile content, B.A., B.Sc. Lon : Macmillan an ie s : 


production in 1936, expressed in tons and with the per- | yields by weight :— Martin’s-street, S.W.1. Price 20s. net. 


centage contributed by each country. Synthetic products onatructi n Aircraft. By 8. ¥. Wilkinson, 
pone included. " aes cs Coal oil Ein Sigehcst rs nigga ek sere Wa AMMGaE Laseyt aie tonne Poa and Sons, Ltd., 
Thus, of the 243 million tons total, the— al SLT PE ESTP YON, eee ERE pf Parker-street, W.C.2. Price 10s. 6d. net. 
| as eee eve sie doe om pute ioe wee i . : . ild, , 
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see are y me ry e The process is therefore mainly operated for the pro- | Ltd., 33, Tothill-street, 8.W.1. Price 20s. net. 
eth Aemiiara: as Ss vacimnatna ae ae duction of semi-coke, which commands a high price (up| Directory of Quarries, Clayworks, Sand, and Gravel 
Anis WAM Asi kasi Kaa? ase pe to 59s. per ton) as a household fuel, and the future expan- Pits, &c. Seventh edition. London: Quarry Managers’ 


— sion of the process depends upon the extent to which it i E.C.4. Price 
94 can replace the coalowners’ most profitable market, reson , i rae ee 


So that these five sources account for 94 per cent. of the | B®mely, that for household coal. In any case, progr .‘Besond 
world output. The United Kingdom imports of the various must be slow, and when its contribution reaches 2 million Eh s ay Ww. Ra la wa neko: taahen : 


gallons of petrol per annum, it will represent only a | © 
Taste Il.—United Kingdom Total Importe of Crude Oil and | fraction of 1 per cent. of our needs. Let us now consider | Sir Isaac Pitman and Sons, Ltd., Parker-street, W.C.2. 


Refined Products in 1935. the hydrogenation process, which has the great advantage | Price 25s. net. 


i Gallons. of being able to convert all the organic material in eoal| Statistical Appendix to Minerals Year Book, 1935. 
° Crude oil ... +++ | 496,669,000 into an equivalent weight of petrol suitable for aviation. | Washington: United States Government Printing Office, 
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erent ot pentane ty 1mth anges rere oe Cardiff, that “ if the economics of the process were what | Elements of Electricity, Third edition. By W. H. 
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Rail and Road. 


L.N.E. Rarpway Train Deramment.—On ’ Monday, 
March 8th, the engine and first six coaches of a passenger 
train were derailed when it was travelling from Lincoln 
to Boston, and was about 7 miles from the latter town. 
Both of the lines were blocked and seven passengers were 
slightly injured. 

ACCIDENT ON THE G.W.R.—On Monday, March Ist, 


its signals and was 
, on the 





| c ignals. 
on the line close by, which were off, 
should have looked at the signal on the loop line. 


New Roap to River Texs.—A grant from the Road 
Fund has been made by ister of towards 


area of Billi 
where the ro 
wards to go 
to the south-east and link up 
approach road. The 
ie miles and the possi be 100ft., allowing 
or t. i cycle tracks, and footpaths. 
Work is being put in Lcatimecadietety, and it is expected 
that the scheme will be completed in two years. 


New IyTerRNaTIONAL Bripce over Sr. LAWRENCE 
River.—A new bridge is to be built over the St. Lawrence 


E 
Ss 
g 
2 


River below Ontario. It is to be known as 
the Thousand Bridge, and will cost about 2} 
million dollars. to Engineering and Contract 


ill be high Iveal bekige « ge rg og 
wi a o ion t with 
22ft. concrete roadway and two footpaths, 800t,. main 
span, two 350ft. side spans, and about 3000ft. of viaduct. 
This will connect Collins Landing to Wells 


suspension with 750ft. main span, two side 
spans, and 2100ft. of viaduct. The viaduct will 
include a 300ft. girder arch and a 600ft. truss span 
on three piers. is crossing will connect Hill Island to the 


Canadian mainland across three smaller islands and will 
be entirely on Canadian soil. The International Rift 
crossing is to be a rigid frame structure of 90ft. clear 
and 15ft. clearance above water. It will connect Wells 
Island to Hill Island and will be half on United States 
soil and half on Canadian. 


Wipentne 4 Roap To 120r7T.—Further sections of the 
London-Carlisle road are to be reconstructed by the 
Leicestershire County Council to a width of 100ft. or over. 
This is one of the trunk roads which will be taken over 
by the Minister of Transport next April, but to enable 
work to begin at once, the grants have made from the 
in aid of two schemes. A length of about 

Hathern and Kegworth will be recon- 


another scheme a length of nearly 2000 yards, just north 
of Kegworth, will be diverted and rebuilt at a cost of 
about £44,500. Throughout both sections the road 
will be divided down the centre by a grass reservation, 
and on each side there will be a 22ft. carriageway, a 6ft. 
cycle track, and a 6ft. footpath, separated by grass verges. 
At present there is only a single 22ft. carriageway and one 
footpath. For a length of 1500 yards on the southern 
section it will not be possible to obtain a width of more 
than 104ft., but on the remaining length and also on the 
northern section the width will be 120ft. Between these 
improved sections it is proposed at a later date to build a 
length of new road to by-pass Kegworth. These works 
are a continuation of the general improvement of the 
London-Carlisle road, now in course of execution through- 
out the whole of the county. 


L.N.E.R. gag!) ag" came ome ELECTRIFICATION 
Scuzme.—The L.N.E. Railway Company has now placed 
the first contract in connection with its 24 million pound 
scheme for the electrification of the lines between Man- 
chester, Sheffield, and Wath. It is for a steam locomotive 
coaling plant. One of the most interesting features of 
the electrification scheme is the new locomotive running 
shed which is to be built at Darnall (Sheffield), which 
will be the first in the country to be equipped for dealing 
with both steam and electric locomotives serving, as it 
will, the eastern terminal of the electrified lines where 
the change over from steam to electricity and vice versd 
will be made. This shed, which will be responsible for 
the maintenance of all electric locomotives working 
from the Sheffield end, with the steam locomotives 
working southwards and eastwards, will combine the 
two forms of motive .. It will be e 
70ft. articulated turntable, a water tank with a capacity 
of 100,000 gallons, and all the latest mechanical appliances, 
To avoid occupation of the running lines by light engines, 
either steam or electric, passing to the shed from Sheffield 


station, a “ fly-over ” is also to be constructed. 
The contract a pry is for a mechanical coaling plant 
to be installed at . It has been awarded to Henry 


Lees and Co., Ltd., of G w, and will be of 250 tons 
capacity. Known mechanically as a “ double-bunker 
skip hoist: coaling plant,” it will be fitted with an anti- 
breakage device and will render possible the replenishment 
of the coal carried on the locomotives in the shortest 
time practicable. In the meantime, specifications for 
the electrical equipment required for the electrification 
of the 293 miles of line involved are being hurried forward. 


SP82! The number of worki 


quipped with a | parts 





Miscellanea. 


Turkish Wrre.ess Srations.—The Turkish Ministry 
of Public Works has placed an order valued at £210,000 
with Marconi’s Wireless Telegraph Company, Ltd., for 
the erection of two wireless broadcasting stations at 
Ankara. 

GrerMan.. STEEL. Propuction.—-According to. figures 
issued by the German Steel Trust, there were 6,400,000 
tons of steel, 22,300,000 tons of coal, 7,300,000 tons of 
coke, and 6,000,000 tons of iron produced in Germany 
during 1935-36, 





Trasenster MEepaL Awarp.—We are informed by 
the Association des Ingénieurs sortis de l’Ecole de Liége 
that the Gustave Trasenster Medal for 1937 has been 
awarded to Monsieur A. Blondel, Inspecteur-Général des 
Ponts et Chaussées, This Medal was founded in 1932 by 
the Association to. commemorate the memory of its 
President, Gustave Trasenster. 

New Low Temperature CarRBonisaTION PLaNnt.— 
Arrangements jer he concluded between the Govern- 
ment, the Nuffield and Low Temperature Carbonisa- 
tion, Ltd., for the construction of a large carbonising plant 
in South Wales. It is stated that the new works will be 
similar to that at Bolsover. There will also be erected a 
coal oi! distillation plant for the production of petrol, 
Diesel oil, creosote, tar, &c. 

Reorentne of WHITEHAVEN CoLLIeRIEs.—As a result 
of negotiations between the Special Areas Reconstruction 
Association, Ltd., the Nuffield Trustées, the Coltness 


Iron Com: , Lowther Estates, Ltd., and the White- 
haven Co! , Ltd., a new company is being formed 
to take over the Whitehaven Collieries, coking plant, &c., 


in Cumberland and them. This business has not 


been operative for over a year. The new company will 
be controlled by the Coltnmess Iron Lak wd it 
is hoped to reach an ultimate. output tons of coal 


a day and 2500 tons of coke per week. 

lain danceas G@ AMERICAN Pittaburgh eee 
lepartment store in Pit: equipped 

with aluminium panels which can be placed round the 

lower floor of the building to hold back the flood waters. 

These aluminium panels or bulkheads are normally 

in position around the walls of the ground floor and hidden 

by decorative panels. In the case of a flood they are 

pushed from the walls by. means of a trolley, from which 


they are from the ce ad negra to the 
windows of the store, Other raliteods Ser the doaiiines 
are in a store room and, it is stated in Engineering 
News- that within 1 h. 40 min. the store can be 


protected in preparation for a flood up to 12ft. deep. 


Generation or Exgorriciry.—The Official Returns 
rendered to the Electricity Commissioners show that 1 
million units of electricity were 
undertakers in Great Britain during the month of Feb- 
ruary, 1937, as compared with the revised figure of 1824 
million units in the corresponding month of 1936, repre- 
senting an increase of 120 million units, or 6-6 per cent. 
days in the month (excluding 
Sundays) was twenty-four, as against twenty-five last 
year. ing the first two months of 1937 up to the end 
of February the total amount of electricity generated by 
authorised undertakers was 4120 million units, as com- 
pared with the revised figure of 3794 million units for the 
co nding period of 1936, representing an increase of 
326 million units, or 8-6 per cent. 


A New Smoxe-preventine Device.—There was 
recently demonstrated in Washington a smoke and fume- 
cleaning device which has been invented by H. W. St. 
Clair, a metallurgist at the United States Bureau of 
Mines. By this method the smoke or fumes are passed 
through a tube in which standing sound waves are estab- 
lished. These standing waves are produced by so adjusting 
the length of the tube that waves reflected from the 
upper end are in phase with the original sound waves 
set up at the lower end. In order that the process may 
work at its best, the wavelength used must be approxi- 
mately equal to the diameter of the tube. For a tube of 
practicable diameter this means that the frequencies 
used will vary from 3 to 20 kilocycles per second. To 
generate sound waves of this frequency several t of 
equipment may be used. Mr. St. Clair has used t is 
known as the magneto-strictive method, but for purposes 
. demonstration, an acoustic tor was 

. This, in fact, is merely a shrill whistle. The sound 
waves produced by the whistle were reflected in phase 
with the original waves from the top of the tube and 
caused the solid particles to fall out of the gas stream. 
The action is described as similar to the effect produced 
by drawing the bow of a violin over a metal te on 
which dust particles are deposited, when the vibrations 
cause the particles to arrange themselves in groups. 

Tue Protection or Magnestum.—aA process for the 
anodic oxidation treatment of magnesium has been evolved 
by the United States National Bureau of Standards. The 
new is claimed to combine in a large measure the 
advantages of the chrome-pickle and alkaline chromate 
treatments. According to particulars of the new process 
given in the Chemical Trade Journal and Chemical Engi- 
neer, satisfactory results with most of the commercial 
alloys of magnesium have been obtained with a bath 
containing about 10 per cent. of sodium dichromate 
and 2 to 5 per cent. of monosodium ) te. All 
must be carefully cleaned before being anodised. 
Electrolytic cleaning has been found very satisfactory. 
For example, the specimen is made the cathode for at 
least three minutes at 90 deg. Cent. in a bath containing 
soda ash, 40z. per gallon, and. trisodium phosphate 
(hydrated), 40z. per gallon. A sufficient potential, 
usually 4 to 6 volts, is be gets to produce a vigorous 
evolution of hydrogen around the specimen being cleaned. 
Steel plates are used as anodes. The cleaned metal is 
then made the anode in the anodising bath, in which the 
cathode is steel and a sufficient voltage is applied to pro- 
duce a current density of 5 to 10 amperes per square foot 
of anode surface. The time necessary to produce a satis- 
factory coating is dependent on the composition of the 
alloy, the temperature of the bath, and the current density 
used ; at 50 deg. Cent. it varies between 30 and 60 minutes. 








Air and Water. 


Jersey Arrport.—On Wednesday, March 10th, the 
new airport at Jersey was opened. It has an area of some 
85 acres, giving a take-off run of 1000 yards in the prin- 
cipal direction. The shortest take-off is 530 yards, and it 
is planned to extend this distance. 


Tris. Drepeer. Misnar.—On Sunday, March 7th, 
during a severe storm in the Channel, the Dutch tin dredger 
‘“* Kantoeng,”’ which was being towed out to the Dutch 
East Indies, sprang a leak and after breaking adrift 
capsized. The dredger weighed about 3500 tons, and was 
being towed by two tugs. 


Swan, Hunter anp WicHam Ricuarpson, Lrp.— 
According to the annual report of Swan, Hunter and 
Wigham Richardson, Ltd., during the past year the com- 
pany launched fourteen of 78,817 tons from its Tyne 
yards and six ships of 33,964 tons from its Clyde yard. 
At the end of 1 there was a considerable amount of 
work in hand, including H.M.S. “ Edinburgh,” the 
destroyers “ Somali’ and “ Tartar,’ and a number of 
passenger and cargo ships. 

Tue NorppgutscHer Lioyp.—This year the Nord- 
deutscher Lloyd celebrates its eightieth anniversary in 
Bremen. The eompany started with three ships on a 
regular service to this country, and in 1858 the first 
** Bremen,” of 2500 tons, was built for the Bremen—New 
York service, and during the same year three other hips 
went into the same service. In 1914 the company held 
the leading place in the world’s shipping with a fleet of 
982,951 tons, and covered forty-one different services. 
Tn 1919 the fleet was only 57,671 tons, but at the beginning 
of this year it totalled 628,915 tons. 


Roya Arm Force.—The Air Ministry announces that 
the expansion of the Royal Air Force continues to 
require the entry of well-educated boys in large numbers, 
and more than 1500 will be entered in the summer of 1937. 
Of these, approximately 1250 will be needed in August 
for training as aircraft apprentices, and nearly 300 in 
September as boy entrants. No previous trade i 
ence will be necessary. The popularity of these schemes, 
the Air Ministry states, is evidenced by the fact that 





held | record numbers of candidates are presenting themselves 


for the examinations for the entry of aircraft apprentices. 


Empree Ark Services.—On Thursday, March 4th, the 
last Empire air service to be operated from Croydon arrived 
at that aerodrome. In the future all services to and from 
the Empire will use the temporary base at Hythe, near 

: services & week—two in each 
direction between and South Africa, and two in 
each direction between England, India, the Far Bast and 
Australia—are involved in the change over. The change is 
in pursuance 
to and from this country enti 
air liners. As a result the train journey between Paris 
and Brindisi has been eliminated. 


A Lone-pistance Fiyine Boat Fiicut.—When the 
Empire flying boat ‘‘ Caledonia ” landed at Southampton 
on Thursday, March 4th, she had completed her second 
record flight within two weeks. Two weeks before the 
boat had flown from Southampton to Alexandria in 
13 h. 35 min., at an average speed of 170 miles an hour. 
On this, the return trip, she covered the 2300 miles in 
15 h. 15 min. The machine took off from Alexandria at 
12.30 a.m. with the aid of a flare path, and landed at 
Hythe at 3.45 p.m. It has been stated that by using the 
automatic pilot and checking it every 15 min., the machine 
flew for long periods without the assistance of human 
control. 


Mirreace Fieurses or Arm Lives.—lIt is stated that 
over 200,000 passengers have been carried by Imperial 
Airways air liners of the “‘ Heracles ”’ class on Continental 
air services. The air liner ‘‘ Heracles,” according to recent 
statistics, has flown a total distance of over 900,000 miles. 
Another air liner of the same class, “‘ Horatius,” has flown 
more than 840,000 miles. Figures to the end of 1936 as 
regards ‘“‘ Hannibal ”’ class aircraft on Empire routes 
showed that the air liner “‘ Hengist ” had flown more than 
800,000 miles. The “‘ Helena’s’’ mileage was just over 
686,000, and figures for other Empire air liners were :— 
“ Hadrian,” 684,600 miles ; “‘ Hannibal,” 652,600 miles ; 
“ Horsa,”’ 639,000 miles ; and ‘‘ Hanno,”’ 612,300 miles. 

A New Arroprome Friare Licur.—A note in Flight 
describes a flare device which has been patented in the 
United States and is being tested at Heston. It is said 
to burn for forty-eight hours at a filling, is unbreakable, 
self-righting when upset, and stays alight in all weathers. 
The “ Toledo” torch, as it is called, is bomb-like in 
ap) ce and solidly made. It has hitherto been used 
mainly for the lighting of road works, but it appears likely 
to have outstanding advantages for aerodromes. The 
usual flares used for marking out landing paths on non- 
floodlit aerodromes weigh about 251lb. and must be 
lit, one by one, as they are placed in position. The 
Toledo torches, on the contrary, weigh only about 6 lb. 
and may be lit and carried out, already burning, on a 
lorry or truck. There is no need to stop the lorry to 
place one in position. It can just be thrown out, and 
should alight unbroken, right itself, and remain-burning. 


ScHoLarsHres FoR Royat Ar Force Capsts.—The 
Air Ministry announces that the Court of the Worshipful 
Company of Ironmongers have undertaken to provide 
funds during their pleasure for the award of a scholarship 
annually to the value of £50, tenable at the Royal Air Force 
College, Cranwell. This offer, which is intended to assist 
cadets who are sons of officers or airmen of the Royal Air 
Force, i ing personnel seconded to the Royal Air 
Force, or of the air forces of the Dominions or Colonies, has 
been accepted by the Air Council. It will be known as 
‘““The Ironmongers’ Company's Scholarship.” It will 
be awarded. annually. toa candidate selected by the Air 
Council and approved by the Worshipful Company of 
Ironmongers from among those cadets who have competed 
successfully at the examinations for entry to the Royal 
Air Force College, and whose circumstances render them 
eligible for the award. The first scholarship has been 
awarded. 





1 a) Manado oben areap 


baa SEI TI, 


THE ENGINEER Maron 12, 1937 


—ool{{{{{ renee erence 


CHICAGO EXHIBITION FOUNTAIN 


(For desoription see page 299.) 





Fic. 17—JET FOUNTAIN BY DAY Fic. 18—JET FOUNTAIN AT NIGHT 


FiG. 19-WATER DOME FOUNTAIN BY DAY 








Marcu 12, 1937 


THE ENGINEER 


307 





= 





Ghe Engineer 


MARCH 12, 1937. 











Vou. CLXITII. No. 4235. 
Contents. 

THE ENGINEER, z, March 12th, 1937. PAGE 

A SEVEN-DAY JOURNAL ... ... - 293 
LEASES. ett fon pal 

THE . 307 

THE tex OP OIL IN x Euxctatci APpagarus pee as tae 307 

CANADIAN TRADE... . 308 
SPECIAL ARTICLES— 

AMERICAN FOUNTAIN Practiog. No. II. (Illus) ... ... 298 

CHARACTERISTICS OF ARC WELDING MAOHINES. (Illus.) ... 295 


veins ,aee ili WaTER SUPPLY IN A LONDON 

Lume Teommical Fats, No. il. “(illus.) ... 

ever: ~~ — PRACTICE OF savicunieeney CONTROL. No. VIII. 
us,)... 

SCUNTHORPE STEEL WoRKS. No, 1 "ils. 

SOUL OF A CIVIL, ENGINEER 


Compr CrncurT BREAKER. (Iilus.) .. eB i Scat bhi diee 
DRILLING FOR OWL WITH OIL ENGINES. (Illus,)... ... ... 31: 
FUELLING LAUNCH FOR FLYING Boats. (Iilus.) 

GAS IMPREGNATED CABLE.. pediemke 
INTERNATIONAL ASSOCIATION ror Tis TRSTING MATERIALS... ... 
LIQUID FUBL SUPPLIBS IN Wak F 
re A AND , TRADES "Epmancn ‘Laponatontns. 
PUMPS FOR ANGELES “WATER Surry eat? Sas ciate cose 
TELEWATT METERING SYSTEM. (Illus.)... ... ... 
VARIABLE SPEED Gran. (Iilus.) 


LETTERS TO THE EDITOR— 
* HINTON RaiLRo. 





AD ”'—-** WHAT'S WRONG?" AGAIN... ... 301 
LERBRATU. in 5 aa . 308 
is a os? esa’ ian 2. 6065S hee che hss. 008), Dace 304 


OBITUABRY—A. M. SmiaR 


NEWS AND agg 
Am AND WarTur.. si 
BOOKS OF NCB 
BRITISH PATENT SPECIFICATIONS. 
BRITISH STANDARDS INSTITUTION 


CONTRACTS AND Debus 

CURRENT mR METALS AND Feis hides sealed ogh agi 
FORTHCOMING Excacunants at saate et the co 
FRENCH ENGINEERING NOTES ... ... 2.0.0 2050 20.0 ccs eee 


(ittus.) Siac wd 


od I ie as cok wae de obs M 
Mangnes, NOTRE AXD NEWS ..: ...0 650 ic ce wee eee BAT 
MISCELLANEA Doe ie eros ae a 
PRRSONAL AND BUSINESS Axwouncemexts Br cea ada age 
RalL AND Roap : aad .. 305 
Sixty YEARS 301 


SouTH AFRICAN oy Wels a ae 








NOTICES TO READERS. 


“oo ae Subseriber abroad 

fect or mutilated condi; 

i eee af 2 Eee te Oe 
th nase 5 


can be remedied Be oy apn meh y ome ge Te fl 

*,* For Subscription rates, see page 2 of Advertisements. 

*.* All letters intended for insertion in THE ENGINEER or containing 
ot necenaily for publication, but as a Proof of good faith. No note 
whatever can talhn of deisnduaans enemmalionione. 

Papen npn me dipole pag ob i or 

requested to keep copies. 
cunen OF ADDRESS. 

e,° ES seteeDare please wate 8 0 ak sovion regarding changes 
“of ad both the old new 


‘should Eigen THE ger my in an 
giving prompt 
aes with name of the Agent 








ipts ; 





cor '?P 








THE NAVY ESTIMATES. 


THe Navy Estimates for 1937 provide for an 
expenditure of £105,065,000,. and thus exceed 
those for the previous year by £23,776,000. As, 
however, more than a quarter of the sum— 
£27,000,000, to be precise—is to be defrayed by 
issues from the Consolidated Fund, under the 
terms of the Defence Loans legislation, the net 
total of the 1937 Estimates is shown as £78,065,000. 
The large increase in gross expenditure is accounted 
for mainly by new construction, the cost of which 
during the financial year will be no less than 
£32,056,278, as against the £17,970,000 voted 
last year. It is explained in the First Lord’s 
statement accompanying the Estimates that this 
formidable increase is due not only to the com- 
mencement of a building programme appreciably 
larger than last year’s, but also to a full annual 
provision for the 1936 programme, which was 
itself more than twice as large as the programmes 
of earlier years. The second largest increase in 
the new Estimates is in the Vote for maintenance 
of the Fleet, which has risen by £9,081,985. This 
Vote, however, includes the costly process of 
rea ppeei, capital ships and cruisers, other 

e repairs, increase in personnel, and the 

plenishment of stores and material reserves. 
i aggregate tonnage the new building programme 
is considerably in excess of that authorised in 
1936. It comprises the following vessels :—Three 
battleships of the “ King George V ” type, 35,000 
tons; two aircraft carriers, 23,000 tons; five 
cruisers, about 8000 tons; two cruisers, about 
5300 tons ; sixteen destroyers, 1650 tons; seven 
submarines, about 1100 tons; three escort, four 
minesweeping, and three patrol vessels—pre- 
viously rated as “ ”; one destroyer, and 
one submarine depét ship, and thirty-three other 
vessels, including two large river gunboats, ten 





motor o-boats, and sixteen boom defence 
vessels. e new programme is therefore larger 
than that of 1936 by one battleship, and smaller 
by one destroyer and one submarine. That this 
programme is to be begun immediately the 
Estimates receive parlia) pproval and 
pressed forward with the utmost despatch is shown 
by the comparatively large sums earmarked for 
that purpose. On each of the three new battle- 
ships nearly £520,000 is to be spent during the 
fiscal year, on each of four of the new cruisers 
£250,585, and on one of the new aircraft carriers 
£444,490. Work on the two 1936 battleships, 
“ King George V” and “ Prince of Wales,” will 
cost altogether £2,356,000, and expenditure on 
the cruisers of the 1935-36 programmes is pro- 
portionately heavy. Figures such as these provide 


302|the best rejoinder to those foreign sceptics who 


profess to discern in British rearmament plans a 
large measure of bluff. Of even greater significance 
as an earnest of this country’s determination to 
restore the Navy to full strength is the provision 
in the new Estimates of £3,762,000 for additions 
and extensions to the armour plate and gun shops 
maintained by firms on the Admiralty list. This 
nioney would hardly be allocated unless there was 
a certainty that heavy demands would be made on 
those establishments for years to come. 

Several points in the new Estimates which might 
have remained obscure were clarified by official 
spokesmen at a Press Conference held at the 
Admiralty last week. It was, for instance, con- 
firmed that all the five battleships building and 
projected are to be of a uniform type, with a 
standard displacement of 35,000 tons and a main 
armament of 14in. guns. Rightly, in our opinion, 


20|the Admiralty has chosen the l4in. gun, even 


although it is not yet certain that this will be 
accepted as the maximum calibre by every other 
Power. A very appreciable saving in weight will 
be effected by dropping the 16in. gun, and the 
margin can be utilised by mounting more guns, 
increasing the armour protection, or adding to 


;| the speed, or, alternatively, by a judicious com- 


promise embracing all these three factors. Of 
the seven cruisers projected, five will conform to 
the 8000-ton standard fixed as a maximum by 
the London Naval Treaty of 1936, the armament 
being restricted to 6in. guns. In these ships an 
arrangement of three triple turrets may be looked 
for. The two remaining cruisers are of the “ Fleet ’ 
type, about 5300 tons, already represented by 
the four “ Arethusas”’ and the five “ Dido” 
class ships, the latter belonging to last year’s 
programme, but not yet ordered. The provision 
of fourteen cruisers in the space of two years is 


%levidence of the Government’s determination to 
tw | attain within a reasonable period the strength of 


sixty under-age cruisers specified in the White 
Paper on Defence published last year. On pages 
400-401 of the Estimates there is a list of all ships 
due to be completed, advanced, or begun, io the 
coming financial year. Cruisers reach the impressive 
total of twenty-one, which does not include the 
“Southampton” and “ Neweastle,” as these 
two vessels are to be commissioned before March 
3lst. They have cost £1,958,126 and £1,959,950 
respectively, or only about £50,000 less than 
the “County” class ships, which are nearly 
1000 tons larger and mount eight 8in. guns. The 
“Glasgow,” “Sheffield,” and “ Birmingham,” 
also of the “ Southampton ” class, are due to be 
completed this year, and the five ships will then 
comprise the Second Cruiser Squadron, Home 
Fleet. Three further units of this class are the 
“ Liverpool,” “ Manchester,” and “ Gloucester,” 
in which, however, the displacement is increased 
to 9300 tons. These sbips, er with the 
“ Belfast ” and “ Edinburgh,” 10,000-ton ships 
of the “Improved Southampton ” type, are to 
be ready for service in 1938. The increased size 
of the “ Belfast ’’ and her sister may indicate the 
mounting of more 6in. guns than the twelve carried 
in the earlier vessels. 

The inclusion of two aircraft carriers in the 
1937 programme is something of a surprise, since 
two were voted last year. All four ships, it is 
disclosed, are to have the maximum Treaty dis- 
placement of 23,000 tons, and will thus be 1000 
tons heavier than the “ Ark Royal,” which is 
to be launched next month. With five large carriers 
building and projected, and the same number of 
older, but still effective, ships: in service, the 
Fleet Air Arm is obviously marked out for expan- 
sion on a great scale, a fact which, as we have 
more than once suggested, lends a special urgency 
to the question of its future control. Turning to 
destroyers, the sixteen units in the a mme 
are to be repeats of the eight “J” vessels 
authorised last year. These twenty- on vessels, 





it is announced, are to displace 1650 tons, and . 
will therefore be intermediate between the 1850-ton 
“ Tribals,” of which sixteen are in hand, and the 
1350-ton boats of the “ Intrepid ” and earlier 
groups. When the “Tribals” and the “J” 
class are in service the Navy will possess forty 
destroyers of exceptional size and power, thus 
redressing the adverse balance created by the 
numerous vessels of the so-called “ 
destroyer ” type which have been built abroad 
in recent years. The “ Tribal” type is officially 
disclosed as having a displacement of 1850 tons, 
machinery of 44,000 S.H.P. for a speed of 36 knots, 
and an armament of eight 4-7in. and eight smaller 
guns, with four torpedo tubes. The predominance 
of gun over torpedo armament definitely stamps 
these ships as “destroyers” in the ori 

and literal sense of the word, rather than torpedo 
craft. On the other hand, it is interesting to learn 
that the “ Intrepid ” type is to have ten torpedo 
tubes, the largest number ever mounted in a 
British destroyer. Last year’s programme included 
eight submarines, viz., one 1520-ton minelayer, 
four 1095-ton patrol units, and three small coastal 
boats. This year seven submarines are projected, 
but all will be of the ocean-going patrol type. 
A less satisfactory feature of the new programme 
is the inclusion of ten vessels formerly known as 
sloops, but now differentiated and classified 
respectively as escort vessels, minesweepers, and 
patrol vessels. No less than sixty-one of these 
craft have been provided for in the past nine 
years, yet with few exceptions their fighting value 
is negligible, and the Navy secures a poor return 
in combatant strength for the £8,000,000 which, 
at a conservative estimate, has been spent on their 
construction. The most useful ships of this 
generic group are the latest escort vessels, which, 
being armed with six 4in. high-angle guns, should 
be capable of rendering good service as anti-aircraft 
screens to merchant convoys. Last year the first 
six motor torpedo-boats to be built for the Navy 
since the war-time “C.M.B.’s” were discarded 
came into commission, and seven more were 
authorised. In the new Estimates provision is 
made for ten further boats, bringing the total 
to twenty-three. The average cost works out at 
£23,326 for those built by the British Power 
Boat Company, but one boat, “No. 101,” con- 
structing by J. 8. White and Co., is to cost £35,320, 


*|}and must therefore be considerably larger than 


the others, which displace only 15 tons. 

Having regard to the large number of new 
ships which will be coming into service during 
the next four years, the addition of 10,976 officers 
and men to the personnel for which provision is 
made cannot be deemed excessive. At the end 
of the financial year 1937 the establishment. will 
reach a strength of 112,000, the highest total 
for sixteen years, but in view of the progressive 
expansion of the Fleet a further increment. is to 
be expected next year. Naval recruiting as a 
whole continues to be satisfactory, although 
there is still a serious shortage of skilled applicants 
for the artificer branches. In the First Lord’s 
explanatory memorandum there are some interest- 
ing notes on technical matters, only one or two 
of which can be noticed here. A new type of 
submarine engine has undergone shop trials 
which indicate a definite improvement on the 
types now in use without any increase in weight 
or room. ‘‘ Orders,” it is added, “ have been 
placed for various advanced types of submarine 
engines so that experience on service may be 
obtained to meet future requirements.” We 
learn, further, that the Admiralty engineers are 
keeping in close touch with the development of 
oxy-hydrogen engines at home and abroad. Of 
equal or greater interest is the news that no less 
than five different types of boilers are under 
experiment for comparison with the standard 
Admiralty pattern, which has itself been notably 
improved as the result of research work at the 
Admiralty Fuel Experimental Station. 


The Use o. Oil in Electrical Apparatus. 


THERE seems to be considerable aversion on the 
part of British electrical engineers to depart from 
the use of oil in electrical apparatus. Oil is con- 
tained in considerable quantities in switches and 
transformers, and although it has excellent elec- 
trical qualities, it presents the risk -of fire and 
explosions. Those who pin their faith to oil 
contend that serious fires are rare, but it is not 
difficult to point to disasters that might have been 
less serious in the absence of oil. The lamentable 
breakdown at the Bradford power station on 
February 24th of last year indicated pretty clearly 
that this inflammable liquid can result in a large 
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amount of damage. According to the report of 
Mr. Henry Nimmo, Chief Engineering Inspector of 
the Electricity Commissioners, the quantity of oil 
lost exceeded 1000 gallons, representing about 
35 per cent. of that carried in eight switches. If 
all the oil lost was burnt, some 15x 10* B.Th.U. 

_ were liberated.. The fire in the switch room, due 
to burning oil, bitumen, and insulating material, 
obtained such a hold that the fire-fighting appli- 
ances in the station were quite ineffective, because 
it was impossible to get near the seat of trouble 
without gas masks, which were subsequently used 
by the fire brigade. . Eight switches in the switch 
room were seriously damaged, not to mention con- 
siderable destruction in the basement, owing to the 
fire reaching oil-filled cables. The lead covering 
and imsulation of all cables carried on racks within 
the fire zone were completely burned away, leaving 
30 tons of scrap copper in the racks and 9 tons of 
lead on the floor. 
Although it is true that serious electrical fires 
are rare, it behoves engineers to continue to strive 
to avoid their occurrence and to minimise their 
disastrous results. The oil switch was introduced 
when gradual increases in voltage made it increas- 
ingly difficult to confine the arc obtained in an air 
breaker in a reasonable space. The higher insula- 
tion of oil enables the permissible break to be 
reduced and within the capacity of the breaker 
avoids an external are or flame. Modern methods 
of supply imvolving very heavy rupturing 
capacities have led to many improvements, and 
research has taught switchgear designers a great 
deal, but those engaged in this work readily admit 
that much remains to be learnt. While British 
engineers have succeeded in reducing the amount 
of oil in circuit breakers, Continental designers have 
eliminated it altogether by the introduction of air 
blast and expansion breakers. But despite the 
rapid progress of these switches abroad, few engi- 
neers in this country seem to attach very much 
importance to them. In discussing their merits 
in his recent I.E.E. paper on “‘ Fire Precautions in 
Major Electrical Stations,” Mr. F. C. Winfield 
contends that insulation failure is the principal 
cause of fires, and oilless circuit breakers alone 
only constitute a reply to the lesser part of the 
problem. Several thousands of these breakers 
are, nevertheless, in use abroad, and the demand 
for them is increasing. The principal objections 
raised to them in this country seem to be that they 
are unsuitable for incorporation in ironclad gear, 
which, besides offering other advantages, requires 
less space than open gear. But investigations 
have led to the production of open oilless 
breakers with smaller overall dimensions than 
those of ironclad cil-immersed apparatus of the 
same capacity. It is also said that oilless breakers 
can be incorporated in ironclad gear when import- 
ance is attached to the complete enclosure of all 
live parts. Air blast switches naturally necessitate 
an interrupted supply of compressed air, which is 
not needed with expansion or water switches, 
although this is obviously of little conse- 
quence when large breakers are pneumatically 
operated. Whether these differences of opinion 
on the part of British and Continental engi- 
neers concerning methods of circuit breaking 
will continue to prevail remains to be seen. Up 
to the present very limited use has been made of 
oilless breakers in this country, but to the best of 
our belief those installed have met expectations. 
The use of oil in transformers was also originally 
brought about by the need for increased voltages. 
Better insulation was required than could be 
economically obtained in the dry transformer, and 
oil was found to meet the case. It fills all the ducts 
and impregnates the insulating materials, with the 
result that the dielectric strength is improved. Oil 
also has a relatively high specific heat, and when 
heated, it expands and that in the ducts and around 
the core and coils is set into circulation by thermal 
action. Heat due to losses is therefore carried 
away by convection currents. According to size, 
transformers have plain or ribbed tanks, or tanks 
with tubular radiators, through which the oil 
naturally circulates. The oil of very large trans- 
formers may be pumped through a separate oil 
cooler. Cooling has also been effected by water 
passing through pipes immersed in the oil. On 
some transformers fans are brought into’ action 
automatically at a predetermined temperature or 
load to assist the removal of heat from cooler tubes. 
In the case of smaller units an air blast may be used 
alone, as on the London Underground Railways, 
where the desirability of reducing the risk of fire 
has always been appreciated. But the point to be 
emphasised here is that large transformers contain 


Chatham Railway ; 


Appendices. Altogether, there are forty chapters, 
and in the main the history is given in chronological 
order of periods varying from twenty to twenty-five 
y 


the first quarter of the nineteenth century was marked 
by the construction of a number of “ iron ” rail-ways, 
so 


tion of unit sectioning, preferably in independent 
chambers. 

At present this appears to be the best method of 
dealing with large transformers containing a con- 
siderable volume of oil, but the future may possibly 
bring a change. For relatively small units, a 
liquid, known as Pyranol, has been introduced, 
which is non-inflammable and non-explosive. More 
than 500 transformers filled with Pyranol and 
aggregating 150,000 are now said to be in service in 
America, and some of them have been in use for 
over four years. The largest unit containing this 
liquid is rated at 10,000 kVA, which is not, of 
course, by any means an abnormal output in these 
days. For indoor transformers of moderate out- 
puts operating in places where fire would be dis- 
astrous, and where air blast transformers cannot be 
conveniently employed, this new insulating and 
cooling medium would seem to offer considerable 
advantage, especially as it reduces tank dimen- 
sions. On the other hand, Pyranol is expensive, 
and since it is a solvent for some materials used 
in electrical equipment, the apparatus must be 
designed to suit it. Apparently, it cannot be used 
for circuit breaker work. The higher cost of trans- 
formers containing Pyranol is ly offset by the 
savings in the construction of vaults which oil- 
filled units sometimes necessitate. Whether 
Pyranol or some other liquid having similar 
characteristics will eventually be used in large 
transformers remains to be seen, but in any case its 
introduction marks an important step in electrical 
engineering, and indicates -a field for further 
research. 


Canadian Trade. 


READERS who are interested in Empire trade 
may recall that in our issue of January 15th we 
discussed the alleged apathy of British engineers 
vis-a-vis Canadian trade. The conclusion we 
arrived at after an extensive inquiry was that 
whilst there was no sign of indifference amongst 


firms which took : real ere der psa 
market, relatively few engineers fo that it was 
worth their while to contend for that market. 
We indicated broadly the causes—notably the 
proximity of the United States—which led them to 
that decision. We have noted with pleasure that 
this article has attracted the attention of the Gazette 
of Montreal, one of the principal daily papers of 
Canada, which in its issue of February 13th devoted 
a leader to “ Trading with Britain,” in which it 
wee freely from our pages. Summing up, the 
ette says of our article: “ It is a plain statement 
of actual competitive conditions, which conditions 
have been long understood in this country as con- 
stituting a most formidable barrier against an 
increased purchase of British commodities.” It 
then goes on to urge the Canadian exporter to 
study United Kingdom market conditions with 
greater care, and says in conclusion: ‘‘ There is 
plenty of evidence of a disposition in Great Britain 
to buy from Canada, but a casual in-and-out 
trading policy on the of Canadian producers 
and exporters is beund to strain that disposition, 
in some instances to the point of exhaustion.” 
This appears to be tantamount to an admission 
that the allegations which have been levelled 
by some Canadians against British engineers 
are equally applicable to themselves. On 
that we cannot e an opinion, but 
this may be said that if there are faults on 
both sides, then there are grounds for hoping that . 
reform of both will bring the two parties closer 
together. How far that consummation may be 
advanced by the recently concluded Trade Agree- 
ment with Canada remains to be seen. It has 
always been easier for trade to flow from Canada 
to the United Kingdom than in the er direc- 
tion, and the lowering of duties on British goods 
entering Canada may have an ameliorating effect 
on the westward flow when engineers of this 
country are again in a position to give that atten- 
tion to overseas trade which is vital to its welfare. 











A History of the Southern Railway. By C. F. DeEnpy 
MarsHaLL, M.A. London: The Southern Railway 
Company. 1936. Price 17s. 6d. 

Tus is the first and only official history of the 
Southern Railway. In a prefatory note, Mr. Dendy 
Marshall states that the contents have been compiled 
from many sources, the principal being from the 
Southern Company’s own records, and from material 
supplied by Messrs. the late H. Raynar Wilson, G. A. 
Sekon, W. S. Palmer, and from the author’s own 
collection. 

The amalgamation that took place on January Ist, 
1923, of the British railway companies to form four 
main systems, excluding Ireland, caused practically 
all the then existing companies to lose their identities 
under the new titles chosen. Those companies in 
their earlier history had absorbed the earliest railways 
in the world, and as time goes on the opportunity for 
obtaining fresh information on those early days will 
become increasingly remote. The Southern Company 
is to be congratulated on issuing this history, contain- 
ing the threads of the earliest railway communica- 
tions weaved into the main line system as it is 
to-day, before it is too late to use the information 
held by those conversant with the operations of the 
former constituent companies. 

To compile such a history is no light undertaking, 
if the results are to be worthy of the subject. A mass 
of information must be sifted and verified ; there are 
sure to be irritating cases of missing links whereby 
the complete chain of events cannot be completed ; 
and owing to the many activities of a railway com- 
pany, there is the problem of preserving a reasonable 
balance of information in proportion to the import- 
ance of each subject. Finally, there must be decided 
the method in which the information shall be set out 
in the most, convenient way for the railway expert 
and the general reader. This work has been divided 
into seven :—I, The Earliest Railways in the 
South of England; II, The London and South- 
Western Railway ; III, The London, Brighton and 
South Coast Railway ; IV, The South-Eastern and 
V, The Southern Railway ; 
VI, Steamers and Docks ; VII, Epilogue; and eight 


ears. 
Students of early railway history are aware that 


-called in contradistinction to the ‘ wooden” 





very large volumes of oil, which has led Mr. Win- 
field to suggest in his I.E.E. paper the adop- 





rail-ways of the previous century. It is now generally 
recognised by them that the Surrey Iron Railway, 


Literature. 


> 


sanctioned in 1801 and opened for traffic between 
Wandsworth and Croydon in 1803, is the parent of 
all public railways, inasmuch as it was the first rail- 
way to permit the line being used by anyone paying 
the prescribed tolls, and that the Stockton and 
Darlington Railway, opened in 1825, was merely a 
further development of railways, but the first to be 
built by public subscription. The Surrey Iron Rail- 
way was nominally purchased by the London and 
South-Western Railway in 1844, and was then sold 
to the London and Brighton Railway. Neither of 
these could make direct use of the line, so an Act 
was obtained in 1846 to abandon it, and the materia] 
was removed. It thus comes about that the history 
of the Southern Railway can rightly begin at 1803, 
and thence the book covers the period to the end of 
1934. 

The chapters deal in an interesting and full manner 
with the various developments as they took place on 
the different railways now incorporated in the 
Southern. Here are a few of the innovations intro 
duced on those lines :—The first locomotive, the 
“ Invicta,” was used on the Canterbury and Whit- 
stable Railway at the opening ceremony on May 3rd, 
1830; the same railway issued the first season 
ticket of any railway in March, 1834; the first 
London railway station was opened at Spa-road by 
the London and Greenwich Railway in 1836 (inci- 
dentally, this railway retained its separate identity 
from 1833 to 1923) ; the London, Brighton and South 
Coast Railway introduced the practice of slipping 
coaches, when, commencing on February Ist, 1858, a 
coach was slipped at Haywards Heath off the London 
to Brighton express (the last coach to be slipped on 
the Southern was on April 30th, 1932) ; workmen’s 
trains were introduced by the London, Chatham and 
Dover Railway in 1865 ; the same line put into service 
the earliest atmospheric brake about this time, as 
an article in THe ENGINEER of October 9th, 1868, 
reports that the installation had proved very success- 
ful ; the London, Brighton and South Coast Railway 
can claim to be the pioneer of electric lighting of 
trains, as on October 14th, 1881, a Pullman car so 
equipped was put into service on the London—Brighton 
line; in 1892 the London and South-Western 
obtained power to acquire, as from November lst, 
the Southampton Docks, now one of the most valuable 

ions of the Southern ; one of the first, if not 
the first, light self-propelled units was used on the 
Southsea branch, jointly owned by the South-Western 
and Brighton companies, in 1903. It is interesting 
to note that there were proposals which might have 
resulted in the formation of the Southern Railway in 








1851, when it was suggested that there should be a 
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union of the three companies (L.B. and 8.C., L. and 
8.W., and 8.E.), but nothing further was done. 

There are eight chapters entirely devoted to loco- 
motives, and a very full description of those used on 
the different railways is presented. A good selection of 
illustrations of different types of locomotives, as 
originally built, is .given,.including three coloured 
plates. In some cases the date is recorded under the 
illustration, but it would be of advantage to the 
average reader if all had received similar attention. 
Whilst it is agreed that all readers will be interested, 
to a more or less extent, in the sections devoted to 
locomotives, there does not appear to be justification 
for so much space being monopolised to give the 
number, name, and when put into service, of the 
different types of engines used. On the other hand, 
many of the illustrations might with advantage have 
been larger. The limit appears to have been set by 
the width of the page instead of its length. This 
fulness of description is in severe contrast to the 
meagre information on the coaching stock. There are 
a few illustrations of the earliest jages, but only 
two of more recent years. As the Sou has the 
largest electrified system in this country, it is dis- 
appointing to find so few illustrations on that phase 
of its activities. 

The railways in the South of were well to 
the fore in the provision of and the safe 
operation of trains, and this phase of railway working 
is comprehensively covered. It is recalled that the 
first signal box in the world was built at Corbett’s- 
ane, for the junction of the London and Greenwich 
and London and Croydon railways, in 1839, and that 
it was called the “ Lighthouse,” The first semaphore 
signal was installed on the London and Croydon 
Railway in 1841 or 1842, and the first interlocking 
frame was brought into use at Bricklayers’ Arms in 
1843. The South-Eastern Railway introduced the 
electric telegraph in 1844, being thereby among the 
pioneers of this method of ensuring safety in working. 
Lock-and-block was introduced on the London, 

Chatham and Dover Railway in 1875. Coming to 
more recent times, the first automatic signalling 
on a steam-operated railway in this country was 
installed between Andover Junction and Grately, 
on the London and South-Western, in 1902. That 
this progressive policy has been maintained is proved 
by the fact that to-day the Southern has the most 
comprehensive power and automatic signalling system 
of the four main systems in this country. The state- 
ment, however, that “ the London and South-Western 
Railway was the pioneer railway company to adopt 
[in 1921] the automatic system for railway 
service ”’ (page 535), needs qualifying. The reviewer 
in 1914 was using a much larger automatic exchange 
to that mentioned, installed a year or so previously, 
at the head offices of the Victorian Railways, Mel- 
bourne, Australia, which was entirely used for railway 
purposes. 

That the foresight of the Southern and its pre- 
decessors in providing efficient safeguards for train 
operation has been justified, is evidenced by the fact 
that in nearly a hundred years there have been only 
forty-two railway accidents on their lines in which a 
passenger’s death has occurred. These accidents 
involved the loss of 177 lives, other than those of 
the company’s servants—about the number that are 
killed on the roads of this country in a week. Hach 
of the accidents is chronicled in book, a valuable 
feature, as from these accounts can be followed the 
trend that has made the British railways so eminently 
safe. 

The London and South-Western and the London, 
Brighton and South Coast companies sought 
to own and work steam vessels in 1848, and the South- 
Eastern in 1853.. The development of the steamer 
services is given in detail, and an excellent selection 
of pbotographs accompany this section. Here, 
again, however, it would be of advantage if dates 
had been recorded under all the illustrations. Mention 
is made of the efforts of inventors, during the 
‘seventies, to reduce the discomfort of the passengers 
when making the Channel trip, and particulars are 
given of some of the imental boats employed. 
It is worthy of note that there is no record of any 
passenger having been lost in accidents to steamers 
of the Dover or Folkestone routes since they belonged 
to the railway companies, which is a wonderful 
to be said, remembering the conditions under which 
these vessels have to operate. A full account is 
given of the great development of Southampton 
Docks, since being taken over by the railway The 
gross tonnage of vessels entering the docks during 
1934 was 16,682,601, and, as is well known, the 
largest vessels afloat are docked there. The other 
harbours and wharves receive mention in this section. 

Civil and permanent way engineering works receive 
general but no ial attention inthe book. Two 
folding plates, plans of Waterloo in 1900 
and 1920, are given ; mercies it is pointed out 
that it was not originally intended to make Waterloo 
a terminal station. Mention is made, page 176, of 
the extension of the South-Western line from Hols- 
worthy to Bude. It could be added that the Hols- 
worthy Viaduct, with nine arches, each of 50ft. span, 
and height from the permanent way to the valley 
of 89ft., was built wholly of concrete, as no suitable 
building material was available. At the time of its 
construction it was stated to be the first of its kind 
in the country. 





There is much of interest to be found in this work, 
and the author has been successful in providing most 
entertaining and instructive reading. It has been 
possible to refer to but a few of the many noteworthy 
features embodied in the book. It is a pity though 
that a list of illustrations was not provided, and that 
a map of the Southern system isnot included.....The 
latter would have been of use to those living out of 
this country, Another omission which attracts 


notice is the paucity of Be hse of engineers—only | But 


superintendents— 
** business ” people of the first 
Whilst we feel that engineers might at 
generously treated, we should like to add in con- 
clusion that the illustrating of the volume is copious 
and, on the whole, excellent: 


Soil Erosion and its Control. By Quincy CiaupE 
Ayres, C.E, London: MeGraw-Hill Publishing 
Company, Ltd. 1936. Price 21s. 


Tis is a book for the British Empire rather than 
for the British Isles, Nevertheless, it should be in 
the office of land agents and agricultural and drainage 
engineers, to enable them to be on the watch and to 
know how their neighbours are contending with the 
problem. Although it is confined to American 
conditions, it is a work of reference absolutely 

necessary for all engaged in comba the difficult 

The author offers it to a inagee ae of possilis 
interests, including the farmer, who might not trouble 
his head to le with its technicalities, but 
would certainly be imtrigued by its illustrations, 


It describes in detail factors affecting rate of erosion, | 
and methods of control, and refers to available data as 


recorded in the United States. It contains a biblio- 
graphy of 217 references, a index, 
235 illustrations, and 35 tables of data. The object 
is to eliminate soil wastage, and bring about a 
fertility aecretion equal to or exceeding extraction. 

Originally, Nature produced the soil; man pro- 
miscuously working it, together with sub-aerial 
agencies, has produced a menace, to combat which 
means a stupendous effort. Indeed, the catalogue 
of eroded areas is truly on a colossal scale. In a 
way it confirms what those who are responsible for 
protecting our coasts know as @ general principle, 
ee Rae ee ee 
of the sea is the ultimate receptacle of the products 
of terrestrial erosion. Sheet erosion is described 
and illustrated by aerial photographs. It shows 
the effect of a lin. rain on a sloping field, gullying 
the earth into shapes like fingers and branches of 
trees. Some of these gullies have laterals and 
eventually form streams. After droughts, dust 
storms reaching terrific proportions carry away 
countless tons of soil. 

Combating the destruction was begun by the 
enthusiasm of a few individuals. Then, in 1903, the 
U.S. Department of Agriculture undertook field 
studies, and in 1927 Congress voted a sum of money 
for the Establishment of Federal 
Erosion farms. Generally, in the case of farms 
containing land in varying stages of erosion, an 
attempt is made to protect the best land from 
further loss, and then work is begun on existing 
gullies if they are not too far gone. Factors affecting 
rate of erosion are rainfall, gradient, soil differences, 
vegetation, frost. Our old friend V*/2g does not 
escape. All these variables are described in detail. 

The problem of control is largely a determination 
of when and how far natural protection can be 


ers | destroyed by tillage without inviting disastrous 


losses. The steepest slopes should be allocated to 
forest, the medium to pastures, and. the lesser 
grades to cultivated crops. In the last-named 
rotation of crops appears to have some beneficial 
effect, even on unterraced fields. But the savings 
in soil and water are more pronounced when the 
practice of terracing is adopted. The planting 
should be crosswise of the slope rather than running 
up and down. In this section of the volume many 
tables and diagrams are given, illustrating the run-off, 
erosion losses, tons of soil per acre, precipitation, 
&c., under varying conditions, with hints on contour 
farming, strip cropping, and terracing. Broadly, 


thing | the control by terracing is a question of surface 


drainage similar to the storm water catchment in 
towns. ‘Terraces consist of a series of broad, flat 
undulations thrown up at intervals across a sloping 
area, with a slight longitudinal gradient to carry 
the excess water off the field at a low velocity. By 
giving @ series of breaks to the downward flow they 
diminish the erosion. 

In regard to rainfall, roughly in this country 
one-third is pure run-off, one-third is absorbed by 
vegetation and evaporation, and the remaining one- 
third reaches the underground reservoir, which 
forms. a water grid m. But in America and 
some parts of the British Empire the evidence shows 
that the run-off is much greater. In the author’s 
study of rainfall and run-off, eighteen intensity- 
frequency charts are given, showing from statistics 
the anticipated intensity for five minutes to two 
hours for from five to fifty years; these, together 
with a run-off formula, when applied, give the run-off 
in cubic feet per second, and lead to the economic 
problem as to whether terraces should be designed 
with capacities for the intensities: of volume for 





five or ten years or more.. The consequent capital 
costs and maintenance have, of course, to be borne in 
mind. That is to say, the cost of building terraces 
of different dimensions must be balanced against their 
estimated length of service and cost of maintenance. 

Much consideration is given to the design, methods 
of..construction,..and..the..implements..used in pro- 
tection works. Generally, terraces are not built 
on the contour, but givena slight fall longitudinally. 
; level terraces are cgay Ali under certain 
conditions. Location, spacing, grad ing, length, 
@ross section, and are all taken 
into account, assisted by tables and diagrams. In 
construction, various implements are used, from a 
two-horse plough to elevating graders hauled by 
50 to 75 H.P. tractors, The latter are thought too 
large for general use, but community equipment is 
available. As to costs, these are given in detail 
for capital account, but only a general statement 
for maintenance, based on several years’ records 
at the Bethany Soil Erosion Farm of the Federal 
Department of Agriculture. 

Dependable drainage outlets are vital to the success 
of the system, They are arranged to make use of 
accessible streams, roadside culverts, or permanent 
pastures. Perhaps the ideal natural outlet is a thick 
undergrowth and timber on a moderate slope, when 
the absorption is probably fifty times more 
than that under -gultivation, for the fibrous 
roots hold the soil in position. Ditches, with proper 
channel design, with paved outlets, together with 
the principles governing the use of check dams and 
vegetative Laaypesigia:t2” are delineated. Much atten- 

t check dams, con- 
basket type, woven wire, 
Permanent dams, which are 
expected to catch and hold large quantities of soil 
from large drainage areas, are constructed of rubble 
, or ferro-conerete. Suitable designs are 

given together with the necessary calculations. 

Much thought is given to the special uses oi vegeta- 
tion, and the four general types—trees, shrubs, 
vines, and discussed. . Remedies for 
stream bank erosion are illustrated. They consist 
of revetments, facines, retards, which, in the case of 
the lower Mississippi, consist of articulated concrete 
mat revetments. This chapter ends by giving some 
remarkable figures of silt deposited annually in the 
Gulf of Mexico. The concluding chapter is devoted 
to ways and means of soil conservation and land 
yse by experimental methods, the co-ordination 
of physical factors, and the harem and economical! 
handicaps. 








Obituary. 
A. M. SILLAR. 


WE regret to have to announce the death at the 
age of seventy-two of Mr. A. M. Sillar, a well-known 
consulting engineer. His early experience was gained 
with the Jablochkoff Electric Light and Power 
Company, which he joined in 1882. In 1887 he became 
assistant engineer to the United Electrical Engineer- 
ing Company, and in 1890 chief engineer to the Elec- 
trical Engineering Corporation. Five years later he 
began to practise as a consulting engineer, as a 
partner in the successive firms of Lacey and Sillar, 
Lacey, and Sillar, and Lacey, Sillar 
and Leigh. Subsequently, Mr. Sillar carried onthe 
business on his own account, and for many 
years was responsible for important undertakings. 
Among the early power generation and distribution 
systems, tramways and light railways with which he 
was associated were those at Batley, Blackburn, 
Bournemouth, Bury, Colchester, Middleton, Ratcliffe. 
Rawstenstall, Rochdale, Swindon, Salford, and Tyne- 
mouth. He also advised the municipalities of Acton, 
Belfast, Burnley, Chorley, Darwen, Herne Bay, 
Leeds, Newcastle-under-Lyme, Preston, Reading, 
Scarborough, South Shields, and Waterford on their 
lighting and tramways schemes. He was retained 
by the Lancashire, the Trafford, and the North- 
Western Power companies, the Bromley, Folkestone, 
Tadcaster electric light companies, the London and 
North-Western Railway Company, &c. In 1908 he 
became honorary consulting electrical engineer to the 
London Chamber of Commerce. He was a member 
of the Institutions of Civil, Mechanical, and Elec- 
trical Engineers, and a member of the Electric Trac- 
tion Section of the Engineering Standards Com- 
mittee. 








Tue Curren Tanc Brivce.—Some particulars of the 
Chien Tang bridge, now nearing completion over the 
estuary of the Chien Tang River, are given in the Railway 
Gazette. This bridge, which is 4} miles south of Hangchow, 
will link up the Shaoshing—Ningpo section with the 
Shanghai-Hangchow Ningpo Railway, and permit through 
running over that line to as Chekiang—Kiangsi Railway, 
which will soon be joined to the Canton—Hankow line. 
The bridge, which is“ being built at an estimated cost 
of 5 million dollars, is 1400 m. long, and has sixteen spans, 
67 m. long, the approaches being 235 m. and 92m. long 
respectively. The main spans are double decked, and 
carry a 20ft. roadway with two 5ft. 6in: footpaths on the 
upper deck and a single line of standard-gauge railway 
on the lower. 
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N a series of articles which we published last 

autumn we described some of the German steel 
works seen by the members of the Iron and Steel 
Institute during their meeting at Diisseldorf, 
on the Rhine.” That this country is able to 
show steel works equally if not more modern 
in character was demonstrated to us recently 
on the occasion of a visit to the Appleby- 
Frodingham works of United Steel Companies, Ltd., 
of Sheffield. The Appleby-Frodingham Steel Com- 
pany, Ltd., was formed by the fusion of the Froding- 
ham Iron and Steel Company, Ltd., and the Appleby 


e Steel Works. 


23 per cent. of iron and 14 per cent. of lime. In the 
natural ‘ as-quarried’”’ state the ore contains too 
high a proportion of fines to be suitable for direct 
charging into the blast-furnaces, and it is therefore 
first treated in the sintering plant, illustrated on 
this page. Here it is mixed with coke breeze 
and flue dust and automatically delivered to the 
sintering pans. After ignition by blast-furnace gas 
from above for approximately two minutes the sinter- 
ing process proceeds by means of suction from below 
the container through bottom grate bars. As a result 





of the process a material of lumpy form is obtained, 














been provided with modern hearths and closed tops. 
Table I gives some particulars of the various furnaces. 
We understand that the blast furnace plant is to be 
extended in the near future but that no. contracts 
have yet been let. 

UTILISATION OF BLAST-FURNACE GAS. 

The average analysis of the blast-furnace gas is :--- 
CO,, 9-4 per cent.; CO, 28 per cent.; H,, 4 per cent.; 
N,; 58-6 per cent.; and more than 1750 million cubic 
feet. are produced per week. Although the calorific 
value of the gas is only 110 B.Th.U. per eubie foot at 
6 deg. Cent., all the gas is utilised for the production 
of power for various purposes. At Appleby the gas is 
cleaned in Halberg-Beth plants and stored in a two 
million cubic foot capacity waterless gasholder. Much 
of the gas is used in a power-house, but the steel 
works supply is sent through a 4ft. diameter over- 





head pipe, 1800ft. long, to the steel works under a 


EXTERIOR AND INTERIOR OF APPLEBY ORE - SINTERING PLANT 


iron Company, two concerns whdse works adjoined. 
Both companies were originally attracted to the 
neighbourhood by the presence of the Frodingham 
ironstone bed, which outcrops near the sites of the 
works and dips towards the east. Both the con- 
stituents of the present firm are old established. The 
Frodingham Company began the smelting of iron in 
1856 and the Appleby works date from 1875. The 
two works, at one time competitive, now operate in 
conjunction. Both produce pig iron, but while the 
Frodingham works are concerned in the rolling of 
bars and sections, Appleby produces steel plates and 
slabs. Together the works occupy about 540 acres 
and provide work for some 6500 employees. 

In the space we have at our disposal it would be 
impossible to describe every detail of each of the 
works, and in what follows it will be necessary unfor- 

Taste |.—Particulars of Blast Furnaces. 











|Hearth| Bosh | Throat! Bell | Height 
Furnace No. dia. dia. dia. Gas joe 
asinine } ; wii nase 
Appleby: _«..| Ft. in. | Ft. in. | Ft. in. | Ft. in. | Ft. in. 
i eebgernrirat |. ee i oe eS eae, ee ee) 
Bei wise dt OL APIO A. O39. 6180 2 
6 cotcklens sak bad ae On 6 re 8] OO,8 
Frodingham : 
eases 14 6] 21 oa 0) 13 0| 80 0 
2 {11 6/19 0} 17 0} 12 6/ 70 
3 +11 0; 1901 16° 0/ 12 0/73 7 
4 {17 0/23 0/17 0| 12 6/ 83 7 
| 





* Height from hearth to charging stage. 


tunately to omit reference to much that is of consider- 
able interest and importance. We should, for 
instance, have liked to refer to the means adopted for 
quarrying the ironstone beds, which, incidentally, 
bear evidence of having been worked even before the 
Romans landed in this country. But it must suffice 
to say that although the composition varies con- 





siderably an average specimen of ore would contain 


having an iron content of approximately 38 per cent. 
This sintering plant can deal with 1200 tons a day. 
BLAST-FURNACES. 
There are eight blast-furnaces in all, four at each 


of the works, but they are not all of the same. age. 
Two of modern design at the Appleby works are each 





APPLESY BLAST FURNACES 


80ft. high with hearths 17it. in diameter and have 
capacities exceeding 2300 tons of pig iron per week. 
Two of the furnaces at Frodingham are also of modern 
design with outputs of 2000 tons and 1650 tons of pig 
iron per week respectively. While the other two 


gauge. 





furnaces at this works are of an older type, they have 


pressure, generated by a booster fan, of 314i. water 
The Appleby power-house, illustrated on the 
opposite page, contains a number ofmachines. Thereare 
five 1200-kW alternators and one 3600-kW alternator, 
all driven by gas engines. The exhaust gases from the 
last-named are fed to a waste heat boiler ‘supplying 
steam at 170 lb. per square inch and 350 deg. Cent. 
at the rate of 12,000 lb. per hour. In addition, there 
are also two water tube boilers fired by blast-furnace 
gas, which each produce 25,000 Ib. of steam per hour 
at 160 1b. per square inch and 600 deg. Fah. This 
steam-raising plant supplies a 3000-kW turbo- 
alternator. Two further water-tube boilers fired 
alternatively with pulverised fuel or furnace gas each 
give 30,000 Ib. of steam per hour at 350 lb. per square 
ineh and 750 deg. Fah. and supply a 6250-kW turbo- 
alternator. Current is generated at 6600 volts, 
50-cycle, three-phase, and more than sufficient is 
obtained to meet the needs of the works. Some 
2000 kW of electrical energy are available to the local 
Town Council and other consumers. In addition to 
the electrical generators, the power-house contains 
four gas-driven blowing engines, two vertical steam- 
driven blowers, and two steam-driven turbo-blowers. 
The utilisation of the blast-furnace gas for the 
generation of steam is quite a modern development. 
Until boilers and turbines reached their present pitch 
of efficiency the loss of thermal efficiency resulting 
from the double interchange of heat overbalanced the 
economy in engine house space, resulting from the 
use of higher speed steam-driven machinery, as com- 
pared with the low-speed gas engines. But at the 
present day, with boiler ratings higher and better 
thermal efficiencies obtainable, the balance of economy 
is probably to the advantage of steam, and particu- 
larly where space for extension is limited steam- 
driven machinery shows to considerable advantage. 
Nor must it be forgotten that the. numerous slow- 
speed gas engines need a larger engine-house staff. 

At Frodingham similar use is made of the blast- 
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furnace gas in four gas engine-driven D.C. generators, 

one of which works on the two-stroke cycle. Blast- 

furnace gas is also utilised for various heating purposes 

in the steel works, as will be mentioned later. 
MELTING SHOPs. 

The melting shops at the two works are very 
similar and we propose only to deal with those at the 
Appleby works, which are illustrated on page 310. 
There the shop consists of three bays, each 200ft. 
wide. That containing the furnaces is 914ft. long and 
the others 680ft. long. In all there are five tilting 
furnaces, three of 250 tons capacity and two of 300 
tons. The principal dimensions are given in the 
following table :— 


250-ton. 300-ton. 
Hearth : 
Length 45ft. 45ft. 
Breadth 13ft. 15ft. 
Depth as 39in. 39in. 
Area of Bath ... 560 sq. ft 650 sq. ft. 


These furnaces are normally heated by producer gas 
supplied by @ of Kerpely producers with 
Chapman agitators and feeders, but the arrangements 
are such that blast-furnace gas can be used at week- 
ends. On one of the 300-ton furnaces the whole of 


melters are aided in operating 
furnaces by and draught recording 
instruments and the gas pressure is automati 
maintained constant by means of a regulator at 1}in. 
water pressure, rising to l}in. at the end 
of the week to allow for in the flues, &c. 


Each of the smaller furnaces has a waste heat boiler 
at the entrance to the stack and these three boilers 
raise all the steam required at this steel works. We 
were interested to notice that furnace chills and doors 
are water-cooled. Irregularities in the composition 
of the molten iron arriving from the blast-furnaces are 
evened out and a certain amount of refining is done 
in a 600-ton semi-active mixer. Thence the metal is 
charged into the furnaces by two 50-ton overhead 
cranes and three 4-ton revolving ground type chargers. 
The 260-ton furnaces, we were informed, have an 
average weekly of 2000 tons, and the 300-ton 
furnaces 2200 tons, as much as 2610 tons has been 
produced in a single week by one of the larger furnaces. 
This melting shop is now. undergoing a very consider- 
able extension, and we hope in the not far distant 
future to have the opportunity of describing this 
addition. 

The steel produced in the furnaces is teemed from 
ladles of 75 tons to 85 tons capacity into ingot moulds 
set upon cars; or the ladle may be set on a casting 
stand with the empty moulds on cars below. Ingots 
varying in size from 3 tons to 23 tons are cast accord- 
ing to the requirements of the rolling mills or outside 
customers. A use has. been found for the basic slag 
produced in the steel-making process. It is finely 
ground and as it has a high phosphoric content finds 
a ready sale as a fertiliser. Incidentally, it may be 
observed that thé blast-furnace slag also finds a use 
and is ground down for use as a road-making material 
or as ballast for the railways. 


Rouiimsc Minis, FRoDINGHAM. 


As was mentioned earlier, both works are equipped 
with rolling mills. At the Appleby works they are 
laid out for the production of slabs and sheets, and 
Frodingham is engaged on the production of sections, 
which cover the full B.S. range up to joists 24in. by 
74in. and include many special sections, such as 
Hoesch sheet piling. There are three mills at the 
Frodingham works, a 36in. two-high reversing 
cogging mill, a 32in. two-high reversing structural 
mill with three stands of rolls, and a 15in. three-high 
merchant mill with four stands of rolls. The average 
output is 4800 tons per week on a normal rolling pro- 
gramme. The mills are served by four soaking pits, 
each with a capacity of 75 tons, fired by blast-furnace 
gas. All the handling of ingots, &c., to and from the 
soaking pits and their manipulation at the mills is 
carried out by machinery. The cogging mill has rolls 
36in. diameter and 7ft. 6in. long, with hydraulic 
balancing gear and electric screw-down gear. The 
manipulators are hydraulically operated. This mill 
and the other mills at this works are driven by steam 
engines drawing steam from boilers fired with blast- 
furnace gas. Blooms for the finishing mill, after 
they have been cut by electrically operated shears, are 
reheated in a blast-furnace gas-fired furnace capable 
of taking blooms 18ft. 6in. long. The finishing mill 
has rolls 6ft. long in the first roughing stand and 
7it. 3in. long in the second roughing and finishing 


stands. 
(To be continued.) 








The Combi Circuit Breaker. 


A NEW circuit breaker, designed to protect the main 
fuses and wires from overload or short circuits at the points 
at which they occur, has been introduced by the House- 
hold Appliance Company, of 85, Cromwell-road, 8.W.7. 
One of the most frequent causes of fuses blowing is the 
fraying of flexible wires on portable apparatus, such as 
fires, irons, and lamps. A blown fuse frequently results 
in the lights being extinguished in several rooms, but by 





use of this new circuit breaker, the faulty apparatus is 
instantly disconnected and other points are unaffected. 
As such faults are frequently temporary,’ the .affected 
apparatus may often be switched on again merely by 
turning the switch knob, but if the fault is permanent 
and demands repairs, the circuit breaker will continue to 
trip without causing damage to any part of the installa- 
tion or apparatus. , 

Cireuit breakers for use under these conditions are 
not new, but this improved device is claimed to offer 
decided advantages. Two types of small circuit breakers 
are in general use, both of which are said to be igi aia 
tively expensive and to possess certain inherent defects. 
In one case the operation is effected by means of a bi- 
metallic strip. On heavy short circuits, however, it has 
an excessive time lag, which causes surges on the supply 





of the wire will cause the breaker to trip in the half-closed 
position as in the fully closed position, 

The contacts have been designed to stand up to any 
demarid that may be-made upon them. Two stages of 
auxiliary contact completely protect the main contact 
from pitting or burning. When the circuit breaker opens 
the three points of contact separate successively and the 
final break is made on carbon. Any arcing across metallic 
points of contact, owing to the high resistance of the 
carbon, is taken up by the auxiliary metallic point, leaving 
the other point free from pitting or burning; whilst in 
the closed position the carbon contact is cut out of 
circuit, thus eliminating any chance of heat being 
generated at this point. 

A 2-ampere model is designed for a maximum pressure 
of 250 volts, a maximum current of 2 amperes, a normal 
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DETAILS OF CIRCUIT BREAKER 


system and invariably blows fuses of considerably larger 
rating than the breaker included in the same circuit. The 
other breaker is of the magnetic type which having no 
time lag is unsuitable for anything but small lighting 
circuits. It cannot, it is conte be used on motor 
circuits. While this breaker can be given a time lag by 
means of an additional device, operated by a bi-metallic 
strip, in addition to increasing the cost the breaker 
acquires all the characteristics of the simple bi-metallic 


type. 

Pie new breaker, known as the “ Combi” breaker, is 
operated by means of a strut element which can be made 
in very small sizes, and can heat up very rapidly on heavy 
overloads. In this way it has been possible to obtain the 
same rapidity of action as is secured with the i 
breaker and at the same time to retain the advantage of a 
true inverse square ratio time lag on small overloads. 

















CIRCUIT BREAKER COMPLETE WITH RING 


The operating mechanism is of the “ fully loose handled 
type,” with the result that the breaker cannot be held in 
against an overload nor reset when there is a fault on the 
circuit, 

The principle of tion will be understood from the 
ac Lass sketoh. The terminal to which the e 
phase is connected is attached to base 
plate by the screw 1, which also holds the main stationary 
contact block 2, from which current passes to the 
contacts 3, the switch arm 4, flexible conductor 5, heater 
element 6, anchor block 7, resistor 8, and socket pin C 


of the three-pin plugs. From this point the current passes 
through the apparatus in use returns to the pin B, 
to which the outgoing negative or neutral inal is 


attached. 
On the passage of current through the heater 6, 


wiser $ tobe 


tudinal expansion occurs permitting the 
rotated about the pin 10 by the spring 
clockwise direction. The 12 of the trigger being in 
engagement with the toggle link 13 pushes it in a clock- 
wise direction about its axis 14. 

cca th ts prdhcd for enough to bo copa MipeaDes 
great, ‘ar enoug! t 
from the pin 15, and the arm 4, thus being released, 
in rotated ahaut tee site 16 by she sexing Oa it comes 
to rest against the screw stop 18. At this point the toggle 
formed by the members 13 and 19 is relieved of all pressure, 


and, owing to the pull of the light spring 20, collapses. 
This causes the re-engagement of the detent on 13 with the 
steel pin 15, so that the mechanism is ready to be reclosed 
by hand. 

The surface 21 of the toggle link 13 is of such shape as 
to bear the same relation with reference to position to the 
surface 12 when the circuit breaker is in the half-closed 
position as surface 22 bears to surface 12 in the fully closed 
position. In other words, the same degree of expansion 





current of | ampere, and a maximum breaking capacity of 
500 amperes. Single-pole, 2-ampere models are said to 
have been in service in a private house supplied 
with 250 volt A.C. for eighteen months. The breakers are 
made for various currents suitable for power or lighting 
circuits, and in sizes that permit them to be used in 
bre same positions on walls or skirting boards as ordinary 
ugs. 





A Variable Speed Gear. 


A DEVELOPMENT of the familiar expanding pulley Vee 
belt variable 5; drive has recently been produced by 
the Glasgow i ineering Company, Ltd., of 
45-47, Pitt-street, Glasgow, and is illustrated by the 

It nds for its action, of course, on the axial move- 
ment of the two cones between which there is imprisoned 
the wedge-shaped belt. The closer together the cones are 
pressed, the nearer to the circumference must the belt lie, 
and as a consequence the greater its linear speed. In 
this way, either witl a pair of oppositely moving pulleys 
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or with a jockey pulley to take up the slack of the belt, 
an infinitely variable range of can be attained. 

One of the disadvantages of this type of gear in the past 
has been that in order to bridge between the two faces 
of the two cones at their outer diameter—when the gear 
is running at the fastest speed—there must be used a wide 
and heavy belt, which, when pressed down to a smaller 
diameter for a lower speed, expands the cones wide apart 
and makes a bulky t. 

This trouble is overcome the makers by cutting up 
the cones into a series of radial fingers, as shown in the 
drawing, which interlace much after the fashion of the 
fingers of the hand in praying. The result is that it is 
only necessary to have a belt sufficiently wide to bridge 
between the two cones at the smallest diameter, and it 
will still make effective contact with the driving faces 
at the extreme diameter. These are made in a 
variety of forms, with single and double reductions for 
powers ranging up to 12 H.P. and with speed ratios with 
a maximum of about 2 to 1. 





Drilling for Oil with Oil Engines. 


We learn from the Associated Equipment Company, 
Ltd., of Southall, that the company has just supplied to 
the Anglo-Iranian Oil Company, Ltd., two 100 B.H.P. 
industrial oil engines for incorporation in oil drilling 
rigs at present under erection in the North of England. 
One of these units will be coupled to the draw-works and 
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the other to the pump gear used for extracting waste 
material from the bore. Once every twenty-four hours 
the engines will be coupled together to operate as a 
200 B.H.P. unit for the withdrawal and freeing of the 
drill bit. The firm suggests that this is the first drilling 
unit to be worked by oil engines in this country. Each 
power unit consists of an A.E.C, industrial six-cylinder oil 
engine, rated at 100 B.H.P, at 1650 r.p.m., together with 
“Still” tube radiator, oil cooler, exhaust silencer, &c. 





15} tons, and fitted with a standard engine she has a 
minimum in still water of 7 knots, She is of all-steel 
construction and holds 2600 Imperial gallons of petrol 
and 200 gallons of lubricating oil. The petrol is contained 
in two tanks, each subdivided into approximately equal 
compartments, while the lubricating oil is contained in 
two separate cylindrical tanks... The petrol. is supplied 
by means of a Stothert and Pitt rotary displacement 
pump at a speed of 120 gallons per minute, while the 





The boats are of particular interest from the naviga- 
tional point of view, since to come alongside a large flying 
boat and remain there without damaging the wing 
floats, &c., in rough weather calls for no mean skill. They 
have been fitted with the well-known Kitchen rudder 
which not only allows the boat to be run at any speed 
from full ahead to full astern without changing the engine 
speed, but elso provides extraordinary manceuvring 
power. The boats can be turned on their sterns within 





























100 B.H.P. 


The clutch, of standard A.E.C. single-plate design, is 
operated by the hand lever to be seen in one of the two 
accompanying engravings. Provision for remote control 
of the cluteh and the engine control lever has been made. 
Some particular points to which reference may be made are 
that a special extension shaft is provided for the attach- 
ment of a suitable flexible coupling; electric batteries, 
24-volt, are fitted in the cradle under the rear part of the 
hood for starting purposes; the engine lubricating oil 
filler is extended through the bonnet top plate, and a hole 
is provided in the side plate on the control side for starting 
and operating the engine without removing the bonnet. 








A Fuelling Launch for Flying 
Boats. 


ILLUSTRATED below is the first of a series of launches 


designed for the of replenishing the tanks of the 
flying boats uted by, imperial Airways on the Empire 
services. The boat named the “ Mex-Shell,’ 


and wilf be stationed in Southampton Water by her 
owners, Shell- nner and B.P., Ltd. e is one of twenty- 
one similar boats being constructed in this country. 
They are being built by Richard Dunstan, Ltd., Doncaster ; 
Rowhedge paket es Colchester, and Thorny croft, 
Ltd., Southampton. In addition, six launches are being 
constructed in the of Thomas Cook and Sons, Ltd., 

Cairo, for use on Nile, which are of slightly difforent 
design to those built in this country in order to conform 
with the navigational requirements of the Nile. 
The engines fitted are all of the four-cycle compression- 

ignition type, four makes rg standard—the Ruston 
4V.R.B.M., .J.4, the Widdop D.3, 
or the Paxman-Ricardo 4M:.R.W. Some of the launches 
which are to operate at places where they will encounter 
strong currents ere being fitted with Thornycroft R L/6 
engines. Similar boats for local use are under construction 
in France and Italy, so that when the Empire services 
come into full operation there will be one of these vessels 
at each regular stopping place ,on the England-Australia 
and England-South Africa routes. The “ Mex-Shell ” 
is 50ft. in length, 10ft. broad, 8ft. 3in. deep, and has a 
draught fully loaded of 3ft. 6in. Her weight empty is 








INDUSTRIAL Ol ENGINE FOR O!L DRILLING 


lubricating oil is supplied by means of compressed air 
at 7 to 10 gallons a minute according to the temperature 
of the oil. 

The quantity of fuel supplied is measured by a 3in. 
Kent meter and is fed through a Thomson. air separator 
to ensure that no air locks are caused. These boats will 
provide the marine equivalent of the mobile fuelling 
plants which are a common sight on most aerodromes. The 


RIG 


their own length or in reverse, 01 their bows in not much 
more. In addition, if the engine fails, the rudder provides 
an excellent “ brake,” stopping the boat with an action 
similar to “‘ backing water ’’ with an oar. The rudder is 
operated by means of a hand wheel at the helmsman’s 
hand, so that all manceuvring is directly controlled by 
one man, and there are no delays in carrying out orders. 
As shown in the plan of the boat, the piping is arranged 
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ARRANGEMENT OF 


land plants have established a tradition that the fuel and 
lubricating oil requirements of an aeroplane are invariably 
supplied in less time than is taken by the Customs and 
other formalities. This tradition will now be maintained 
with the Empire flying boats by m of the new fuelling 
launches, in spite of the large quantities required by the 
large long-distance machines used on these routes. 





FUELLING LAUNCH FOR FLYING BOATS 





FUELLING LAUNCH 


so that any tank may be connected to the pump for 
supply, or the flying boat may be off-loaded to the boat 
by gravity or by pump into any tank. The boat has a 
very low freeboard, so that she can easily pass under the 
wings of a machine even in rough weather, and she carries 
fenders around her full length to avoid damaging the 
flying boat hull. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street 
London, S.W.1. The price of each specification is 2s. 2d. pos 
free, unless otherwise stated. 


RAILWAY SIGNALLING SYMBOLS. 


No. 376—1937. A revision of the British Standard 
Railway Signalling Symbols, Part I, Schematic Symbols. 
has been issued. From practical experience it was found 
that a simplification of some of the symbols was desirable. 
and also that additional symbols could be added with 
advantage. The general modification has been in the 
arrangement of the symbols for colour light signals, but 
there have also been additions and some modifications in 
the other sections. The specification is one of a series for 
Materials and Apparatus used for Railway Signalling, and 
for convenience of. reference the symbols have been 
divided into two groups, namely, (1) Schematic Symbols, 
and (2) Wiring Symbols and Written Circuits. 
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A Telewatt Metering System. 


To meet the demand for a reliable and simple means of 


totallising the output of a number of generators or generat- 
ing stations over any distance, a telewatt metering system 


has been developed by Dr. Walter Stern, A.M.1.E.E., of 


Londex, Ltd., Brettenham House, Lancaster-place, W.C.2. 
The principal parts of the equipment consists of a trans- 
mitter, Fig. 1, connected to a receiver, as in Fig. 5. The 




















Fic. 1—TELEWATT TRANSMITTER 


transmitter consists of a watt-hour meter with a small 
D.C. metering dynamo mounted on the shaft. 

As the dise speed is proportional to the power and the 
e.m.f. generated by the small dynamo proportional to 
the dise speed, it follows that the e.m.f. is directly pro- 
portional to the power measured. The receiver can there- 
fore be calibrated in kilowatts or megawatts, both for 
supply or input, the pointer moving to the right or left 
of the zero point according to the clockwise or anti- 


Fig. 3, and as the amount of current is in the neighbour- 
hood of 1 milliampere D.C. and the pressure less than 
10 volts, the usual telephone or telegraph wires can be 
used for the longest distances without interfering with the 
speech or signals. In the case of telemetering over a 
magneto telephone system, the two channels are separated 
by condensers and choke coils, as shown in Fig. 4. A 
typical installation in the generating station of Erfurt, 
Germany, is shown in Fig. 7. Each generator has its own 
metering dynamo connected in series, and indications are 
given in the boiler house and other places without the use 
of relays or batteries. 

Various advantages are claimed for this telewatt meter- 
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FIG. 2—WIRING DIAGRAM 


ing system. As the quantity transmitted and detected 
is in the form of D.C., energy received from sources 
which are not in synchronism can be totalised on one and 
the same receiver. As the transmitter coils have imped- 
ances comparable with that of the usual watt hour meter, 
tho instrument can be connected to existing current and 
potential transformers without overloading them. 

The current to be transmitted is very small and con- 
sequently wires of very small cross section can be employed. 
Moreover, the resistance change, with temperature, of 
these wires can be made negligible by the use of a series 
resistor made of zero temperature coefficient wire, for the 
transmitted current is in the neighbourhood of | milli- 





clockwise rotation of the meter system. The instrument 


ampere. Such temperature compensation would be 


An interesting installation is to be found in Frankfort- 
on-Main generating station, where there are transmitters 
(Fig. 8) for A.C. and D.C. generators and for current pur- 
chased from an outside source. The meteri 08 
are in series and i ean be taken on indicators and 
recorders in the boiler house, administration building, 
control room, &c. The control room is shown in Fig. 6, 
where it will be seen that there is an exceptionally large- 
scale dial over the door. 

The system makes possible the indicating and recording 
of all important measurements relative to the economical 
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FIGS. 3 AND 4—ALTERNATIVE TRANSMISSIONJ 
SYsTEems 


and scientific operation of generating and electrical plant 
in general with the desired degree of accuracy and without 
complications. Metering at a distance offers great advan- 
tages where power is purchased on a maximum demand 
basis. As is well known, the consumer then has to pay, 
in addition to the charge for the kilowatt hours con- 
sumed, a sum based on the maximum demand, say, for 
a period of 15 min. In order to give warning to the 
staff when a given maximum demand is being exceeded, 
distant ing instruments are frequently arranged to 






































Fic. 5—TRANSMITTER AND RECEIVER 


used to indicate or record the e.m.f. of the transmitter 
takes the form of a millivoltmeter. 

In Fig. 2 is shown the wiring diagram for a telewatt 
equipment, consisting of a transmitter, four indicating 
receivers, and one recording receiver, all connected in 
series. The indicating receiver near the transmitter gives 
an indication of what is being transmitted at the sending 
end, whilst the other four instruments show the load at 
various points. For the purpose of summation the trans- 
mitter dynamos are connected im series, as shown in 





im; ible if the currents to be measured were those 
obtained from the current transformer. 

As the quantities to be measured are converted at the 
transmitter, no auxiliary equipment, such as batteries or 
relays, is required and the accuracy of the system is 
similar to that of the usual type of switchboard instru- 
ments. Although a transmitter of the watt-hour meter 
type has been described, any of the usual electrical values, 
such as amperes, volts, watts, &c., can be dealt with by 
suitably designing the driving element of the transmitter. 








FiG. 6-TELEWATT RECEIVERS AT FRANKFORT POWER STATION 


give signals to the central operating staff, so that 
either motors may be shut down or a standby plant or a 
battery may be brought into action. Without these pre- 
cautions the cost of energy might easily prove to he 
prohibitive. 

Another important application of the system is to enable 
those in charge of generating stations to maintain the best 
possible balance between the steam raised and kilowatt 
output. In this case the two electrical quantities corre- 
sponding to steam consumption and kilowatt output are 
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introduced into a crogss-coil instrument which indicates 
the steam consumption per kilowatt-hour. The engineer in 
charge has this figure constantly before him, and is 
enabled to run the station at the best efficiency at all 
times. 








South African Engineering Notes. 


(By our South African Correspondent.) 
Carre Town, February 14th, 1937. 
Fixing Prices of Imported Steel. 


Tue Minister of Finance has at last announced, 
for general information, that it is his intention, in terms 
of the Customs Tariff Amendment Act passed last year, 
to notify in the Government Gazette on March Ist, 1937, 
prices for various classes of rolled steel products below 
which such goods shall not, after that date, be imported 
into the Union. A notice about the details which importers 
will be required to supply on invoices in regard to basis 
prices and extras will appear shortly in the Government 
Gazette. There is some concern among agents of overseas 
firms importing steel products for supply to consumers, 
as they fear that the prices will be so high that they will 
enable the Pretoria Iron and Steel Works to undercut 
them at the coast. But the fixing of a fair average price 
cannot harm them, as only if the price were substantially 
lower than that fair average would “ Iscor” be in a com- 
petitive position with coast importers. Apart from that 
consideration, the Pretoria industry has its hands full 
supplying the needs of the Witwatersrand, which are 
sufficient to keep the plant working at full capacity. There 
is also the point that both here and overseas prices are 


rising. 
Vaal-Hartz Irrigation Scheme. 


A start has been made on the first farm to be 
irrigated under the £4,000,000 Vaal-Hartz irrigation 
scheme, which is to irrigate 100,000 acres of land. The 
ground has been fenced in small lots and ploughed, and 
soon a staff of research workers of the Agricultural Depart- 
ment will take up residence. The weir at the head 
of the Vaal-Hartz construction is now complete with 
sluice gates in working order, though as yet they have to 
be operated by hand. A canal has been excavated and 
cemented from the weir to Andalusia. In one section it 
had to be excavated to a depth of 33ft. for four miles. 
The tunnel through Pokevani has been completed. Recent 
rains brought the river down in flood and it overflowed the 
weir, this being the second time the water has flowed over 
the crest, the other occasion being during the floods of 
last November. The flow of the water over the weir made 
& most impressive sight. For a width of half a mile it 
cascaded over, covering the whole wall to a depth of a foot 
or so. At the same time, the water rushed through three 
open sluice gates with tremendous force. 


Deepest Shaft on Rand. 


The deepest shaft on the Witwatersrand has now 
been sunk. It is No. 15 shaft of the Crown Mines property 
and reaches a depth of 8527ft. below the collar, which is 
itself 400ft. below the datum line of Johannesburg's 
surface. Therefore the level now reached is altogether 
8927ft. underground, a matter of nearly 3000ft. below 
sea level. The No. 15 shaft system of the Crown Mines 
was begun in 1917 and completed as far as the nineteenth 
level in 1920. In that year the sub-vertical shaft 15a was 
sunk and the forty-first level was reached five years later. 
It was in 1932 that it was decided to sink the recently com- 
pee shaft known as 156, which plunges down to level 53. 

ow the miners working at the deepest spot on the Wit- 
watersrand are to begin the 4000ft. crosscut to the reef. 
The newest shaft, when completed, will be 20ft. 6in. across 
and will be lined with concrete brick 9in. thick. 


New Rock Cutting Machine. 


A new machine that may make a big change in 
mining methods on the Rand and elsewhere has recently 
been demonstrated to leading mining and Government 
engineers here. This machine cuts and slices hard rock 
like butter, even the hardest chert and jasper, notoriously 
unattackable rocks, by the ordinary methods. The com- 
pany demonstrating it is allied to the Diamond Corpora- 
tion. Mavor and Coulson are engaged in building the 
first machines to go into use. It is based on the diamond 
drill principle and includes a wheel revolving at 4000 r.p.m. 
The first of the new wheels made overseas, on which experi- 
ments were conducted, reached the Union late last year, 
and trials with it are reported to have been fully successful. 
This notable advance in the industrial use of diamonds 
has been made possible by the application of a process 
for impregnating metal surfaces with crushed diamonds, 
resulting in the production not only of a wide range of 
tools for engineering perpen but also of cutting or 

ing wheels. The Belgian patent for ona er 
the powdered diamond into the outer edge of such wheels 
or dises or into the heads of tools was recently secured by 
the Diamond Development Company, of London, whose 
main purpose is the development of the market for the 
industrial diamond, a policy which, of course, demands a 
close investigation of all possible uses for all classes of 
stones—commonly grouped as boart—which for one 
reason or another are not suitable for the jewellery trade. 
The South African diamond fields yield big supplies of 
crushing boart in excess of the present industrial 
and it has now almost en displaced the Brazilian 
carbonado, known in the trade as carbon or black diamond, 
for studding the crowns of diamond drills for use in rock 
boring operations and has considerably reduced the cost of 
drilling on the Rand gold mines. 


Mining in South-West Africa. 


Mining in South-West Africa is definitely on 
The S.W. Africa Company’s vanadium 


the wu 
The company is selling 


production is going strongly. 








its ore as fast as it can be produced, and its mines at 
Abenab and Baltica are working at full » Excessive 
costs of production and the low price of ore resulted some 
years ago in the copper mines of the ‘Tsumeb closing 
down, despite the fact that there is enormous mie’ tie 
still available. The recent rise of copper prices 
resulted in tentative plans being made by the Otovi 
Minen and Eisenbahngesellschaft to reopen its mine at 
Tsumeb, provided the company, which has its head- 
ms m er can secure necessary funds from 
rmany, impossi at mt oO to beni 
difficulties. Gold seodiuctidis, boat at lem Ia and Reho 
both, though on a very small scale, continues yet is show- 
ing signs of improving. Efforts to improve the harbour 
at Port Nolloth are being made by the Namaqualand 
Divisional Council, in order that it may handle a large 
tonnage of iron ore from an iron field which appears to 
satisfy the conditions n for an export industry. 
This field runs parallel to the coast at a distance of about 
60 miles, and is crossed by the Port Nolloth—O’okiep 
railway at Steinkopt. About 28 square miles are reported 
to be suitable for working, the remainder being too far 
from the Port Nolloth railway. Preliminary surveys 
place the tonnage, conservatively, at about 200,000,000 
tons. The ore runs up to 60 per cent. metallic iron. A 
general export grade of 53 per cent. will apparently 
be easy to maintain. The N: ua ores have a content 
of from 6 to 9 per cent. silica. Sulphur runs from 0-001 
to wth 3 r cent., and phosphorus from trace to 0-02 per 
e increased world demand for diamonds has 
ae in a considerable improvement in the diamond 
industry of South-West Africa. The Consolidated Diamond 
Mines at Luderitz have been awarded a quota of approxi- 
mately £800,000 of the value of the diamond uction, 
and because better stones are now being mi at Orange- 
mund than were previously found on the northern fields, 
their output is sufficient to meet the quota without incur- 
ring extra working costs. As a t, they will show a 
considerably improved financial position. 


Radio Telephony for Tugs. 


Radio telephony and direction-finding equip- 
ment is to be fitted into the two big Table Bay tugs, 
“T. S. McEwen” and ‘“‘ Ludwig Wiener,” in the near 
future. Similar equipment will be installed in the new 
tug, probably to be named “ E. 8, Steytler,” which is 
now being built in the United Kingdom for the port. 
It is understood that the sets which are on order are now 
practically ready and that in the main the radio telephony 
equipment will be similar to that fitted in the Cape Town 
trawlers, giving an effective range of between 100 and 
200 miles. The equipment has become as a 
result of the expansion of the port and the opening of the 
New Basin, which means that the tugs are often called 
away from the Victoria Basin and are out of touch = 
headquarters, except through semaphore signalling fro: 
the look. out on the breakwater, which is not ensiatestaeey. 
The new arr t will enable the Assist. Port 
Captain to control the tug’s movements from his desk 
on which a microphone will be fitted. The direction- 
finding equipment will be useful during fog, when it is 
usual to station a tug off the end of the breakwater to 
guide ships by sounding her siren intermittently. 


Safety on Union Railways. 


During recent months at least half a score of 
derailments have occurred on the Union’s railways. In 
one case seven were killed and over thirty injured, while 
a couple of fatalities occurred and a few were injured in 
the others. The speeding up of railway running has led 
to the fear that the were excessive, and to allay 
public apprehension the Minister of Railways has ordered 
a reinvestigation of every factor connected with the 
safety of traffic on the South African railways. Three 
departmental committees are to be appointed immediately 
to carry out the inquiry. One of these will examine the 
records of all drivers and probably put them through a 
stringent examination to ascertain whether they are 
physically fit and capable in every way. The second 
committee will investigate the all-important aspect of 

of trains and safety of track. The third committee 
will go thoroughly into the technical aspect and will be 
in the nature of a research body. It is emphasised that 
the tests applied regularly to staffs and the periodic 
examination of track and rolling stock are at present very 
stringent, and the Administration is convinced that there 
is an adequate safety margin, but it is taking the oppor- 
tunity to have the whole position re-examined. The 
Administration has under consideration the construction 
of a strip of track for experimental p This track 
will have curvatures, gradients, and banks much more 
severe than are encountered on traffic routes. Rolling 
stock and locomotives will be thoroughly tested on this 


at varying speeds. The latest dynamometer car will 
also be purchased, complete with delicate apparatus, 
which enables the technical staff to ascertain the reaction 
of rolling stock and locomotives to curves and gradients 
in @ manner impossible under ordinary methods. Another 
mechanical brain to be imported is a robot track inspector 
for measuring variations in gauge and curvature. Finally, 
a very careful analysis is to be made of all discidalies 
that have taken place during the last twelve months to 
determine whether there is anything abnormal about any 
of them, with particular reference to those which have 
followed one another in quick succession. 
Union’s Rail Traffic. 
The whole question of passenger traffic on the 
branch lines and the lesser main lines of the Union’s 
railway system is in the melting pot. The Administration 
has been considering for some time past the advisability 
of mode: its services in this respect, and special 
attention has paid to the railcar system of trans- 
olggor 20 which has been so widely adopted elsewhere. 
he railways have already po ep yea with a few rail- 
cars in different parts of South Africa, but the results of 
the operation of these cars were not sufficiently reliable 
either to condemn or to recommend the extension of the 





system in South Africa. With a view to securing full 
information on the working of railear systems in Europe, 





strip of line to discover their maximum safety factor | Pe 





the Minister of Railways last. year dispatched Mr. Albert 
Kuit, the Chief Railway Commissioner, on @ mission to 
study intensively the systems of railcar transportation in 
a number of countries. Mr. Kuit’s comprehensive papers 
is now being considered in all its aspects by the Administra 
tion’s technical staffs. The future of branch line passenger 
traffic and to some extent suburban traffic also will depend 
on the recommendations of the technical departments, 
but no sudden change of policy is contemplated, and the 
whole matter will be carefully considered before railcars 
are ordered, if any. 


New Engines for 8.A.R. 


The South African Railway Administration has 
pleeed an order with two German firms for the supply of 
twenty Class 23 locomotives, at a cost of £179,660. There 
were eleven tenders, including five from Great Britain. 
The order is part of the Administration’s programme of 
scrapping obsolete i Germany has been very 
successful in obtaining the contracts, this year, for loco- 
motives for the South African Railways, and has had by 
far the largest share. 








Gas Impregnated Cable. 





A GAS-IMPREGNATED cable for which various advantages 
are claimed is described in a paper read by Mr. A. N. 
Arman before the Institution of Electrical Engineers 
on March 10th. Various other types of cables that 
have been designed to solve the high-voltage cable 
problem are discussed. Experimental work on the 
basis of which the new cables were made is 
described and reason given for the choice of paper, gas, 
operating pressure, &c. Other parts of the paper deal 
with the construction and performance of actual cables, 
the design of gas cable joints, and sealing ends. The gas- 
impregnated cable has been develo rimarily with a 
view to producing a satisfactory 132-kV cable based on 
sound fundamental principles. It can also be used for 
66 kV, but the most important application is for the 
higher voltages. The voids which occur in the ordinary 
impregnated cable are primarily due to expansion of the 
compound, which, being incompressible, has to move 
through the dielectric and may not move back again 
sufficiently quickly as the cable cools. The effect of the 
ionisation in the voids so produced is to carbonise the 
compound in its vicinity and gives rise to the “ treeing * 
type of breakdown so well known to cable engineers. If 
gas pressure fs resorted to in order to prevent this ionisa- 
tion, the safe working voltage of the cable is still limited 
by the stress which the gaseous voids are able to with- 
stand. It is a reasonable step, therefore, to dispense with 
the compound or oil altogether and to rely entirely on 
dry paper and high-pressure gas for the insulation. 

The advantages gained are : 

(a) Gas, being compressible, makes it unnecessary to 
accommodate expansion except by providing an enclosing 
sheath of sufficient strength to take the increased pressure. 
A cable constructed on this principle should, therefore, 
remain entirely unaffected by heat cycles, provided 
the maximum temperature does not cause scorching 
of the paper. (6) Since no oil or compound is used the 
tracking type of failure is prevented. (c) The manufac- 
turing difficulties involved in producing a void-free cable 
do not arise, (d) The permittivity of the dry paper is 
lower than that of an im ted dielectric, and results 
in lower ¢ ing currents for the cables. The import- 
ance of this becomes greater as more and more high- 
voltage cables are added to a system. (e) The power 
factor of dry paper is somewhat lower than that of impreg- 
nated dielectrics. This, combined with the lower permit- 
tivity, results in very small dielectric losses. ({) Gradients 
present no difficulty whatever. _(g) Being unaffected 
by heat cycles, the dielectric can safely be run at a higher 
temperature than is usual for oil or compound-impregnated 
cables. 

The information given is intended to apply only to the 
dry-paper gas-impregnated dielectric cables. It does not 
necessarily apply to all dielectrics in which gas pressure is 
employed. 

The cable paper chiefly used so far is 1} mil manila paper, 
which is sufficiently stiff and strong to be easily handled 
on the machines ; it is extremely dense and gives ionisation 
figures higher than those of other papers tested, except 
condenser tissues, which present difficulties. 

The relative increase in ionisation voltage with gas 
pressure becomes less as the higher pressures are reached, 
so that there is a limit above which further increasw of 
pressure would be uneconomic on account of the heavy 
cost of high-pressure apparatus. A pressure of 200 Ib. 
r square inch has been used in most of the experi- 
mental cables so far made. There is little difficulty, 
however, in designing for 300 Ib. per square inch if the 
gain in performance is considered to justify this. 

In view of its inert nature nitrogen was first selected 
as being the most suitable medium for gas-impregnated 
cable. More recently it has been discovered that, under 
the special conditions encountered in these dielectrics, 
CO, can be made to give a better performance than 
nitrogen. The use of CO, also facilitates gas feeding 
in practice, because of its low liquefaction pressure 
which enables large quantities to be stored in small 
cylinders. It does, however, increase the power factor 
somewhat, owing to absorption in the paper. 

The actual construction and manufacturing methods 
adopted differ somewhat from those of normal cable 
practice. To get the best performance from a given 
diameter of cable the use of smooth-surfaced circular 
conductors has been standardised. This is achieved by 
means of a lead sheath extruded over the stranded copper, 
the wires in the outer layer of which are tinned so as to 
make a bond on the lead sheath. 

on in the ordinary way. 


The dielectric papers are 
except that, in the case of the very thin papers, several 
passes through the papering machine may be necessary. 
The outside of the dielectric is covered with a conducting 
paper, which should be porous to facilitate drying. A 
linen tape into which copper strands are woven is next 
applied for the purpose of making contact between the 
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conducting paper and the lead sheath, thus relieving the 
paper of heavy currents. 

At this stage a preliminary drying is given (in an ordinary 
vacuum drying tank) to remove the bulk of the moisture. 
Arrangements are made for the cable to be lead-sheathed 
immediately it is removed from the tank, a heated chamber 
being fitted in front of the press to maintain the cable at 
100 deg. Cent. during the process. The sheath, the ends 

of which are provided with caps and cocks, is fitted slack 
on the dielectric so as to provide a longitudinal duct to 
facilitate the removal of moisture in the final drying, 
which is carried out by placing the sheathed cable in a 
steam bath (which raises its temperature to 100 deg. Cent.), 
and evacuating at both ends through the above-mentioned 
cocks. The process is continued until the required degree 

of dryness has been reached, and the cable is then filled 
with gas to a pressure of a few pounds per square inch, 
the gas being admitted at a suitable rate through P,O, 
drying tubes. The nitrogen commercially supplied in high- 
pressure cylinders is usually dry, though occasionally a 
slightly wet cylinder is encountered. No rough drying 
prior to passage through the P,O; tubes is normally 
required. 

To enable high internal gas pressures to be used, it is 

necessary to reinforee the lead sheath over the dielectric. 
This is done by lapping-on copper tapes of suitable tensile 
strength, a bedding of linen tape with copper threads 
woven in being first applied to protect the sheath. The 
tapes are wound on as tightly as possible so as to form a 
firm reinforcement. A second linen protecting tape is 
then applied, and another thin lead sheath may be added 
to provide waterproof protection for the reinforcement. 
The cable is finally provided with external serving accord- 
ing to requirements. The current-carrying capacity of 
gas-impregnated cables is approximately the same as that 
of other types, 

The part of the paper that deals with charging kVA and 

losses is of considerable interest. 

The importance of low capacitance in a high-voltage 

cable, the author states, is evident when we consider the 
figures for charging kVA on large cable systems. As an 
example, at the time of writing there are roughly 200 miles 
of three-phase 66-kV feeder either in service or in course of 
installation in the London area. Of this, about 100 miles 
is of the “ solid ’’ type, most of the remainder being oil- 
filled. The total capacitance of these cables is about 
97 «F per phase, involving a total three-phase capacitance 
load of roughiy 130,000 kVA. 

If we consider a system of the same extent operating 
at 132 kV and using oil-filled cables, the capacitance per 
phase would be approximately 75 nF, giving a_ total 
capacitance load of 400,000 kVA. The same 132-kVA 
system employing gas-impregnated cables would have a 
capacitance of about 47 4F per phase, consuming a total 
of 250,000 KVA, or 63 per cent. of that of the oil-filled 
system. 

The total power losses in the dielectric for the above 
oil-filled and nitrogen-impregnated systems would be 

1440 kW and 700 kW respectively when the cables were 
cold. At higher temperatures the losses on the oil-filled 
cables will be greater, while those of the gas cables will 
remain unchanged. If, as is now being contemplated in 
some systems, compensating inductances are used in 
parallel with the line for compensating the capacitance 
current, the cost of these inductances for gas-impregna’ 
cables will be roughly three-quarters of that when oil-filled 
cables are used. 

The joint is of small diameter and simple, which also 
applies to the sealing end. The supply of gas to the cable 

is maintained from both ends of the feeder. This pre- 
caution is taken so that, should it be necessary to open the 
cable or its joints at any time, dry gas will be fed from both 
sides of the point of opening and thus prevent the move- 
ment of moisture up the cable. 

The gas is contained in high-pressure cylinders as 
normally supplied for commercial purposes, and is 
admitted to the cable through a regulator which main- 
tains constant . Before entering the cable the 
gas passes through a P,O; drying tube. The high-pressure 
tubes enclose P,O; held in glass containers so mounted 
that the gas has to pass through them. The phosphoric 
acid formed is caught in the lower end of the glass and 
cannot get into contect with the metal parts. The tubes 
ean be removed for refilling without releasing the gas 
pressure in the system and without disturbing any of the 
pipe work. Two tubes are mounted side by side so that 
one can be in use while the other is being refilled. Normally, 
such refilling should only be necessary every few months, 
the flow being extremely small and the gas being already 
very dry. In the event of a leak occurring at a time when 
it is not convenient to make an immediate repair, the 
cable can be maintained in service as long as required by 
replacing the feed cylinders and drying agent more 
frequently. 

A pressure-operated switch is used either to sound an 
alarm or to trip out the cable in - event of the pressure 
falling below a predetermined 

The only other indication desirable is that of the 
quantity of gas remaining in the cylinder bank. If the 
cable terminates at a sub-station, occasional inspection 
of the pressure gauges on the supply cylinders will be 
sufficient. If preferred, however, a pressure-operated 
switch can be employed here also and set to give notice 
when the cylinders need replacing. Only one set of gas 
feeding equipment is required at each end of a three-phase 
feeder, so that the apparatus requires but little space for 
its accommodation. iz the terminals are at a sub-station 
the equipment can conveniently be situated inside one 
of the buildings with pipes running out to the cable ends. 
Otherwise, a small kiosk can be employed close to the 

sealing ends. 








New Frencn Lryer.—The new French liner being 
built to replace “‘ L’Atlantique,’’ which was. burned out 
in 1933, is to be named “ Pasteur.” 


Rotter Bearrnc Ramway AXLE-BoOx.—We are 


informed that we were in error in stating that the axle- 
box described and illustrated under the above title in our 
last issue was to be used on L.P.T.B. railway coaches. 
But we understand that the L.M.S. Railway Company 


the Royal Society, Sir William Bragg, O.M., K.B.E., 


of Groups A, B, C, and D. 


International Association for 
Testing Materials. 

Tue International Association for Testing Materials is 
representative of the national Testing Associations or 
equivalent organisations in over twenty-five of the leading 
industrial countries of the world; it is controlled by a 
Permanent Committee composed of representatives of 
these countries. 

The function of the Association is to secure international 
co-operation and an exchange of views, experience, and 
knowledge in regard to materials and their testing. With 
this object international congresses are organised at 
intervals of from three to five years, the last congress 
having been held at Ziirich in September, 1931. 

Congresses are arranged at intervals of three to five 
years in different countries, and one will be held this year 
in London for the first time. It is earnestly hoped that the 
British membership will be large and representative. 

The o tion of this London Congress has been 
undertaken by a British Reception and Com- 
mittee, which consists of the British Committee of the 
International Association for Testing Materials, pro- 
minent representatives of British industries, and the 
representatives of thirty leading British technical insti- 
tutions and scientific societies. 

The subjects for discussion at the Congress have been 
divided into the following four groups, for each of which a 
Group President has assumed responsibility :— 

Group A, “ Metals.’’—(President, Professor C. Benedicks, 
Sweden ; Vice-President, Dr. H. J. Gough, F.R.S., Great 
Britain.) Approximate number of papers, 77. 


(1) Behaviour of metals (mechanical and chemical) 
as dependent upon temperature, particularly in regard 
to high temperatures (25 papers); (2) progress of 
metallography (25 papers); (3) light metals and their 
alloys (14 papers); and (4) wear and machinability 
(13 papers). 
Group B, “ Inorganic Materials.”’—(President, Pro- 

fessor E. Suenson, k; Vice-President, Direktor 
P. F. van der Wallen, Holland.) Approximate number of 
papers, 63. 

(1) Concrete and reinforced concrete (43 papers) ; 
(2) erosion and corrosion of natural and artificial stone 
(5 papers); and (3) methods of testing ceramic bodies 
(15 papers). 
Group C, ‘* Organic Materials.”-—(President, Dr.-Ing. 

R. Barta, Czechoslovakia ; Vice-President, Professor J. O. 
Roos-af-Hjelmsiiter, Sweden.) Approximate number of 
papers, 45. 

(1) Textiles (9 papers) ; (2) wood cellulose (10 papers); 
(3) timber preservation (10 papers); (4) ageing of 
organic materials (9 papers); and (5) colours and 
varnishes (7 papers). 





Group D, “ Subjects of General Importance.’’—(Presi- 
dent, Professor H. Rabozée, Belgium; Vice-President, 
Professor Dr. M. Ros, Switzerland.) Approximate 


number of papers, 25. 
(1) Relation between the results of laboratory tests 
and behaviour in use and service (6 pepe): ; (2) the 
bearing of recent advances in physics and chemistry on 
the knowledge of materials (7 papers); and (3) the 
properties of materials for the thermal and acoustic 
insulation of buildings (12 papers). 
Over two hundred papers by leading authorities from 
about twenty different countries have been received. 
These have been written in summary form with the object 
of providing in as short a space as possible authoritative 
and comprehensive reports on the progress made in each 
subject during the last five years. The papers will be 
published in a Congress Book, together with a record of 
the proceedings, and reports by the Group Presidents or 
other qualified rapporteurs. It is anticipated that this 
volume will be invaluable for reference purposes. Advance 
proofs of the papers will be available before the date of the 
Congress, and will be supplied (without additional charge) 
only to members of the Congress who subscribe for the 
Congress Book. The papers will be printed in English 
or French or German, and the remainder of the proceedings 
in English only. 
A provisional list of papers can be obtained on applica- 
tion to the Honorary Secretary. 


MEMBERSHIP OF THE CONGRESS AND CHARGES. 


Participation in the Congress will be open to all interested 
in the study of materials and their testing on payment of 
the membership fee. Ladies accompanying members of 
the Congress are cordially invited to take part in the 
plenary sessions and all excursions and to attend a recep- 
tion by H.M. Government, a banquet, a dance, a soirée by 
the Royal Society, and an entertainment by the British 
Broadcasting Corporation. 
The programme of the Conference as at present arranged 
is as follows :— 
Monday, April 19th.—11 a.m. to 12.30 p.m. Plenary 
opening session of the Congress and general meeting of the 
International Association for Testing Materials. (At the 
conclusion of business the meeting will be adjourned 
until Friday, April 23rd, at 3 p.m.) 
Time to be |, opening of an Exhibition of Testing 
Plant and Apparatus in the Upper Library of the Institu- 
tion of Civil Engineers. 
3 p.m. to 5 p.m. Plenary session. Presentation and 
discussion of papers in Group D, “ Subjects of General 
Importance.” 

Sub-Group 1: ‘“ Relation between the Results of 
Laboratory Tests and Behaviour in Use and Service.” 


President of the Co: 


ingress. 
‘uesday, April 20th.—10 a.m. to 12.45 p.m. Meetings 


Group A, Sub-Group 2: ‘* Progress of Metallography.”’ 
Group B, Sub-Group 1: Sections (a) to (e): ‘ Con- 
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Group C, Sub-Group 1: “‘ Textiles.” 

Group D, Sub-Group 3: “‘ The Properties of Materials 
for the Thermal and Acoustic Insulation of Buildings.” 
Wednesday, April 21st.—10 a.m. to 12.45 p.m., meetings 

of Groups A, B, and C. 

Group A, Sub-Group 1: ‘ Behaviour of Metals 
(Mechanical and Chemical) as Dependent upon Tem- 
perature, Particularly in Regard to High Tempera- 


tures.” 
Group B, Sub-Group | : Sections (f) to (I): * Con- 
“Wood Cellulose.” 


crete and Reinforced Concrete 
Group C, Sub-Group 2: 

10 p.m. Reception by H.M. Government at Lancaster 
House. The guests will be received by the Lord President 
of the Council, the Rt. Hon. James Ramsay MacDonald, 
P.C. 

Thursday, April 22nd.—10 a.m. to 12.45 p.m. Meetings 
of Groups A, B, and C. 

Group A, Sub-Group 3: 

Alloys.” 

Group B, Sub-Group 2: ‘ Erosion and Corrosion of 

Natural and Artificial Stone.” 

Group C, Sub-Group 3: ‘ Timber Preservation ” ; 


“ Light Metals and their 


Sub-Group 4: “‘ Ageing of Organic Materials.” 
8.45 for 9 p.m. (a) Entertainment (dance music) at 
Broadcasting House, by invitation of the Chairman and 


Governors of the British Broadcasting Corporation 
(followed by buffet) ; (6) Display of technical films. 
Friday, April 23rd.—10 a.m. to 12.45 p.m. Meetings 
of Groups A, B, and C. ; 
Group A, Sub-Group 4: ‘‘ Wear and Machinability.”’ 
“* Ceramic Materials.”’ 


Group B, Sub-Group 3 : 
Group C, Sub-Group 5: ‘‘ Colours and Varnishes.” 


2.45 for 3 p.m. Closing plenary session of the Congress 
and adjourned ral meeting of the International 
Association for Testing Materials. 

9 p.m. to 2 a.m. Dance, including buffet and cabaret, 
at Grosvenor House, Park-lane. 
Numerous excursions, with one exception (to Sheffield), 
in and around London have been arranged 








BOOKS OF REFERENCE. 


The Blue Book, 1937: The Directory and Handbook of 
the Electrical and Allied Industries. London: Benn 
Brothers, Ltd., Bouverie House, Fleet-street, E.C.4. 
Price 25s. net.—This comprehensive directory of the 
electrical industry is so well known that the new edition 
needs no introduction. It is arranged in the same manner 
as the previous issues, and there is no doubt that the 
information it contains will be found as complete, accurate, 
and up to date as hitherto. 


Directory of Quarries, Clayworks, Sand and Gravel Pits. 
Seventh edition. London: “ Quarry * Journal,” 
Ltd., Salisbury-square House, "ECA. Price 6s, net.— 
The "information in the new edition of this directory is 
given in a similar form to that contained in the previous 
issues. The first section gives lists in alphabetical form 
of quarries, clayworks, and sand and gravel pits, and with 
each name is given the full address and particulars of 
the products. The second section contains the same 
information as the first, but the information is i 
geographically under counties. The third part com 
classified products lists, and the book concludes with a 
register of proprietary names and some useful data. 








Kent's Mechanical Engineers’ Handbook: Power. 
Eleventh edition. Edited by R. Thurston Kent. London : 

Chapman and Hall, Ltd., Henrietta-street, W.C.2. 1936. 
Price 25s. net.—The new edition of this book has been 
comereny sgh and the opportunity has been taken 
to rearrange the matter and increase the page size. This 
volume deals primarily poy Pampers one aspect of 
engineering, and another now will deal 
with design and shop tice. oes led into seventeen 
sections, it deals with the subjects of air; water; heat ; 

combustion and fuels; steam; steam ‘boilers; steam 
engines; steam turbines ; ; condensing and cooling 
equipment ; refrigeration and ice making ; heating, ventilat- 

ing, and air conditioning ; internal combustion engines ; 
gas producers ; rt; electric power; power test 
codes, and concludes with mathematical tables. There 
is no need for us to deal in detail with this book, for since 
its first edition in 1895 it has been a standard work of 
reference for American mechanical engineers. 


’ 








LAUNCHES AND TRIAL TRIPS. 





ERNEBANK, motorship ; built ot by ee Harland and Wolff, Ltd., 

Gash. Glas breadth, 67H, depth,’ 38M Tins gross tonnage, 
44 in.; gross » 
5260. Engines, six-cylinder, i meremag pth “epee ne eg 
airless injection ; trial trip, February 19th. 

JonILu, steamship ; built by Barclay, © Curle and Co., Ltd., 
to the order of James Nourse, dimensions, length, "375ft. 
oe 52ft. 6in.; breadth, 34ft.; carry 7500 tons. Enginos, 

-expansion, 20in., 82in. and 52in. by 42in. ov preseure 
Ib. per son inch ; trial trip, February 20th 

Warlana, built by Alexander Stephen and Sons, 
Ltd.; to the onder of sion Company of New Zealand, 
Ltd.; pen erin Se pen ; breadth, 48ft.; depth, 26ft. 6in.; 
3300 , single-acting, two- 


Sub-Group 2: “ The Bearing of Recent Advances in 
Physics and Chemistry on the Knowledge of Materials.’’ Pili no _ ad Ul yen” _ a a 
9 p.m. Soirée at Burlington House, by invitation of the Kmart 4980 ., breadth 58ft. 6in., 7ft. 3in.; gross tonnage, 
President and Council of the Royal Society of Great Engines, reciprocating steam ‘combined with 
Britain. The guests will be received by the President of po eck steam turbine on a Harland- ore system, 22in., 


mao, pressure 220 Ib. per 


Joun MILLER, steam t built ham Shipbuil and 

i itd by Ip of Millers and and Gor 
erde Islands, Ltd.; dimensions, length 60ft., breadth 
7ft. Engines, com compound inverted surface-con- 


g. te 








has placed orders for them. 


crete and Reinforced Concrete.” 





and 20in. diameter by 15in. a pressure 140 Ib. 


per square inch. Trial trip, February 26 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The International Steel Situation. 


Not unnaturally the world shortage of steel has 
created much confusion in the export markets. So far as 
the British works are concerned, they appear to have taken 
the line for the time being that it is better to let the export 
trade go and concentrate upon meeting the home market 
requirements. The result is that a large volume of 
export business is going begging. The steel makers are 
probably right in adopting this policy, although naturally 
it has its dangers, since once export connections are 
allowed to lapse, it is not easy to regain them. Tris is 
one of the problems of the sheet makers,who depend largely 
upon their export trade, and who, owing to the impossi- 
bility of obtaining supplies of semi-finished steel have in 
some cases had to close down a considerable proportion of 
their plant. There appears to have been no improvement 
in the position as regards supplies from the Continent. 
Semi-finished and finished steel is coming forward in small 
parcels, which have little effect in relieving the necessities 
of the market. Efforts to purchase large quantities of 
pig iron and steel in addition to the quota have so far met 
with scanty success. Apparently, the British market is 
less attractive to the Continental steel makers than some 
other export destinations, for which there have been 
releases of steel. Continental material for export is 
limited, but it is by no means impossible, and in some cases 
not very difficult, to obtain material for overseas markets. 
The prices which the Cartel obtains in foreign countries 
are considerably above those at which it is permitted to 
sell in Great Britain under the Anglo-Continental trade 
agreement, and this week the margin has been increased 
by a substantial advance in prices for export. Markets 
which hitherto have been quoted on the basis of £4 3s. 6d. 
and £4 7s. 6d. gold, f.o.b., have now to pay £5 gold, or 
roughly about £8 8s. sterling. These figures make business 
in some countries practically impossible, so it may be 
taken that they have been raised rather as a deterrent 
to would-be buyers than in the hope of securing orders. 
Nevertheless, a substantial amount of Continental steel 
is being exported abroad, whilst the British market is 
being practically ignored. Considerable interest has been 
aroused by the references in the report submitted by 
the Import Duties Advisory Committee regarding the 
‘*‘developments which are taking place to increase the 
supplies of pig iron from home and Empire sources.” — It 
is presumed that this relates to Canada and India, but it 
is likely to be some time before the quantities already 
arranged for can be supplemented, and so far as Canada 
is concerned the use of Canadian pig iron might require 
some modification of current British works’ practice. 


The Pig Iron Market. 


The situation in the pig iron market is approach- 
ing a critical stage, and the steel works are more than a 
little worried at the outlook with regard to their supplies 
of basic and hematite iron. In many cases their present 
arrangements only provide for ten to twelve months’ 
supplies at the current rate of steel production. There are 
no signs of an improvement in the position, although the 
British Iron and Stoel Federation is endeavouring to make 
purchases of foreign iron. The withdrawal of the duty on 
pig iron may assist in that direction, but some foreign 
sellers are understood to hold rather inflated ideas of 
prices. The British production of basic iron is well below 
the country’s requirements, but efforts are being made to 
raise it by bringing fresh plant into operation. In the 
Cleveland district Dorman, Long and Co., Ltd., have put 
into operation a blast-furnace with a capacity of 2500 tons 
per week on the production of basic iron for their own 
steel works. The output of hematite also is insufficient to 
meet the demand, and the difficulty of obtaining adequate 
ore supplies from Spain has affected the position in this 
department. The producers for the most part are declining 
to accept fresh business, either on home or export account, 
and are concentrating upon meeting their commitments 
against running contracts. It is not surprising that con- 
sumers of both basic and hematite iron are dissatisfied 
with the position, and there is a section which feels that 
the loyalty rebate which prevents their purchasing iron 
except from the makers’ association or the steel makers’ 
selling organisation should be dropped for the time being. 
Against this it is urged that if there were a scramble for 
iron prices would rapidly appreciate. The scarcity of 
steel-making iron has for the time being distracted atten- 
tion from the stringency which rules in the foundry iron 
department. Users are working on hand-to-mouth supplies 
and as at this season of the year the demand for light 
castings, particularly for rain-water goods, always hy ward 
the outlook is far from bright. In the Cleveland district 
the makers are sold for several months ahead, and the pro- 
duction of foundry is stated to be not more than 2000 tons 
per month. Little iron is available for other districts, 
although it is claimed that the local users are kept going. 
In the Midlands also new business has almost ceased, 
owing to the inability of the producers to accept orders. 
The Northamptonshire are out of the market, and 
only a small quantity of Derbyshire iron is obtainable. 
In Scotland also the pressure for deliveries has become 
accentuated lately, and makers are badly in arrears with 
deliveries. 


The North-East Coast and Yorkshire. 


Although the steel works continue to operate 
at a high rate of production, they seem to be making little 
headway against either their arrears in deliveries or in 
meeting the insistent demand. Some of the works are 
unable to accept fresh business except for indefinite delivery 
dates. Consumers have been notified that after June Ist 
prices of joists, sections, and plates will be raised, and 
contracts for delivery for the second half of the year will 
be entered upon only at prices which may be ruling at the 
date of dispatch. It is apparently also the intention of 





the makers to charge any advances, where possible, on 
the balances of undelivered contracts, although naturally 
there is some opposition on the part of consumers to this 
policy. The constructional engineers who have a large 
amount of work in hand complain of the difficulty of 
placing new orders in the present conditions of stringency, 
and state that they are unable to lay down economical 
programmes for their work. The supplies of billets and 
sheet bars are entirely inadequate to meet the require- 
ments of the re-rollers and little assistance is being received 
from the Continental makers, who are badly behind with 
their quota deliveries. It is suggested that the cut of 
10 per cent. in the duty of 20 cent, on Cartel steel may 
lead to larger supplies for this country, but most con- 
sumers appear to think that the concession is not suffi- 
cient. The sheet makers in particular are badly off as 
regards supplies of sheet bars. The home trade quota- 
tion for sheets has not been altered since last August, 
when it was advanced from £11 15s. to £12 d/d basis, 
24G. It is understood, however, that the price will be 
increased after June Ist, but in the meantime the official 
figures bear little relation to the effective quotations, as 
premiums of 40s. to 45s. are being asked. In this market 
the official export quotations are £1 above the home trade 
price, and these are also subject to high premiums. The 
increase in the quotation for iron bars was welcomed 
by the makers, who have long felt that their prices were 
at an uneconomic level. Crown bars are now £11] 17s. 6d., 
best bars £12 7s. 6d., and double best bars £12 17s. 6d. 
In the Yorkshire district the scarcity is felt as badly as in 
other quarters. In Sheffield the production of special 
steel is maintained at a high level, but the output of basic 
steel is far less than the market could absorb, and the 
demand for acid carbon material is also increasing. Last 
week the quotations for high- steel 14 per cent. 
tungsten were increased to 2s, 2d. per Ib. and for 18 per 
cent. tungsten to 3s. per lb. 


The Midlands and South Wales. 


The serious effects of the shortage in steel, par- 
ticularly of semi-fini materials, are causing grave 
concern in the Midlands. During the past week or so the 
curtailment of operations at seme of the re-rolling works 
owing to the lack of supplies, has become more drastic, 
and it is reported that some mills have been temporarily 
closed down. Although towards the end of last year many 
of the works covered their requirements for some time 
ahead, they are not receiving deliveries against contracts. 
The position has become so serious that discussions have 
taken place with the British Iron and Steel Federation on 
the subject, and it is understood that efforts will be made 
to increase the supplies to the re-rollers. Attempts which 
have been made by the Federation to purchase semis 
abroad do not seem to have been attended with much 
success. The official prices of £6 5s. for British untested 
billets, 100-ton lots, and £6 10s. for sheet bars d/d, are 
nominal, as no business is possible. The demand for joists, 
sections, and plates is unrelaxed, and the steel works are 
unable to cope with it. Constructional engineers are 
seriously inconvenienced, and in many cases jobs have 
been held up owing to the late arrival of steel, as well as 
by the difficulty of placing new orders. In fact, the 
steel works have had to turn down a quite substantial 
tonnage of business during the past few weeks, owing to 
the congested state of their order books. The advance in 
the price of iron bars was not altogether unexpected, 
although in some cases the increase of £1 7s. 6d. and in 
Scotland of £1 17s. 6d. was more than had been anti- 
cipated. The demand in this de mt has improved 
considerably of late, particularly in the case of marked 
bars, and the order books of some of the makers are becom- 
ing uncomfortably full. Considerable activity rules in the 
common bar d mt, where the production is sold 
largely to the nut, bolt, and fencing trades. Business in 
Crown bars has not improved to the same extent, but there 
are signs that an expansion is at hand. In South Wales 
the steel works are finding it difficult to maintain produc- 
tion, and owing to the scarcity of pig iron and scrap, many 
of the works are curtailing their forward sales. e tin- 
plate works are also hard pressed to maintain their 
output, and premiums of 2s. to 2s. 9d. are now being 
asked on the official quotations of 19s. 9d. f.0.b., 20 by 12 
basis, and 19s. 44d. f.o.t. 


Current Business. 

Koppers Coke Oven Company, Ltd., Sheffield, 
has received a contract from the Appleby-Frodingham 
Steel Company, Ltd., Scunthorpe, for sixty-four coke 
ovens having a capacity of 6000 tons per week, and for 
a complete by-product plant. John cer and Sons 
(1928), Ltd., Newburn-on-Tyne, has received the first grant 
from the two-million-pound Nuffield Trust. The grant 
will be used to rebuild and modernise a plant for the 
— of marine and other forgings. The Hughes 

olckow Shipbreaking Company, Ltd., Blyth, has pur- 
chased for about £14,500 the American steamer ‘“‘ West 
Hika,” of 5757 tons, for breaking up. Swan, Hunter and 
Wigham Richardson, Ltd., have received an order for a 
cargo and vessel from the British India Steam 
Navigation Company, Ltd. The vessel will be 5150 tons 
d.w. A contract has been placed with Firth-Vickers 
Stainless Steels, Ltd., Sheffield, by the Danish Jernkontoret 
for stainless steel to be used in the construction of sixty 
vats for a brewery in Copenhagen. The Furness Ship- 
building Company, Ltd., of Haverton Hill-on-Tees, have 
secured an order for a steamer of 8000 tons d.w~ for the 
United Africa Company. Three inspection licences under 
the Petroleum (Production) Act, 1934, and the Petroleum 
(Production) Regulations, 1935, have been issued to the 
D’Arcy Exploration Company, Ltd., the development 
company of the Anglo-Iranian Oil Company. The 
licences cover a total area of about 535 square miles in 
Derbyshire, Cheshire, Staffordshire, Worcestershire, and 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


Hampshire. The Air Ministry has placed orders with 
Ransomes and Rapier, Ltd., for mobile cranes to be 
used in hangars and restricted spaces. A cargo of 5070 
tons of basic pig iron consigned to the British Iron and 
Steel Corporation has been discharged at Swansea from 
Nova Scotia. The Bureau of Industry, Brisbane, is 
inviting tenders for the supply of sluice gates in connec- 
tion with the construction of a dam on the Stanley River, 
Queensland. Quotations are due in Brisbane by April 12th. 
and plans can be seen at the office of the Agent-General 
for Queensland, 409, Strand, London, W.C.2. The 
Department of Overseas Trade reports that the Otago 
Harbour Board, New Zealand, is calling for tenders for the 
supply, delivery, and erection of one or two 5-ton portal 
type, level luffing, travelling, electric wharf cranes to 
specification (Chairman of the Board, June 30th). An 
Indian concern requires quotations by April 15th for iron 
and steelworks plant, including one blast-furnace, one 
open-hearth furnace, one blooming mill, one rolling mill, 
one sheet mill, motors for operating the foregoing, 
auxiliary plant such as coke ovens, gas plant, &c., and 
eranes. (Ref. T.Y. 2352). 


Copper and Tin. 


Strong conditions have ruled in the electrolytic 
copper market, and the price has moved steadily upwards. 
There has been a good deal of speculative buying, but con- 
sumers have displayed more interest, although the demand 
has been more active on the Continent than in this 
country. It is doubtful whether prices would have 
advanced so far on the industrial demand alone, but the 
rise in standard copper prices has played a part in forcing 
up the electrolytic quotation. A feature of the market is 
the comparatively low price at which business can be 
done for far forward delivery, over £2 less than the prompt 
price having been quoted in some eases. The volume of 
business transacted for shipment in the last quarter of 
the year, however, has not been large, and it is evident 
that consumers are not particularly impressed with the 
likelihood of the present range of prices being maintained. 
In this they are probably influenced by the knowledge 
that the production of electrolytic copper is increasing, 
and there is a chance that it may by the end of the year 
be somewhat in excess of the demand. A section of the 
market holds the view, however, that consumption will 
increase quite as quickly as production. In the United 
States the producers say they distrust the rise in the 
European price, as it is largely based upon speculation, 
and have increased their domestic quotation to 16} c., 
although this is well below the Continental figure. The 
standard market has been quieter, and there has been a 
steady reduction in the stocks in this country, which con- 
sist principally of cathodes. Naturally this has affected 
the position, and there is the unusual feature of a back- 
wardation in the market of 26s. 3d.... A considerable 
improvement has been noticeable lately in the tin market, 
and with the appearance last week of American buyers 
the price showed a substantial gain. The meeting of the 
International Tin Committee took place on March 5th, 
and it was decided to retain the quota at 100 per cent. for 
the period April-June next. The Committee also issued 
a statement that the increase m February was due to the 
suspension of business as a result of the Chinese New Year, 
and the fact that one of the Eastern smelters was shut down 
for the greater part of the month. According to the Com- 
mittee’s estimate, present consumption is at the rate of 
170,000 tons a year, and making all allowances the main- 
tenance of the quota should amount to an addition to the 
stocks of about 1600 tons of tin per month. The Com- 
mittee also stated that there was a substantial reserve 
production available if required. Early in the week 
substantial speculation developed in the tin. market, 
and this, combined with the belief that American con- 
sumers would still have to buy large quantities, caused 
some violent price advances. 


Lead and Spelter. 


It is generally supposed that there is still a con- 
siderable bull account open m the lead market, and for this 
reason operators are inclined to be cautious. The industriai 
demand has definitely declined in the past few wecks, 
but it is still of sufficient proportions to absorb heavy 
tonnages of lead. Probably one reason for the indiffer- 
ence shown by users is that many of them covered their 
requirements for some time ahead early in January, and 
at present prices are inclined to hold off the market. 
At the same time, producers have sold with freedom, so 
that any buying order that came on the market was easily 
filled. One of the features of the position has been an 
improvement in the flow of supplies to this country. In 
America the market has shown increased strength, and 
the recent price advance to 7 c. per Ib. New York has 
been maintained. American statistics give the stocks 
of refined lead in that country as 169,776 tons at the end 
of January, compared with 172,400 tons at the end of 
December, the production being 43,636 tons, compared 
with 47,000 tons in December.... There has been a 
fairly good industrial demand for spelter, partly from the 
galvanisers and also from the makers of die castings and 
the brassmakers. The tone of the spelter market developed 
considerable strength early this week, and prices sharply 
appreciated ; no doubt there is still an important bull 
account outstanding, and probably it has been added to. 
It is interesting to note that for the first. time for many 
years the price of spelter has risen above that of lead, 
although formerly spelter was always quoted at a premium. 
A certain amount of profit-taking in the market has had 
little influence upon the situation, as all the metal offered 
has been quickly absorbed. According to American 
statistics, the world’s production in January, including 
estimated fi for Italy and Spain, was 13,776 tons, 
compared with 14,495 tons in December. 
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PIG IRON. 
Home. Export. 
(Did Teesside Area) 

N.E, Coast— 5; S. £ 3s. d. 
Hematite Mixed Nos.* ” ie ier Neemene eee — 
No. 1 4::16.- :@: «.. 

2 gra (Did Teesside Area) 
No. SG Cage et kee ae. ee MR ot 
No. she apc Sy 
No, 4 Forge ... pet Sk | Bre 
Basie (Less 5/—rebate) ... 4 2 6... 
MrpLanDs— 
Staffs— (Delivered to Black Country Station) 
North Staffs. Foundry... 4 6 0... 
bee oA oa 
Basic (Lees 5/-rebate) MCE SA Ry geile 
Northampton— 
Foundry No.3... ... 4 3 6.. * ~ 
Forge... 318 6 
Derbyshire— 
No.3 Foundry... ... 4 6 ©. 
ene a PO 1k a a aT st - 
ScoTtLanp— 
Hematite, f.0.t.furmaces* 417 6 .. 
No. 1 Foundry, ditto 410 6.. 
No.3 Foundry, ditto .... 4 8 0.. - 
Basic, d/d (Less 5/- rebate) 4 2 6... ... 

N.W. Coast— { 418 0d/d Glasgow 
Hematite Mixed Nos.*..., 5 3 6 , Sheffield 

ls 9 6 ,, Birmingham 
* Less 5,— rebate. 


Home Export. 
Lancs. AND Yor«KS.— £ os. d. $m ah 
Crown Bars 117 6 
Best Bars 3 5 8 
MrpLanDs— 
Crown Bars ........... U1 6. 
Marked Bars (Stafis.) 13 0 0 
No. 3 Quality... 10 5 0. — 
No. 4 Quality... 1015 0 
ScoTLAND—- 
Crown Bars ... .. Sa” SM ae oe 1117 6 
RMB 6. i einai eit ae Bs. a 
N.E. Coast-— 
RDO osc oe RE EE Oa ee Wi oe 0 
Best Bars RE UAC TEEE * pay Se be 11 10 0 
Double Best aw ras fy So Beats 12 0 0 
NortHern IkeELanpd aND Frer Stare— 
Crown Bars, f.0.q.... 12 10 @ ... 
STEEL. 
Home. Export. 
LONDON AND THE SoutH— £ s. d. Cad. 
ST ea: Si le art 9 2 6 
oS 10 5 6... 10 2 6 
Ce Te ee Rae eene, Et eS 9 2 6 
Chtedie.: cists es BR ES - 9 7 6 
Rounds, 3in. and up 0 5 6.. 10 2 6 
RS under 3in. 9.38 4s 10 0 0 
Flats, under Sin. ... ... 912 6. 10 0 0 
Plates, jin. (basis) .. 915 6. 9 12 °6 
s in. ... he Oe Se BS 917 6 
aes 53 10 5 6. 10 2 6 
a, 1010 6. 10 7 6 
Un. *& tof. inal. | Be sae ee 10 15 0 
Boiler Plates, jin. 10 5 6. 1015 0 
NortH-East Coast— £ s. d. £s. d. 
Mie EEE OS Bioeth r giciges: 9 2 6 
I nxn tia dnoee na ee ee OY oe 10 2 6 
Joists a Carte eyes. Si so Bet 9 2 6 
ee ee eee ees Fis a eae 97 6 
Rounds, 3in. and up lo 3 0.. 10 2 6 
” under 3in. -- 2910 0.. 1 0 0 
Plates, jin. (basis) .. 910 6... 912 6 
fin. ... 915 6.. 917 6 
fin. a. ew 6 10 2 6 
jein. BS Tal sim 10 7 6 
Un. f to fin. inet: 918 0.. 10 17 6 
Boiler Plates, jin. ke 2: f 10 15 0 
MipLanps, AND LEEDS anD DistTRIcT— 
£ s. d. £ se. d. 
Angles... ... ae we ve. pes 9° 2 6 
Tsk ies icine dda es 102 6 
Fete ieee penta BB HRs, 9 2 6 
Channels... ... psx; She Oe. FS OE 
Rounds, in. pany up 10 3 0 10 2 6 
ee under 3in. .. 9 WW O 1 0 0 
Flats, 5in. and under .. 910 0 10 0 0 
Plates, jin. (basis) .. 913 0.. 912 6 
S Sermtecmencoy: oS ee 917 6 
jin. ... 10 3 O.. 10 2 6 
; jrin. eee! Se er ee 10 7 6 
Un. j to in. ory ise ORB. 1017 6 
Boiler Plates, jin. 10 3 0. 10 15 0 


Makers’ official home trade prices per ton, delivered buyers’ stations. 





Current Prices for Metals and Fuels. 











only from associated British Steelmakers. 


STEEL (continued). 

Home. ixport. 
GLasGow anv Districr— £ s. d. £ s. d. 
PN a5. nys cswag dle g Wane a 9 2 6 
: alae eae pag AO I as ag 10 2 6 
| SER PERE Ga RaeeE, Pee Oo YORE 9 2 6 
Keeani i 5 357: gets vas Ee bee eer ntine 9 7 6 
Rounds, 3in. and up ... 10 3 0... 10 2 6 
ns under 3in. Ey OO: :-@. ax 10 0 0 
Flats, Sin. and under ... 910 0.. 1 0 0 
Plates, jin. (basis) ... 910 6.. 912 6 
EMO Spas ecereammey pa Car vas 917 6 
A fin. ... 10 0 6.. 10 2 6 
in. .. Oe BK B.2, 10 7 6 
Un, ¥ to fin. inal: te OB - Ore 1017 6 
Boiler Plates, jin.... 10 0 6... 1015 0 
South WaLEes AREa— . Ae £ s, d. 
ingheh 63 i Shiawase (2 Ry Che 9.2.4 
Ween el rag LO sah 10 2 6 
Joists... Ss OT, SE Be 9 2 6 
Channels... ... EL IQ Go Gis: OUPLA 
Rounds, Sin. endep 10 3 0... 1 2 6 
under 3in. i eae! Oe wn 1 0 0 
Flats, Sin. and under ... 910 0... 10 0 0 
Plates, jin. (basis) ... 913 0.. 912 6 
io ieee alt ded Je gaia: A 917 6 
}in. ... Res) oe ee 10 2 6 
fin. ... Te Le ey 10 7 6 
. fin. to in. ial, eae: ae se 10 17 6 
[RELAND—F.0.Q. BELFAST. Rest or IRELAND. 
£s. d. £s. d. 
Angles . ; nine 570 ie Doe 910 6 
Tees... nee ave OO Bi. 10 10 6 
RRS tage 5 SRY. ah “ts, Shr! 918 0 
RUE oo chee a a 915 6 
Rounds, 3in. and up 10 8 0. 10 10 6 
oo tender. Qin. ..< 8 8.0. 8 8 0 
Plates, jin. (basis) Bie AB Ok 918 0 
frin. ... 10 0 6... 10 3 0 
jin. ... Se HS 10 8 0 
eee eis eS 1013 0 
Un. #in. to fin. meaty | ee Se ae 10 8 0 

OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £ s. d. £. 5. 4. 
11-G. to 14-G., d/d Pee ty oe Fae ..f.o.b. 12 10 0 
15-G. to 20-G., d/d av RD RB: @....0°. 5s hal AS 16 
21-G. to 24-G., d/d $98@ sas) 2 fred 18.0.0 
25-G. to 26-G., d/d 12:12 6... . fob. 13 15 0 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value : 
Australia £11 5s.; Irish Free State, £13 5s. f.0.q. 
The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra ; and under 2-ton lots, 
30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 
Home. £96 hh 
4-ton lots and up .. 14 0 0 
2-ton to 4-ton lots "4 Se 
Under 2 tons . 16 0 8 


Export: India, £16 10s. c.i.f.; South Africa, £15 10s. f.0.b., 
plus 3 p.c. invoice value ; Rhodesia, £15 17s. 6d. f.0.b.; 
Sweden, £14 lis.; Irish Free State, £14 15s. f.0.q.; 
General, £15 15s. f.o.b. 
Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 198. 9d. to 20s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. £ s. d. 
Basic (0-33% to 0-41% C.) . vey Ae: athe a 
Medium (0-42% to 0- 60% ly ©.) ee Gee 
Hard (0-61% to 0- 85% C.)... 8 7 6 
(0-86% to 0-99% C.).. (9 2 6 
* (1%,C. and up) ... .. - 912 6 
Soft (up to 0-25% C.), 500 tons ni up . 6 56 0 
Rails, Heavy, 500-ton lots, f.o.t. + 810 0 
Light, f.0.t. sis Sy ie | ee 
a os 
Tungsten Metal Powder.. 4/14 per Ib. 
Ferro Tungsten 4/0 per Ib. 
Per Ton. Per Unit. 
Ferro Chrome,4p.c. to 6 p.c.carbon £21 10 0 7/- 
6 p.c. to 8 p.c. £21 0 0 q/- 
Sp.c.toldp.c. . £21 0 0 7/- 
Specially Refined ... 
Max. 2p.c.carbon £32 10 0 11/- 
+» lp.«c.carbon £3515 0 11/- 
0-50 p.c.carbon £36 10 0 12/- 
carbon-free ... 9}d. per Ib. 
Metallic Cheensinun, 2/5 per Ib. 


£13 15 0 home 
£12 0 0 seale 5/— p.u 


Ferro Manganese @unee), 76 p.c.. 
Silicon, 45 p.c. to 50 p.c. 


9 75 p.c. £17 0 0 scale 6/— p.u. 
Vanadium 12/8 per Ib. 
. Molybdenum 4/6 per Ib. 
», Titanium (carbon- free) 9d. per Ib. 
S £180 to £185 





Nickel (per ton) 


Cobalt 7/- to 7/1 per Ib. 


Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 


(Official Prices, March 10th). 


LANARKSHIRE— 
(£.0.b, ete ee Unscreened) 
Hamilton Ell : be Sag ; 
Splints 

AYRSHIRE— 
(f.0.b. Ports)—Steam 


FiresHIRE— 
(f.0.b. Methil or Burntisland)— 
Prime Steam . ‘ 
Unscreened Navigation 


Lornians— 

(f.0.b. cay Cae Prime 

Secondary Steam . 

ENGLAND. 

Sours Yorxsarre, Hutr— 

B.S.Y. Hards... 

Steam Screened 
NORTHUMBERLAND, NEWCASTLE— 

Blyth Best 

» Best Small .. 

Unscreened 
DurH#aM— 

Best Gas... 

Foundry Coke 

Inland. 

27/6 to 29/— 


SHEFFIELD— 
Best Hand-picked Branch ... 
South Yorkshire ... .-» 24/- to 26/- 
Seconds ... . 22/— to 23/- 


CargpirF— SOUTH WALES. 


Steam Cuals : 
Best Admiralty com che 
Best Seconds : 
Best Dry Large 
Ordinaries... 
Bunker Smalls 
Cargo Smalls ... 
Dry Nuts a 
Foundry Coke 
Furnace Coke 
Patent Fuel ... 
SwansEa— 

Anthracite Coals : 
Best Large ... 
Machine-made Cobbles 
Nuts 
Beans 
Peas ahi ft 
Rubbly Culm... 

Steam Coals : 

Large Ordinary 







Coprer 
3 ETS z £77 2 éto £77 10 0 
Three months ... £74 18 Oto £75 0 0 
Electrolytic athe £79 0 Oto £80 0 6 
Best Selected Ingots, d/d Bir- 
mingham aah , £79 15 0 
Sheets, Hot Rolled ... £106 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) ... 154d. 15$d. 
Brazed (basis) 154d. 15}d. 
Brass- 
Ingots, 70/30, d/d Birmingham £66 10 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 13$d. 134d. 
Brazed 15}d. 154d. 
Trr— 
Cash ... . £301 0 Oto £301 10 0 
Three months .. . £296 0 Oto £297 0 0 
Lean: wits “s £36 0 Oto £3518 9 
Sprerrer, Cash and Forward.. £36 5 0 
Aluminium Ingots (British) ... £100 to £105 
FUELS. 
SCOTLAND 


Export. 
17/~ to 17/6 

18/6 

20 

17/6 

18/- 

17/6 

17/6 

17/6 
20/- to 20/6 
17/6 to 18/6 

19/6 
18/6 to 19/— 

15/— 
18/— to 19 
19/- to 20/ 
30/— to 32/6 

25 /- 

25 

25 /- 
23/6 to 24/- 
18/— to 18/6 
17/- to 17/6 
26/— to 28/— 
32/— to 47/6 
27/- to 28/- 

23/6 
36/- to 40/- 
41/- to 48/6 
40/- to 48/6 
25/- to 35/6 
19/— to 23/6 
13/6 to 14/6 
19/- to 25/~ 





FUEL OIL. 


Inland consumption: contracts in bulk. 


Ex Ocean Installation. 





Furnace Oil (0-950 ree. 
Diesel Oil eats 


Exclusive of Government tax of Id. per gallon. 


Per Gallon. 
34d. 
44d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Concessions to Employers. 


THE pivot of the conflict between employers and 
labour is whether the first named will retain their right 
to take on the men they please and to discharge them 
when they find it desirable to do so in the interest of 
the businesses for which they are responsible. The 
labour revolt last June could only have completely 
achieved its aims by depriving employers of that right, 
and making the situation of workers secure, whatever 
action they might take to impose their own will. So 
long as employers were insufficiently organised, and the 
Government had to rely upon the full support of the 
Confédération Générale du Travail, there was no question 
of the law being invoked to restrain the men from striking 
for the reinstatement of those who had been discharged 
and from occupying works. Recently, however, there 
has been a perceptible change in the situation. Since 
employers in all trades and occupations throughout the 
country have affiliated their local organisations to a 
confederation which has become as powerful as, and more 
fully aera then, the C.G.T., the legal aspect of 
their relations with workers is uncompromisingly affirmed 
in defence of their interests. In all the new labour legisla- 
tion the Senate has intervened to protect the rights and 
interests of employers and prevent the Confédération 
Générale du Travail from becoming a law unto itself, 
and the action of the C.G.T. in monopolising the recruiting 
of labour for the Paris Exhibition works brought matters 
to a crisis by demonstrating the power of the Employers’ 
Confederation in defence of legality. Moreover, the 
C.G.T. has so far failed to make the longer working week 


effective in a time of great emergency through the refusal | 
of one of its affiliated unions to accelerate work unless | 
it is assured that the Government will provide the men | 


with employment after the completion of the Exhibition. 


The result of all this trouble is that Monsieur Léon Blum | 


appears to have turned his back on the C.G.T. by declaring 
that employers have the right to take on men and dis- 
charge them. This unexpected change in the official 
outlook may have an important bearing on the labour 
situation in the future. 


The Steel Situation. 


The decision to remove the duty on raw iron 
imported into Great Britain and to reduce the duty on 
semi-manufactured and rolled steel has not made much 
impression on steel makers, whose profits on the British 
business have become very problematical with their 
higher production costs, and if British requirements 
should necessitate an increase of import quotas it is 
doubtful whether French makers could do much to 
satisfy them. During the last three months for which 
there are returns steel exports declined from 140,000 tons 
in November to 116,000 tons in January, attributable 
to growing home needs for public works and for national 
defence. As these works are to be greatly accelerated 
during the present year, it is believed that the home 
demand for steel will absorb practically the whole pro- 
duction unless makers can increase their output, and for 
the moment it is not easy to see how this can be done. 
Since the forty hours’ week was imposed on the engineer- 
ing and metallurgical industries the finding of additional 
skilled. labour has become a serious problem. Before 
the slump oceurred a large proportion of men at work 
at blast-furnaces and in mills and forges were foreigners, 
who had to be repatriated when measures were taken 
to relieve unemployment, and at the time the forty hours’ 
week was introduced there was no unemployment in the 
iron and steel areas. Steel makers do not see how it is 
possible to procure the additional men required for an 
m i roduction. Even if they were allowed to 
import workers they do not know where to obtain them. 
In Czechoslovakia and Poland the steel-making industry 
is said to be sufficiently active to keep men from migrating. 
The French industrial population has grown, without 
adding sufficiently to the supply of men in the heavy 
industries, like steel making, which are admitted to 
offer little attraction to French workers. As the gaps 
occasioned by the departure of foreigners have only 
been partly filled, it was obviously a dangerous experi- 
ment to introduce the forty hours’ week just at the 
moment when the steel-making industry had entered 
upon what ap to be a period of expansion. The 
supply of qualified men may eventually meet require- 
ments, with an intervening shortage of labour that will 
limit the possibilities of an increasing production. Never- 
theless, during January, the steel output reached 603,000 
tons, an increase of 42,000 tons on the first month of 
1936. The pig iron production was 587,000 tons, or 
78,000 tons more than in January of last year. In cases 
where furnaces are continuously in operation a three 
months’ period of grace was allowed owners in order to 
enable them to complete arrangements for the forty 
hours’ week. In view of the heavy home demand for 
steel now foreshadowed, the surplus available for export 
may decline. 


Coal Imports. 


The quota for coal imports during the present 
month has been increased from 58-5 to 65 per cent. of 
the total for the “reference period” of 1929. This 
increase follows closely upon the publication of figures 
showing a decline of output at the French collieries. It 
also co mds with the growing needs of consumers 
and with the necessity of preventing an inflation of coal 
prices. There are also “complementary quotas’ which 
may be accorded to big consumers and dealers who take 
from French collieries or import an average of at least 
500 tons a month. The increase in the quantity of coal 
authorised to be imported this month is stated to be 
200,000 tons. The significance of this widening of the 
coal quota lies in the fact that it is a natural consequence 
of the new conditions imposed on the colliery industry 
by the short working week and higher wages, accentuated 
somewhat unexpectedly by a heavier demand for coal 
when so many branches of industry are being worked at 
full pressure on national defence. 








British Patent Specifications. 


When an invention is communicated abroad the name and 
address of the communicator are in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at 
Sole Bewsh he. 8 thampton-buildings, Ch 


ls. each, } 
The date first given is the date of application ; the second date, | 
os the snd of the chetiqunent. tr d-tite of he acnegeonce of Be 


complete Specification. 





the Patent Office | 
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TURBINE MACHINERY. 

459,742. December 30th, 1935.—Turpine Briapes, Henry | 
Wiggin and Co., Ltd., Thames House, Millbank, London, | 
8.W.1, and A. B, Graham, Zenith Works, Thornliebank, | 
Glasgow. 

This ification covers two systems of forming steam turbine | 
blades with integral roots, so that it is unnecessary to use pack- 
ing pieces in their ponents in the rotor. One scheme envisages 
an extrusion process in which four blades are produced simul- 





' 
Ne459,742 
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A 


i 





taneously at one stroke of the press from a blank A, by pressing | 
through a die B. Sufficient of the metal is left behind to form | 
the roots of the blades, and the four are attached to one another | 
by a thin film. The die B is then moved aside by the handle C, 
and the set of blades ejected through the hole D. They are | 





separated and the roots machined to shape. The second ‘ager | 

not illustrated here, employs a rolling action with the rolls | 

gashed to form the roots.—January 14th, 1937. 
SWITCHGEAR. 


459,049. June 24th, 1935.—-ExrLosion Por Swircues, The | 
General Electric Company, Ltd., Magnet House, Kings- 
way, London, W.C.2, and C. C. Garrard, the G.E.C. Engi- 
neering Works, Witton, Birmingham. 

This switch is of the explosion pot type, and the aim is to 
ensure that any are formed will be immediately extinguished, 
whether the current interrupted is large or small. The moving 
contacts are indicated at A A and the fixed ones at BB. The 





NP459,049 




















fixed contacts are attached to the lid of the switch box by the 
insulators C C, and are immersed in oil. The explosion pot D 
is substantially bell-shaped, and is made of non- tic steel. 
‘The bottom of the pot is closed, with the exception of an ing 
for the introduction of the moving contact, by a series of alter- 
nating plates E of insulating material of the forms shown in 
Figs. 2 and 3. There is thus formed in the side of the pot a 
series of transverse through which the explosion of the 
are is dissipated.—. 24th, 1936. 





ELECTRICAL APPLIANCES. 


459,389. October 4th, 1935.—Execrrican Inpuctancss, The | 
Telephone Manufacturing Company, Ltd., Holli orth 
Works, Martell-road, est Dulwich, London, 8.E.21, 
and L. H. Paddle, 92, Lancaster-road, West Norwood, 
London, 8.E.27. 

This invention is concerned with electrical inductances with 
high permeability core material, such as iron dust, of which 
the particles are magnetically insulated. In the drawing, the 
coils of the inductance are shown at A, and the pole pieces 





at BB. They are surrounded by the cylinder C of high-perme- 
ility material, and are “4 é sihedrd in carne 
to ust the value of the ance, rods D of the requisite 
N°4 59,389 
B 
c: A 
A 
B 





size and length are placed in the core of the coil and are fixed 
in place by melted wax.—January 7th, 1937. 


AERONAUTICS. 
459,474. May 19th, 1936—SHock Ansorsers, Vereinigte 
Deutsche Metallwerke Aktiengesellschaft Zweignieder- 


lassung Heddernheimer Kupferwerk, Heddernheim, Frank - 

furt-on-the-Main, Germany. 
This invention relates to shock for under- 
carriages. It consists of a cylinder 
A and a hollow piston-rod B guided 
therein and fitted with a piston C. 
The hollow piston- rod serves as a 
guide for a plunger D acting on 
the liquid in the cylinder. On the 
outer periphery of the plunger D 
there are provided grooves FE, 
which serve as channels for the 
passage of the B24 from the 


plunger up- 
wards, while the wall of the hollow 
piston-rod serving as a guide for 
the plunger remains unperforated 
and without ch ls or ch led 
liners. For further absorbing shock 
there is provided in the upper 
eylinder chamber, in addition to 
the liquid in the hollow piston-rod, 
a compressible medium, such as. 
for example, compressed air or a 
spring. The number, length or 
shape of the grooves or channels 
E may be as desired, and is guided 
by the conditions arising in each 
particular case. When compressed 
air is used, holes F are provided in 
the upper part of the plunger for 
the passage of the compressed air, 
introduced at G, into the upper 
chamber of the cylinder A. Chan- 
nels H_ are provided in the piston 


= J, f 
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C for the of the liquid into 
the cham beneath the piston. 
By suitably di ioning the cross 








2 J 
sections of the ch Is E it is possible to obtain any desired 
degree of throttling of the liquid when fitting the shock 
absorber.—January 8th, 1937. 


TRANSMISSION OF POWER. 


459,500. September 23rd, 1936.—Roitter Bzaarines, 
Rossner, 24, ofstrasse Steyr, Austria. 

This is a roller bearing which is intended to take axial thrust 

in either direction. In it the alternate conical rollers face in 


K. 


N°459,500 














opposite directions, axially, and run on tracks inclined to one 


| another at an angle of less than 180 deg. The inner track is. 


divided circumferentially so that the rollers may be put in 
place.— January 8th, 1937. 


LIGHTING AND HEATING. 


, 458,603. July 22nd, 1935.—Luminous Execrric Discuarcr 


Lamps, The General ic Company, Lid., Magnet House, 
Kingsway, London, W.C.2. 

This invention relates to high-pressure mercury vapour lamps, 
having a basic rare Ba filling and thermionic electrodes, in 
which for avoiding the blackening of the inner wall of the 
envelop of the discharge device 0-2 to 5 per cent. caesium is 
added to the mercury supply alge in the lamp, and, more- 
over, for the manufacture Ot the discharge vessel an aluminium 
silicate glass is used, which, with a silica content not exceeding 
60 per cent., contains not less than 20 per cent. alumina, and, in 
addition, small quantities of other -forming materials. 
such, for example, as magnesia and calcium oxide. A glass of 
the following composition has proved particularly suitable :— 


Per cent. 
35 :.. SiO, 
10 B,O; 
30 A,O 3 
15 » 
10 BaO 


Calcium oxide and barium oxide are preferably employed as 
the alkaline earth constituents, although these may be replaced 
in part by esia and zinc oxide. With particularly high 
temperatures of the discharge vessel, the proportion of caesium 
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admixed to the mercury supply may exceed 5 = 
be increased up to 12 per cent., in which case the caesium radia- 
tion is more pronounced as compared to the mercury radiation. 


In addition, when using such a high amount of caesium 
with the discharge vessel assuming correspondingly higher 
itions 


temperatures, it hag been found that glasses of com 








specified are not blackened or affected, neither by the discharge 

nor by chemical interaction with the caesium vapour.— Decemher 

23rd, 1936. 

458,620. October 2nd, 1935.—Ex.xcrric INCANDESCENT Lamps’ 
N. V. Philips’ Gloeil fabrieken, E ingel, Eind- 
hoven, North.Brabant, Netherlands. 


This invention relates to elec- 
tric incandescent lamps whose 
filling consists wholly or mainly ° 
of krypton, xenon, or of a 
mixture of these gases, with or 
without nitrogen.y The lamp is 
characterised by ‘the combina- 
tion of a bulb having an inter- 
nal volume, expressed in cubic 
centimetres, of the order of 
magnitude of the operating 
wattage of the lamp +25 with 
a reflecting screen A situated 
between the cap and the fila- 
ment in a plane normal or 
substantially normal to the axis 
of the lamp. The screen has 
a diameter equal to or slightly 
smaller than the diameter of the 
junction between the cap and 
the bulb, so that the useful light 
flux is increased whereas the distribution of the light is sub- 
stantially not affected —December 23rd, 1936. 





MOTOR CARS AND ROAD TRAFFIC. 


459,741. December 12th, 1935.—Transportinc Liquips 
OVER ALL Types oF GrouNnD, Tecalemit, Lid., Great 
West-road, Brentford, Middlesex. 

It is suggested that this arrangement would prove useful in 
supplying fuel in the case of emergency when an aeroplane has 
alighted in rough country. One of the essential features is the 
transport of the fuel in drums fitted with hoops A A on which 















































they can trundle on the ground. The drum is encircled by a 
frame B, to which it is attached by trunnions C, so that the 
drum may be readily removed for emptying. Several such 
drums may be attached behind a caterpillar tractor for trans- 
port to the site. The drawbars between the tractor and the 
drum frames have a epring connection D and linkage E, which 
applies a brake band F to the drums for going downhill.— 
January 14th, 1937. 


MISCELLANEOUS. 


459,542. July 13th, 1936.—Distm1ine Cotumns, Coutts and 
Co., 440, Strand, London, and F. Johnson, 218, Victoria- 
drive, Eastbourne, Sussex, legal representatives of James 
Yate Johnson, deceased, late of 47, Lincoln’s Inn-fields. 

This invention concerns the distribution of liquids trickling 
down through distilling or fractionating col and aims at 
ensuring the even distribution of the falling liquid over the whole 
cross-section of the column by means of a series of redistribution 
trays. The description in the specification is lengthy, but may 
be summed up in the following claim :—A column containing 
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Forthcoming Engagements. 





eit 


Secretaries of Instituti 


, 





PLACE at which the meeting is to be held should be clearly stated. 





To-Day. 

_Cuemicat ENGINEERING Grovr.—Burlington House, Picca- 
dilly, W.1. “‘ Copper in Chemical Engineering,” S. Baker. 8 p.m. 
Inst. OF MECHANICAL ENGINEERS : East Mmpianps Brancu. 


Technical College, Lincoln. ‘‘ Hardening and Tempering,” 
W. H. Dearden. 7 p.m. eR, 





Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. Annual general meeting. ‘‘ Some 
—— Researches on Wire-drawing,” Prof. F. C. Thompson. 
-30 p.m. 


Inst. oF WELDING: MipLanps BrancH.—James Watt 
Memorial Inst., Great Charles-street, Birmingham. ‘ Welding 
of Pressure Vessels,’’ Dr. 8. F. Dorey. 7.15 p.m. 


Juntor Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
* Utilisation of Underground Water Resources,” A. E. Judd. 
7.30 p.m. . 

Nortu-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘ Business Control and 
Management,” H. A. Sisson. 6 p.m. 
¢ PuysicaL eres ay College of Science and Technology, 
Imperial Institute- , 8.W.7. Annual general meeting. 5 p.m. 


To-pay to Taurspay, Marcu 25rTu. 


Science iy Burcprne Exursirion.—The Building Centre, 
158, New Bond-street, W.1. 


Satrurpay, Marcu 13rn. 


STEPHENSON Locomotive Soc.—4, B Old-road, Man- 
chester, 8. ‘‘ Present-day Locomotives of the Southern Railway, 
Western Section,” H. G. Kitpin. 6.30 p.m. 


Monpay, Marcu 15ra. 


BraDFOoRD ENGINEERING Soc.—Bradford Technical College. 
“ Re-designing for Are Welding,” R. M. Gooderham. 7.30 p.m. 


Inst. or AUTOMOBILE ENGINEERS.—39, Elmbank-crescent, 


Tvespay, Marcu 1l6rn. 
BritisH Assoc. or REFRIGERATION.—Inst. of Marine Engi- 
neers, 85, The Minories, E.C.3. “‘ Some Considerations in the 
Marketing of Refrigerated Produce,” Dr. L. B. A. Grace. 
6.30 p.m. 
ComBusTION APPLIANCE Makers’ Assoc. (Sotip FusEt).— 
Connaught Rooms, Great Queen-street, W.C.1. Annual meeting. 
InLumiInaTinc ENGINEERING Soc.—T: R 
| Piccadilly, W.1. Annual dinner. 
| Inst. or Crvin Encrneers.—Great Geobge-street, 8.W.1. 
** Kineardine-on-Forth Bridge,” J. G. Brown. 6 p.m. 


Inst. or Evecrricat ENGINEERS: South MIDLAND 
SrupeEnts’ Section.—Kunzle’s Café, Union-street, Birmi am. 
“ Rugby Radio Station—Its Inner Working,” K. Blake. 7 p.m. 


Inst. oF Merats: BiruincHam Locat Section.—James 
Watt Memorial Inst., Birmingham. Open discussion on “ Lubri- 
cation in the Cold Working of Metals,” introduced by H. W. 
Brownsdon and F. J. Slee. 7 p.m. 
Inst. or Metats: Swansea Locat Secrion.—Y.M.C.A., 
Swansea. ‘‘Some Trends in the Use of Tin in Modern Engi- 
neering Practice,” D. J. Macnaughtan. 6.30 p.m. 


Inst. or Sanitary Enoarveers.—Caxton Hall, 8.W.1. 
““Notes on the Comparative Working of ‘Air Diffusion,’ 
‘ Channel,’ and ‘ Simplex ’ Methods of Activated Sludge Process 
for Partial Treatment at Croydon,” F. E. Pipe and J. E. Farmer. 
6 p.m. 
Inst. oF TRaNsPortT.—lInst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘‘The Place of Touring 
in the National Scheme of Transport,” C. H. Davies. 6 p.m. 


A 





WepDNEspDAy, Marcu 17TH. 

Inst. oF AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 
“‘The Economics of Repair Operations,” B. H, P. de Roeper. 
7.15 p.m. 

Inst. or Civic ENGrNeERS.—Great George-street, S.W.1. 
Informal meeting. “‘ A Survey of the Programme of the Institu- 
tion Research Committee,”’ introduced by J. H. Naylor. 6 p.m. 
Lyst. or ELeEctTRICAL ENGINEERS : TRANSMISSION SECTION.— 
Visit to the Willesden works of the British Thomson-Houston 
Company, Ltd. Leaving I.E.E. building at 1.45 p.m. 

Inst. oF STRUCTURAL ENGINEERS: Scottish Brancu.— 
129, Bath-street, Glasgow. ‘‘ Steel Production,’’ J. Gibson. 
7.15 p.m. 

Inst. OF WELDING: MANCHESTER AND District BRaNncH.— 
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filler bodies which is provided with distributing plates in the 
form of cylindrical troughs arranged at intervals between a 
plurality of layers of filler bodies, and the axis of which prac- 
tically coincides with that of the said column, the said troughs 
being devoid of rigid connection with the wall of the column and 
containing one or more series of overflow devices arranged 
regularly around the axis of the troughs, so that the overflow 
devices are equally or approximately equally distant from the 
said axis, the outlets of the overflow devices being evenly dis- 


J. W. Young. 


Displacement 
8.15 p.m. 


street, Adelphi, W.C.2. Annual meeting. 


“ Different Types*of War Vessels,” Eng. Rear-Admiral W. M. 
Whayman. 


James Watt Memorial Inst., Great Charles-street, Birmingham. 
South Wales Inst. of Engineers, Cardiff. 
of Trains,” A. W. J. Dymond. 6 p.m. 


University College, Southampton. 
Machinery of the ‘ Queen Mary,’ ”’ J. Austin. 


Traders, Ltd., 83, Pall Mall, London, 8.W.1. ‘ Refractories,” 
J. H. Partridge. : 


Great George-street,58.W.1. Joint meeting. ‘“‘ The New 
Railway Bridges,” Dr.-Ing. Schaper. 


Hotel Metropole, Leeds. 


Manchester College of Technology. “‘ Testing of Welds,” H. N. 

Pemberton. 7.30 p.m. 

Newcomen Soc.—Science Museum, Exhibition-road, 8.W.7. 
** Notes on the Practical Development of the Oil Engine,” 
5.30 p.m. 

or Arts.—John-street, Adelphi, W.C.2. 

of Labour by Machinery,” H. 


Roya Soc. “ The 


D. Henderson. 


WEDNESDAY TO Fripay, Marcu 17TH To 197TH. 
Inst. oF Navat ArcniTEcts.—Royal Soc. of Arts, John- 


Tuurspay, Marcu 187TH. 
Inst. oF MARINE ENGINEERS.—Battersea Polytechnic, 8.W.11. 


7 p-m. 
Inst. oF MecHANICAL ENGINEERS: MIDLAND Brancu.— 


* Modern Rolling Mill Design,” A. Poole. 6.30 p.m. 


Inst. oF MECHANICAL ENGiIngERS : SouTH WALEs Brancu.— 
“* Automatic Control 


Inst. or MecHANICAL ENGINEERS: SOUTHERN BRANCH.— 
“The Main and Auxiliary 
7.15 p.m. 


Inst. or Metats.—Society of Motor Manufacturers and 


7.30 p.m. 

Inst. or StructuRAL ENnGineErs.—Inst. of Civil Engineers, 
rman 
6.30 p.m. 

Inst. or StRucTURAL ENGINEERS: YORKSHIRE BRANCH.— 





tributed over the whole area of the column.—January 11th, 1937. 





tion,” A. Hood. 


, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the 11ME and 


Inst, or Metats: SHerrrecp Loca Sectron.—Non-Ferrous 


Inst. or WeLprInc.—Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘*The X-ray Examination of Welds,” V. E. 
Pullin, 6.30 p.m. 

Norru-East Coast Inst, oF ENGINEERS AND SHIPBUILDERS. 
—Cleveland Scientific and hnical Inst., Corporation-road, 
Middlesbrough. ‘“ Some Typical Factory Accidents,” R. J. 
Wood, 7.30 p.m. ‘ 


THurspay, Marcu 18ru, ro Saturpay, Marcu 20rH, 


Inst. or Puysics.—-University of Birmingham Physics 
Laboratory. Second Conference on Industrial Physics. 


Fripay, Mareu 197TH. 


Inst. or Mxcuantcat EnGiIngERs.—Storey's-gate, 8.W.1. 
** Racing Motor Car Design,”’ R. A. Railton, 6 p.m. 


Inst. of SrrvucruRAL ENGINEERS: WESTERN CoUNTIES 
Brancu.—Merchant Venturers’ Technical College, Unity-street, 
Bristol. ‘ Soil Mechanics and Pile Driving,’’ M. J. C. McCarthy. 
7.15 p.m, 

Junior Inst. or Enoineers.—39, Victoria-street, 8.W.1. 

Laying and Maintenance of Gas Mains in Congested Areas,” 
G. H, Rodgers and J, E. Gray. 7.30 p.m, 


Monpay, Marca 22np. 


Inst. or Wetpinc: Norru-Eastrrn Brancu.—Cleveland 
Scientific and Technical Inst., ie sey a Middlesbrough. 
‘* Welded Diesel Engine Frames,” 7.30 p.m. 





r. W. 8. Burn. 


Tugspay, Marcu 23rp. 


Inst. or AUTOMOBILE ENGINEERS,—James Watt ‘Memoria! 
Hall, Great Charles-street, Birmingham. ‘“‘ Economics of Repair 
Operations,” B. H. P. de Roeper. 7.30 p.m. 


Inst, or AUTOMOBILE ENGINEERS.—Royal Soc. of Arts, John- 
street, W.C.2. ‘ Properties of some Materials for Cast Crank- 
shafts, with Special Refi to bined Stresses,” Dr. H. J. 
Gough and H. V. Pollard. 7.45 p.m. 


Inst. or Crvi. ENnGingEERS.—Great George-street, 5.W.1. 
“The Mechanics of the Voussoir Arch,” Prof. A. J. Sutton 
Pippard, E. Tranter, and L. Chitty; “ Film of Tests on Road 
Bridges,”’ exhibited by N. Davey. 6 p.m. 

Inst. or Exectrica ENGINgERS: ScorrisH CENTRE.- 
North British Station Hotel, Edinburgh. “Modern Factors 
Affecting Electricity Costs and Charges,” J. A. Sumner. 7 p.m. 


Inst. oF ENGINEERS AND SHIPBUILDERS IN ScoTLaND.— 39, 
Elmbank-crescent, Glasgow, C.2. “ Developments in Screw 
Fans,”’ Dr. A. D. Third. 7.30 p.m. 

Inst. or Locomotive ENGINEERS : MANCHESTER CENTRE. 


36, George-street, Manchester. “ Streamlining of Locomotives,” 
J.L. B. Jones. .7 p.m. 





a A ; : _ SHEFFIELD METALLURGICAL Assoc.—198, West-street, Shef- 
Glasgow. _“ Economies of Repair Operations,” B. H. P. de| geld. “ Present Developments in Refractories,” W. J. Rees 
Roeper. 7.45 p.m. 7.30 p.m. 


Wepnespay, Marcu 24rx. 
Inst. or CuemicaL ENGINEERS.—Burlington House, Picca- 


dilly, W.1. “ Prevention of Disease in Industry,” Dr. D. 
Hunter. 6 p.m. 
Wepnespay, Marcu 3lsr. 
Inst. or Srrvuctrurat ENGINEERS: MIDLAND COUNTIES 


Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘‘ A Revolution in the Technique 
of Concrete,” A. T. J. Gueritte. 6.30 p.m. 


Tuunspay, APRIL Isr. 
Inst. or Locomotive Enorverers.—Trocadero Restaurant, 
Shaftesbury-avenue, W.1. Annual dinner. 
Tuurspay, Aprit 157TH. 


Inst. or Etrcrrica. ENGINEERS.—Savoy-place, W.C.2. 
“Modern Systems of Multi-channel Telephony on Cables ” 
Col. A. 8, Anguin and R. A. Mack. 6 p.m. 








CONTRACTS AND ORDERS. 
The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





INTERNATIONAL ComsBustion, Ltd., has received three repeat 
boiler orders, namely, reconstruction of boiler plant for Imperial 
Chemical Industries (Alkali), Ltd., Winnington ; three stoker- 
fired boilers for West Midlands Joint Electricity Authority 
lronbridge Power Station ; and two Lopulco boilers for Leicester 
Corporation Electric Supply Department. 


Hicx, HARGREAVES AND Co., Ltd., inform us that, in addition 
to a 50,000-kW surface-condensing plant which they have at 
resent in hand for the Lronbri generating station of the 
Vest Midlands Joint Electricity Authority, es have received 
an order for a further set of similar capacity, which will be the 
fourth installed by them in the Ironbridge station. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


A. C. Wickman, Ltd., Coventry, has opened a branch office 
at 18 ,Baldwin-street, Bristol 1, under the control of Mr. J. K. 
Mackintosh. 

Pneumatic Pirine Company, Ltd., informs us that its name 
has been changed to the Pr Piling Company (Northern), 
Ltd., 6, Winckley-square, Preston, Lanes. The firm’s manage- 
ment will remain unchanged. 


Tae MonomeTerR MaNnvuracrurine Company, Ltd., has con- 
cluded arrangements with Sir W. G. Armstrong, Whitworth and 








Co. (Engineers), Ltd., to take over the manufacture of “‘ Mono- 
meter ” furnaces and casting machines. 


Tue Lamson ENGINEERING Company, Ltd., 132, Cheapside, 


London, E.C.2, has been formed to amalgamate the businesses 
of the Lamson Store Service Company, Ltd. (incorporated 1888) 
and Lamson P P 
1899). The directors of those companies with the addition of 
Sir Frank Nelson have joined the board of the new company. 





tie Tube C y, Ltd. (incorporated 


Joun THompson ENGIneERING Company, Ltd., Wolver- 


hampton, has acquired the boilermaking business of James 
Neilson and Son, Ltd., Alma Boiler Works, Glasgow. 
firm of James Neilson was established between the years 1830 
and 1840 by Mr. James Neilson, of Killearn. The original 
works were in Camlachie and were devoted to the making of 
boilers for steamshi 
moved to Vinegar 

Boiler Works. Prior to 1904, in which year the firm of James 
Neilson and Son, Ltd., was formed, Mr. James Neilson, son of 


The 


. About the year 1840 the works were 
ill, and later became known as the Alma 


the founder, bought up Messrs. Ewing and Lawson, who in turn 


had absorbed Messrs. Alexander Nicholson and Co, The old 
works were moved to the original works of Messrs. Ewing and 
Lawson in St. Marnock-street. 


These works remain to the 





** Prestcore Piles and their Applica- 
7 p.m. 


present day and continue to be engaged on the making of 
marine boilers. 
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The Extension of Battersea Power Station. 


On Tuesday last the London County Council 
received a report from the Housing and Public Health 
Committee on the ‘proposed extension of Battersea 
power station. This extension would be the beginning 
of the second half of the station and, according to 
the London Power Company, Ltd., full advantage 
would be taken of the experience gained and develop- 
ments in technical knowledge in the design of future 
gas-washing plant and the removal of the sulphur 
compounds from flue gases. The Committee reported 
that in view of the success which the company has 
achieved in the elimination to a high degree of the 
sulphur compounds and grit from the flue gases, it 
did not feel that the Council would be justified in 
refusing the proposal. The report mentions that 
moisture under certain atmospheric conditions drifts 
downwards from the flue gases. The company pro- 
poses to install high-tension electro-static plant in 
the path of the gases in order to precipitate the bulk 
of the moisture and impalpable dust particles. 
Should this plant prove successful, the Committee 
recommends its application to the existing chimneys. 
It also recommends that the Electricity Commissioners 
be informed of the consent, and asked for assurances 
that the provision regarding reheating of washed flue 
gases as at Fulham generating station will also be 
considered for the proposed extension at Battersea, 
and that if the electro-static plant proves success- 
ful at Battersea extension, it be applied to the 
existing chimneys. Another recommendation was 
that further research into the question of smoke and 
grit emissions should be undertaken by the appro- 
priate Government Department. The recommenda- 
tions were accepted by the Council at a meeting on 
Tuesday, March 16th. 


The Late Mr. William Clark. 


THOSE of our readers who are familiar with the 
steel industries of Scotland and Sheffield will learn 
with regret of the death on Saturday, March 13th, 
at Skelmorlie, Ayrshire, of Mr. William Clark, who 
was for many years connected with the Steel Company 
of Scotland, and was for fifteen years the managing 
director of the River Don Works of Vickers, Ltd., 
at Sheffield. Mr, Clark, who was eighty-three years 
of age, was born at Mauchline, Ayrshire, and was 
educated in Glasgow. In 1873 he joined the account- 
ants’ staff of the Steel Company of Scotland, at the 
time the Hallside Works were in course of erection. 
Two years later he spent a year in Yorkshire, in 
charge of a small wire-rolling plant at Brighouse, 
but he returned to the Steel Company and subse- 
quently became its accountant, its secretary, and 
finally the general manager of the firm. He remained 
with the Steel Company of Scotland until the end of 
1910, when he resigned that position to become the 
manager of the Vickers River Don Works at Shef- 
field. Soon afterwards he was made a local director 
of the company, and later a full director of Vickers, 
Ltd. In 1920 he was elected Master Cutler, and the 
following year he became the President of the Shef- 
field Chamber of Commerce, an office which he held 
for three successive years. Towards the end of 1925 
Mr. Clark, who was then seventy-one years of age, 
decided to retire from his position of managing 
director of Vickers’ Sheffield works, in order to make 
way for a younger man. He left Sheffield in 1926, 
and retired to Skelmorlie on the Clyde. In spite of 
a very busy life, Mr. Clark found time for philan- 
thropic, social, and welfare work, and he was a strong 
supporter of the Vickers boys’ welfare movement. 


Concessions for Steam Road Vehicles. 


REPRESENTATIONS have been made by the South 
Wales Trade Recovery and Expansion Committee 
and by the Coal Utilisation Council to the Minister 
of Transport regarding the serious decline in the use 
of steam vehicles on the roads. It was pointed out 
that whereas in 1931 there were 6784 licensed steam 
vehicles in use, by the end of 1935 there were only 
1700. This fall in numbers was said to be due to a 
difference of over 15 per cent. in the legal payload, 
as compared with petrol or oil engine driven vehicles 
under the existing legislation. At one time the coal 
consumed by road vehicles amounted to about 
1,000,000 tons per annum. In 1931 the consumption 
amounted to about 600,000 tons. This quantity had 
been reduced in proportion as the number of steam 
vehicles was reduced in favour of internal combustion- 
engined vehicles. The fuel generally used by road 
vehicles was stated to be mainly Welsh large coal 
from the Aberdare area, on account of its quick 
steaming and smokeless qualities. The decline in 
the use of these vehicles was a contributory factor to 
unemployment in the Aberdare area. The Minister 
of Transport has agreed to allow steam vehicles to 
carry increased loads, and in future maximum laden 
weights of 14 tons for four-wheeled steam vehicles 
and 20 tons for six-wheeled vehicles will be permitted, 


A Seven-Day Journal. 


limits of 20 miles per hour for pneumatic-tired vehicles 
will be imposed, while vehicles above these weights, 
if fitted with solid tires, will be limited to 12 m.p.h. 


South Normanton Colliery Disaster. 


At the inquest on the eight men who lost their 
lives in an explosion which occurred in South Nor- 
manton Colliery on February 15th, the verdict was 
given on Monday last, March 15th, that there was no 
evidence as to the cause of ignition. In addition to 
the Coroner of the Chesterfield district, Mr. J. R. 
‘elton, Divisional Inspector of Mines, was present. 
Evidence of Mr. T. E. Pickering, junior inspector 
of mines for the district, was to the effect that he 
had known the colliery for 74 years, and that its 
condition was fairly good. At no time had gas been 
found there during the period. In 1934 safety lamps 
were introduced, not owing to any report on the part 
of the inspector, but as a safety measure on the part of 
the management. At the same time a system of 
searching the men was introduced. Previous to 
1934 naked lights were used. Evidence had already 
been given concerning the coal-cutter being in good 
order, the lamps being in good order after the explo- 
sion, and no shots having been fired. Asked his 
opinion as to the cause of the ignition, Mr. Pickering 
said that by a process of elimination he assumed 
that someone had been smoking or striking a light 
to smoke in the left bank. He admitted that no 
direct’ evidence was available or, in his opinion, likely 
to be available, but said that matches and cigarette 
ends were found at the workings. His evidence was 
supported by a cleaner-out, Joseph Wood, who gave 
evidence of finding a live match in No. 11’s stall on 
February 18th. 


A Proposed Lancashire Motor Road. 


A REPORT of the Highways and Bridges Committee, 
submitted to the Lancashire County Council on 
Thursday, March 18th, contains a proposal to build 
a road, 54 miles long and 80ft. to 85ft. wide, i 
from the north of Carnforth to the south of Galgate, 
and from north of Preston past Wigan and Warrington 
to the county boundary at Warrington Bridge, thus 
crossing Lancashire from north to south. It is pro- 
posed that pedestrians and cyclists should be excluded 
from the road, thus expediting through motor traffic, 
securing greater safety, and relieving the existing 
congestion. Greater safety for all roads would be 
secured by these means. Intersecting roadways would 
be carried either over or under the new road, and it is 
suggested that a bridge over the Manchester Ship 
Canal, 80ft. high, be erected. Although no estimate 
of cost is given, a comparison is made with the Liver- 
pool—East Lancashire road, which cost £3,000,000, 
or about £110,000 a mile for a width of 120ft. The 
restriction of the width of the new road to 80ft. or 85ft. 
would mean a saving on these figures. Originally, a 
120ft. width having dual carriageways, cycle tracks, 
and footpaths was considered. The difficulties of 
improving the existing road are considered in the 
report, together with the number of accidents arising 
from the congestion and the presence of so many 
different types of traffic. The new road would be pro- 
tected from housing developments having direct 
access to it, and access at only a few selected points 
would be arranged. 


The County of London Electric Supply 
Company, Ltd. 


In the course of his speech at the forty-third 
annual meeting of the County of London Electric 
Supply Company, Ltd., held in London on Tuesday, 
March 16th, Sir Bernard E. Greenwell, the chairman 
of the company, said that the turnover during: the 
year was 2072 million units, against 1760 in the year 
before, an increase of over 311 million units. The 
increase in sales was 298 millions co with 
1935, and this increase was greater than. the total 
sales of the company in 1927. In the matter of engi- 
neering extensions, Sir Bernard said that during the 
year no less than 170 new sub-stations had been estab- 
lished, while 191 miles of high-tension lines, including 
49 miles of 68,000-volt oil-filled cables, and 494 miles 
of low-tension mains had been laid. One of the 
criticisms of the industry, he went on to say, was the 
high cost of transmission and distribution, both in 
relation to the cost per consumer and per 1000 units 
sold. The reasons for this higher cost were that with 
the concentration of generation in large stations, the 
vital necessity of installing new switchgear as a -pro- 
tection against the heavy loads now dealt with, and 
the spreading out. into rural areas of the mains, it 
followed’ -that greater capital expenditure became 
necessary on transmission and distribution systems ; 
thus the increasing cost of distribution was perhaps 
not so mucha matter for criticism as for congratula- 
tion. Dealing with the matter of the extra cost of ¢oal, 
Sir Bernard remarked that there was no longer a free 
market for coal. Coal supplies, like many other 





piper by very substantial increases in the cost of coal, 
accompanied by little or no protection against exploi- 
tation. The County of London Electric Supply Com- 
pany, Ltd., together with other large public utility 
undertakings, was at present endeavouring to obtain 
more equitable treatment. 


A New Colloidal Fuel Plant. 


A NEw plant for producing smokeless fuel, aviation 
spirit, and oil engine fuel from coal is to be erected by 
Low Temperature Carbonisation Ltd., of London, at 
Pencoed, near Bridgend in South Wales. Investiga- 
tion of the whole of the high volatile coal belt of the 
South Wales coalfield, followed by large-scale tests 
of likely coals, has caused the seams worked at 
Werntarw Colliery to be selected as most suitable for 
the manufacture of Coalite. Sir David Llewellyn, the 
owner of the colliery, has agreed, in tie national 
interest, to dispose of Werntarw and tne adjoining 
Raglan Collieries. At present 500 tons a day are being 
produced at Werntarw and Raglan is closed down. 
The two properties comprise nearly 2000 acres, con- 
taining high quality coals in the mid and lower 
geological series. The lower geological series i: 
practically unworked. It is proposed to erect thx 
Coalite works and oil refinery at Werntarw, wher: 
there is a suitable railway connection and to electrify 
and modernise the existing plant. An increased 
output will be , and additional labour will 
be required, both at the colliery and for erecting the 
works. The Raglan workings will either be reopened 
or worked from the Werntarw workings. It was 
announced that during imvestigations it ‘became 
evident that owing to conditions in the coal trade 
and the restrictions placed on long term coal contracts, 
any company operating plant requiring large supplies 
could only ensure its requirements by owning a colliery 
producing coal of the requisite quality, and for this 
reason the purchase was made. 


The Shortage of Skilled Men. 


On Monday last, March 15th, Sir Philip Sassoon, 
Under-Secretary for Air, introduced the Air Estimates 
to the House of Commons. In his speech Sir Philip 
dealt with the delays which had occurred in the 
delivery of aircraft, pointing out that the Air Ministry 
had done everything in its power to increase pro- 
duction. The first cause of the delays, Sir Philip 
considered to be the shortage of skilled labour, and a 
distinct deficiency in the supply of skilled draughts- 
men. As a means of overcoming this shortage it had 
been suggested that further firms could be turned 
on to aircraft production. - On the other. hand, Sir 
Philip pointed out that a majority of such firms were 
carrying out a large amount of sub-contract work, 
which they were qualified to do and were doing in the 
ordinary course of business. To alter their routine 
would cause an upheaval of their business. ‘To draft 
picked men from other engineering industries into 
aircraft firms would involve an immense dislocation 
of the industry just at a period of great activity. It 
was of the utmost importance that this activity should 
continue. Its interruption would react fatally on 
other industries. ‘Unskilled workers whose occupa- 
tions depend on those. of skilled workers would be 
thrown out of employment and the general economic 
prosperity on which the financing of the rearmament 
programme itself depended would be affected. . 


Floods in the Fen Country and in Somerset. 


ALTHOUGH efforts are still being made to fight the 
floods, the villages around Ely were evacuated on 
Tuesday night, March 16th. The inhabitants of 
Welches Dam, Purls Bridge, and Mepal were moved 
to higher ground at Manea; 250 square miles were 
flooded at 1 a.m. on Wednesday morning, though the 
banks of the Great Ouse still held. Welney Wash is 
under water for 20 miles, the depth across the Ely— 
Wisbech road being 7ft. At Haddenham all able- 
bodied men have been called up for emergency work. 
The Ouse at Littleport is in a dangerous condition. 
On the river Lark at Prickwillow, three breaches in 
the bank have had to be repaired with barges of clay, 
while the men of the Ouse Catchment Board have 
been reinforced by farm workers. The river height 
was given as 20ft. where normally it is only 14ft. 
In Somerset a breach 30ft. long was made in the 
banks of the river Parret at Stathe, about 11 miles 
from Bridgwater, on Monday last, March 15th. 
Repairs were successfully carried out by men of the 
Somerset Rivers Catchment Board, and the evening 
tide proved to be 9in. lower than the morning tide 
which caused the damage. The morning tide at the 
point where the breach occurred was 4ft. above 
normal, and broke through a reinforced concrete wall, 
some 50ft. long. About 60,000 acres are under water 
in the county around Athelney, Sedgemoor, Lang- 
port, Upper and Lower Brue, and the Yatton and 
Henn Moors. The banks of the Parret have. been 
damaged between Bridgwater and the estuary. The 
present «floods are 2in.: short of the: highest. level 








instead of the 12 tons and 19 tons respectively 
allowed to similar vehicles of other types. Speed 


things, had now become regulated, and the public 
utility undertakings were called upon to pay the 





known in the county, which was reached in 1929. 
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The Principles and Practice of 
Automatic Control. 


No. IX. 
(Continued from page 295, March 12th.) 


THe Mrnorsky Avuromatic Prior. 


SYSTEM of automatic steering for ships was 
<1. invented by Dr. Nicolas Minorsky of the Univer- 
sity of Pennsylvania in 1918 and was tested under 
service conditions in the U.S.S. “ New Mexico” in 
1923. Although very p omising results were eventu- 
ally obtained Dr. Minorsky was compelled to abandon 
the farther development of his system and in 1930 
disposed of his patents on the subject to the Bendix 
Aviation Company. 

The Minorsky system as originally conceived was 
designed to work in accordance with the method by 
which the angular deflection of the rudder is con- 
trolled by a signal composed of terms proportional 
to the angular displacement, velocity and accelera- 
tion of the ship. The first trials as carried out on the 
‘*'New Mexico ” made use of a simplified version of the 
equipment, which omitted the angular accelération 
control. The results achieved were not wholly satis- 
factory but subsequently when acceleration control— 
or, more strictly, an approximation to it—was added 
the performance of the equipment rose to a high 
level. The “New Mexico” was particularly well 
suited for the tests in view of the fact that it was 
equipped with Waterbury electro-hydraulic steering 
gear which permitted the rudder to be regulated in 
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“Tre Encinger” 


Fic. 24—THE MINORSKY GYROMETER 


a continuous manner and not discontinuously as in 
certain forms of steering gear which employ con- 
tactors and which consequently move the rudder 
step by step. The general importance of this point 
should not be overlooked. One of the advantages 
attending the use of automatic steering lies in the 
fact that the apparatus, if it is technically satis- 
factory, can detect and correct a much smaller 
departure from the set course than a human quarter- 
master can perceive and rectify. The sooner the 
departure is detected the smaller will be the rudder 
deflection required to correct it and therefore in 
general the rudder movements—and hence the power 
consumed by the steering engine—are much smaller 
in an automatically steered ship than in one in which 
the steering engine is controlled, manually. This 
statement is conditional upon the rudder being moved 
in a continuous manner by the steering engine. If 
the rudder movement is discontinuous and the steps 
are relatively coarse the deflection of the rudder may 
not begin until the ship has departed from its course 
to a degree which wastes the refined sensitivity of the 
aatomatic pilot. 

In the “‘ New Mexico ” equipment the ship’s gyro- 
scopic compass—or more strictly a repeater compass 
operated off the master compass—was employed as 
the detector of the angle of departure of the ship 
off its set course. This arrangement was less satis- 
factory than it might have been because an element 
of discontinuity was introduced by the fact that 
the repeater compass followed the master compass 
step by step, each step measuring 10 min. of arc. 
The detector of angular velocity was a “‘ gyrometer ” 
invented by Dr. Minorsky which worked continu- 
ously. It follows therefore that the rudder deflec- 
tion was controlled by the summation of two 
factors one of which varied uniformly at all times 
with the ship’s angular velocity while the other 
changed in a stepped manner with the ship’s angular 
displacement. 

THE GYROMETER. 

The Minorsky gyrometer is designed to overcome 

certain objections to the use of a constrained gyro- 





scope as a means of measuring the angular velocity of 
a ship about a vertical axis through its centre of 
gravity. We have already noted the principal objec- 
tion in our description of the Henderson system. To 
detect the velocity of yaw the gyroscope is mounted 
to spin with its axle aligned horizontally in the fore 
and aft direction. When the ship yaws the axle 
tilts up or down and if this motion is opposed by a 
spring or similar agency the angle of tilt will be a 
measure of the velocity of yaw. So long as the axle 
is horizontal the gyroscope will not respond to any 
rolling of the ship which may occur. As soon how- 
ever as the ship yaws and the axle tilts, the tilt places 
the gyroscope in a position in which it can feel any 
rolling which may accompany the yaw. The effect 
of the rolling on the tilted gyroscope is to cause it 
to inerease or decrease the tilt. Hence if rolling is 
present the angle of tilt is valueless as a,measure of 
the yawing velocity. In the Henderson system, as 
we have seen, this difficulty is overcome by prevent- 
ing the gyroscope from tilting out of the horizontal 
plane by more than an insignificant amount and, in 
effect, by measuring, instead of the angle of tilt, the 
force with which the axle is trying to tilt out of the 
horizontal plane. The Minorsky gyrometer employs 
two gyroscopes identical in all respects except that 
they spin in opposite directions. The gyroscopes are 
so connected that the tilts which they suffer under 
yawing motion reinforce one another wiiile any 
additional tilts produced by simultaneous rolling 
cancel each other. In general, in its highest form of 
development, the Minorsky gyrometer jis so desi 
and constructed that if any two or all three of the 
possible motions of the ship, namely yawing, rolling 
and pitching, are simultaneously in action the device 
will respond effectively only to the yawing motion 
or, if there is no yaw, will remain unresponsive. 

The sketch, Fig. 24, illustrates the general arrange- 
ment of the gyrometer. Two contrary spinning gyro- 
scopes are mounted to rotate on horizontal fore-and- 





is connected to an external rod which at its mid 
point carries a block fitted with a roller. This roller, 
joined electrically to one side of the supply mains, 
bears against a block E movable by a screw G and 
guided on a rail. The screw G is connected to a 
motor H which is equipped with two sets of oppositely 
wound field coils in series with its armature. The 
two field coils are separately connected to two 
insulated contact pieces on the face of the block E. 
When the piston of the hydraulic cylinder moves, 
say, to the left one of the field coils is energised and 
the motor is started up in the direction which will 
cause the rotation of the screw G to move the block 
E to the left. The motor will stop as soon as the 
block has moved to the extent required to. bring the 
central insulating strip between its contacts beneath 
the roller. The speed of the motor being constant 
the number of turns which it makes during the period 
of its activity will be proportional to the movement 
of the piston and therefore to the angular velocity 
of the ship. Motion of the ship in the reverse direction 
reverses the contacts and starts the motor rotating 
in the opposite direction. 

That the gyrometer does not record the disturbance 
caused by rolling of the ship may be demonstrated 
with the aid of the greatly exaggerated diagrams 
given in Fig. 26. If the ship suffers a pure yaw to 
starboard, then, as stated above, the gyro-casings 
will tilt in the manner shown at (a), the upper chamber 
being compressed and the lower chamber expanded 
by amounts proportional to the velocity of the yaw. 
Let us suppose that this yaw to starboard is accom- 
panied by a roll to port. As the gyroscope axles 
in the configuration shown at (a) are not parallel 
with the axis LL about which the ship is rolling, 
the gyroscopes will feel the rolling motion and will 
react to it. A little reflection on the lines illustrated 
in Fig, 20 ante will reveal the nature of that reaction. 
Let it be supposed that the tilts « caused by the yaw- 
ing velocity continued in the same directions until 
each became 90 deg. Then as shown at (6) both 
axles would be vertical and both fly-wheels would be 
spinning in the same direction. In this condition 
the effect produced by the rolling motion would 
necessarily be the same on both gyroscopes and would 
consist, if the roll as supposed is to port, of a pre- 
cession of each gyroscope in the counter-clockwise 
direction about its athwartship axis. The rate of 
this precession, but not its direction, would be 
affected if the assumed angle of tilt of 90 deg. is 
changed back again to «. Hence we deduce that 
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Fic. 25—ELECTRICAL RELAY FROM GYROMETER 


aft axes inside casings A B each of which is swung 
on a horizontal athwartship axis. Each casing is 
connected by links at the ends of its vertical diameter 
to a centrally pivoted vertical lever. These levers in 
turn are connected by rods to the centres of two 
fiexible-walled chambers CD lying between the 
gyroscope casings. The elasticity of the corrugated 
diaphragms provides the equivalent of a spring 
reaction to the gyroscopie torque. The chambers 
are joined by pipes to opposite ends of a cylinder 
containing a piston fitted with external centralising 
springs. The chambers, pipes and cylinder are charged 
to their full extent with oil or other hydraulic fluid, 

If the ship yaws, say, to starboard the upper 
ends of the two casings will tilt towards each other 
by virtue of the opposite directions in which the 
contained fly-wheels are spinning. Hence, the upper 
chamber C will be compressed on both its walls 
while the lower chamber will be expanded by an 
equal amount. As a result the piston will be moved 
from its central position to the left through an 
amount proportional to the deformation suffered 
by the chambers, that is through an amount, pro- 
portional to the tilt of the casings. Hence the 
movement of the piston will be a measure of the 
velocity of yaw which has produced the tilting of 
the gyroscopes. ‘ 

The movement of the piston is relayed electrically 
to produce a proportionate signal of sufficient power 
to operate the mechanism governed by the gyro- 
meter. The electrical relay is shown separately in 
Fig. 25. The piston-rod of the hydraulic cylinder 





the effect of a roll to port when the gyroscopes are 
tilted in the manner shown at (a) is to cause both 
the gyroscopes to precess about the athwartship 
axes in the counter-clockwise direction. It may 
further be assumed from the symmetry of the two 
units that the rate of this precession would be the 
same for both gyroscopes. 

It follows then that the effect of the roll on the 
tilted gyroscopes is, as shown at (c), to reduce the 
angle of tilt « of the forward gyroscope and to increase 
that of the after one. The result so far as the chambers 
are concerned is shown at (d). The left-hand wall 
of the upper chamber has its compression released to 
some extent and the right-hand wall has its com- 
pression increased by a like amount. The extension 
of the left-hand wall of the lower chamber is reduced 
and that of the right-hand wall is increased by an 
equal amount. Hence the volume of each chamber 
remains unaltered and therefore the piston of the 
hydraulic cylinder remains displaced to the extent 
determined, by the pure yaw. 

The effect of a pure pitch is indicated at (e) Fig. 26. 
Any frictional force existing at the athwartship 
axes of the gyro-casings and any force which may be 
applied to the casings by virtue of the elastic stiffness 
of the chamber walls are alike directed to create 
moments about the athwartship axes. In accord- 
ance with the law of the gyroscope these moments 
will not produce movement about the athwartship 
axes, but will endeavour to turn the casings about 
their vertical axes and this movement will be resisted 
by the pedestal bearings in which the athwartship 
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journals of the casings are carried. Hence we conclude 
that if the ship pitches the gyro-casings will not 
partake of the pitch but will both remain sub- 
stantially upright as shown at (e), the indifference 
of the units to pitching being in no wise affected by 
the contrary directions in which the contained fly- 
wheels spin. Granted that the casings remain 
upright, we see that, as the chambers partake of the 
pitching motion, the flexible wall on one side will 
in each case be compressed to the same extent as 
the wall on the other side is extended. Hence the 
volume of each chamber remains unaltered and 
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Fic. 26—DIAGRAMS ILLUSTRATING THE ACTION 


therefore the piston of the hydraulic cylinder is not 
moved. 

If the ship suffers combined yawing and pitching 
it is clear that the movements of the gyro-casings 
and the deflections of the chamber walls appropriate 
to the yawing velocity will be superimposed on the 
configuration shown at (e) and that the resultant 
displacement of the piston will be that determined 
solely by the yawing velocity. 

There is one combination of the ship’s possible 
movements to which the gyrometer as we have 
described it is not indifferent in the desired manner. 
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FIG. 27—AUXILIARY GYROSCOPE AND MOTOR 


If the ship rolls and pitches simultaneously the 
effective response of the gyrometer will be indis- 
tinguishable from its response to a pure yaw. It 
will therefore misinterpret the ship’s motion and 
apply rudder under conditions which do not call 
for rudder application. In some instances, namely 
when the ship’s rolling and pitching periods are of 
considerable dissimilarity of magnitude, this mis- 
interpretative action of the gyrometer may amount 
to a negligible or tolerable error in its action. In 
other cases however it might no doubt produce 
serious results. 

The origin of the harmful effect of combined 
pitching and rolling will readily be discovered by 
comparing diagrams (a) and (e) in Fig. 26. In both 
cases the rolling motion of the ship takes place about 
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(f) PRECESSION DUE TO ROLL TO PORT. 


a longitudinal axis parallel with the line L L. Com- 
paring the attitudes of the casings to this line we see 
that the attitude of the forward casing is the same in 
(e) as in (a), but that the attitude of the after casing 
in (e) is opposed to what it is in (a). Adopting the 
same line of reasoning as before we see that if the 
angle 8 could reach the extreme value of 90 deg. then 
as shown at (f) the gyroscopes would be spinning in 
opposite senses and not in the same sense as at (5). 
Hence the effect of a roll to, say, port on the gyro- 
scopes in the configuration shown at (¢) would be to 
cause the forward gyroscope to contra- 
clockwise about its athwart- 
ship axis and the after 
gyroscope to precess elock- 
wise. The result of these 
opposed precessions on the 
chambers is shown at (g). 
The upper chamber would 
increase in volume and 
the lower would decrease. 
Hence the combined pitch 
and _roll would be misinter- 
preted by the gyrometer 
and the hydraulic piston 
would be moved in the 
same manner as it would 
be if the ship executed a 
pure yaw to ee 
should be noted that we 
have deduced this result on 
the assumption that the 
bow of the ship has pitched 
downwards and that the 
ship has rolled to port. If 
the bow had been assumed 
to have pitched upwards 
or if the ship had been 
assumed to have rolled to 
starboard our deduction 
would have been the reverse 
one namely that the gyro- 
meter would have misinter- 
preted thecombined motion 
as a pure yaw to starboard. 
If however we had reversed 
both the assumptions with 

to the direction of 
the pitch and roll the 
result would have been 
unaffected, the combined 
motion being again mis- 
interpreted as a pure yaw 
to port. It follows then 
that if the rolling and pitching periods of the ship are 
equal and in phase the respective directions of the 
two motions will reverse simultaneously and will be 
misinterpreted as a yaw in one direction only. It 
should be noted that the rolling and pitching periods 
of a ship in still water are generally far from being 
equal, the rolling period beimg considerably longer 
than the pitching period. The periods with which we 
are here concerned are however the effective periods 
when the ship is among waves. At certain ship 
speeds and with the waves running at certain angles 
to the ship’s course, the two effective periods may 
become equal. This circumstance proved to be a 
source of some trouble in the “Conte di Savoia” 
in connection with the action of her gyroscopic 
stabilisers. 

The disturbing effect of combined pitching and 
rolling was foreseen by Dr. Minorsky when he designed 
his gyrometer and accordingly he devised means to 
overcome it. The method employed consists in effect 
of applying to the athwartship axes of the gyro- 
casings automatically regulated moments which will 
induce movements opposing and cancelling the 
harmful precessions. The equipment provided for 
this p is indicated in outline in Fig. 27. At 
one end of the athwartship axis of each gyro-casing 
the armature of a motor is mounted to rock with the 
casing when it tilts. Since the tilt at its maximum is 
only a few degrees the armature does not require a 
commutator. The stator of the motor, including the 
pole pieces, is fixed to the pedestal on which the 
athwartship axis of the gyro-casing is supported. In 
this way while the armature rocks or tilts with the 
casing the stator remains fixed relatively to the deck 
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J, the contact arm of which is driven, through multi- 
plying gear, from the cross shaft carrying the vertical 
lever N of the chamber-operating gear. When the 
rheostat arm is in its mid position no current flows to 
the armature. As it is moved to one side or the other 
the current flowing through the armature increases in 
the appropriate sense. The field pieces are in circuit 
with a second rheostat K the movement of the arm of 
which is governed by an auxiliary constrained gyro- 
scope M with its axle vertical and mounted to tilt 
about an athwartship axis. If the ship is not rolling 
this auxiliary gyroscope will not tilt, the rheostat 
arm will rest at its mid position and no current will 
flow to the field windings of the motor. When the 
ship rolls the auxiliary gyroscope will tilt about its 
athwartship axis to an angle determined by the rolling 
velocity, the contact arm of the rheostat will move to 
one side or other of its neutral position and a pro- 
portional current will flow to the field windings. 
With this arrangement, it is clear, the armature 








current will be proportional to the angle of pitch 8, 


of the ship. The armature is in circuit with a rheostat | genera 





Fig. 26 (e) while the field current will be proportional 
to the rolling velocity of the ship. The moment 

ied by the motor to the casing will be propor- 
tional to the product of the two currents and, being 
suitably directed, will cancel the harmful precessional 
movement. 

lf either the armature or the field current is zero 
the motor will not apply any moment to the casing. 
Hence a pure yaw Fig. 26 (a) will result in a flow of 
current through the armature but will not produce 
a flow through the field windings and therefore the 
motor will not affect the action of the gyrometer as ‘a 
detector of pure yawing velocity. It will, however, 
become active under a combined yaw and roll, 
Fig. 26 (c). If however the arrangement fulfils its 
intended function of opposing the harmful precessions 
accompanying combined pitching and rolling then 
under combined yawing and rolling it will oppose 
the precession of one of the units and assist that of 
the other. A little study of Fig. 26 (d) will show that 
the consequential modifications induced in the defor- 
mation of the chamber walls will leave the relative 
volumes of the two chambers unaltered. In other 
words the addition of the motors, rheostats &c. 
will have no net effect on the final action of the gyro- 
meter under combined yawing and rolling or indeed 
under any other single or combined motion except 
one involving simultaneous pitching and rolling in 
which case it will counteract the harmful effects of 
the combination. With the addition of the motors, 
rheostats &c. the becomes an instrument 

capable of detecting velocity of yaw unaffected by 
any motion or combination of motions which the 
ship may have simultaneously about the pitching and 
rolling axes. 

It is of interest to note that although Dr. Minorsky 
believes that a hydraulic system is the best means of 
transmitting the tilt of the gyro-casings to the relay 
motor H Fig. 25 he has devised an alternative purely 
mechanical arrangement in which a system of gear 
wheels replaces the flexible-walled chambers while 
a simple mechanical differential gear takes the place 


of the hydraulic cylinder. 
While we must our admiration of the 
ingenuity of the fundamental idea embodied in the 


Minorsky gyrometer we are bound to regret the 
unfortunately necessary complication which has to 
be added to ensure that the joint effect of simul- 
taneous pitching and rolling shall not be misinter- 
preted as pure yawing. Dr. Minorsky has claimed 
that his gyrometer fitted with the additional details 
which we have described is the only device of its 
kind which will measure the angular velocity of a body 
about one of its three principal axes without dis- 
turbance from any angular velocity which the body 
may possess about either or both of the remaining two 
axes. This is an achievement of considerable general 
scientific interest apart from its application to the 
steering of ships and may well be held to justify some 
complexity in the mechanism required to accomplish 
it. The arrangement, it may be pointed out, is not 
theoretically perfect. The auxiliary gyroscope M 
Fig. 27 is itself responsive to combined pitching and 
rolling whereas in theory it ought to be indifferent 
to the pitching component. .In practice however 
any error introduced from this cause is of a secondary 
order of magnitude relatively to the error which the 
auxiliary gyroscope is intended to correct and can 
therefore be neglected. 
(To be continued.) 








OIL ENGINE SHUNTING LOCOMOTIVES IN 
AMERICA. 


“ »” 


Few oil-engmed “train engines” are in use as 
yet on American railways, but the number, size, and 
power of switching or shunting engines is steadily increas- 
ing. After with a 100-ton 600 H.P. Teauee of 
this type, OS ae ae ae y over steam loco- 
motives, the New York, New Haven and Hartford Rail- 
road has put im service ten of these engines for use at 
terminals and freight yards, where they will be m con- 
tinual service for twenty-four hours, being handled by 
shifts of engine crews. The main and bogie frames are 
all welded, built up of plates and rolled shapes. Axle- 

double-reduction The main 
is an advantage 
operation. 


governed 
speeds of 12 to 15 miles an hour in ordinary service, 
with a maximum of 25 miles for transfer work and light 
movements. The main frame is mounted on two four- 
wheeled bogies, with all axles driven. The cab, at one end, is 
wider and higher than the machinery casing, so that the 
driver can see over the top and along each side, which is 
convenient and desirable for shunting work. The tractive 
force is 60,000 Ib. in starting and 26,000 Ib. continuous at 
a speed of 10 milesan hour. The wheels are 33in. diameter, 
with a bogie wheel base of 8ft. and total wheel base 29ft. 
Length over all is 40ft. and total weight 100 tons. About 
400 gallons of fuel oil and 100 gallons of lubricating oil 
are carried. A locomotive of similar type for another 
railway weighs 106 tons, is carried on 40in. wheels with 
roller bearings, and has a maximum speed of 45 miles an 
hour. For ordinary yard work, however, it is generally 
considered that a maximum of 25 miles an hour is ample, 
especially as the speed in actual shunting service is uot 





likely to exceed 12 to 15 miles an hour. 
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The Scunthorpe Steel Works. 
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(Continued from page 312, March 12th.) 


FINISHING BANK, FRODINGHAM. 


\ NEW finishing bank has just been erected at the 
J\ Frodingham works. It was designed by the 
firm’s staff in conjunction with Erhardt and Sehmer, 
and is claimed to be the most modern of its type in 
Europe, if not in the world. It is so designed as to be 
capable of dealing with all the sections produced by 
the mills. The new equipment consists of a travelling 
bar stopper, mechanical cooling bank, roller straighten- 
ing’ machines, cold bank and overhead crane, and 
loading roads, and is of such interest as to demand a 





ROLLER STRAIGHTENING MACHINE 


rather more detailed description than has been 
devoted to the rest of the plant. 

After completion of rolling the steel sections are 
carried by roller racks to a hot saw, which has a speed 
of 14,000ft. per minute and a cutting speed of Lit. per 
second. A travelling bar stopper is placed just beyond 
the saw. It runs on bridge rails and the one on the 
near side is supported by a cast steel beam, to which 
is fitted a toothed rack with vertical teeth. The main 
frame is of cast steel and is carried on cast steel 


wheels, whilst the drive is supplied by a 25 H.P. 








OVERHEAD CRANE AND COLD BANK 


reversible motor which gives a travelling speed of 
300ft. per minute. The stopper can be set to give 
any length between 16ft. and 75ft. and the operator 
reads his position from a scale attached to the roller 
train. For fine adjustment to the correct length the 
speed can be reduced by electrically operated change 
gears to 60ft. per minute. 

The cooling bank is illustrated by an accompanying 
engraving. The original photograph was taken from 
the delivery end of the rolling mills and the sections 
pass across the bank from right to left and are 
delivered to the straightening machines in the shop 





in the background. The bank is provided with a deep 


space for the circulation of air beneath the sections, 
in which is housed much of the driving gear. It is 
arranged in six sections, the lengths of which are in 
order 64ft., 24ft., 24ft., 44ft., 44ft., and 44ft. Each 
pair is driven by an 80 H.P. motor placed at the 
delivery side of the bank. Clutches operated by elec- 
tric thrusters enable single sections to be driven or 
both sections of a pair together. The combinations 
available are sections 1 and 2, 2 and 3, 3 and 4, and 
5 and 6. The sections are drawn across the bank by 
fingers mounted on chains which are reciprocated on 
a five second or ten second cycle according to the 
gear chosen in the gear boxes at the driving motors. 
The spacing of the fingers is arranged to give adequate 
room for the circulation of air around the sections. 
Sections are conveyed towards the bank from the 


of turn-up elements arranged in three pairs, each pair 
being driven by a 25 H.P. motor. A series of clutches 
operated ‘by electric thrusters enables section I or 
section II to be driven alone or together, and so on 
for sections IIIT and IV and V and VI. A second 
movement of the push-off gear removes the turned-up 
bar to the main conveying system at the same time 
as the following bar is being positioned over the turn- 
up gear. 

On the outgoing side of the cooling bank a turn- 
down gear, similar to the turn-up gear on the ingoing 
side, brings the joists and channels into the right 
position for entering the roller straightening machines. 
The bars are pushed on to a delivery train of thirty 
rollers, similar to those in the saw roller ‘train, by the 
fingers of the main conveyor, and as the roller 
straighteners are at the end of this train the latter 
becomes the feeding medium for the machines. 

The whole of the movements of the sections on to 
the bank is under the control of one man. When a 
section of the bank is full he switches aver that 
section to a man on the delivery side, who then 
controls the main conveyor turn-down gear and the 
roller train feeding the straightening machines. 





There are two roller straightening machines, one 








MECHANICAL COOLING 


hot saw along a live roller train about 250ft. long with 
thirty-three rollers, which are each individually 
driven. This individual drive eliminates the compli- 
cation of gearing between the rollers, and even though 
failure of the drive should occur at a single roller it is 
still free to rotate. The driving motors are low- 
frequency machines and rotate the rollers at a 
peripheral speed of 500ft. per minute. Below the 
floor plates in the roller train are mounted nine 
stoppers, which are lifted into position by electrically 
operated thrusters. The sawn bars are pushed from 
the roller train by fingers which are ambushed on the 
return to clear oncoming bars, each finger being con- 
trolled by its own solenoid. At this stage joists and 
channels are turned up on their flanges by, turn-up 
elements arranged opposite each section of the cooling 
bank. Other sections, such as angles and flats, are 
left in the as-rolled position. There are six sections 


BANK AT FRODINGHAM 


for the large and one for the smaller sections. They 
are both mounted on a travelling platform so that 
either can be brought into line with the delivery train 
from the cooling bank. Between them there is a 
by-pass roller rack for use when sections are to be 
delivered without straightening. Both the straighten- 
ing machines are of the overhung seven-roller type. 
The building in which they are housed is big enough 
to contain a stock of rollers, sleeves, &c. We were 
informed that roller changing takes no longer than 
the similar operation in the mills. Difficulty can 
sometimes be experienced, particularly with angles, 
in making them feed correctly into the straighteners, 
owing to the camber they have taken. Immediately 
in front of the machines and under the roller train 
there is a travelling bar lifter, which can be raised 
under a series of openings in the floor plates and assists 





cambered bars into the machines. 
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Bars are delivered from the straighteners to the 
cold bank by a train of eighteen rollers, exactly 
similar to those in the saw train. Three under-floor 
stoppers are placed in the train to serve three sections 
of the cold bank on each side, the arrangement being 
two sections at 60ft., two at 20ft., and two at 40ft. 
The bars are pushed from the train to the skids by 
fingers which can be ambushed on the return stroke. 
Each stopper has its own thruster and each finger its 
own solenoid as on the cooling bank. Over the cold 
bank, with its track at right angles to the travel of 
the bars up to this point, is a 74-ton overhead crane 
with a span of 130ft. We were interested to 
observe that all stanchions, girders, &c., of this 
crane structure are of all-welded construction, with 
the exception of the main girders of the crane 
itself, which are of high-tensile steel. The crane 
is of the rigid beam type and is provided with 
motor-driven extensions to the beam to facilitate the 
handling of long bars. Under the gantry are side 
presses for rectifying the small percentage of bent 
bars coming from the roller straighteners, cold saw, 
and loading roads. The latter pass right through the 
gantry to give extra wagon space and are suitably 
inclined so that no locomotive is required to let down 
the wagons from the far end and also to enable fly 
shunting to be used. The whole finishing plant is 
arranged so that specifications on which there are no 
delivery restrictions are actually straightened and on 
wagons within an hour or two of rolling. 

Roiiine Mrizs, APPLEBY. 

The Appleby rolling mill plant consists of a slabbing 
mill, a 10ft. plate mill, and a 7ft. plate mill. The 
slabbing mill can roll as much as 7000 tons of ingots 
per week, and the two plate mills, on a normal pro- 
gramme with mixed orders comprising thick gauges 
and plates down to }in., have a capacity exceeding 
4500 tons of sheared plates per week. On their 
arrival from the melting shop the stripped ingots 
are placed in soaking furnaces fired with blast- 
furnace gas. There are three such furnaces, each 
with a capacity of 100 tons, and three Gjers pits 
without heating, each with a capacity of 160 tons. 
When withdrawn from the soakers the ingots are 
delivered directly by 20-ton cranes on to the slabbing 
mill rack. The slabbing mill is an electrically driven 
two-high reversing mill, with forged steel rolls, 
42in. diameter and 9ft. 6in. long. The driving motor 
can exert a torque of 20 million inch-pounds up to 
48 r.p.m. All the motions of the manipulators on 
each side of the mill rolls are electrical. The slab 
shears which follow the mill are capable of shearing 
up to 54in. by 18in., and are operated by a steam 
hydraulic intensifier. We noticed that hydraulic 
pushers were installed to deal with crop ends, and 
that scale from the mill is washed by water down an 
inclined duct into a catchpit. Thence it is recovered 
by a grab from the overhead cranes. 

Before going to the plate mills the slabs are reheated 
in four furnaces, two vertical with sliding roof doors, 
and two horizontal. They are all fired with blast- 





machinery there are three 750-kW motor converter 
sets, providing 220-volt D.C. for auxiliary mill and 
crane reversing motors and two banks of static 
transformers for the supply of reduced voltage current 
to other motors in the plant. 

The 10ft. and 7ft. plate mills are similar in arrange- 
ment. The first named has two stands with soft rolls 
of forged steel, 42in. diameter, 12ft. long, and hard 
rolls, 42in. diameter and 10ft. long. It is a two-high 
reversing mill, of which the top hard roll is driven 
from the bottom roll by light gearing to enable the 
top roll to be balanced by a hydraulic cylinder. The 











equipment of the two mills is interesting, and of a 
type we do not remember to have seen elsewhere. 
It consists in each case of two side-cutting electrically 
operated and one cross-cutting hydraulically operated 
shears. The plates arrive on live rollers and are 
passed on to a dead roller table. Two magnetic plate- 
handling machines designed by the company and 
similar to that illustrated are attached one at each 
end of the plate. The handling machines are able 
to traverse longitudinally and the magnetic head 
cross traverses along an arm. The two machines 
co-operating are therefore able to manipulate the 





Cross-CutT SHEARS AT APPLEBY PLATE MILL 


driving motor is similar to that operating the slabbing 
mill, and can exert a torque of 20 million inch-pounds 
up to 48 r.p.m. A turnover gear for the slabs is 
provided between the two stands. The 7ft. mill is 
a one-stand two-high reversing mill, with hard rolls, 
36in. diameter and 7ft. long. The motor gives a 
maximum torque of 14 million inch-pounds up to 
60 r.p.m. We were interested to observe in both these 
mills that scale was dislodged by high-pressure water 
jets, and that where the water failed to effect this 
purpose, twigs were thrown on to the plate as it 
entered the rolls with the same object, which was 





plate into position for the side shears, moving it 
along progressively at each stroke of the shears 
until the whole of one side has been dealt with. One 
of the magnetic machines then passes the plate on to 
a similar plant arranged for shearing the other side, 
while the other machine fetches another plate from 
the live roller end. One operator only is required 
for each side shear, as the various machines are 
remotely controlled. After passing through the 
cross-cut shears, the plates pass along a rack on which 
are three throw-off tables, where the rectangular 
plates, being finished, are thrown off on to the floor 





10-FooTr PLATE MILL AND MAGNETIC PLATE HANDLING MACHINE AND SIDE SHEARS AT APPLEBY 


furnace gas. The arrangement of the plate mill is 
interesting. Between the two mills and enclosed 
within brick walls is an electric power house, which 
contains the mill motors and gearing. The shafts 
project through the walls on each side to drive the 
mills. Current is brought to this power house from 
the works mains at 6600 volts and fed to two 3000 
B.H.P. motors, each coupled to four 4500 B.H.P. 
maximum rating D.C. generators and a 36-ton fly- 
wheel. The eight D.C. generators drive the mill 
motors and the arrangement is such that either motor 
can take advantage of the energy stored in both 
36-ton fly-wheels. In addition to the main motor 





effectively achieved. Before going to the cooling 
bank the rolled plates from both mills are passed 
through plate mangles. That for the larger plates 
has nine rolls, 18in. diameter by 12ft. 6in. long, and 
the other has nine rolls, 14in. diameter by 7ft. 6in. 
long. The cooling bank for the 10ft. mill is 115ft. 
long and 95ft. wide, and it is equipped with two sets 
of chain conveyor skids, each set divided into three 
sections. Two hydraulic turnover gears are inserted 
between the skids for plate inspection purposes. The 
cooling bank for the other mill is in three sections, 
each 60ft. long by 47ft. wide, and the plates are passed 
over by ordinary rope-driven skids. The shearing 





to be sorted out and loaded by overhead cranes fitted 
with beams and magnets. Plates to be cut to sketches 
pass over these racks and over a chain conveyor into 
a cross bay which is common to both mills. Here 
there are two hydraulically operated sketch shears 
surrounded with castors. Plates, l00ft. long by 8ft. 
wide and }in. thick, have been rolled in the 10ft. mill. 
A normalising furnace to take plates 50ft. by 7ft. 
is installed in the 7ft. mill and a building in the LOft. 
mill houses a Churchill roll-grinding machine, with 
a cambering device. 

Space unfortunately forbids us to refer at length to 
the heat treatment and finishing department, which, 
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in addition to. providing storage accommodation for 
inspection, &c., includes flame-cutting machinery 
and a modern pickling plant. One of the minor 
wonders of the works is the manner in which the 
plates of various thicknesses and sizes are marked 
and sorted into the individual orders. It is inter- 
esting to observe that an exceptionally complete 
record is kept of the history of every plate, each of 


which is stamped with a number before delivery. 
In addition, a careful record of the time taken to 
transfer each ingot to slab, and each slab to plate 
is kept, so that accurate estimates may be made of 
the cost of each individual product. 

In conclusion, we should like to express our thanks 





to the staff of the company for their courtesy on the 
occasion of our visit. 








Tests for Straightness by Inclination 
Method." 


‘By F. H. ROLT, M.B.E., B.Sc. 


I. PrincrpLte oF MeEtTxHop. 


[ae principle of one method of testing the flatness 
of a surface in’a given direction is to measure the 
angles of tilt experienced by a sliding block, as it is 
displaced step by step along the surface in that direc- 
tion. Two methods are available for the 
small angles imvolved, one optical and the other 
mechanical. The former has the advantage of being 
applicable to measurements in any plane, whilst the 
latter involves the use of a sensitive level, and can 
be used only for measurements in the vertical plane. 
The derivation of the actual contour of the surface 
from observations of the angles of tilt of the sliding 


Sliding Block 
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block follows the same lines in the two cases, and will 
be understood from Fig. 1. 

The base of the sliding block is relieved so that it 
rests on the surface only in the neighbourhood of its 
two ends. In moving it successively to positions 
AB, BC, CD..., the centre of the L.H. foot is 
always made to take the position previously occupied 
by the other. 

In the lower diagram, 6,, 9, 6,... (in circular 
measure) represent the angles of tilt of the block in 
its successive positions, each with reference to its 
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alignment A X when in the initial position A B. 
For the second position BC, the elevation of the 
R.H. foot, denoted by 8,, is given by / 0,, 1 being the 
effective length of the block between the C.L. of 
its feet. Similarly the differences between the heights 
of the two feet in the second and third positions are 
given by 
8,=1 6,, 8, =1 6,, and so on. 

It is clear that to obtain the height of the surface 
at any position above the base lme A X, one has only 
to make a summation of the various values of § up 
to that point. For instance, at C, D, and E the 
heights are respectively 8, (3,+-8,), and (8,+8,+-8;). 
It Ww rat be understood, of course, that if at any position 





.* Communicated from the National Physical Laboratory. 


Collimating Lens 








the inclination should be downwards instead of 
upwards, the value of 3 for that particular span has 
to be considered as negative instead of positive. 

Thus by moving the block step by step along a 
surface, its — of tilt with respect to 
its initial position and finally integrating the corre- 

sponding differences in the 7. of its two feet, 

it is possible to determine the heights of a succession 
of points on the contow of the surface. 


The number of points obtained on the graph of 
the contour will, of course, depend upon the span 
of the moving block in relation to the length of the 
surface dealt with. For relatively short, high- 
precision surfaces up to 2ft. or so in length, the 
span. of the block is usually made one or two inches, 
whilst for machine beds a span of the order of 6in. 
is more generally applicable. 

(a) Use of Level_—When using a level to measure 
the tilting, it is placed upon the sliding block and 
the angles 6,, 0,, &c., are measured by noting the 
position of the bubble on the seale of the instrument 
as the block is moved to its successive positions. The 
actual values of the angles are obtained by multiply- 
ing the change in the bubble readings with reference 
to the initial reading at A B by the constant of the 
level, which we will denote by K. The latter is the 
angular equivalent of one division on the scale, or, 
in other words, the angle (in circular measure or 
radians) through which the level has to be tilted to 
cause its bubble to move from one scale division to 
the next.T 

(6) Use of Autocollimating Telescope.—Let us now 
turn to the optical method of measuring the tilting 
of the block. For this method, the sliding block has 
attached to it a mirror with its surface normal to the 
direction in which the block is moved. This mirror 
reflects a beam of parallel light which emerges from 
a lens, at the exact focus of which is situated a pair 
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of cross wires. With this optical arrangement an 


same focal plane of the lens, and by suitable adjust- 
ment of the collimator the image can be brought close 
to the cross wires themselves, so that both the wires 





+ If the sensitivity of a level is known in seconds of are it can 
be converted into circular measure by multiplying the number 
of seconds by the factor 0-00000485. 

Should only the radius of curvature of the tube be known, the 
value of K can be calculated from the formula 

d 
K=R ’ 
where d=distance in inches between two adjacent divisions on 
the scale of the level: R =radius of level tube in feet. 
For example, if d=1/;9in. and R = 600ft., 








image of these illuminated cross wires is formed in the |. 





and their image can be seen together in a microscope. 
A diagrammatical arrangement of the apparatus is 
shown in Fig. 2, ners the view in the eyepiece of the 
microscope in Fig. 3 

If the surface along which the sliding block is moved 
is perfectly straight, both along its horizontal surface 
and also along the side face against which the block is 
guided, there will be no variation in the direction of 
the reflected beam, and consequently the image of the 
cross wires will remain undisturbed in position. On 
the other hand, should the sliding block tilt at all 
as it is moved along, there will be co nding 
lateral displacements of the image, the vertical and 
horizontal components of which will be indications 
of the straightness of the surface in elevation. and 
plan view respectively. 

Considering the elevation view, the relationship 
between a tilt 6, of the mirror and the correspon 
displacement v of the image will be gathered from 
Fig. 4. Remembering that the reflected beam will be 
deflected through twice the angle of tilt of the mirror, 
and that the linear displacement of the image takes 
place over a base equal to the focal length f of the 
collimating lens and not over the variable distance 
separating the lens and the mirror, it follows that 

v=fx 26, 
it being understood that 6, is expressed in circular 
measure. Thus, in order to obtain the angle of tilt 
from the linear displacement measured in the micro- 
scope, it is only necessary to apply the following 
formula 


v 
0, = af ‘ 

Having obtained the variations im the inclination 
of the sliding block from the corresponding micro- 
scope readings on the image, the contour of the surface 
is derived in exactly the same way, as described above. 

(c) Testing Large Areas.—-When using the sliding 
block method for testing the flatness of surface 
plates and other surfaces which have appreciable 
width in comparison with their length, a single set 
of observations along the surface is clearly not suffi- 
cient. Tests have to be made along a number of 
parallel lines AA’, BB’, CC’,..., as shown in 
Fig. 5, and in order to correlate them, other series 
of tests have to be taken across the two sides AG 
and A’G’ and the two diagonals AG’ and GA’, 
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In practice, it is usual to carry out further transverse 
measurements, such as H H’, II’, ...P P’, in order 
to obtain a check on the accuracy of the work. 


IT. Practican Derars. 


(a) Levels.—The type of level recommended for 
this class of test is different from the ordinary work- 
shop level, which is too insensitive for the purpose. 
The radius of curvature ‘should be at least 200ft., 
and for really accurate work a level with a radius of 
the order of 500ft. should be chosen.{ The base of 
the level should preferably be hardened and finished 
by lapping to a flat, wringing surface all over. This 
makes it possible to dispense with a separate sliding 
block by wringing two parallel blocks of equal thick- 
ness (such as slip gauges) across the bottom of the 
level to form a pair of feet, as in Fig. 6. This arrange- 
ment has the additional advantage of providing a 
ready means of adjusting the span of the feet to suit 
the size of the surface to be tested. By chequering 
the underside of each block there is less risk of 
inaccuracies occurring in the measurements due to 
dirt collecting under the feet of the level. 

When traversing a level across a surface, it is 
found convenient to guide it against the edge of a 
straight-edge clamped down to the surface. 

(b) Method of Reading Level.—Consistency as 
regards the signs of the differences in reading and 
the direction of the errors found in the surface can 
best be ensured by adopting a definite practice as 
regards both the direction in which the level is 
traversed across the surface and also the manner in 
which the readings are taken on the scale of the level. 
It will be found convenient always to commence with 
the level at the left-hand side of surface and to 
consider the graduations on the level as i 
from left to right (see Fig. 6). On this basis, should 





¢ Assuming that the scale of the level is divided into one- 
tenths of an inch, a radius of curvature of 100ft. corresponds to 
a sensitivity of 17-2 sees. of are per division, one of 200ft. 
8-6 secs , 300ft. to 5-7 secs., and so on in inverse proportion. 
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the level readings increase as it is moved to the right, 
it is clear that the surface traversed is concave. 
Similarly, a decrease in reading would denote a 
convexity. 

It should perhaps be mentioned that it is important 
for the radius of curvature of the level, or, in other 
words, its sensitivity, to be constant over the working 
range of its scale. On the other hand, it is clearly 
immaterial for this class of test whether the level is 
set correctly, i.e., whether it reads centrally when 
placed upon a truly horizontal surface. Some adjust- 
ment is required,.howeyer, under the surface to be 
tested in order to bring the bubble of the level 
within the range of its scale. ings need not 
be taken on both ends of the bubble, but it is usual, 
after reaching the right-hand side of the surface, to 
repeat the readings in the reverse order, moving 
the level from right to left until it returns to its 
starting position. 

(c) Setting up the Optical Apparatus.—The reading 
microscope and the collimator (the tube holding the 
collimating lens and the cross wires) should be held 
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coaxially in some form of rigid base, such as is shown 


dotted in Fig. 2. 


The first adjustment is to set the cross wires at | 


the focus of the collimating lens. Having placed the 
wires at the approximate position, a reflected image 
of them is produced by a good, flat mirror§ placed 
just in front of the collimating lens. Viewing the 
wires with the microscope, their distance from 
the lens is then adjusted so that the reflected image 
is as well defined as the wires themselves. 

Having thus set the collimating unit, it should 
be set up on a very firm base with its axis in line 
with the centre of the mirror, and parallel to the 
path of the latter along the surface to be tested. 
The latter adjustment can be readily secured in a 
vertical plane, by levelling both the surface and the 
axis of the collimating unit. (A platform is machined 
along the side of the base of this unit to form a seating 
for the level.) In plan view it is necessary to set the 
collimating unit parallel to the edge of the surface 
by means of a straight-edge placed along the machined 
edge of the base of the unit. 

Attention should next be paid to the illumination 
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of the collimator unit. A very convenient source 
of light has been found to be a 100 candle-power 
Pointolite lamp with a 10in. focus condenser about 
l}in. diameter. The horizontal beam from the lamp 
is directed normally into the illuminating aperture 
of the microscope where part of it is reflected into 
the collimator by the thin glass plate set at 45 deg. 
in the microscope tube. Using the Beck type of 
microscope in which one division on the microscope 
drum represents 0-00005in., it has been found that 
the best conditions are arrived at when the head 
of the Pointolite lamp is situated approximately 
at the focus of its condenser and the latter is about 
l5in. from the microscope aperture. The position 
of the lamp should be finally adjusted so that the 
beam emerging from the collimator is reasonably 
parallel and also falls centrally upon the mirror. 

In order to reflect the beam back into the colli- 
mator and to centralise the image of the cross wires 
in the field of view of the microscope, it is necessary 
to mount the mirror on the sliding block in such a 
manner that its reflecting surface can be set accurately 





square to the axis of the collimator unit. For this 
purpose it is convenient to hold the mirror in a 
recess by means of spring clips, with its back bearing 
against the rounded ends of three finely-threaded 
adjusting screws. 

The sliding block should be guided horizontally 
either against the edge of a straight-edge clamped 
to the surface, or, alternatively, if the surface is 
not more than a few inches wide (as in the case of 
a machine bed), it can be guided against the edge 
of the surface itself by a vertical bearing plate screwed 
to one side of the block. 

Ordinarily, when testing the truth of a surface in 
a vertical plane, the microscope is arranged so as to 
measure vertical displacements of the horizontal 


obtained by calculation from the figures in Col. 7 
of the table in the following manner :—The figures 
in Col. 8 show the proportional amounts of the overall 
difference of 0-00384 for the various positions along 
the bed. By subtracting these figures from those in 
Col. 7, one obtains the results given in Col. 9, which 
show the errors of the bed at the 6in. intervals, with 
reference to a straight line joining the terminal 
positions. 
(ii) Test with Autocollimator. 
Focal length of collimator objective= Tin. 
Linear displacement of image of cross wires 





corresponding to one division on drum of micro- 
scope = 0-00005in. 


Tani do Baraighinass: Tass Using Sensitive Level. 
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* Scale divisions increase from L to R. 
+ Tilt on 6in. base=difference in divisions x 0-00025in. 


cross wire in the collimator. ,On the other hand, if 

it is desired to test the straightness of the edge of a 

bed in plan view, or the straightness of the straight- 

edge used for guiding the sliding block, the horizontal 

displacements of the vertical cross wire are observed. 
Ill. Exampies oF TEsts. 

In order to assist in understanding the details 
'of these two methods of testing straightness by 
means of a level or an auto-collimator, actual examples 
of tests referring to the upper surface of a 6ft. machine 
bed are given below : 

(i) Test with Level. 

Sensitivity of level used, 1 division=8-5 sec. 
of arc. 

Spacing of feet under level, 6in. centres. 

Thus 1 division corresponds to a tilt of 8-5 

x 0-00000485 x 6in., i.c., 0-000247in. on the 6in. 

span of feet. 

The readings of one end of the bubble of the level 
as the latter was moved in 6in. steps along the bed 
from L to R are given in column 2 of Table I. Those 
obtained on the return journey are in the third 








"| a ; 
I 2 | gts 5 6 7 x 9 | 10 
paar detest Ws? ME: | apdingen ¥ nptiteier ben siedaiiieisapeiientiaate 
te Readings of level Differences from initial Adjustment Errors in | 
pone divisions.* position. Summation | tobring both | straightness | Position 
occupie ————-—|—_—__——,, of terminal with reference along 
by level Level Level Cc ponding | diff 8. points to to terminal | bed. 
along moved | moved Mean. Divi- tilton 6in. | | zero. points. 
bed. from from sions. base. i 
RtoL. | LtoR. | | : 
Inch. Inch.+ | Inch.t{ Inch. Inch. Inch 
0 0 a ee: 
0-6 5-4 5:0 | 5-2 0 0 | — @-000 00 | —0-000 32 | —0-000 32 6 
6-12 67°) Oe Ty ORS +0-4 +0-000 10 +0-000 10 —0-000 64 —9-000 54 | 12 
12-18 | 3-9 | 3-8 | 3-85 —1-35 —0-000 34 —0-000 24 | -—0-000 96 | 0-001 20 18 
18-24 | 5-4 | {5-4 | one +0-2 +-0-000 05 -0-000 19 —0-001 28 —0-001 47 24 
| 24-30 | 6-4 (8:3 | 6-3 +1-1, | +0-000 29 | +0-000 10 —0-001 60 —0-001 50 30 
30-36 | 7-2 } 171 7-1; 41-9, | +0-000 49 | 0-000 59 | —0-001 92 -§- 941 33 36 
36-42 jor 8-7 | 8-8 +3:6 +0-000 90 | +0-001 49 —0-002 24 —0-000 75 42 
“s ot oe 9-05 Hes +0-000 7 | +-0-002 s 77: 908 56 = Or oe8 1) 48 
ee Uh | ee | Ee) ER] teeee | ieee | Tees | ieee |e 
60-66 5°3 5-2 5-25 +005 + 0-000 01 +0-003 77 -0-003 52 i +0-000 25 66 
66~72 5-5 5-5 5-5 +0-3 | + 0-000 07 + 0-003 84 ~0-003 84 0-000 00 | 72 
} 


t An additional zero has been inserted at the beginning of this column in order that the points A and B in Fig. | (denoting 
the positions of the feet of the sliding block in its initial position) may both be represented as having zero errors. 


Spacing of feet of slidmg block carrying mirror 
== 6in. centres. 

Thus, angular tilt of mirror to cause a linear dis- 
placement of the cross wire, corresponding to one 
division on microscope 

_ 0-00005in. x5 oe ee 
7in. 
= 0- 00000357 cain 
This angle corresponds to a tilt on the 6in. base of 
0- 00000357 x 6in. 
=0-0000214in. 

The micrometer drum of the microscope was set 
above the microscope, as in Fig. 2. Thus, taking into 
account the inversion produced by the microscope, 
an increase in its reading on the image of the hori- 
zontal cross wire would indicate that the image was 
lower than before, and this, in its turn, would mean 
that the right-hand foot of the sliding block had risen’ 
This enables the proper sign to be obtained for the 
errors in the bed from the direction of the variations 
in the microscope 





Tase II Ciena Test # Using psananuenen sh 


readings. 
Referring to Prtable II, the microscope readings 






































| 
I 2 | 3 | 4 5 6 | 7 8 9 ' 10 
"Microscope readings, Difference from initial Errorsin | 
Position divisions. position. | Adjustment straightness 
occupied } 8 tion te bring with reference | Distance 
by feet Block Block Corresponding of terminal to terminal from 
of sliding | moved | moved Mean. Divi- tilt on a 6in. differences. point to zero. points. end of 
block. from from sions. base.* 
LtoR. | RtoL. 
Inch Inch Inch.t Inch. | Inch. Inch. 
0 0 } 0 
0- 6 1129 1131 1130 0 0-000 00 —0-000 30 0-000 30 | 6 
6-12 1131 1136 1133-5 + 3-5 | +0-000 07 +0-000 07 0-000 60 —0-000 53 12 
12-18 1109 1109 1109 —21 —0-000 45 — 0-000 38 0-000 90 —0-001 28 | 18 
18-24 1133 1130 1131-5 + 1-5} +0-000 03 —0-000 35 0-001 20 —0-001 55 24 
24-30 1141 1142 1141-5 +11-5 | +0-000 25 —0-000 10 -0-001 .50 ~0-001 60 30 
30-36 | 1154 1151 1152-5 +22-5 | +0-000 48 +0-000 38 —0-001 80 -0-001 42 | 36 
36-42 1174 1177 1175-5 +45-5 |} + 0-000 97 +0-001 35 ~0-002 10 -0-000 75 2 
42-48 1173 | 1175 1174 +44 +0-000 94 +0-002 29 ~0-002 40 ~0-000 11 | 48 
48-54 1163 1166 1164-5 +34-5 | +0-000 74 +0-003 03 —0-002 70 +0-000 33 b4 
54-60 1157 1156 1156-5 +26-5 | +0-000 57 +0-003 60 ; —0-003 00 +0-000 60 | 60 
60-66 1127 1130 11285 | — 1-5 | —0-000 03 +0-003 57 -0-003 30 +0-000 27 66 
66-72 | 1131 1132 | 1131-5 + 1:5; +0-000 03 +0-003 60 —0-003 60 0-000 00 72 
i 





column. Column 5 shows the differences of the means 
of these two series of readings from the mean of those 
obtained in the initial positions, viz., 5-2. Using | an 
the conversion factor 0:00025 obtained above, these 
differences in divisions are translated in column 6 
into vertical displacements in inches on the 6in. base 
used. The result of integrating these displacements 
is given in column 7. 

These results are shown by the (-) points in Fig. 7. 
The departures from straightness of the bed are given 
by the vertical distances between these various points 
from the straight line joining the terminal points 
O and P. 

In order that these distances may be more easily 
read off the di it is convenient to transfer 
them to the base line O X, thus obtaining the series 
of X points. If desired, this transference of the 
distance can be made with a pair of dividers. Alterna- 








“3 A stainless stee! or ‘chromium-plated steel mirror about 2in. 
diameter is recommended. 





* Tilt on 6in. base = difference in divisions x 0- 000021 4in. 





tively, the distances to be plotted from O X can be 


Tt See PER to ‘Table L 


obtained during the outward and homeward displace- 
ments of the sliding block are given in Cols. 2 and 3, 

and their mean values in Col. 4. The next column 
gives the differences of the mean readings from the 
initial one. These differences are converted in Col. 6 
into the equivalent tilts in inches over the 6in. span 
of the sliding block by use of the factor 0-0000214 
determined above. Having obtained these_ tilts, 
the errors in straightness are determined therefrom 
in exactly the same manner as for the test with the 
level. 

By comparing the figures given in the two tables 
under Col. 9, it will be seen that the two methods of 
test lead to the same results to within 0-000lin. for 
every position. 


CoRRECTING Aa 17FT. LaTHE BED. 


As a further example of the application of the level 
and autocollimation method of testing straightness, 
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reference may be made to the recent reconstruction 
of the standard leading serew lathe which is housed in 
the Metrology Department of the N.P.L. As a pre- 
liminary to this work it was found necessary to re- 
serape the bed of the machine both on the upper and 
side surfaces in order to restore its straightness. The 
length of the bed being about 17ft., it was necessary 
to provide the mechanic with some other means of 
control besides the 4ft. by 2}in. narrow surface plate 
which he used for local checking. 

This control was obtained by the use of a level 
having a sensitivity of 3 seconds per division (0- lin.) 
and an sutocollimating unit fitted with an objective 
of 20in. focus. These instruments were used in the 
manner described above for determining the original 
errors existing in the straightness of the bed both on 
the upper and side surfaces. Using the information 
thus obtained, the surface of the bed was scraped 
over six small areas about 3in. by 3in. spaced at 
intervals of about 3ft. 6in. along its length, the surfaces 
of these areas being brought as accurately as possible 
into one plane by depth measurements made at each 
position relative to the surrounding surface. The 
intermediate parts of the surface were then scraped 
down in turn until, when tested in the usual way by 
rubbing with the 4ft. surface plate, they were found 
to line up with the two adjacent ‘* witness-marks.”’ 
Having thus corrected the whole of the surface of the 
bed, its accuracy was finally checked by repeating the 
tests with the level and the autocollimator. 

As a matter of interest both instruments were used 
to test the top surface, but for the side surfaces only 
the autocollimator could be utilised. It was found 
that the two results on the top surface agreed through- 
out the whole length of the bed to within 0-0002in., 
and the mean of these results showed that this surface 
agreed everywhere with the mean true plane to 





within +0-0002in. A similar satisfactory result was 
obtained on the side surfaces. 

It may be mentioned that the length of 17ft. 
worked over in these tests was found to approach 
the maximum workable range of the autocollimator. 
This was due to difficulties in obtaining a sufficiently 
bright and parallel illuminating beam even when 
using a concentrated source such as the tin. glowing 
bead of a pointolite lamp. 

In connection with these tests it may also be of 
interest to mention the effects of variations of tem- 
perature upon the straightness of the bed of the 
machine. The effects of alterations in the temperature 
of the bed as a whole were taken care of by mounting 
the foot at one end on rollers so as to provide freedom 
for expansion or contraction. Nevertheless, this did 
not prevent the bed from warping owing to any 
gradients of temperature which might occur between 
its upper surface, which stood about 3ft. above the 
floor level, and the bottom, which rested in a shallow 
pit about 6in. below that level. It will be understood 
that the upper part of the bed responded more 
readily than the lower part to any variations in the 
temperature of the room, with the result that such 
variations gave rise to appreciable temperature 
gradients from top to bottom of the 3ft. 6in. depth of 
the bed, and these in turn produced corresponding 
flexures of the bed in the vertical plane. For example, 
it was found that if the top of the bed became | deg. 
Cent. higher than the bottom, the upper surface 
became convex by about 0-00lin. at the centre. 

This effect of temperature gradient upon the 
straightness of the bed has been reduced to a large 
extent by thermally insulating the lower part of the 
bed from the foundations by filling the shallow pit 
with granulated cork and by maintaining a steady 
temperature in the room. 
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MEETING IN AMERICA, 1938. 


T the opening of the meeting of the Institute of 
44 Metals on March 10th and 11th, at the Institution 
of Mechanical Engineers, the President announced 
that the Institute had received, and had been happy 
to accept, an invitation frem the American Institute 
of Mining and Metallurgical Engineers and the 
American Iron and Steel Institute to hold its autumn 
meeting of 1938 in the United States, at a time which 
would accord with the Institute’s custom in such 
matters. October was suggested as favourable from 
the point of view of weather conditions making for 
comfort in the inspection of industrial establishments. 
It was recalled that the American Institute of Mining 
and Metallurgical Engineers had invited the Institute 
of Metals to hold its autumn meeting in the United 
States in 1932, but that circumstances had caused a 
series of postponements. Hence the present invita- 
tion. The Iron and Steel Institute will collaborate 
in the American meeting. 


CO-OPERATION WITH THE IRON AND STEEL 
INSTITUTE. 


The President then reported that negotiations con- 
cerning a scheme of co-operation between the 
Institute of Metals and the Iron and Steel Institute 
had been completed, and that an official announce- 
ment on the matter would be published. The scheme 
is not yet completely rounded off, but as a first step 
it provides for joint membership of the two bodies at 
a reduced subscription. It is hoped that fuller 
co-operation will be developed in the future. Mem- 
bers of either of the two bodies will be eligible to join 
the other, without any formality other than proving 
membership of one or the other. The scheme is to 
operate as from January Ist, 1937. The combined 
annual subscription will be £5 5s., instead of the 
previous subscriptions of £3 3s to each Institute. 
That provision will apply in the case of the Iron and 
Steel Institute to subscriptions payable for the year 
beginning January Ist, 1937, and in the case of the 
Institute of Metals to subscriptions for the year 
beginning July Ist, 1937. , 

Eligible candidates applying for membership of 
either Institute can simultaneously apply for member- 
ship of the other, and in those cases a combined 
entrance fee of £2 2s. will be payable. Thus it becomes 
possible to join both bodies for a single payment of 
£7 7s. instead of £10 10s., as heretofore. 

Present associates of the Iron and Steel Institute, 
present student members of the Institute of Metals, 
and new applicants for membership will be eligible to 
join those classes on payment of a joint annual sub- 
scription of £2 2s. up to the age of twenty-six years. 

The scheme follows one recently completed by the 
two Institutes with the American Institute of Mining 
and Metallurgical Engineers, whereby members, 


associates, and student members of either under the 
age of thirty-three may become foreign affiliates of 
the other. 

The arrangement, said the President, was a step in 
bringing together metallurgists, particularly the 





younger metallurgists, in all the English-speaking 
countries and in both branches of metallurgy ; and 
it was hoped that it would also be an important step 
towards the obliteration, if that were possible, of the 
demarcation between ferrous and non-ferrous metal- 
lurgists. 

THE ANNUAL REPORT. 


The Council’s Annual Report for the year ended 
December, 1936, was then presented. 

The President, proposing the adoption of the 
report, emphasised that the international character 
of the Institute was being more and. more developed. 
Although the figures in the report were exceedingly 
impressive in that connection, he said that not too 
much heed should be paid to the figures. The 
influence of the Institute was far more important 
than the number of its members in any particular 
country. Having represented the Institute in Sweden, 
France, Germany, and America, he assured the 
members that its prestige and influence stands at a 
very high level indeed. Thus it had extraordinary 
power ; it could influence the trend of non-ferrous 
metallurgy to an extent which its members perhaps 
did not appreciate as fully as they should. He also 
expressed gratification that the local sections were 
showing extraordinary signs of strength. 


THe ACCOUNTS. 


The accounts for the year to June, 1936, were pre- 
sented by Engineer Vice-Admiral Sir Robert B. 
Dixon (Chairman of the Finance Committee). He 
noted that the financial position had much improved 
and that the future outlook was very bright, thanks 
to the efforts of the President in connection with the 
formation of an endowment fund. 

The accounts were adopted. 


ENDOWMENT FunpD. 


The President outlined the results so far achieved 
in raising an endowment fund for the Institute. He 
had made the suggestion originally because, inasmuch 
as the country had entered upon a period of very 
great activity, not only industrially, but also scien- 
tifically, with regard to non-ferrous metals, the 
resources of the Institute’s Journal would be strained 
to the utmost to give adequate publicity to the 
matters continually arising. The possibility of 
repeated periods of depression must be admitted. 
The Institute had never given industry a real oppor- 
tunity to show appreciation of its efforts, and the 
Council had authorised the launching of a scheme to 
create a fund of not less than £20,000. He acknow- 
ledged the kindness of all with whom he had discussed 
it, including Lord McGowan (Chairman of Imperial 
Chemical Industries), Mr. Stanley (President 
of Mond Nickel Company), Mr. H. W. Clarke 
(who is concerned with trade associations in 
Birmingham), and Mr. Murray Morrison (managing 
director of the British Aluminium Company). Pre- 
liminary subscriptions amounted to £13,887 10s., of 
which the trade associations had contributed £3650. 





Other handsome sums were received from companies 
and individuals. It was the desire that’ no pressure 
whatsoever should be brought to bear upon indi- 
vidual members of the Institute, though small con- 
tributions would be heartily welcomed, Only the 
interest on the fund would be used by the Institute, 
and it was hoped, by means of the extra income of 
£500 or £600 a year, to do many things, including the 
enlargement of the Institute’s publication pro. 
gramme. The investments would be in the hands of 
an Investments Sub-committee, and over £5000 had 
been invested already. 

The President added that he would like to see the 
balance of the fund made up from a very large number 
of small subscriptions, which could be paid over a 
term of years, and the income tax could be recovered. 


Orricers ELECTED FOR 1937. 

President, Mr. W. R. Barclay (re-elected). 

New Vice-Presidents: Engineer Vice-Admiral Sir 
Robert B. Dixon; Lieut.-Colonel the Hon. R. M. 
Preston. 

New members of Council: Mr. W. T. Griffiths, 
Mr. Stanley Robson, Mr. A. J. G. Smout, Dr. D. 
Stockdale. 

MEMBERSHIP. 

It was announced that a total of eighty-eight 
members and students had been elected since the last 
meeting in September, as compared with sixty-five 
during the corresponding period a year ago. 

AutTUMN MEETINGS. 

The autumn meeting, 1937, is to be held in Sheffield 
between September 6th and 10th. The autumn meet- 
ing of 1939 is to be held in Glasgow. 

The reading and discussion of papers was then 
begun. 





The first paper to be taken was one on “ The 
Theory of Age Hardening,”’ by Dr. Marie Gaylor. 


AGE HARDENING. 

A general theory of age hardening is put forward, based on 
data relating mainly to the hardening of alloys of the 
duralumin type and of beryllium-copper and _ ailver-copper 
alloys. 

Age hardening takes place by two processes :—(i) diffusion 
and (ii) precipitation, the second overlapping the first. Both 
processes take place within wide temperature limits, which are 
povwlies to every alloy system i.¢., the “‘ temperature range.” 

rate at which each process takes place depends, apart from 
other factors, on the temperature of ageing. The limits of the 
temperature range are indeterminate, but approximations can 
or P i urposes. If temperature of 
ageing be close to the lower limit, both stages of the ageing will 
take place excessively slowly ; if the temperature of ageing be 
close to the upper limit, the first stage will proceed so rapidly 
that its effect will not be detected. Each of two processes is 
characterised by changes in poses! properties which will 
present maxima or minima, depending on the ageing tem- 
rature, the characteristics of the first being ually replaced 
y those of the second. The softening which occurs when an 
alloy is aged at a higher temperature, after being previously 
aged at a lower temperature, is now explained in the light of 
the new theory. 

Curves are given representing the relationships between 
(i) hardness and duration of ageing, (ii) maximum hardness 
and temperature of ageing, and (iii) time of attaining maximum 
hardness and temperature of ageing. 


Discussion. 


Dr. W. O. Alexander (Birmingham), speaking in 
place of Professor D. Hanson (who was unable to 
attend through illness), pointed out that Dr. Gaylor 
had advanced the theory of age hardening without 
any suggestions as to the mechanism of diffusion, and 
he suggested that one could not contribute usefully 
to the discussion until that mechanism had been 
cleared up, preferably by physicists, or possibly by 
metallurgists. He also suggested that in the present 
state of our knowledge most of the experimental 
evidence advanced by the author was unconvincing. 
He congratulated the author upon her hypothesis, but 
implied that no sound experimental evidence had 
been submitted for advancing it as a theory. 


wer d fi ot j 





Mr. E. C. Rollason then presented a paper entitled 
‘Modern Metal Spraying: Processes and Some 
Characteristics of the Deposits.” 


METAL SPRAYING. 

Spraying pistols using wire, powder, and molten metal are 
dusaehied, together with cdarparisivs details. The nature of 
the sprayed a is discussed. A few corrosion tests, using 
intermittent salt spray have been made on zinc and aluminium 
d its and on painted zinc coats. 

Using the three types of pistol, comparative tests of alumi- 
nised surfaces have made, and heat-treated nickel-chro- 
mium-iron coatings were found to have good resistance to | 
oxidation at elevated temperatures. Data are also given for 
porosity, oxide content of sprayed copper, and hardness of 
spra metals. 





Discussion. 


Dr. T. P. Hoar (representing Dr. Ulick R. Evans, of 
Cambridge) referred. to some laboratory and out- 
door exposure tests they had carried out on sprayed 
specimens over a period of from four to six years. 
The laboratory tests had shown, in general, that with 
a saline solution a zine-coated metal and an 
aluminium-coated specimen were well protected ; but 


‘the corrosion of the protecting zinc became so rapid 


that eventually practically all the zinc had dis- 
appeared; aluminium was the better under those 
conditions. On the other hand, the zinc was the more 
efficient in Cambridge tap water, which at that time 
was very hard; the corrosion of the aluminium was 
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not enough to give cathodic protection of the iron 
underneath. 

Since the general tests showed that aluminium- 
sprayed coatings afforded very good protection in the 
ordinary way, a number of atmospheric tests were 
conducted on aluminium-coated specimens in a 
marine, an urban, and a country atmosphere, and in 
a mixed atmosphere on the laboratory roof. After 
from four to six years no rusting was observed on any 
of the specimens, although in London and Selsey 
(marine atmosphere) there was considerable attack 
of the aluminium. ~ 

Under suitable conditions metal spraying should 
be @ most valuable means of protecting against 
corrosion. But the method had its limitations, and 
it was well to define conditions lest a good method 
should suffer damage to its reputation by reason of 
its application in unsuitable cases. 

Mr. W. E. Ballard thought it was surprising that 
the author did not secure the best results with the 
special alloy, because those in commerce were satisfied 
that in general it gave the best results. The corrosion 
test results given in the paper were not quite borne out 
in practice; under the conditions applied by the 
author it was found that aluminium coatings were 
not quite so good as zinc, but Dr. U. R. Evans and 
Mr. H. Sutton had proved that usually aluminium 
coatings provided better protection against corrosion 
in atmosphere and in saline conditions. 

Mr. A, E. Phipps, referring to paints for use on zinc 
coatings, said experience had shown that zinc oxide 


paint was preferable, but red iron oxide paints had | P 


been used without ill effects. Lead-base paints had 
been found to be generally unsuitable. 

Mr, Rollason, in his reply, said that where two 
layers were being sprayed he had found that those 
who were doing the work would apply the first layer 
well and take a considerable time on it, and it was of 
reasonable thickness, whereas they would rush over 
the second layer and would not get a layer of the same 
thickness. 


A paper on “ The Effect of the Addition of Small 
Percentages of Iron and Silicon to a High Purity 
4 Per Cent. Copper-aluminium Alloy,” by Dr. Marie 
Gaylor, was but not discussed; and 
one on “‘ The of Cast Structure on the Rolling 
Properties of Zine,” by Dr. L. Northcott ; and one on 
** Directional ies in Rolled Brass Strip,” by 
Dr. M. Cook, were then taken together. 


ROLLING PROPERTIES OF ZINC, 


Preliminary work on zinc of 99-99 per cent. purity showed 
that the casting temperature of ingots cast by the Durville 
method has little effect on the structure, density, tensile strength, 
notched bar itmpact value, or agen, Tis pues 
The examination of ingots by utilising directional 
solidificati howed that the directional properties of the 
zinc crystals are such that in columnar form the strength 
measured in the direction of growth is about four times that at 
right angles to it. Less pronounced differences were observed 
in the notched bar impact values. The selective weakness of 
the metal along one set of crystal planes was also demonstrated 
by the tearing action of the cutting tool when machining in 
certain directions, and ted in the development of a be 
of surface cracks. The weak plane was shown by X-ray exami- 
nation to be the basal (0001) plane of the hexagon. 

The connection between cold working and the absence of 
columnar crystals was investigated by determining the degree 
of hot working n to permit subsequent cold working 
and correlating the its with the ying changes in 
structure. Provided that the initial hot reduction was not less 
than about 40 os cent., rolling could be completed satisfac- 
torily in the cold. Hot rolling was found to be associated with 
recrystallisation and consequent release of internal stress ; 
recrystallisation was almost complete after about 40 per cent. 
hot reduction, although much of the cast structure was obli- 
terated after half this amount of reduction. The importance of 
the equi-axial structure in cold working was confirmed by 
tests on specially prepared ingots of equi-axial structure. 

Columnar may be completely cold rolled 
if the direction of rolling between lig ht passes is changed accord- 
ing to a crystallographic plan provided that the plane of growth 
of the crystals is in the rolling plane. No indication has been 
found that any of the ties of zinc in working are due to 
boundary effects. Failure in zinc at atm ic or moderate 
temperatures takes place by characteristic trans-crystalline 
cracking in which the cracks tend to occur along the basal 
plane in any one crystal, This form of failure would appear 
to be limited to a small range of metals and alloys, possibly 
mainly of the hexagonal crystal type. The effect is greatly 
intensified by the powerful tendency of zinc.to form | 
columnar crystals, since in an ingot of rectangular section the 
columnar crystals developed from one mould face have their 
directions of weakness in the same p! . 

The addition of 0-75 per cent. cadmium to the zinc produced 
a small crystal structure, but increased the reorystallisation 
temperature so that complete cold rolling was no longer possible. 
The total reduction before cracking started was, however, 
greater when the rolling direction was changed than when rolling 
was carried out in one direction only. 

An account is also given of the conditions under which zinc 
ingots can be initially rolled during cooling after casting ; 
satisfactory strip was obtainable provided 
the ingot at the commencement i 
350-100 deg. Cent., which, when 161lb, ingots were used, 
entailed an interval of from 2} min. to 1 h. after the completion 
of solidification. 

















ROLLED BRASS STRIP. 


The tensile properties of brass strip in directions parallel, 
normal, and at 45 deg. to the rolling direction, have been deter- 


mined after ively increasing rolling reductions up to 
pear r cent. ‘When the tolling redustion has been 
sufficient to 


mane & SNesaiame) aieeet £0 gunetess-ctemagth and 
least ductility are o normal to rolling direction, 
while the converse obtains in the rolling direction. 

When cold rolled brass strip is finally annealed, it may show 
directionality which is revealed both by tensile tests and by the 
occurrence of ears or waves on the edges of cups cut from the 
strip. In annealed strip showing directionality, the tensile 


strength is least and the ductility greatest at 45 deg. to the 
rolling direction, and it is in this position that ears are formed. 
The extent to which directionality exists in rolled and annealed 
strip is largely determined by the conditions of the penultimate 








and finel annealings and by the magnitude of the rolling reduc- 
tion between these two annealings. 

A study of the orientation of twinning planes in rolled and 
annealed 70:30 brass strip showing appreciable directionality 
in tensile properties and in the ten y to form ears on cups 
indicates that the frequency of orientation of the twinning 
pines is lowest at about 45 deg. to the direction of rolling. The 

irection of maximum frequency of orientation of twinning 
planes appears to be fortuitous in strip, not showing direc- 
tionality in other respects. 


Discussion. 


Mr. G. L. Bailey said that Dr. Northcott’s study of 
the behaviour and the properties of crystal aggre- 
gates, both columnar and equi-axial, in pure zinc had 
led to the conclusion that it was not possible indus- 
trially to cold roll zinc even of high purity unless—and 
the point had not been settled finally—some method of 
casting could be devised to give an even finer equi- 
axial grain than the author had yet been able to 
obtain. He asked if it were possible to produce such 
a fine-grained zinc ingot, and whether such an ingot, 
having a grain size perhaps approximately the same 
as that of rolled and annealed strip could be cold 
rolled direct in the cast state. 

Dr. C. J. Smithells, discussing Dr. Cook’s paper, 
gave some results of an investigation by himself and 
Mr. C. E. Ransley into the directional properties of 
rolled molybdenum sheet. Molybdenum, he said, 
like alpha iron, had a body centred cubic lattice and 
developed very pronounced preferred orientation on 
rolling. A certain amount of trouble was experienced 
when the sheet was subsequently subjected to cold 
ressing, since certain sheets had developed cracks 
at 45 deg. to the direction of rolling. The trouble was 
most pronounced in sheet that had been cross rolled 
and then annealed. The development of preferred 
orientation was studied by X-rays. When rolling 
was carried out in one direction only, the crystal 
fragments arranged themselves so that the cube 
diagonal lines in the direction of rolling and the 
diagonal of the cube face lay in the rolling plane. That 
allowed the crystal to have an orientation in one 
direction. If the sheet were then rolled at right angles 
to the first direction, the other diagonals of the cube 
face were aligned in the surface of the sheet ; and all 
the erystal fragments must have exactly the same 
orientation in all respects. (He illustrated the mech- 
anism by means of a model.) The result was that the 
cleavage planes in molybdenum were lined up at 
45 deg. to the direction of rolling so perfectly that the 
sheet was brittle in the one direction, although per- 
fectly ductile in all other i Bend tests at 
various angles had confirmed those results. Annealing 
did not easily destroy the orientation ; indeed, it 

lhasised the weakness at 45 deg. 

Mr. E. A. G. Liddiard, discussing Dr. Cook’s paper, 
said there might still be some doubt as to whether 
all the troubles of earing in brass strip could be cured 
by attention to annealing and the degree of reduction 
in the final stages; and Dr. Cook could reassure 
metallurgists on the point if he could say to what 
extent those troubles were in fact cured in works 
practice by attention to those details. Although there 
was no doubt that the formation of ears on cups in 
the alpha brasses ,was accompanied by directional 
tensile properties in the strip, he did not think Dr. 
Cook had established a definite relationship between 
those two properties. It appeared that his experi- 
mental methods were not sufficiently sensitive to 
establish a relationship or that there was some other 
uncontrolled variable present. The fact that pre- 
ferred orientation accompanied mechanical direc- 
tional properties was important, and suggested a 
most satisfying explanation of the phenomenon of 
directionality. He asked whether Dr. Cook had 
observed directional effects in the Vickers hardness 
tests on his samples. 

Mr. H. M. Ridge expressed the hope that Dr. 
Northcott would be able to publish data concerning 
metals normally used for rolling into sheets, and 
that he would extend his investigations into the rolling 
of elcctrolytic zinc. Care must be exercised in 
attempting to use, in connection with metal of 
slightly different composition, figures given in the 
paper showing the results of variation in rolling 
temperatures, because the effects of small amounts 
of impurities were very great in zinc, particularly in 
rolling. A matter of almost as much importance, 
and possibly of even greater importance, than casting 
temperature, was the rapidity of cooling, particularly 
around the solidification temperature; it affected 
crystal growth and a good many other factors. The 
gas content of the 99-99 per cent. pure metal was 
reasonably low, but in the metal now being rolled 
the effect of gas was highly important and it was not 
quite so easy of determination. 

Mr. R. Chadwick, who was surprised that Dr. 
Northcott had found ing when as-cast zinc 
ingots were rolled at 150 deg. Cent., suggested that 
the cracks were present before the ingots were rolled, 
even though the ingots were etched and examined 
for cracks, and he that they were due to 
the cooling of the ingots and the machining opera- 
tions. In ordinary commercial rolling ice it 
was considered, for that reason, undesirable to cool 
ingots before rolling. 

Dealing with a reference to an attempt to roll an 
ingot containing 0°75 per cent. of cagimium, he 
suggested that that proportion of cadmium was 
large and that considerable difficulty would be 
experienced in rolling such an alloy at any tempera- 
ture. It appeared that no attempt was made to 








anneal the ingot before rolling, although there was 
annealing of the pure electrolytic zinc. Any zinc 
alloy containing cadmium in the cast condition was 
heavily cored, and that coring could be removed 
only by prolonged annealing at about 200 deg. Cent. 

In regard to the recrystallisation of partially 
rolled cast material, he pointed out that the cold 
rolling of cast zinc had been demonstrated to be 
exactly parallel to the cold rolling of hot rolled and 
annealed zinc strip. Curves had shown that at about 
30 per cent. reduction recrystallisation occurred 
spontaneously at room temperature, and the rate 
of recrystallisation increased with increased cold 
reduction. With reductions of 50 per cent. it would 
be fairly rapid, possibly occurring in half an hour or 
so. Thus the period which elapsed before the ingot 
was examined was rather i rtant. 

Mr. C. Wainwright (N.P.L., Teddington) referred 
to an investigation of the properties of certain 
magnesium alloys (Prytherch, J., Inst. Met., 133, 56, 
1935), in which X-ray examination had shown that 
above rolling temperatures of about 200 deg. Cent. 
little or no strain was left in the material by rolling, 
as determined by an absence of broadening of the 
high-angle reflection lines. At lower rolling tempera- 
tures, however, where there was a considerable 
deterioration in mechanical properties, broad lines 
were invariably obtamed. That strain could be 
removed by an extremely short anneal at 200 deg. 
Cent. Therefore, it was claimed that rate of annealing 
was of considerable importance, and that for successful 
hot rolling the rate of removal of distortion by 
annealing should exceed the rate at which distortion 
of the lattice by deformation would occur. Mr. 
Wainwright asked whether, in Dr. Northcott’s work 
on the rolling of zinc, observations of residual strain 
were made by the X-ray method, and if so, whether, 
there was evidence of a similar fairly critical region 
under any conditions. 

Dr. Cook, replying, said that the brass with which 
he had experimented was all rolled in one direction. 
It was remarkable that, in the case of brass, at any 
rate, the increase of annealing temperature did not 
remove the directionality, but actually accentuated it. 

Replying to Mr. Liddiard’s question as to whether 
it was possible, by attention to rolling and annealing 
operations, to eliminate ears on cups made from the 
strip, he said that in commercial practice it definitely 
was so; that applied not only to brass, but also to 
copper and cupro nickel. 

He was sorry that Mr. Liddiard was not convinced 
by what he had thought was the most convincing 
point of the whole paper, %.e., that the height of 
the ears was roughly related to the difference in 
directionality as measured by tensile tests; he 
pointed to tables in the paper which showed that as 
the difference in tensile properties increased, the 
difference in the heights of the ears increased. 

Dr. Northcott, replying to Mr. Bailey, said he 
was doubtful about the possibility of developimg a 
method of casting to give a very fine crystal structure 
in very pure zinc. The purer the zinc, or any other 
metal for that matter, the greater was the difficulty 
of obtaining the finest equi-axial structure. A dis- 
advantage in referring to the German work was that 
much of it dealt with what he would call very impure 
zinc, the working properties of which were rather 
different from those of the purer zine dealt with’ in 
the paper. Further, much of the German work wes 
done on single crystals of zinc, and the mode of 
deformation of single crystals in a hexagonal materia] 
such as zinc was very different from the mode of 
deformation of crystal aggregates in ordinary ingots. 

In reply to Mr. Ridge, he said that he had made 
no determinations of the rate of cooling around the 
solidification point. The purer the material, the 
less important was the rate of cooling through 
the solidification temperature, because a perfectly 
pure metal would solidify at one temperature only. 
No determinations were made of the effect of gases 
on the solidification of the zinc, but he suggested 
that with a reasonably decent zine no great trouble 
need be feared from the presence of gas unless the 
metal were heated to a very high temperature. 
Even then the high vapour pressure of zine would 
tend to prevent much gas absorption and release 
of gas during solidification. 

Dealing with Mr. Chadwick’s question concerning 
the difficulty of rolling zinc containing ium, 
he said the cadmium was added in order to reduce 
crystal size. : 

(Dr. Cook’s paper on “ Directional Properties in 
Rolled Brass Strip ” is to be read and discussed at a 
meeting in Birmingham on March 23rd.) 





A note on “An Aluminium Statue of 1893: 
Gilbert’s ‘ Eros,” by Professor R. 8. Hutton and 
Dr. R. Seligman, was then read. - 


ALUMINIUM STATUE OF -1893: 
“ EROS.” 


The Shaftesbury Memorial in Piccadilly Circus was unveiled 
in June, 1893, “the only aluminium monument erected 
in England . . . the work of a young, but already rising 
sculptor, Mr. Alfred Gilbert, R.A.,” as Mr. H. R. Williams 
described it at the unveiling. At the same ceremony the Duke 
of Westminster spoke of “ this beautiful work of art, which will 
not soon perish.” It may well be asked how many metallurgists, 
with the knowledge of atmospheric corrosion phenomena avail- 
able to-day, would have endorsed the opinion of the Duke of 
Westminster. E 

During the building of the present Underground Station at 
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Piccadilly Cirens the statue was removed to and subjected to 
cleansing at the foundry of Mr. A. B. Burton in Thames Ditton. 
Almost immediately after its re-erection the statue was damaged 
n a revel during the night of December 31st, 1931, and had to 
be dismantled once more for repair. 

The present authors thought that such an opportunity to 
inspect the metal should not be missed, and after considerable 
difficulty received permission to visit the foundry. 

Although the cleansing operations had been completed, it 
was quite evident that nothing in the nature of deep-seated 
corrosion had taken place during the thirty-eight years which 
had elapsed since the statue was cast. The surface, Mr. Burton 
stated, had been covered with a layer of corrosion products 
about yin. thick. This had been removed with scrapers, 
leaving a perfectly smooth surface, only discoloured by the 
subsequent exposure to the smoke and other atmospheric 
contamination of Piccadilly Circus. Mr. F. E. Pitts who in 
1918 acquired the firm of Broad, Salmon and Co., Ltd., by 
whom the statue was originally cast, informed the authors that 
a similar amount of corrosion products had been removed by 
electrically driven wire brushes when the statue had been removed 
from Piccadilly Cireus for safety during the war of 1914-18. 

It appeared to be of considerable interest to ascertain the 
composition of the metal. The intricacy of the casting made it 
appear that an alloy must have been used, but the evident 
resistance to corrosion seemed to contradict this view. As no 
massive piece of the statue was then available for chemical 
analysis, some minute drillings, resulting from the repair work, 
were examined spectrographically by Mr. D. M. Smith, B.Sc., 
of the British Non-ferrous Metals Research Association, after 
they had been carefully washed in very dilute hydrochloric acid. 

As a matter of fact, analyses from various parts of the statue 
show that no alloy had been used, and it is certainly remarkable 
that such a casting, reproducing the fine details of Gilbert’s 
work, had been made in “ pure ” aluminium at so early a date. 
Very small amounts of impurities were revealed, and it was very 
desirable therefore to ascertain the origin of the metal, and 
particularly whether it was made by the electrolytic or by a 
purely chemical process. In this the authors have been entirely 
unsuccessful, but their examination has led them to the con- 
clusion that the metal used for the statue was produced 
chemically. 


A paper on “The Resistance of Some Special 
Bronzes to Fatigue and Corrosion-fatigue,”’ by Dr. 
H. J. Gough and Mr. D. G. Sopwith, was then read. 
FATIGUE AND CORROSION-FATIGUE OF BRONZES. 

Fatigue and corrosion-fatigue tests on four types of special 
bronzes have been carried out to ascertain the suitability of 
these materials for special aircraft purposes. The materials 
tested were :—Phosphor-bronze. aluminium bronze (10 per 
cent. aluminium), beryllium bronze (2-25 per cent. beryllium), 
and Superston L.189 bronze. The results show that the corro- 
sion-fatigue resistance of the bronzes compare favourably with 
that of stainless steels, the beryllium bronze in particular having 
the highest corrosion-fatigue resistance of any material so far 
investigated by the authors. The fatigue resistance in air of 
Superston is exceptionally high for a non-ferrous material, 
but the material appears to be highly susceptible to stress con- 
centration effects. 


DiscussIon. 


Mr. Murphy thought the low elongation reported by 
the authors was obtained on the ends of rods which 
would be rather cold in the finishing stages of forging. 
Forged bar of lin. diameter and heavier readily 
satisfied the requirements of D.T.D. 197, and gave 
elongations of the order of 17 to 20 per cent. He 
suggested that the authors had laid undue emphasis 
on their observations in reference to the limit of pro- 
portionality and notch sensitivity of that bronze, 
and it would be unfortunate if that created a wrong 
unpression. A figure of 2-4 tons per square inch was 
given for limit of proportionality, whereas in investi- 
gations with which Mr. Murphy had been concerned, 
the limit of proportionality of that bronze had been 
deduced as 12-8 tons per square inch. 

The evidence with regard to notch sensitivity 
appeared to be the breaking of a tensile test piece 
at the gauge marks, and the failure of three fatigue 
test specimens at the collars locating the ball bearings. 
It would have been useful if the authors had checked 
their deductions from that purely circumstantial 
evidence by fatigue tests of specimens provided with 
a definite notch or sharp change of section. He gave 
details of the results of such tests, from which, he 
said, it could safely be concluded that bronze comply- 
ing with D.T.D. 197 was not more notch-sensitive 
than other materials of similar tensile strength. 

Mr. W. T. Griffiths, commenting on the suggestion 
that the materials used in the authors’ tests did not 
comply with the particular specifications, said that 
results of research were required quickly, and that 
it was important not to waste time on investigating 
materials which were not exactly in accordance with 
those that were being produced ; an endeavour should 




















be made to provide research workers with materials 
in a condition comparable with the state in which they 
were used in service, so that the results of research 
were directly and immediately available. 

Mr. Sopwith, replying to Mr. Murphy, admitted 
that the value reported for the limit of propor- 
tionality of Superston was very low. But the 
behaviour of the material was distinctly unusual. 
With regard to notch sensitivity, the evidence of 
the breaking of the test pieces justified the comments 





in the paper. There was not a low corrosive fatigue 
limit, as would be expected. 

With regard to the references to testing materials 
which were not to specification, he said that the par- 
ticular aluminium bronze referred to was supplied 
to the Air Ministry under the specification, and for 
that reason analysis was not carried out except as a 
check after the tests were made. Material actually 
complying with the,specification is now being tested. 

(T'o be continued.) 
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(Continued from page 298, March 12th.) 


H. A. WALDRICH. 


Fr our introductory article of March 5th we referred 
to new developments in the electric drive for 
machine tools which were to be seen at the Leipzig 
Technical Fair. An outstanding example was the 
new A.E.G. Ward-Leonard drive, which was shown on 
the stand of H. A. Waldrich, of Siegen, Westphalia, 
on a large two-column planing machine of the firm’s 
patented rigid design. The machine has a planing 
width of 2:8 m., with a height below the cross rail 











Fic. 8—-TWIN MOTOR 


of 2 m., a total planing length of 4-5 m., and a 
designed table cutting pressure of 18 tons. At the 
Fair the planer was demonstrated taking rough cuts 
on steel and cast iron, the largest of which we noted 
was about 40 mm. wide and 10 mm. thick. Such large 
cuts with cutting and. return speeds variable from 
5 m. to 50 m. per minute, or 16ft. to 160ft. per minute, 
served to demonstrate admirably the extreme rigidity 
of the planer imparted by the special box-shaped cross 
slide, and bulged upright supports, which accommodate 
the bending and torsional stresses produced when 
planing. The gear drive is of the helical type, and 
from Fig. 8 it will be noted that two motors are 
employed, the advantage claimed being that with a 
twin motor drive the weight of the rotating masses is 
considerably reduced. 

In previous descriptions we have dealt with the 
design features of the planer, but this year particular 
interest was centred in the new electric drive, which 
has now made possible a stepless range of speed regu- 
lation from~1 to 10 compared with the 1 to 3 of the 
older D.C. motor drive or the 1 to 6 of the old Ward- 
Leonard drive. With the new Ward-Leonard drive 








the time required for reversing has been cut down to 
0-3 sec., compared with the 1-2 sec. required with the 
oil drive and 3 sec. to 4 sec. with the old electric 
drive. The motor generator set is small and compact 
in design and comprises small armature air-cooled 
machines with a cabinet containing the controlling 
relays and contactor gear with appropriate ammeter 
and speed-indicating instruments. In Fig. 9 we illus- 
trate the comparative curves for Ward-Leonard and 
D.C. planer drives for a 2 m., or, say, 6}ft. length of 
stroke. For the D.C. drive a reversible variable speed 





DRIVE FOR PLANING MACHINE—WALDRICH 


motor with an output of 20 kW and a speed of 300. 
1200 r.pm.. was used. The planing speed amounted 
to 12 m. or about 40ft. per minute and the return 
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FIG. 9—SPEED CURVES OF PLANING MACHINE 
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speed to 24 m. or 80ft. per minute. The cross- 
hatched areas represent the losses in speed on account 




















Fic. 10—-HIGH SPEED ROUGHING LATHE—WALDRICH 
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of acceleration on starting and the retards when 
braking. These remain the same for any length of 
stroke and are in equal proportion to the acceleration 
and retard figures. 

The heavy line shows the speed curve of the new 
Ward-Leonard high-speed drive at a constant torque 
of 360 foot-pounds. It may be observed that the 


FIG. 11—200-TON DEEP DRAWING PRESS—KIRCHEIS 


reversal is effected in a remarkably short time, even 
when the planing speed amounts to 30 m. or 100ft., 
and the return speed to 60 m. or 200ft. per minute. 
Another interesting exhibit on the Waldrich stand 
was the large high-speed and roughing lathe, illus- 
trated in Fig. 10, which has a centres height 
of 0-8 m., a distance between centres of 7 m., allow- 


Fic. 13—SPINDLE PRESS—WEINGARTEN 


ing a maximum diameter over the bed of 1-6 m., and 


a maximum diameter over the saddle of 1-2.m. The 
drive, 55 B.H.P., 960 r.p.m., is by a three-phase 
motor through a flexible coupling, which furnishes 
sixteen face plate speeds from 1-5 to 135 r.p.m. By 
means of the lead screw metric threads from 2 mm. 
to 25 mm. pitch, and inch threads from one to twelve 
threads to the inch can be cut. As will be seen from 
Fig. 10, the lathe has a three face bed, and it is designed 
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to utilise the latest cutting tools and produce a high 
output of accurate work. Control is on the push- 
button principle, which allows the lathe to be operated 
from any position. Interest attaches to the special 
system of lubrication which has been adopted. 

The cover of the headstock is constructed as an 
oil container, the discharge holes being arranged 
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above the various wheels so that all gear wheels 
are constantly supplied with oil. The oil which 
runs out of the gears flows back into the bed of the 
machine, which, below the headstock, is constructed 
as an oil sump. By means of an oil pump built 
into the headstock the oil so collected is pumped 
back again into the oil tank of the headsteck cover 
so that there is a continuous circulation. The bearings 
of the headstock have separate forced lubrication 
by means of a forced lubrication pump built into the 
headstock, with a visible indicator outside on the 
headstock. The headstock is illuminated inside by 


Fic. 14—HORIZONTAL 
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electric lamps so that the gears and the oil circulation 
can be observed at any time through the inspection 
openings. 

The slide rests are furnished with feed gear-boxes, 
which permit of sixteen different speeds for sliding 
and cross feeds. In order that the gears can he 
inspected the gear-boxes are provided with removable 


CAR BoDY PRESS—WEINGARTEN 


cover plates. The shafts of the gear-box are parallel 
to the axis of the work piece. For the rapid adjust- 
ment of the slide rests small auxiliary motors are 
used which are incorporated in the slide rests. The 
quick motion is engaged by a simple control lever, 
and it functions only so long as this lever is operated. 
It is not necessary for any extra countershaft to 
be engaged, so that the machine, when the quick 
adjustment is ended, can resume its work at once 
with the previously set feed. In order to prevent 
the slide rests strikmg against the headstock or 
tailstock, dogs are fitted into the feed gear-boxes 


BORING MILL—HILLE - WERKE 
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which release the feed immediately on contact being 
made. 

The tailstock is very strongly constructed and it 
has a live centre fitted in the tailstock spindle. 


ERDMANN KIRcHEIS. 


One of the largest presses on view in Hall No. 9 
was that which was exhibited on the stand of Erd- 
mann Kircheis, of Aue, in Saxony. This machine, 
which we illustrate in Fig. 11, is a deep-drawing 
toggle press of the double-column pattern. It has a 
designed working capacity of 200 tons working 
pressure, and is suitable for plates up to 1:5m. 
diameter with thicknesses up to 2:5mm. The 
maximum drawing depth is 400mm. The machine 
is electrically driven through a friction coupling 
ot the laminated type, with which is ingeniously 
combined a brake mechanism, also of the laminated 
type, designed to give instantaneous control, both 
of the working and the return strokes, for any depth 
of work. The press is equipped throughout with 
automatic lubrication. Other presses which were 
displayed on this stand included crank and excentric 
presses for strip work with pneumatic controls, also 
various other special machines designed for sheet 





are brought through to the front of the press and 
conveniently arranged just below the bed of the 
press. The length of the stroke is automatically 
controlled by the lever on the right of the machine, 
while the handle on the left-hand side operates the 
braking mechan'sm. The controls are easy to operate, 
and by utilising both hands a definite measure of 
security is introduced. For presses of this type, 
up to a spindle diameter of 150 mm., or, say, 6in. 
diameter, cast iron frames of special quality are 
employed, but for all the larger sizes of machines 
cast steel framing is used, and where required power 
operation instead of hand control can be supplied. 


Hinie-WERKE. 


An unusual machine which has been specially 
designed for the boring out and truing up of the 
crankshaft bearings of internal combustion engines, 
and which is, we understand, being supplied to motor 
vehicle undertakings and the German State Railways, 
is the horizontal fine boring mill illustrated in Fig. 14. 

The driving head and the work table are mounted 
together to form a single base plate, The work- 
fixing plate can be raised or lowered or tilted in any 
direction, so that the bores of the crankshaft bearings 











FIG. 15—MILLING MACHINE—MULLER 


metal work in connection with the canning industry. 
Particular attention has been paid, we noted, to 
the design of feeding mechanisms, and some improved 
feeds were shown on various presses which were 
displayed on the stand. 


MASCHINENFABRIE WEINGARTEN. 


Another of the very large presses shown this year 
was the heavy electrically driven crank press specially 
designed for motor car body and similar plate work, 
which was shown by the Maschinenfabrik Weingarten, 
of Weingarten, Wurtemburg, and which we illustrate 
in Fig. 12. Our engraving clearly shows the principal 
features of design which include a robust rectangular 
box frame giving an easy access to the mouth of 
the press, and accommodating the driving mechanism, 
consisting of four large pinion-driven spur wheels. 
The press is motor driven and is furnished with 
push-button controls. Another interesting press 
on this stand was the frictional drive spindle press 
illustrated in Fig. 13 herewith. The design is out- 
standing on account of the compact enclosed frame, 
in the upper part of which the spindle is housed, 
and guided in the central open part, the lower part 
of the frame forming the bed of the press. The drive 
is by means of friction wheels which engage inner 
and outer conical surfaces arranged within the 
horizontal fly-wheel, mounted just above the head 
of the press. The different diameter of the two 
surfaces imparts a quick working stroke and a slower 
upward motion of the head. The motion of the fly- 
wheel has a cooling effect on the friction wheels. 
The driving motor is of the flanged type and is bolted 
to a casing just below the fly-wheel at the back of 
the press. It also carries the controlling levers, which 





can be accurately aligned with the fixed boring bar. 
The bar is carried in six brackets in hardened steel 
bushes, and the brackets can be moved horizontally 
to suit various spacings of crank case bearings. The 
main boring bar is connected to the driving head 
through a special flexible joint. The spindle in the 
driving head is belt driven, but is completely relieved 
from belt pull, and is so mounted that it runs free 
of vibration.. By using a pole-changing motor and 
two-step pulleys, four speeds from 500 to 2000 r.p.m. 
can be obtained, or a stepless gear giving a total speed 
range from 100 to 2000 r.p.m. can be employed. 
The machine has a designed boring capacity from 
about 35mm. to 110 mm., say, l}in. to 4}in., and 
three feed rates, also a hand feed, by means of the 
hand wheel shown. Arrangements are provided 
whereby the automatic feed is cut out after the 
length of traverse required, which may be up to 
200 mm., or about 8in. The boring heads consist 
of rings in-which are mounted the cemented carbide 
tools. These rings are split and can be clipped around 
the boring bar, after they have been set up and 
calibrated in diameter on a special tool-setting fixture. 
By this means as many as seven bores can be finished 
with one traverse motion. The chamfering and 
radiusing of the finished bores is carried out by 
hand feeding, special formed milling cutters being 
employed for this work. 


MULLER UND MonvTac. 


From the very wide range of milling and copying 
machines shown by Miiller und Montag G.m.b.H., 
of Leipzig, we have chosen for illustration the high- 
duty vertical milling machine shown in Fig. 165. 
This machine has been designed for the convenient 








handling of large and awkwardly shaped castings and 
forgings, such as may be easily mounted on a bed- 
plate of fixed height furnished with longitudinal and 
transverse travel and also provided with a central 
round table within the rectangular table. The table 
has an overall length of 1-8 m. and the round table 
a diameter of 1 m., while the width of the rectangular 
table is 0-9 m. The rectangular table has quick 
motions in either direction. The milling head is 
equipped with no less than eighteen possible speed 
changes and sixteen feeds, the speed regulation 
embracing a range from 15 to 750 r.p.m. The spindle 
is carried in tapered roller bearings, and has a Morse 
No. 5 cone, while the diameter of the lower spindle 
ing is 90 mm., or about 3}in. 

The table has an automatic traverse of 0-8 m. in 
the longitudinal direction, and a 1-5 m. traverse in 
the cross direction, while the milling spindle can be 
lowered 380 mm. to 150 mm. above the surface of 
the table, There are sixteen table speeds, varying 
from 12 mm. to 550 mm, per minute, with a quick 
speed of 1 m. per minute. The table is 846 mm. 
high, measured from the floor level, and the clearance 
between the upper surface of the table and the under- 
side of the main machine frame, which carries the 
milling head is 440 mm. The machine is driven by 
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Fic. 16-MULT!-HEAD MILLING MACHINE—REINECKER 


a 380-volt, three-phase motor with a designed output 
of about 10 B.H.P. 


J. E. Rewecker. 


A new machine exhibited on the stand of J. E. 
Reinecker AG., 0 Chemnitz-Gablenz, was a multi- 
head milling machine, ially for the 
machining of crank cases. It is illustrated in Fig. 16. 
As shown by the engraving, the principal feature is 
the grouping of as many as two to four milling heads 
on the front of the two vertical uprights of the 
machine, which work in conjunction with a single 
vertical spindle, placed at the centre of the top slide. 
Each of the spindles is driven by its own motor, and 
the heads on the front slides can be arranged either 
in a horizontal or inclined position to suit the type of 
job. These heads are also provided with automatic 
longitudinal and transverse feeds, so that enclosed 
surfaces can be. machined. The work table has an 
overall width of 750 mm. The width between the 
two vertical uprights of the machine is 800 mm, The 
milling spindles are provided with eight different 
speeds varying for cast iron from 23 to 2665 r.p.m., 
and for light alloy metals from about 95 to 1050 r.p.m. 
Pole-changing reversible motors of the flanged pattern 
with an output of 5 B.H.P. at 1440 r.p.m. or 2880 
r.p.m. areemployed. Motors of 4 B.H.P. and 1 B.H.P. 
are used for the table movement, and the movement 
of the milling head slides respectively. The firm also 
exhibited a large number of gear cutters and tool 
grinders, also milling machines of various types. 

(To be continued.) 
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Rail and Road. 


Drumm Barrery Trarns.—The Great Southern Rail- 
ways Company of Ireland has agreed to build and equip 
two additional train units to be operated by Drumm 
batteries. If agreement is reached as to terms it is pro- 
posed to operate these trains on the line between Harcourt 
Street and Bray. 


PRoposeD New THAMES Bripgs.—At a recent meeting 
of the Gravesend Town Council a committee was formed 
to consider the pro for a bridge over the Thames 
from Gravesend to Til : committee is to discuss 
the matter with the neighbouring authorities concerned 
and the Ministry of Transport. 

THE LonpDon anv NortH-Eastern Rarwway iw 1936.— 
According to figures given in the chairman’s review of 
the business of the London and North-Eastern Railway 
Company during 1936 the tonnage of freight traffic was 
greater by 6,263,565 than in 1935. The number of 
passenger journeys, excluding season tickets, increased 
by 5,495,998, and the passenger engine mileage’ by 
1,727,449. 

FreNcH Trams Wreck.—On Saturday, March 13th, 
thirteen persons were killed and three injured at 
Ch&teauneuf-sur-Cher, near Bourges, when an express 
train from Paris ran into a tree which had been blown 
across the track, It is reported that the tree fell across 
the track near a curve, and although detonators were 
placed on the line the driver of the engine did not hear 
them explode owing to the high wind. 


Proposep Jornt TRaNsPporT Boarp.—On January 19th 
last at a conference representing local authorities, railway 
companies, and private road transport companies, it 
was decided to appoint @ committee to investigate the 
possibilities of establishing a Joint Passenger Transport 
Board for South-East Lancashire and North-East Cheshire. 
The committee has now reported that it is not in favour 
of proceeding further with the investigation. 


Two New JapangsE Locomorives.—Two new steam 
locomotives capable of speeds up to 140 kiloms. an hour 
have been built in Japan by the Kawasaki Company. 
These engines, which are for passenger service on the 
South Manchuria Railway, have been equipped to burn 
oil fuel, but ean easily be converted for coal firing with a 
mechanical stoker. lining has been incorporated 
in their design, and all the axles are mounted on roller 
bearings, 

Roap Dratas Durine Fresrvary.—Compared with 
the same period last year, there was an increase in the 
number of persons killed and injured on the roads of 
this country during February. The number of deaths 
during the month was 461 and the number of injured 
13,491, the respective res for February, 1936, being 
435 and 13,234. The Ministry of Transport analysis 
showed that 321 of the fatalities occurred on roads subject 
to a speed limit and 140 on roads not restricted. 


New Mars#attinc Yarp on Titsury Live.—In 
order to cope with increasing freight traffic in the industrial 
area of Outer East London between Barking, Tilbury, 
and Pitsea (Essex), the L.M.8. Railway Company is to 
construct a £50,000 marshalling yard at Ripple Lane, 
between Barking and Dock. The new yard 
will have eight sidings with a total capacity of 522 wagons 
on the up side of the line, and six sidings with a total 
capacity of 406 wagons on the down side, together with 
reception lines and shunting “ necks.” The lay-out has 
been designed to allow for future expansion if and when 
required, 

VauxHaLL Motors’ Test Track.—Whilst the jigs 
and tools for the production of the new models of the 
Vauxhall cars were being installed last autumn there was 
a temporary hold up in manufacture. In the normal 
course of events a large number of employees would have 
been stood off for this period, but owing to the fact that 
a new test track was required the men were given the 
opportunity of becoming labourers and laying the new 
track. A large number of engineers, machine operators, 
welders, carpenters, &c., took advantage of the offer, and 
in a few weeks laid down the new track round the firm’s 
10-acre sports ground. 


LarGg AMERICAN STREAMLINED Locomorives.—Six 
new 4-8-4 streamlined steam locomotives have recently 
been completed by the Lima Locomotive Works and 
delivered to the Southern Pacific Railroad Company 
of the United States. These engines, in addition to having 
their sand-box, dome, and other equipment mounted 
on the boiler enclosed in a casing, have been painted in 
striking colours to accentuate the streamline effect. The 
main dimensions are: Driving wheels, 6ft. 14in. diameter ; 
driving wheel base, 20ft.; engine wheel base, 45ft. 10in.; 
cylinders, 27in. by 30in. stroke; boiler pressure, 250 Ib. 
per square inch; total heating surface, 6938 square 
feet ; engine weight in working order, 448,400 Ib.; tender 
in working order, 372,880 1b.; tractive effort at 83 per 
cent. boiler pressure, 62,200lb. Walschaerts valve gear 
is fitted and the piston valves are 12in. in diameter with 
a maximum travel of 7}in. 


STEAM-PROPELLED Roap VeExHtciEs.—Representations 
were recently made to the Minister of Transport by the 
South Wales Trade Recovery and Expansion Committee 
and by the Coal Utilisation Council ing the serious 
decline in the use of steam vehicles. It was pointed out 
that, whereas in 1931 there were 6784 licensed steam 
vehicles in use, by the end of 1935 there were only 1700. 
This fall in number is said to have been due to a difference 
of over 15 per cent. in the payload, as compared with 
petrol and oil vehicles, owing to the effect of existing 
regulations. Asa result of the representations the Minister 
of Transport has agreed to allow an increase in the loads 
which steam vehicles may carry. A maximum laden 
weight of 14 tons for four-wheeled steam vehicles and 
20 tons for six-wheeled steam vehicles will be permitted 
in the place of the 12 tons and 19 tons respectively allowed 
for similar vehicles of other types. In addition, vehicles 
equipped with pneumatic tires will be allowed a speed 
of 20 miles an hour, while vehicles above the present 
authorised weights, if on solid tires, will be allowed a 
speed of 12 miles an hour. 








Miscellanea. 


ELECTRICITY PRODUCTION IN THE UNITED StTaTES.— 
The Federal Power Commission reports that during 1936 
electricity production for public use in the United States 
amounted to 113,473 million kWh. Of this amount, 
72,580 million kWh were produced by fuel-burning 
stations and 40,893 million kWh by water power. This 
output is a 14 per cent. increase on the previous year. 


Stzet Hovses.—A firm in the United States is building 
a number of all-steel houses for its employees. These five- 
roomed houses are completely built in the factory and 
then taken out to a nearby site, where all the plumbing and 
electric connections are made. When a block of six houses 
is completed they will be launched on a river and towed 
across to the company’s colony site and placed on their 
foundations. 

Post Orrick TELEPHONE CaBLES.—The Post Office is 
at present carrying out underground telephone cable work 
at a cost of about £500,000, and it is stated that further 
work costing a million pounds ig shortly to be started. The 
new work will include the Manchester-Leeds-Newcastle 
co-axial cable, about 130 miles in length, a direct line from 
Leeds to Doncaster, another from Leeds to Middlesbrough, 
and other lines from Leeds to Ilkley, pest gy Poe Harro- 
gate, Lincoln and Sleaford, Darlington hmond, and 
besides a series of about twenty others reaching from 
Gainsborough to Bishop Auckland 


Attoys or Try.—A systematic investigation of the 
alloys of tin with germanium and beryllium. has been 
carried out by Professor W. Guertler and Monsieur Pirani 
for the International Tin Research and Development 
Council. It has been found that the addition of 0-35 per 
cent. of germanium to tin increases the Brinell hardness 
by 100 per cent., decreases the duetility by 20 per cent., 
and decreases the bending strength by 50 per cent. The 
addition of 0-2 per cent. of beryllium to tin inereases the 
hardness very slightly, reduces the ductility by 20 per 
cent.,-und improves slightly the bending strength. 

Bessemer Gotp MepaL.—The Council of the Iron and 
Steel Institute announces that Bessemer Gold Medals for 
1937 have been awarded to Colonel N. T. Belaiew, C.B., 
and to Monsieur Aloyse Meyer. Colonel Belaiew, of Paris, 
a former pupil of Professor Tschernoff, of the Military 
Academy, Petrograd, has during the last twenty-five years, 
published a number of papers of importance 
on metallurgy. These papers have dealt with the 
crystallisation of metals and, in icular, steel. Monsieur 
Meyer, of Luxemburg, is an Hon. Vice-President of the 
Institute, and is well known as the head of the Société 
Anonyme Arbed, the second iron and steel com- 
pany in Europe. He has ren service to the iron 
and steel industry as President since 1928 of the Entente 
Internationale de l’Acier. . 


Unpercrounp Havrace in Mings.—A paper on 
“ Underground Locomotive Haulage ” was recently read 
before the Scottish Branch of the Association of Colliery 
Managers by Mr. W. E. 8. Peach. In the discussion after 
the paper he quoted from some tables he had prepared 
dealing with the approximate expenditure in respect to 
the various types.of haulage. He showed that the total 
cost, including roadmaking and » ge pag so. to 
endless rope haulage, was £10,341, and that of a battery 
locomotive £10,454. A compressed air installation was 
estimated to cost £9962 and an oil-engi locomotive 
£9142. Haulage by means of oil-engined locomotives was 
the cheapest of all, cheaper even than compressed air. 
Everything i Mr. Peach came to the conclusion 
that the battery locomotive system, when compared with 
the endless and main-and-tail was, for the 
purpose and conditions under consideration, the best. 


Protection or Mrrars.—In the course of @ paper on 
‘* Metallic Corrosion,” by Dr. U. R. Evans, before the 
Midland ical Societies, the difference in the pro- 
tective effect of red lead and iron oxide in paints was 
described. In the experiments sheets of steel were covered 
with a coat of linseed oil and pigment, and when the coat 
was hard a narrow scratch line was made on each speci 





imen, 
exposing bright steel, and a drop of dilute sodium chloride 


was placed on each. Whenever the pi it was red lead, 
the steel e to the corrosive ts remained 
uncorroded, wing that the red lead diss in the 
drop was capable of protecting the bare, unpainted steel ; 


but whenever the pigment was red oxide, rust quickly 
appeared, and the alkali (the cathodic uct of the 
corrosion process) softened the paint so it could be 
rubbed off with gentle friction. In all, there were thirty 
experiments on red lead, all leading to immunity, and 
seventy experiments on iron oxide, all ing corrosion. 
Naturally, the immunity conferred red lead has a 
limited range. If the unpainted gap is too broad, or if the 
salt solution is too concentrated, rusting will occur. But 
the dimensions of an artificial seratch are much greater 
than those of an accidental pore on a carefully applied 
coat. ; 

Wetp Brrrrtensss at Low TEMPERATURES.—A series 
of tests to ascertain if welds in steel have a tendency to 
brittleness at low temperatures has been carried gut by 
Professor O. H. Henry. He described these tests at a 
recent meeting of the American Welding Society. Tensile 
impact tests were made on electrical resistance butt welds, 
atomic hydrogen welds, and brazed joints. After with- 
drawal from a cold bath the specimens were ruptured by a 
blow from a heavy pendulum and the relative brittleness 
or toughness determined from the swing of the pendulum 
and the increase in length of the sample just before 
fracture. The welds had tensile impact values at~normal 
temperatures, as well as at 112 deg. below zero Fah., that 
were only slightly lower than the values for unwelded steel. 
Since the tests were made with cut from plates 
welded in normal production, specially made and not 
heat treated before testing, they showed that welds in 
mild steel are in no sense. brittle and are but. slightly 
inferior to mild steel at both normal and low temperatures. 
Since bronze is not as strong as mild steel, the tensile 
impact values of the brazed joints were inferior to those 
of the welds. The difference was not great, however, and 
the tests showed that brazed joints are not brittle at low 
temperatures. 





Air and Water. 


AEROPLANES FOR SWEDEN.—The Swedish Govern- 
ment has ordered thirty-two Gloucester “ Gladiator ”’ 
fighters for its air force. 


Aim ReaistRatTion Boarp.-—The Secretary for Air has 
nominated Sir Laurence Philipps and Flight-Lieutenant 
R. H.. Stockton to serve on the Air Registration Board. 


Gatway Harzovr Improvements.—The Irish Free 
State Government have given the Galway Harbour 
Commissioners a guarantee of £200,000 for the develop- 
ment of the port and harbour. 


New Frencu Lriver.—The 28,000-ton liner ‘‘ Pasteur ”’ 

i built at St. Nazaire to replace the burned 
“ L’ Atlantique ”’ will have a length of 656ft. and a beam 
of 76ft. She will have engines of 62,000 H.P. which have 
been estimated to give a speed of about 25 knots. 


H.M. Svupmarrme ‘“ Grampvs.”—With the recent 
completion of H.M. Submarine “Grampus”’ all the 
warships of the 1933 construction programme are now 
finished. She is the third minelayer submarine of the 
“* Porpoise ’’ class, and is of 1520 tons and has a speed of 
16 knots. ‘ 

Tue Capsizep Tin Drepcer.—-It was reported in thic 
column last week that the Dutch tin dredger “‘ Kantoeng ”’ 
had capsized in the Channel when being towed to the 
Dutch East Indies. The dredger afterwards ran aground 
near the entrance to Fowey Harbour, Cornwall, and as 
it was feared she would founder and block the entrance 
the dredger was scuttled whilst about 4 mile from the 
harbour. 

A New Monoriane.—A new two-seater, high-wing, 
twin-engined monoplane is being constructed by Carden- 
Baynes Aircraft, Ltd. Known as the “ Bee,’’ the machine 
is propelled by two special Carden §.P.I. 40 H.P. engines, 
which, according to Flight, lie on their sides and drive 
propellers through integral extension shafts. The machine 
is built mainly in wood, and it is estimated that it will 
be capable of a speed of 100 miles an hour. 


Royvat Nationa Liaresoat Iwstrrurion.—At the 
annual meeting of the City of London Branch of the 
Royal National Lifeboat Institution, Mr. C. J. H. McRea 
said that 491 lives were saved by the Institution’s fleet 
last year. Of the 162 lifeboats maintained there are 132 
motor boats, and the crews numbered 2000 men. It 
will be remembered that some time ago the Institution 
announced that the whole fleet was to be mechanised at 
a cost of about £150,000. 


New Unrrep Srares’ Barriesnips.—It is reported 
that the two new battleships to be built for the United 
States Navy this year will be propelled by steam turbines. 
In the last five ships of this type the American Navy 
have employed turbo-electric propulsion, but it is stated 
that from 20 to 25 per cent. in space and weight will be 
saved by adopting steam turbines in the new ships. 
The two ships will cost about 52 million dollars each, and 
it is probable that one will be built in a navy yard and 
the other in a private yard. 


New Surpway at F.ieerwoop.—A new slipway, 
costing £40,000, is to be built at Fleetwood by the London, 
Midland and Scottish Railway Company. The new slip- 
t capacity of 1050 tons, and 
be longer than any of three appliances at present 
available. It is expected that the capacity of the new 
slipway will meet requirements for many years, and, 
together with the modern bunkering appliances recently 
installed, will place Fleetwood in a position to cater for 
all sizes of trawlers in the future. 

Krxe’s Cup Ark Race.—The Royal Aero Club has 
announced that the King’s Cup Air Race will be held on 

ber 10th and 11th next. The eliminating flight, 
which will be held on the first day, will be over a course 
of about 880 miles from Hatfield to Neweastle-on-Tyne, 
Aberdeen, and then to Newtownards, in Northern Ireland. 
vid Glasgow, to finish at Phoenix Park, Dublin. For the 
final course competitors will leave Phenix Park at 
11.30 a.m. on the morning of the 11th, and fiy to New- 
townards, then on to Blackpool, and thence to Hatfield 

Suips’ Enarxes.—When reviewing the year’s technical 
work at the annual meeting of the British Corporation 
Register in Glasgow, Sir Maurice Denny said the steam 
engine, now aided by such improvements as exhaust 
turbines, poppet valves, and cam-operated slide valves, 
was stubbornly resisting displacement by other means 
of propulsion. In his opinion it was difficult to imagine 
that the steam turbine would ever be ousted from ships 
of high power. When internal combustion engines were 
fitted there was an apparent preference for the two-stroke 
type, and almost motor ships now had an exhaust 

boiler which could be fired with oil fuel when in port. 
OF the outstanding feature of the year, he could say but 
little, for the Loeffler high-pressure boiler fitted experi- 
mentally in the “Conte Rosso” was still under trial. 
The results of experience with the first application to 
marine work of a steam generator operating at 1900 lb. 
per square inch were being awaited with interest. 


Arrican Arr Mats.—A White Paper issued by the 
Secretary of State for Air states that it is proposed to 
extend the existing agreement with Imperial Airways 
for the operation of the air service between Egypt and 
South Africa until June Ist next. This agreement was 
originally to have terminated on March 3ist, as it was 
intended to ina’ ate a flying boat service to 
South Africa on April Ist under the Empire Air Mail 
scheme. The flying boat service has had to be postponed 
for a short while as a result of delay in the delivery of 
the new Empire flying boats to Imperial Airways. It 
is proposed, subject to the concurrence of the other 
Governments concerned, to continue the pregent land- 
plane service between Egypt and South Africa, pro 
gressively substituting flying boats for landplanes on 
the section between Alexandria and Kisumu with a view 
to commencing the operation of the full flying boat service 
to Durban on June Ist, 1937, or as soon thereafter as 


possible. 
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THE CALEDONIAN POWER SCHEME. 


ONCE again the Private Bill authorising the con- 
struction of works in connection with the Cale- 
donian power scheme has been summarily rejected 
by a free vote of the House of Commons. Since 
the time last year when the proposals for the scheme 
were first before the House, they had been so 
amended as to obtain support from certain autho- 
rities which had formerly opposed the Bill. But, 
nevertheless, the motion for the rejection was 
carried by 188 votes to 140. So close was the 
balance in fact that the question as to whether 
the merits and demerits of the scheme should be 
adequately considered in detail in Committee was 
decided by the swing of 24 votes. 

The Caledonian power scheme, which was 
described in our pages on March 27th, 1936, 
envisages the utilisation of lochs Quoich, Cluanie, 
Loyne, and Garry, in the Western Highlands of 
Scotland, as reservoirs serving four hydro-electric 
power stations. The scheme has been developed 
for the promoters, the British Oxygen Company, 
Ltd., by Mr. Halcrow, of Messrs. Meik and Halcrow, 
and it is proposed to utilise the power for the pro- 
duction of calcium carbide in a factory situated at 
Corpach, at the head of Loch Linnhe. Like 
many another civil engineering work, the scheme 
has aroused considerable opposition within the 
area affected, but most of the objections are 
either of little real weight or of such a 
character as could have been met. by detail 
adjustments of the provisions of the Bill. The 
contentions that the fishing in the rivers 
Moriston and Garry would be deleteriously 
affected; and that crofters and others were to be 
compulsorily di of their properties, are 
arguments familiar to all who have had any experi- 
ence of large-scale civil engineering schemes, and 
they are clearly seldom weighty enough to condemn 


350 | the site the factory was to occupy. 





a scheme. In the present instance, however, 
certain technical objections to the provisions of 
the Bill have been advanced, and have found as 
advocate Sir Murdoch MacDonald, who stated 
them very ably in the House. It is proposed that 
a certain proportion of the water falling upon the 
catchment area shall be diverted from its normal 
course from Loch Quoich down the river Garry 
eastwards, instead to the head of Loch Hourn on 
the western coast. This proposal has led to fears 
that the regime of Loch Ness would be adversely 
affected, owing to the reduced amount of water 
it would receive from that source. In addition, Sir 


5 |Murdoch expressed himself dissatisfied with. the 


provision in the Bill as to the minimum flow which 
is to be maintained in the river Ness. When such 
objections to the scheme are brought forward by 
so eminent an authority, they clearly need the 
closest investigation. But it can scarcely be 
denied that such arguments are unsuitable for 
discussion before a full meeting of the House, the 
majority of the members of which, however 
intelligently they may follow the logic, are ill- 
equipped technically to judge how much weight 
is to be allowed the opposing propositions. In 


40 onaiaen expert evidence “for and against” can 


more easily be sifted. Apart from this technical 
objection ther was little else discussed by the House 
which should have prevented the Bill from being 
passed through its second reading. Even the pro- 
visions for de-rating to which so much objection was 
taken in certain quarters, and which caused contra- 
dictory statements to be bandied across the floor of 
tie’ House, can be matched by similar provisions in 
other schemes whose passage through their parlia- 
mentary stages has been less stormy. The real 
rock upon which the Bill foundered was that of 
Member after 
member contended strongly that consideration 
should be given to the claims of South Wales. If 
the factory were placed in Scotland, so it was 
pointed out, it would be necessary to carry thither 
the raw materials, anthracite coal and limestone, 
and carry away the finished product to the districts 
where it was to be used. A factory in South Wales 
would involve no transport costs in obtaining raw 
materials, while the necessary electric power could 
be generated in a steam station. South Wales as 


| a distressed area had more need of the factory than 


Scotland. On the technical side the advocates of 
the Bill claimed that electric power for the process 
could only be obtained at an economic price were 
it generated by water power, while many Scottish 
members pleaded that though not scheduled as 
such, and though its population was much smaller, 
the district affected by the scheme was as dis- 
tressed as South Wales. Contradictory “ facts ” 
for and against these contentions were again 
brought forward. In effect, indeed, the request 
of a private company by means of a private Bill 
to be allowed to build private works for the pro- 
duction of a commodity of great value, especially in 
wartime, was twisted into a political controversy, 
more or less divorced from those technical and 
economic considerations which should alone influ- 
ence the siting of a factory. 


It is, we think, unfortunate that the Bill should 
have come up for consideration at a time when the 
conditions in the distressed areas are occupying 
the particular attention of the House. For had the 
scheme been considered purely on its merits, and 
had political expediency not been allowed to.inter- 
fere, there is every reason to suppose that it 
would have obtained a second reading. For there 
can be no doubt that the promoters of the scheme 
as business men have assuredly chosen that site 
for their factory which is most likely to result in 
economic production. Confused, however, by the 
clamour of the disputants and their contradictory 
statements on almost every question at issue, 
those whose opinions would normally have leant 
towards passing up the Bill to Committee, where 
the real facts could be discussed, were possibly 
influenced by the statement made by the Secretary 
of State for Scotland : “‘ If the House in its wisdom 
decides not to proceed with this Bill, the problem 
is by no means solved. There is this enormously 
important industry which we all agree it is desirable, 
at least, to establish in this country. The question 
of the location of the industry still remains. The 
Government cannot divest itself of the responsi- 
bility of determining the question whether, and, 
if so, where, this industry should be carried on in 
this country. . If, therefore, this Bill fails to 
obtain a second to-night, the Government 
itself will forthwith take up the question how best 
this country should be provided with a supply of 
carbide, and where this supply of carbide should 
be produced. It might well be that in such cir- 





cumstances a site might be chosen.” 
Those unable to decide their views, and further 
confused by the argument that once the Bill 
reached the Committee stage it would no longer 
be admissible to discuss the site of the factory, 
may well have deemed it prudent to reject the 
Bill and leave the whole matter in the hands of the 
Government. 

Immediately following upon the rejection there 
appeared in The Times a letter from Mr. 
Boothby, who had “fathered” the Bill in 
the House. Therein it is stated ‘ negotiations 
have already begun with Norwegian interests 
for the manufacture of the carbide we require, 
and it is expected that they will be con- 
cluded very shortly.” That letter in effect is a 
reply to those who have believed that the British 
Oxygen Company had an alternative but less 
attractive scheme for a factory in South Wales, an 
idea probably founded upon the fact that the com- 
pany inquired closely into the prospects of such a 
factory. It is therefore clear that if carbide is to be 
manufactured in this country the Government will 
have to take the matter up and decide quickly upon 
the site of the factory. We regret, however, that 
Parliament “in its wisdom” has decided not to 
proceed with a Bill which would have left the busi- 
ness in private hands. For we view with some dis- 
may the increasing tendency of the Government 
to dictate to industry where it shall and where it 
shall not site its factories. That policy, we fear, 
is only too likely to lead to the “ choice” of un- 
economic sites, and to the growth of industries 
only capable of continuance with the aid of some 
form of subsidy. 


Management. 


WE congratulate the Council of the North-East 
Coast Institution on having accepted for publica- 
tion the paper on “ Business Control and Manage- 
ment,” by Mr. H. A. Sisson, which is reprinted in 
another part of this issue. Mr. Sisson is a chartered 
accountant, a profession which puts its members 
in a position to learn a great deal which does 
not reach the outside world about the ‘manage- 
ment of businesses. In a sense an accountant 
is a father confessor without the power of 
giving absolution, though he may indicate 
the path of redemption. From him are not 
hidden errors in things done or left undone; he 
sees and foresees the trend of business and by his 
knowledge of the persons in control learns who it is _ 
that is directing the course towards success or 
failure. Not all chartered accountants are gifted 
with the powers of observation that Mr. Sisson 
displays. Only rarely can one be found who can 
crystallise and express the results of experience 
with clearness and certainty. Only now and 
again can one brave enough to attack popular 
tenets without hesitation or reserve be discovered. 
The Institution has found such a man and has put 
its membership of engineers in a position to learn 
how a member of another profession sees part of 
the gante they are playing. It is for that reason 
that we offer it our congratulations. 

Taylorism has won so much attention in the 
industrial world since it was introduced over forty 
years ago that even those who do not adopt it. 
even those who disbelieve in it, hesitate to treat 
it with disrespect. But Mr. Sisson speaks his mind 
quite clearly on the matter. He refuses to agree 
that the study of management is a science, twits 
“ scientific management” and the “industrial 
engineer,” and supports what we have so often 
said in these columns by the comment on the 
scheduled details of Taylor’s system that “a 
modern managing director would be grossly 
insulted if you told him that he had neglected 
any of these things.” He is a believer in elasticity 
and personality and quotes with effect Mr. Henry 
Ford’s statement that “That which one has to 
fight hardest against in bringing together a large 
number of people is excess organisation and conse- 
quent red-tape. To my mind there is no bent of 
mind more dangerous than that which is sometimes 
deseribed as the ‘ genius for organisation.’’’ We 
need not complete the quotation, for it may be read 
in full in our reprint of Mr. Sisson’s paper. No 
progressive business was ever run by charts and 
yard-sticks. They have their place in the pro- 
duction department, but a management which has 
not flexibility and resilience wi never meet the 
need of constantly changing conditions; it will 
never seize the lucky moment, for the opportunity 
will have flown ere the rules can be modified. The 
sin of “ muddling through,” of which this country 
is so often accused, but which, nevertheless, has 
generally brought it to the desired end, is, we 
suggest, no more than a manifestation of its 
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objection to being hide-bound by rules and pre- 
cedents. Precedents should be only employed as a 
device for not doing what you do not want to do. 
Probably more business has been lost by men with 
over-tidy minds than by those who never make 
rigid plans and never pin their faith upon their 
ability to see deep into the future. We agree, of 
course, with Mr. Sisson that “In any business 
some kind of organisation is needed, and the larger 
the enterprise the greater the amount of organisa- 
tion necessary,”’ and we agree with him still more 
heartily when he adds: ‘‘ The great thing, how- 
ever, is to keep the structure as simple and as 
elastic as possible, in other words organisation is 
a thing to be fought against rather. than 
encouraged.”’ These two statements are not as 
contradictory as they seem. Organisation must be 
opposed because it may run away with us so 
easily ; one can have too much of a good thing. 
It is only worth having just up to the point 
where it is facilitating activities ; as soon as it 
begins to hamper them, or as soon as it costs more 
than it returns, it should be stopped. A very little 
encouragement will take it beyond the profitable 
limit. To the organiser the advice of Mr. Ford and 
Mr. Sisson would be “‘ Surtout pas de zéle.” If 
zeal be not tempered by common sense a 
firm will have only itself to blame if it finds 
its business classified under the ninety-four 
berries of a family tree to which our author refers ! 
With a good man at the head of affairs, a man we 
mean with imagination and the power of getting 
the best out of those who work under him, the 
lack of rules will be appreciated by all and will 
accelerate work. When employees are not in 
friendly touch with their employers then regula- 
tions are necessary to prevent complaints. That 
condition may arise readily in very big firms if 
decentralisation is neglected and may be brought 
into existence by excessive organisation. 
We are aware that there are thousands who will 
not agree with a word that Mr. Sisson has 
said and disapprove of our commendation of 
his fpaper. The younger spirit of the time 
is a planning-for-the-future spirit. The Russian 
Five-year Plan and the German Four-year 
Plan are not merely programmes. They are 
the expression of a will to schedule the work of 
the country, to allot to each man his task, to 
organise and organise and organise till nothing is 
left but a vast machine working to rule and with 
no will of its own. There is less and less desire to 
accept responsibility. Individuality is at a dis- 
count. The personal element is being subjected 
to a system. Yet every one must agree, from 
his own experience, with Mr. Sisson when he 
says ‘‘successful management depends entirely 
upon the personal qualities of the manager. 
If he is the right man, he will lead those 
under him and will not need to drive them. 
Looking back on the successful managers that 












































making the wind chest, bellows, keyboard, and all 
other parts. This and other work coupled with a 
natural aptitude for scientific investigation, gave him 
insight and skill which subsequently led to invention 
and the ability to guide others in construction. Later 
he turned his attention to the preparation of lenses 
for telescopes, and a 10in. glass was mounted in his 
private observatory at his home in Swampscott, Mass. 
He lectured frequently on scientific topics, and had 
charge of the De ent of Chemistry in the 
Artisans’ Night School of Philadelphia. He was also 
Lecturer on Electricity at the Franklin Institute, and 
worked on its committees, notably the Committee on 
Dynamo-electric Machines, the report of which was 
published in 1878. 

When he resigned his professorship at the Central 
High School in 1880 it was to take charge of the com- 
mercial development of the Thomson-Houston arc- 
lighting system, based on his patents, some of which 
were taken out jointly with his former colleague at 
that school, Professor E. J. Houston. The business 
was begun at Philadelphia in 1879, and was removed 
in 1880 to New Britain, Conn. Mr. E. W. Rice, who 
later became president of the General Electric Com- 
pany, accompanied him as assistant. In 1883 the 
modest works at New Britain were removed to Lynn, 
Mass., a Lynn syndicate having assumed control. 
Here it was that the great development of the 
Thomson-Houston company began, owing in a large 
measure to the enterprise of its managing heads, 
chiefly Mr. C. A. Coffin, afterwards for many years 
president of the General Electric Company. During 
those pioneer years Professor Thomson was electrician 
and chief engineer, and many of the fundamentally 
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direction of increasing the power capacity of trans- 
formers, he proposed the use of oil for cooling and 
insulation purposes. _He was also the inventor of the 
repulsion motor, which is still widely used on single- 
phase circuits. It would demand much space to 
deal with all Thomson’s inventions and discoveries, 
but sufficient has been said to indicate that he played 
a highly important part in early electrical develop- 
ment, and that the electrical industry owes much 
to his ingenuity. 

Elihu Thomson was naturally the recipient of 
many honours. In 1924 he came to England to receive 
the Kelvin Medal, and while here delivered the 7ames 
Forrest Lecture before the Institution vf Civil 
Engineers. He was also awarded the Hughes Medal 
of the Royal Society, the Faraday Med sl given by 
the Institution of Electrical Engineers, and the 
John Fritz Medal, the highest Am«rican distinction 
for the advancement of applied science. He was a 
Past-President of the American “stitute of Electrical 
Engineers, of the International Electric Congress 
at St. Louis in 1904, and of the International Electro- 
technical Commission which met in Turin in 1911. 
He was an Honorary Member of the Institution of 
Electrical Engineers, of the Institution of Civil 
Engineers, and of the Royal Society. Two years 
ago he was awarded the Grashof Medal of the Society 
of German Engineers. In 1924 he received the 
degree of Doctor of Science from the University of 
Manchester. Innumerable honours were naturally 
conferred upon him in America. Although his 
interests were mainly electrical, he associated him- 
self with other branches of science and engineering, 
and in 1899 produced an engine working on the 
uniflo principle. He also invented a centrifugal 
cream separator. Few men have had a more fertile 
brain, and no one, save, perhaps, Edison, has been 
responsible for more electrical inventions. 








Engineering Through the Nations* 


By Col. 8. KITSON CLARK. 


TO Th , To TUS , To Sia kT 


I pray you, Mr. Chairman, that you will allow my 
unworthy discourse of this evening to be provocative 
rather than hortative, interrogative rather than 
affirmative. “‘Je me demande” was a nickname 
given to me by French associates in the war. It is 
my text. “‘I ask myself.’’ What did man ask him. 
self from the day when he first took up a hammer 
till he became the finished product that I now see 
before me ? 

The What, the How, and the Why.—We can perhaps 
in imagination disentangle a sequence in this group. 
In whatever order we take them, the treatment of 
these questions has dictated my subject. In what 
direction, beyond the animal sensations, did the 
thoughts of men first point ? Rudyard Kipling has 
told us, ‘ It is fear, little brother, it is fear.’ Pro- 
vision had to be made for immediate safety and after- 
wards for future security. Then to develop their 
lives men looked round to see “ what” they might 
see, took note’of the seasons, became conscious of 
their order, and only in a second stage took thought 
**how ”’ they were to use their knowledge. Is it 





I have known—I do not mean wizards of 
fmance or super-men, but men who have made 
a success of competitive businesses on a moderate 
scale—I think they have all been likeable people 
and generally unobtrusive. Apart from this 
they only seem to have one other common 
characteristic, namely, that they have all had 
their interest in their job at heart, and as their 
principal object in life.” 








Obituary. 





ELIHU THOMSON. 


By the death of Professor Elihu Thomson at his 
home, Swampscott, near Boston, at the age of eighty- 
three, a well-known figure and prolific inventor has 
been removed from the electrical profession. Few, 
if any, men can claim to have displayed greater 
originality in the electrical field or to have acquired 
wider recognition for the services rendered. Born in 
Manchester in 1853, he was taken by his parents five 
years later to Philadelphia, where he was educated 
in the public schools and graduated in the Central 
High School in 1870. After serving six months as 
analyst in a Philadelphia laboratory, he was appointed 
in the autumn of that year Professor of Chemistry 
and Physics in the Central High School, a position 
which he held until 1875, when he was promoted to 
the Chair of Chemistry and Mechanics. He was 
always fascinated ‘by physical and chemical studies 
and was specially interested in electricity. 

At the age of eleven he constructed a frictional 
machine from the traditional wine bottle. This and 
similar apparatus were followed by electric batteries, 
electro-magnets, and telegraph instruments, in which 
the bare wire was insulated by the laborious process 
of winding thread around it by hand. In his early 


important inventions upon which the business was 
based were due to him. Professor Houston was not 
actively associated with the company at any time, 
and retained his professorship at the Central High 
School. His association with Professor Thomson in 
scientific work and invention ceased in 1880. 

In 1892 the Thomson-Houston Electric Company 
and the Edison General Electric Company were 
merged under the title of the General Electric Com- 
pany, which, needless to say, still possesses extensive 
works at Schenectady and elsewhere. As a record of 
Professor Thomson’s inventive work there are about 
600 patents in the United States alone, although many 
of them are, of course, of early origin and of no import- 
ance now. In almost every sphere of electrical 
engineering, including lighting, traction, and trans- 
mission, his inventive ability was displayed, and 
the Thomson meter, which received a prize in a meter 
competition in Paris in 1890, was one of his chief 
successes. He was a pioneer in high-frequency work, 
upon which in later years wireless methods have been 
based, and the originator of electric resistance weld- 
ing, for which he was granted a patent in 1886. At 
the World’s Fair in Chicago in 1893, he exhibited 
apparatus capable of giving a torrent of sparks 
between terminals 5ft. apart. 

Perhaps the greatest of his early contributions to 
electrical work was the invention of the three-coil, 
are lighting dynamo, with its automatic regulator, 
which led to the formation of the British Thomson- 
Houston Company. Again, in the very early days 
and long before the importance of it was realised, 
Thomson invented the now universally used method 
of transmitting electric power, stepping it down from 
a high tension with the aid of a transformer for 
local consumption. The scheme was exhibited as 
a working model, at the Franklin Institute in 
Philadelphia in 1879, and a patent applied for 
in 1885. In the field of A.C. work he 
invented the constant-current transformer, and 
the inductive regulator, in which a movable 


fanciful to trace something of this in the sequence of 
the Creation story ? First came phenomena observed 
only—Light, Division of the Waters, Dry Land, 
Herb and Fruit—and after them the Sun and Moon © 
defined as functionaries that men had learned to use. 
So did they begin to watch the times and the seasons, 
and the great clock of the firmament. Such was the 
path upon which they were led to counting, to 
addition and division, and on to numbers, to the 
study of shadows, to drawing and the qualities of 
lines. They learnt, in fact, to observe and how to use 
their observation. But to answer the question 
‘““why” these things were, or, indeed, to ask such 
a question at all, did not come into men’s minds till 
far later times. 

Out of the web of cross threads, I will, if I may, 
choose a few strands that seemed to belong to the 
fabric of ‘“‘ engineering through the nations.”” We first 
spoke above of numbers and lines. Now, the region 
where numbers and lines met may be placed among the 
Babylonians, at least 4000 years ago. According to 
their estimation, the year returned on itself in 360 
days, and so reckoning up the sun’s movement 
relative to the earth they divided the cirele of his 
revolution into 360 days; and having made a circle, 
it could not have escaped their notice that the length 
of a radius repeated as a chord round the circum- 
ference closes an equilateral six-sided figure. So six 
was added to the ten of fingers and toes as a measur- 
ing scale, Appropriate to such a combination comes 
the recent discovery of a tablet dated 2300/1600 B.c., 
which presents a remarkable series. Seven symbols 
run thus—l, 4, 9, 16, 25, 36, 49, then follow double 
symbols 1-4, 1-21, &c. From the run of the figures it 
is clear that squares in rising value are being recorded, 
and that the eighth, which is a pair, equals our 64 ; 
therefore the 1 in position before a digit is put for the 
measure of notation 60. If a sexagesimal system 
had been adopted how convenient it would have been 
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secondary or primary coil could be adjusted 





twenties he built a pipe organ, with electrical action, 





to give constant current output. Again, in the 





15th March, 1937. the absence of the Author through 
indisposition, the Lecture was read by the Secretary. 
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for its divisability by 2, 3, 5, 6, 10, 12, 15, 20, 30, 
compared with our humble 2 and 5; how impossible 
for its multiplicity, Perhaps we may be content 
that we are what we are, British illogical compromise 
makers. With ten toes we have our decimal notation, 
yet our feet as measure units have 12 inches, the 
year 12 months, the day 12 hours, while minutes and 
seconds seem to take the best of both worlds and 
repeat the 360 of the Babylonians. Further, we, so 
civilised westerners, retain relics of the barbaric 
notation 20 in quatre-vingt for 80; three score and ten 
for your speaker. We might even fear that our 
numerical constitution has a rudimentary appendix 
in that we have a single word for eleven, another for 
twelve. They might be the highest digits with a 
notation of thirteen. But we are comforted by the 
philologists who give us “eleven equals ein lif,” 
or one left over; ‘* twelve, two lif,” or two left over. 
An illogical system is then the choice of our world 
empire, and yet another world empire did little 
better ; it was built with a clumsy solidity. Separate 
units up to four, then five was V, doubled for X. 
With an additive I it made VI, and-subtractive I 
it made ITV. The world was won by their organisa- 
tion, but on what desparate calculations their dis- 
positions must have been made. We are not happy 
in multiplying 723.by 364, but picture the Roman 
Commissioner working at DCCXXIII by CCCLXIV. 
The Abacus was the only way—horizontally strung 
so that the beads might be slipped to place and remain 
there. There was something wanting in the Roman 
method. 

The missing feature had, indeed, appeared in that 
prehistoric tablet, but seems to have been lost from 
the calculators’ technique. The principle of “ value 
by position ” was involved in making 1, 4 mean 64, 
and yet value by position never became a system 
until the fifth or sixth century a.pD. The invention 
came into the world from an unidentified Hindu 
source. Had it been possible to make an Abacus 
with vertical strings and by some hidden force cause 
the beads when counted to stay put, then the Romans 
might have arrived at the positional value of digits: 
But it was left to an unknown Hindu unversed in 
mathematical tradition to present to the world this 
remarkable invention, and even to add another of 
incalculable usefulness. Incalculable, indeed, for 
it was the introduction of Zero. To recognise the 
presence of emptiness and to give it an existence 
came as it were by instinct out of nothing. Can 
we, for whom all calculations are based on some stage 
or other, in these above mental practices in number 
imagine what our comprehension let alone our 
solutions of present problems would be without them ? 

The “ What ” of our three headings now becomes 
merged into the ‘“‘ How” as we look at the mighty 
works of the past in states where large resources of 
wealth were available and enormous supplies of labour. 
Menes, of Egypt, changed the course of the Nile, 
and made a great reservoir. The rise and fall of the 
Nile was measured by a gauge; there were land 
surveyors, called “‘ rope stretchers,’ who measured 
the land for owners’ title as it was recovered, season 
by season, from the overflow of the river. There 
was the marvellous irrigation of Mesopotamia, and 
the triumphs of transport and construction which 
will come later into the story. 

But before that let us move on from the sphere 
of the “ How” to the ‘“ Why.” When East met 
West the phenomena of the natural and the artificial 
world stirred the interest of the most brilliant 
intellectual society that man has ever seen. It might 
be called the period of knowledge for its own sake. 
“What wealth do I gain by it?” was demanded 
of Euclid by a student. “How canst thou know 
about the heavens not seeing what is at thy feet ?” 
a stumbling astronomer was asked. But the scoffers 
had little satisfaction. The philosopher asked himself 
more vital questions. ‘‘ How can one make one cube 
double of another by relating the length of their sides ; 
how draw a square equal in area to a circle?” “If 
we give a tortoise a start and set Achilles to race after 
her though he runs ten times as fast, can you deny 
my proof that he will not catch her and so on?” 
““Can you not prove that an arrow which cannot be 
in a place where it is not, does never move in its 
flight ?”’ These, and problems that touch numbers, 
or the elements, were the pleasures of the clear-headed 
Greeks. But they did not solve general problems by 
general principles, nor devote the results to material 
projects. They knew the “ What” and saw the 
‘* How,” but they did not see the whole of the “ Why,” 
nor, indeed, care to apply it until Archimedes 
came. Babylonians had given notation, Egyptians 
mechanical achievements, Greeks the trained mind. 
Under Archimedes out of the stupendous, but 
empirical triumphs of the past, was born at last a 
definite practice in engineering—the discharge of 
bilge from Hiero’s ship by a screw, the use of the 
knowledge that fluids under pressure have effect in 
every direction, the property of a lever, the measure- 
ment of specific weight. 

It has been said that all general statements of 
Truth are untrue, and there is a good deal of truth 
in that general statement. But may I hope that I 
carry you with me in one example such as this. In 
the i men looked out on the universe, said 
‘What ” are these things that we see? “How” 
shall we use them? For a long time they did not 
ask ‘“‘ Why ” do these things go as they do go? But 


when, in the seventeenth century, Newton concerned 
himself with one great problem and formulated the 
solution of gravity, then the engineer could put 
into his calculations a master principle which 
rationalised all his achievements. 

Having got so far I think we may now turn our 
attention to some visible things, which will be a 
grateful change from all these words. 

[A number of slides illustrating the inventions 
and works of the ancients were then thrown on the 
screen and briefly described.] 
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Analysis and Design of Steel Structures. By A. H. 
Futter and F. Kerexes. London: Macmillan 
and Co., Ltd. Price 25s. net. 1936. 


Tuts book consists of 533 pages, two appendices, and 
584 problems. After a discussion of stresses in frames 
the design of beams and their connections is con- 
sidered. Some very useful information on welded 
connections is given with many references to American 
practice. The plate girder is treated in the usual way, 
and in Chapter VI, devoted to factory buildings, 
considerable attention is paid to crane runway girders, 
columns and brackets. Some interesting notes on 
timber and timber framing are included in this 
chapter. Stresses produced by moving loads and the 
economic factors which determine the selection 
of a bridge design are very briefly considered in 
Chapter VIII, and the design of truss bridges in 
Chapter IX. The designs in this chapter are illus- 
trated by reproductions of a number of original 
drawings. These reproductions, and those shown on 
many of the plates, unfortunately have been reduced 
so that they may be printed each on a single page 
instead of on a folding plate, with the result, as noted 
by the authors, that some of the details are illegible 
without a magnifying glass. Problems on deflections 
of framed structures and on statically indeterminate 
structures are proposed in Chapter X, and in 
Chapter XI high buildings and especially their floors 
and wind bracing are treated in some detail. The 
report of the sub-committee of the American Society 
of Civil Engineers is quoted, and columns and grillage 
footings illustrated. Continuous frames and secondary 
stresses are very briefly treated in a final chapter. 
This brief summary shows the very wide field covered 
by the authors. 

While the student leaving college with a thorough 
training in engineering science will find this collec- 
tion of problems interesting, the student taking a 
“brief course in structures,” even after a serious 
course in materials and structures, may get a wrong 
idea as to the simplicity of the design of steel struc- 
tures. The book seems to be written round a series 
of problems selected to illustrate as far as possible 
the whole field of steel and timber design, which are 
to be solved after the minimum amount of study of 
‘“‘ the basic principles developed in the text ” and by 
certain very useful tables. In Great Britain more 
and more time is being devoted in schools of engineer- 
ing to fundamentals, so that the student will study 
his problems from first principles, and not by ingeni- 
ous short-cuts and manufacturers’ handbooks. This 
interesting publication suffers from another defect. 
It has been developed from the authors’ lecture notes, 
and is therefore necessarily too condensed. The 
inspiring teacher does not crystallise his lectures, and 
the notes when mimeographed are liable to be regarded 
by the average student as containing all that is 
necessary for his safety in the examination room. 
The preface notes that an informal edition of this 
work has already had a great success in the United 
States, being used by “ at least eighteen instructors,” 
and no doubt the problems it presents will be a regular 
gold mine for the overworked instructors in American 


engineering colleges. 








SIXTY YEARS AGO. 





In September 1875 the Asn appointed a com- 
mittee ‘ to consider the best means of securing the highest 
mechanical skill and scientific knowledge in the manage- 
ment of marine engines in her Majesty’s ships of war 
and the supply of engineer officers and engine-room 
artificers for jesty’s Navy.” The report of this 
was discussed in a leading article in our issue of 
March 23rd 1877. We welcomed the report as as 
the —— of a reyolutionary change in sta’ 
of naval engineer, a chdnge which we had long 
advocated. The Navy had undoubtedly been 
conservative in ahhhign. It had for instance 
much of the old carronade drill long after 
tiie bine coataeiad ia Wo cprouieed tn eaten PR 
mizzen tops con to be appointed in shi possessing 
three masts with nothing acer, BOs 
about them. In short officers, seamen and of the 
Admiralty united in making believe that they lived in, 
or controlled, ships which had c little since the 
days of Trafalgar. They were loath to admit the altera- 
tion which steam had wrought. For some years after 
its introduction their attitude in this respect was doubt- 
lesgly justifiable. Steam at first was merely an auxiliary 
to sails. Lorg voyages would be made with scarcely 
a call on the engine-room. The machinery was simple 








and its power low and, proportionately, the engine-room 


tus | Marine 





staff held a very subordinate place. The naval engineers 
of those days were as a rule “ hard-working, honest men, 
of good moral conduct, seldom court-martialled, amenable 
to discipline, loyal, and excellent hands with the hammer 
and chisel but ing no pretensions to scientific 
acquirements and certainly not blessed with the advan- 
tages of a liberal education.”” But during the years which 
had passed since the middle of the century an enormous 
change had taken place in the conditions in which steam 
was employed in the Navy. Warships had become 
complex pieces of mechanism dependent for their very 
existence upon their furnaces and no longer upon their 
sails. The engineer had in some measure usurped the 
place of the captain of the sail era. Nevertheless the 
status of the naval engineer had remained practically 
what it had been in the early days of steam. It is true 
that the Admiralty had so far recognised the change 
which had occurred that it sought in its engineers some- 
thing more than handicraft skill. It required them to 
possess in addition a good standard of general and scientific 
culture. Nevertheless the engineer in a warship was still 
regarded as a workman rather than as an officer. As a 
consequence it was becoming increasingly difficult to 
attract and retain the correct type of man. The situa- 
tion was worsened by the fact that promotion was very 
slow. On the active list at the date when the committee 
published its report there were 170 chief engineers and 
735 engineers and assistant engineers. The committee 
recommended that their number should be reduced and 
that many of the duties which were assigned to them 
should be handed over to engine-room artificers. This 
seemingly simple recommendation was the first step 
in the evolution of the engineer officer. It implied that 
the naval engineer was no longer to be regarded as a 
mechanic skilled in his trade but as a supervisor or 
manager placed in authority over a body of handicraftsmen 
and other skilled workers. 








STREAMLINING.—Some interesting figures in connection 
with streamlining were recently quoted by Mr. C. G. - 
Williams, the director of research at the Institution of 
Automobile Engineers’ Research Department. He said 
that in tests of an advanced design of motor car body 
carried out at the Guggenheim Aeronautical Laboratory, 
the specimen under test showed a reduction of 20 per 
cent. in the propulsive power required at 20 m.p.h. 
and 40 per cent. at 40 m.p.h., and this reduction was only 
attributable to the streamline form adopted. 


THe DeatH or Mr. Henry Lippman.—Many British 
engineers who were at the Leipzig Technical Fair learned 
with deep regret of the sudden death on Thursday evening, 
March 4th, of Mr. Henry Lippman, who, for the past 
fourteen years, had been the representative in England 
of Schiess-Defries and the managing director of Schiess- 
Defries (Great Britain), Ltd., since its formation in 1933. 
Mr. Lippman was born in Swansea, and received his 
education at Hanover, in Germany. He was trained 
as an engineer and spent some years in Australia, and 
in the Solomon Islands. He was a well-known figure 
in the heavy machine tool trade, and his sudden death 
at the comparatively early age of fifty-eight is not only 
a severe loss to his firm, but one which will be keenly 
felt by his personal friends. 


Institute oF Metats, ANNUAL DrxnER.—On Wednes- 
day, March 10th, the Institute of Metals held its annual 
dinner at the Trocadero Restaurant, at which over 300 
members and guests were present. The toast of ‘‘ The 
Institute of Metals and the Metallurgical Industries ” 
was proposed by the Rt. Hon. Sir Auckland Geddes, who 
stressed the present great demand for metals and the 
important part played by the Institute in the development 
of the industry. In replying, the President, Mr. W. R. 
Barclay, said that the metallurgist was just beginning to 
understand the properties latent in a drop of liquid metal, 
and reminded engineers of the improved metals which had 
been placed at their disposal during recent years. In 
supporting the President, Engineer Vice-Admiral Sir 
Harold Brown emphasised the valuable fundamental 
research work which is being done by the Institute, 
particularly in the non-ferrous sections. He said that in 
his post as Director of Munitions Production he realised 
how entirely he was dependent upon the support of 
industry and was grateful for the help he had already 
received. The toast of ‘“‘ The Guests and Kindred 
Societies ’’ was proposed by Mr. D. Owen Evans, and Sir 
Alexander Gibb responded. At the conclusion. of the 
dinner it was announced that the International Nickel 
Company, of Canada, had offered a platinum medal, to be 
awarded each year by the Institute of Metals for the most 
outstanding work in non-ferrous metallurgy during the 


past year. 


Furt).—On Wednesday, March 16th, the Combustion 
Appliance Makers’ Association (Solid Fuel) held its annual 
conference. Before the conference a luncheon, attended 
by some 160 members and guests, was held at the 
Connaught Rooms. In Fade we om the toast of ‘“ The 
Association,” Captain H. F. C. Crookshank congratulated 
it upon the progress made during the short time it had 
been in existence. He said that no matter how good a 
fuel was, it got a bad name if used in inefficient appliances. 
He also spoke of the good work begun by the Association’s 


led impro ; t 
are urgently needed. In concluding, Sir Harold emphasised 
that the Fuel Research Board would always co-operate 





with the Association in its work. 
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American Fountain Practice. The contractor builds the masonry and installs the 


OR many towns and cities of the smaller class, | ing equipment, and plans for the concrete structure | apparatus, and automatic or’manual remote control 
which desire to install illuminated fountains in | for their accommodation. If a large and conspicuous | devices, with cabinets, all complete. Construction 
their parks and public spaces, the cost of special | central structure is used it may serve to house the | material then supplied by the contractor includes 
designs and their construction would in general be | power equipment, and it may be masked by an outer | ordinary pipe and fittings, valves, electrie cable, 
prohibitive. And the same applies to public institu- | ornamental shell of brick, stone, cast concrete, or| lamps, conduit boxes, switches, and miscellaneous 
tions, colleges, estates, and private grounds or|reinforced concrete of attractive appearance, to| electric wiring material. 
gardens. To meet this situation, both the Westing- | harmonise with the local surroundings. ‘The standard In the preparation of these designs as complete 
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ment are furnished, from which the fountain can be 
built by any competent contractor for electrical work, 


equipment as furnished. He is called on to supply 






By E. BE. R. TRATMAN. only such ordinary material as is generally procurable 

5 : locally, and which the contractor usually prefers to 

No. ITI. obtain from local dealers. The equipment furnished 

5 ; includes the pump, motors, fountain pipes, jets, jet 
(Continued from page 301, March 12th.)} rings and nozzles, floodlight projectors, electric 






valves, electrically operated valves, flashers, control 
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house Electric and Manufacturing Company and the | designs of the Westinghouse Company are termed | units the engineers have determined from experience 
General Electric Company have adopted standardised | “* Aqualux fountains,” while those of the General | certain arrangements of light and water effects, 
designs of fountains of various types and sizes, the | Electric Company are termed ‘‘ Novalux fountains.” | illumination intensities, and cycles of _water and 
designs including the hydraulic equipment, the light- For any selected design complete plans and equip- | colour changes which produce attractive results. 
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FIG. 20—-ARRANGEMENT OF PEDESTAL TYPE FOUNTAIN 






































FIGS. 21 AND 22—BASIN AND CONTROL APPARATUS OF FOUNTAIN AT ATLANTIC CITY 
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With the entire fountain and its apparatus, with all 
details, designed as a unit, the most effective appear- 
ance is obtained, with reliability in operation, and 
with economy in both first cost and operating cost. 
These standard fountains are of different types, 
with different sizes in the several types, so as to meet 
the requirements of various conditions. Thus the 
pool or lily pond type, with no raised structure, is 
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“Tre Encincer” 


suitable for the smaller gardens or grounds. The 
pedestal type, with basin raised upon an ornamental 
pedestal in the pool, is for larger gardens, public or 
private grounds, and the smaller parks. The basin 
pool type, with large pool or pond and large central 
masonry structure forming the elevated basin, is for 
parks, estates, and institutions. Ordinary under- 
water floodlights are used as a rule, but submersible 
globe type floodlights are employed for special cases, 
such as small fountains, or where particularly low 
cost of equipment and operation is desired. 

Changes in the water display are effected in general 
by means of solenoid valves, but a diaphragm type 
of valve may be substituted in order to avoid the 
sudden action of the solenoid valves, and to produce a 
gradual rise and fall of the changing jets, together 
with a constant overflow from the basin. In the same 
way, @ resistance dimmer may be used in place of the 
ordinary flasher, in order to produce a gradual 
variation in intensity of light as the colours change. 
Another modification is automatic operation of the 
pump and lights by means of a time switch, instead of 
manual operation. This switch will start the pump 
in the morning, turn on the lights at proper time in 
the evening, and then shut off both the pump and 
the light current late at night. 

A typical fountain of the pedestal type, shown in 
Fig. 20, has a cast iron basin about 5ft. in diameter 
mounted on an ornamental pedestal which brings the 
lip of the basin—and its water level—-about 4ft. to 
5ft. above the water level of the pool. This pool is 
from 20ft. to 30ft. in diameter. The pedestal is 
seated on a concrete footing which is formed integrally 
with the bottom of the pool, and may be covered with 
rock work or ornamental masonry. Three water 
effects are provided. First, a central fire type nozzle, 
with 10 mm. orifice, gives a vertical jet 20ft. to 30ft. 
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FiG. 24—DETAIL ARRANGEMENT OF NOZZLES 


high. Second, three }in. spray nozzles with deflectors 
give hollow cone sprays 4ft. to 8ft. high. Third, a 
pipe ring 4ft. in diameter is perforated for seventy-five 
jets, which rise from jin. nozzles to a height of 4ft. 
to 8ft. These last jets may be inclined from 5 deg. 
to 10 deg. inward from the vertical, to form a dome 
effect ; or they may be inclined similarly outward t6 
form a curtain of water falling into the pool. 

A single-stage centrifugal pump with motor of 











3 H.P. takes water from the pool and discharges 
through a header or manifold which serves three 1}in. 
pipes for the three water effects ively. An 
automatic float valve on a water supply line provides 
for maintaining a constant depth of water in the pool, 
and making good any losses by spray and evaporation, 
For illumination there are nine floodlights in the 
basin, three each of amber, red, and green. These 








by a ring of 1}in. pipe, 2ft. in diameter, perforated for 
jets 4ft. to 8it. high, In addition, there are four 
perforated 1}in. pipes, forming a cross whose arms 
extend nearly the full width of the basin. Within the 
basin are eight floodlights with diffusing lenses : 
two amber, of 500 watts ; two red and two green, of 
1000 watts each; and two blue, of 1500 watts; all 
with 115-volt lamps. Overflow around the rim of the 
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FiG. 23—ARRANGEMENT OF FOUNTAIN, 


have 250-watt lamps. In addition, the curtain of 
water overflowing from the lip of the basin is illumi- 
nated by a row of 60-watt globe lamps mounted 
under the curved rim of the basin. These lamps 
have globes of the same colours as the floodlights. 

At a convenient distance, preferably not more 
than 50ft., is an underground chamber or vault about 
4}ft. square and 4ft. to 5ft. deep, containing the 
motor-driven pump and its header, with solenoid 
valves ; the electric cable connections, line starter, 
contactor with control switch, and flasher with motor 
of ¢ H.P. to produce the pre-arranged colour cycle. 
As the fountain apparatus is operated by remote 
control from any ‘convenient point, the vault is 
entered only for periodical inspection of the equip- 
ment. The remote control station has three control 
switches, for the pump motor starter, the lighting 
contactor, and the flasher motor. This last switch is 
normally closed and is opened only when a stationary 
display is desired. The average power consumption 
for the night load is as follows:—Pump motor, 
2-50 kW ; lighting load, 1-67; flasher motor, 0-30 ; 
water valves, 0-17; making a total of 4-64kW. By 
day the average load is 2:97 kW. 

A larger fountain of the standard basin and pool 
type is shown in Fig. 23, with some details. in Fig. 24. 
For the central lin. nozzle the orifice has a diameter 
of 12} mm., for a jet 25ft. to 30ft. high. Around it are 
four deflector type nozzles for spray jets, each 8ft. 
to 10ft. high, and each of these nozzles is surrounded 
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CROSS SECTION. ® 


PUMPS AND VALVES] 


basin passes over a copper hood within which are 
globe lights of 60 watts with coloured globes. 

Housed within the structure supporting the basin 
are the single-stage double-suction pump, with 
5 H.P. motor, giving a capacity of 200 gallons per 
minute at 75ft. total head. There also are the elec- 
trical valves and equipment, with flasher for auto- 
matic control of a pre-arranged cycle of colours. 

A small fountain, for use where there is no outside 
illumination, consists of a pond or pool about Lb5it. 
by 20ft., with a central structure 3ft. in diameter 
rising only about 18in. above the water. This con- 
tains three projectors, 400-watt blue and 250-watt 
red and green. There is a central nozzle of the fire 
type with 6 mm. orifice for a jet l0ft. high. A ring 
pipe gives forty-four jets from in. nozzles, the jets 
being inclined about 5 deg. outward or inward from 
the vertical. In addition, there are three }in. spray 
nozzles. A centrifugal pump with motor of ~ H.P. 
has a capacity of 22 gallons per minute at 40ft. head. 

Larger fountains with basins raised on pedestals or 
masonry structures have from nine to thirty-five pro- 
jectors, with jet and spray nozzles in proportion. In 
Fig. 21 is.a view, of the basin of a fountain at Atlantic 
City, having besides the. central nozzle five spray 
nozzles, each surrounded by a ring pipe perforated 
for nozzles. Each pipe ring is served by a group of 
floodlights.. Here the basin structure is of concrete, 
with a copper hood or rim, within which are globe 
lights to illuminate the overflow. A door gives access 
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to the apparatus in the vault beneath the basin. The 
interior of the control room for this fountain is shown 
in Fig. 22, with the flasher, switches, and magnetic 
valves. 

Water and coour cycles vary, of course, with the 
size and type of fountain and the desired elaborate- 
ness of jet and colour variation, but an example is 
given in Fig. 25. This diagram mts the cycles 
for a fountain similar to that illustrated in Fig. 20. 
Here the flasher automatically operates the solenoid 
valves to give a water cycle of seven minutes, divided 
into one-minute periods. The periods in which the 
main jet, ring jets, and sprays are turned on are indi- 
cated by the heavy lines on the diagram. A colour 
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FiG. 25-WATER AND LIGHTING CYCLES 


cycle of three minutes is divided into eighteen periods 
of ten seconds each, with the three colours of main and 
overfiow illumination turned on as indicated by the 
heavy lines. 

A complete water and colour cycle occupies twenty- 
one minutes, during which time there are 126 different 
eombinations of colour and water effects. The 
maximum colour lighting load is 2220 watts and 
minimum load 1110 watts, giving an average of 1665. 
With the above water cycle the pump circulates an 
average of 50 gallons per minute, but it has sufficient 
capacity for 85 gallons per minute when all these 
effects are in operation simultaneously. The average 
power consumption is about 4:7 kW at night and 
3 kW by day. 








Ventilating and Heating at the 


Institution of Electrical Engineers. 


New ventilating and heating systems have been 
installed in the Institution of Electrical Engineers’ building 
at Savoy-place, Victoria Embankment. The Lecture 
Theatre, with a seating capacity of 550, originally had a 
mechanical extract ventilating system. Openings in the 
ceiling were connected by ducts to a centrifugal fan on the 
roof, while fresh air was admitted through inlets behind 
the radiators in the two exterior side walls. The new 


A= Fresh Air Iniets at High Level 
8 = 50 Floor Extracts under seats 
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fan has a duty of 80 per cent. of that of the inlet fan, a 
tendency to plenum or outward air pressure is created 
within the theatre. The heating batteries, served by the 
thermal storage plant, are capable of raising the tempera- 
ture of the incoming air to 75 deg. Fah. from an initial 
temperature of 32 deg. Fah. en the attendance is 
small the old extraction system, which has been undis- 
turbed, is brought into use. 

The low-pressure accelerated hot-water radiator installa- 
tion and the supply apparatus for lavatory basins were 
originally served by hand-fired, solid-fuel boilers which 
have now been replaced by an automatically controlled, 
electrically heated thermal storage plant. An off-peak 
6600-volt, three-phase, 50 cycle supply is controlled by 
a time switch, which limits the hours of use from 7 p.m. 
to 9 a.m. on the following morning. An open-air trans- 
former supplies an electrode water heater at 400 volts 
through a horizontal draw-out pattern metal-clad circuit 
breaker. 

The water heater is rated at 500 kW, but the load 
is automatically controlled to within +5 per cent. at any 
predetermined value down to 150 kW. The heater is 
also automatically safeguarded against all conceivable 
faults. There are two horizontal mild steel storage 
vessels, each 7ft. 6in. in diameter and 25ft. long, which 
were delivered in sections and welded up on site. Their 
combined eapacity is approximately 12,000 gallons and 
the maximum storage temperature 260 deg. Fah. Allowing 
for a 100 deg. drop, the daily capacity is 12 million B.T.U. 

A primary electrically driven centrifugal pump with 
water-cooled bearings circulates the water between the 
electrode water heater and the storage vessels. Like the 
rest of the plant it is automatically controlled and starts 
up a few moments before the current is switched on to the 
water heater. 

A secondary pump accelerates the velocity of the water 
through the circuits from the storage vessels to the 
radiators in the various rooms. The flow temperature to 
these circuits is automatically controlled at a fixed 
maximum temperature by a mixing valve, which permits 
a sufficient quantity of high temperature water from the 
storage vessels to mix with and reheat the return water 
from the radiator circuits. 

Hot water for lavatory basins is heated during the 
night by the off-peak supply in a 1200-gallon storage 
type calorifier. i mains from the electrode water 
heater serve the heating coil in the calorifier, which has 
a capacity of 60,000 B.T.U. per hour. A small electrically 
driven centrifugal pump accelerates the water in the 
secondary circuits to the house circuits. Details of the 
new ventilating and heating systems are shown in the 
right and left-hand illustrations respectively, the consult- 
ing engineers for the former being Mr. W. W. Nobbs, of 
100, Victoria-street, and for the latter G. N. Haden and 
Sons, Ltd., of 60, Kingsway, W.C.2. The electrode water 
heater and switchgear was supplied by A. Reyrolle and 
Co., Ltd. 








Modern Factors Affecting Electricity 
Costs and Charges. 
A PAPER under the title given above, read by Mr. J. 


Sumner before the Institution of Electrical Engineers on 
March 11th, contains a brief review of a thesis presented 


that period, owing to the connection of large numbers of 
domestic consumers who only use a small quantity of 
electricity for the minimum p and who are not 
subsequently increasing their annual consumption. 

In order to examine the causes of this lack of ght or 
ment in domestic supplies an analysis is made of the 
average charges of each undertaking for domestic and er 
supplies and the relationship between charges and con- 
sumption is also considered, The differentiation between 
the charges for power and domestic supplies is shown to be 
irrational if domestic development is envisaged on broad 
progressive lines, and it is suggested that domestic supplies 
may be subsidising power supplies in many instances. 
The factors mentioned are shown to be likely to affect 
seriously the trend of supply development in the immediate 
future, and the conclusion is reached that the very neces- 
sary expansion of development must be controlled and 
directed in a more co-ordinated manner. It is suggested 
that the expansion of demand must be preceded by a 
reduction of charges for domestic supply and a halt in the 
downward charges for power. 

The alteration in charges must be accompanied by a 
greater unification of tariffs and charges which may 
ultimately be achieved by voluntary arrangements. by 
undertakings, but which can only be achieved quickly by 
means of a single executive authority which would have 
the exclusive right to direct and initiate the unification of 
tariffs and charges. The reasons advanced to account for 
the maldevelopment of the domestic supplies are :— 
(1) Prices are generally too high to permit of the extensive 
use of electricity and reductions in prices tend to follow an 
increased demand instead of preceding it. As a result the 
domestic load continues to be restricted, the fixed charges 
per unit sold remain high, and a condition of expanding 
demand with consequent falling costs become impossible 
of achievement, particularly in the case of undertakings 
supplying less than 10 million units per annum. Elec- 
tricity for power purposes is sold in many cases at charges 
which are unremunerative and which are considerably 
below the equivalent cost of production by private plant. 

The effect on this is to place on domestic charges a 
burden which prohibits the domestic load from increasing 
to the point at which its inherently high diversity makes it 
profitable. This applies chiefly in the case of the larger 
undertakings. The absence of a unified scale of charges 
for electricity causes anomalies and inequities which have 
a psychological effect in deterring consumption. 

In order to increase the average consumption of 
domestic users of electricity it is necessary to offer to them 
a price which must be less than 24d. per unit ; a reduction 
in price which does not fall below this figure will not result 
in a marked increase of consumption. A reduction in 
price which does not fall below 2}d. per unit is also 
uneconomical to the supply undertaking, as it has no 
appreciable effect in increasing consumption to a degree 
which will permit of an appreciable reduction in the cost 
of providing supply. 

The supply industry, when considered as a whole unit, 
is approaching a critical position in which the cost of 
providing supply may tend to increase, owing to a 
stationary rate of domestic consumption, and this con- 
dition may, in its turn, produce a retrogression in the 
rate of domestic consumption. There is an increasing 
rate of contribution by power supplies towards the distri- 
bution costs of the industry, but it is suggested that it 
may be some years before power supplies make their correct 
contributions towards the distribution costs and charges 





by Mr. J. M. Kennedy and Miss D. Nokes in a paper 
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ARRANGEMENTS OF HEATING AND VENTILATING SYSTEMS AT INSTITUTION OF ELECTRICAL ENGINEERS 


installation employs the downward system of ventilation. 
Fresh air from an open court at basement level is 
drawn through a new pattern self-cleaning viscous 
filter by an electrically driven multi-blade steel plate 
centrifugal fan, and delivered across enclosed fin tube 
heating coils, through sheet steel ducts, and delivered 
at high level through three openings in each side wall. 
Vitiated air is drawn off at floor level through fifty extract 
gratings under the seats and conveyed by a system of 
ducts to the extract fan, whence it is discharged to the 
atmosphere. The inlet fan has a capacity of 10,000 cubic 
feet per minute, and its speed can be increased by 20 per 
cent. At normal the fresh air supply is thus at the 
rate of 1000 cubic feet per capita per hour. As the extract 





read in 1933.* In the latter the authors concluded 
that the efficiency of electrical distribution had not 
improved appreciably during the period 1921-31, and with 
a view to considering the modern factors which may be 
contributing to this state of affairs, Mr. Sumner ts 
their hypothesis. It is concluded that rural areas quic’ 

become remunerative and are not likely to have affected 
the efficiency of the supply industry as a whole. The rate 


of increase of domestic consumption is analysed for the 
whole country, and it is shown that the a consump- 


tion per domestic consumer has not in during t 
period 1927-35 and that it may have decreased during 





* See Tue Enctyzer of August 25th, 1933. 





therefore to take urgent measures to increase 
the rate of domestic consumption. 

The measures which are suggested, from the examina- 
tions made in the paper, are to reduce the cost at which 
domestic supplies are provided and to obtain a greater 
measure of uniformity in tariffs and charges than exist 
at. the present time. It has been shown that when a 
consumer increases his consumption into the ‘high ” 
range of consumption, i.¢., units per year as a 
minimum, the price per unit which he will pay approaches 
uniformity between und ings. This is because there 
is a minimum amount of electricity which is becoming 
increasingly necessary to a consumer, ¢.g., for wireless 
sets and lighting, and he will use this amount whether 
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the price charged per unit is, say, 4d. or ls. But the 
succeeding amounts of electricity. are of less value to a 
consumer, and the price must be reduced so as to be 
competitive with that of alternative forms of energy, 
such as coal, oil, &c. Hence, as consumption increases, 
the price offered. must approach increasingly closely to a 
uniform om Sear in whatever part of the country electricity 
is req 

Many of the smaller undertakings have an average 
cost of production which is above the critical value of 
24d. per unit. These are therefore unable 
to offer a sufficiently low price which would permit of 
a marked increase in consumption, except by incurring 
a financial deficit for, probably, a period of several years. 
Very few of the larger un ngs are supplying domestic 
consumers at an average price which is low enough to 
obtain the marked increase in consumption that would 
result in an equivalent lowering of the cost of production. 
These larger undertakings would probably incur a tem- 
porary deficit if ey were to offer supply to all their 
domestic consumers at a low enough price to permit of a 
general increase in consumption. 

It is shown that a measure of unification of tariffs 
and charges could be carried out without seriously dis- 


turbing revenues, but it is ef financls 
(a) That a larger amount of financial co-ordination is 


required between . und so that a pooling of 
revenues could be made. In this manner a greater om 
of commercial risk could be taken in reducing charges 
advance of the demand, than are permitted by the Pe aoe 
individualistic system, 

(6) That t and charges should be governed and 
imposed exclusively by a single executive body which 
should consider tariffs and charges primarily from the 
view of the supply industry as a whole. 








A Two-Stage Portable Air 
Compressor. 


THE phowcenee which we reproduce below represents 
a new type of portable “8 compressing unit which has 
just been brought out by Holman Brothers, Ltd., of 
Camborne, Cornwall, with the object of providing a 
machine of considerable power and yet light enough to 
be maneuvred close up to the site ps erations. It has 
a displacement capacity of 360 cubic feet 0 of free air per 
minute, and ba ge less than 4 tons. The normal working 
pressure is 100 Ib. per square inch, but it can be raised for 
short periods up to 150 1b. per square inch. The actual 
free air delivery rate is 300 cubic feet per minute. 

The novelty about this machine in the adoption 
of the McLaren type of compression-ignition engine, 
phy. has already been descri eo ENGINEER, 
for driving purposes, and it has aaian the weight to be 
materially reduced for a of this size, and has 
the ee, — practi any Diesel grade of oil 
e “ Be used as fi 

n general Ares Sa the machine follows orthodox 
deals with the compressor and engine inline. In between 
there is installed a small petro. Boos. ay with a friction 
drive on to the grooved pot ony w) used for starting 
purposes. The is of the familiar Holman 
type with two cy! , Sfin. and 6}in. bore by _ 
stroke. The engine has four cylinders, 142 mm. bore b 
200 mm. stroke. The air receiver has a capacity of 9 c ubie 
feet, and the fuel tank will hold 34 gallons. ‘The cooling 
of the engine and compressor cylinders is carried out by 
means of the Holman “ parallel” system, whereby both 
are dependent on one radiator, but while the compressor 
is kept as cool as is possible, the — of the engine is 
controlled by a thermostat to maintain the best efficiency. 

Messrs. Holman have also recently introduced a new 
medium-weight—574 lb.—general-purpose hand drill of 
the throttle-blowing type for collared steel. In it lubrica- 
tion is effected by oil entrained with the working air. 
Instead of the oil that passes through the rear of the 
machine escaping with the exhaust air—as it does in the 
usual type of drill lubricated by this means—most of 
it is collected in special chambers before exhaust takes 
place, and is fed to points on the periphery of the chuck. 
Thus even those places that are normally difficult to 
lubricate are automatically supplied with an ample 
quantity of oil, and, as a result, there is an increase in 


efficiency, with a marked saving in power and in spare 
possible, by moving the throttle 

position so that live air passes 
direct to the front of the piston and thence—through the 
hollow drill steel—to the bottom of the hole, to clean out 


parts, In this model it is 
handle to the “ blowing ’ 


sludge or chippings. 








New Discharge Lamps. 


Two new high-pressure mercury discharge 

at 80 and 125 watts and with a lumen output of 
5000 respectively, were recently 
showrooms of Philips Lente Ltd., 
Cross-road. The outputs are more 
those of 200 and 300-watt gas-filled 
suitable for street, works, and 
but they are not at present produced for use in the 


The firm’s coiled coil lamp introduced in 1934 represents 














80-WATT MERCURY DISCHARGE LAMP 


the latest development in the domestic field. A small 
= tube supported in the manner shown contains the 
ischarge, which measures jin. by yin. 

While the size of the bulb of the 80-watt is the 
same as that of the normal gas-filled 150-watt , that 
of the 125-watt bulb is comparable with the usual 200-watt 
bulb. The bulbs of both the new discharge lamps are 
frosted internally. When used in conjunction with a 
small choke and condenser they can be operated at pres- 
sures from 190 to 250 volts and from 110 to 130 volts 
with a small transformer. A special three-point bayonet 
cap is provided in each case. The lamp illustrated is 
rated at 80 watts. 








The Feld Gas Washer. 


Tue drawing which we reproduce herewith is a sectional 
elevation through a new type of gas washer or scrubber, 
which is being introduced into this country and the 
Dominions by Henry Balfour and Co., Ltd., of Durie 
Foundry, Leven, Fife, and is intended for such purposes 
as the extraction of benzole, ammonia, &c., from coal gas, 
the cleaning of blast-furnace gas, and the recovery of 
solvents such as alcohol, acetone, &c. 

In such processes it is necessary that the gas should be 
brought into very intimate contact with the washing 
liquid, and that there should be a minimum of restriction 
to the passage of the-gas through the apparatus, so that 





no more power is consumed than is absolutely necessary. 

















Two 


-STAGE PORTABLE AIR COMPRESSOR 





shop ghting, 


The simple tower filled with coke, broken crockery, &c., 
down which the washing liquid cascades and up which the 
gas flows, is effective, but has some disadvanteges. The 
makers of the Feld washer claim, however, that, con- 
sidering its size, the tower under review is much superior. 

As will be seen from the drawing, it is of the vertical 
type, with the usual contra-flow of the gas and the washing 
liquid. Down the centre of the tower there runs a shaft, 
which is driven by an electric motor through speed reduction 
gear at the top. On this shaft there are mounted a series 
of bunches of hollow truncated cones C, which are spaced 
apart with narrow o The upper edges of these 
cones are serrated, with the exception of that of the 
top one. The bottom of the cone unit dips into 
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ARRANGEMENT OF FELD GAS WASHER 


a tray B, which is duplicated down the tower to any extent 
according to the service required. The upper edge of the 
cone unit is embraced by another, fixed, cone ae. attached 
to the casing of the tower. Into some of the upper cones E 
the washing liquid is introduced by the manifold on the 
right. It hoki down the fixed cone into the tray below, 
and is picked up by the revolving cone — which throws 
it off from the upper serrated edges by centrifugal force 
in the form cha caley of aslanalink Geaihe Of very fine 
spray, as shown in the second engraving. The gas rising 
through the tower is naturally brought into very intimate 
contact with the washing liquid, and is thoroughly scrubbed 
| with a minimum loss of power through back-pressure, 








REVOLVING CONE UNIT 


while the power consumption for driving the cones is 
insi cant. In order to control the temperature of the 
process, the fixed cones and the trays are provided with 
pipe coils through which water may be circulated from the 
stand pipe on the left. 

One of these washers has recently been installed at the 
Anstruther works of the St. Andrews Gas Company, Ltd., 
in connection with a dehydration plant, and has a capacity 
of 250,000 cubic feet per twenty-four hours. It is capable 
of giving gas with a dew point of 30 deg. Fah. in winter and 
40 deg. Fah. in summer, even though the gas entering the 
washer is saturated with water vapour at the prevailing 
atmospheric temperatures. 








New Evrorean Arrports.—What is said to be the 
most fully equipped airport in Scandinavia is now being 
built at Oslo, Other new airports are under construction 





in Norway at Stavanger and Trondheim. 
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New L.M.S. Articulated Trains. 


One of the features of the London, Midland and Scottish 
Railway Company’s programme of coaching stock renewals 
for 1937 is the provision of 110 vestibule coaches for long- 
distance excursion traffic. These coaches, which are being 
built to the requirements of Mr. W. A. Stanier, are to be 
made up into eleven ten-coach articulated trains. The 
first of these trains has just been completed at Derby, and 
work is now rapidly proceeding on the others. The trains 
are articulated in two-coach units and are made up as 
follows :—Two two-car units, comprising third-class brake 
and one vestibule third; two two-car vestibule thirds ; 
one two-car unit comprising one third vestibule and one 
composite vestibule of first and third class. The total 
accommodation of each ten-car train is eighteen first-class 
seats and 511 third-class seats. 

In the construction of these new coaches, in addition to 
articulation, the company has incorporated a considerable 
amount of welding, and these two factors have yielded 
substantial economies in weight and consequently in 
building maintenance and haulage costs. In ordinary coach 
construction the body is usually built as a separate unit 
from the underframe, but, as may be seen from the illus- 
trations on this page and page 334, in the new stock the 
body is integral with the underframe, thereby giving one 
complete structure. [Electric welding has been used 
wherever possible in the assembly of the coaches, and in the 
new design the body and the underframe are arranged so 
that the solebars and cantrails are combined as one member 
and the trussed longitudinals another. High-tensile 
steel of channel section is used for the solebars and cantrails, 
and on to these members are welded the steel sockets into 
which the body pillars fit. The body pillars are of wood 
and are secured into the sockets by steel pegs and between 
the quarters they are reinforced by steel bracings. Mild 
steel is used for the remaining members of the underframe. 
The photographs of the longitudinals and underframe, repro- 
duced on page 334, indicate the extent to which strength 
and lightness have been combined in these members. The 
outer ends of each twin set are fitted with standard draw 
and buffing gear. The centre bogie on which the inner 

ends are articulated is constructed on the Gresley prin- 
ciple. The bogies are of mild steel and welded throughout. 

For the side panels of the coach bodies xin. steel plate is 
used and before these panels are fitted and screwed on to the 
frame they are welded together by the carbon are process in 


one complete length. To hold the roof sheets light sections 
are welded at intervals along the cantrails. The roof 
sheets are then laid on these sections, the joint between 
each sheet lying along the section, and the plates being held 
‘in. apart. A seam is then run along the joint, making 
the sheets one intcgral part with the cross members. The 
coach floors are made up of corrugated steel sheets welded 
directly on to the underframes and then covered with 
cork. Electric lighting is by means of the Wolverton 
system, each coach carrying a self-contained axle-driven 
equipment comprising a dynamo, regulator, and battery. 
The weight of this equipment has been reduced as much 
as possible. Aluminium is largely used for the regulator 
and control gear, and the 280 ampere-hour battery is 
composed of twelve Stone’s ‘“ No Wash ” cells. 

The considerable saving in weight and length effected 
by the new articulated train as compared with standard 
rolling stock is shown by the following figures :—Weight 
of ten standard 57ft. vestibule cars, 300 tons; weight of 
ten-coach train of articulated stock, 245 tons ; weight per 
passenger standard coach, 10-42 ewt.; articulated coach, 
9-26 cwt.; overall length of ten standard 57ft. vestibule 
coaches, 606ft. 8in.; overall length of ten-coach articulated 
train, 566ft. 6in. 

On a recent visit to Derby we saw the new coaches 
being built and found that so far as is possible with 
such large vehicles the line method of construction 
and assembly has been adopted. The work was 
proceeding rapidly and smoothly and on the. assembly 
section it was evident from the ease with which parts 
fitted together that all work was being done to 
very fine limits. All the welding is carried out with the 
work in jigs and to enable the welds to be made in a hori- 
zontal position the practice of swinging the jig and its 
contents into various positions has been adopted. The 
finished train which we inspected was typical of the high 
standard of work the company puts into its coaching 
stock. We found the new coaches comfortable and roomy 
and the finish pleasing to the eye, and there is little doubt 
that the new trains will prove very popular with the 
travelling public. 








INSTITUTION OF PETROLEUM TECHNOLOGISTS.—At the 
annual general meeting of the Institution of Petroleum 
Technologists held on Tuesday, March 9th, the Redwood 
Medal of the Institution was presented to Mr. Harry 
Ricardo, F.R.S., in recognition of his contributions to the 


Beet Sugar Manufacture in Canada. 


An interesting outline of the process followed 
in Canada in the manufacture of beet sugar was given 
recently before the Lethbridge branch of the Engineering 
Institute of Canada by F. H. Ballou, chief engineer of 
Canadian Sugar Factories, Ltd. The raw beets, he said, 
are brought from the farms and either stored in large 
piles or delivered directly to wet hoppers and carried by 
water to the trash house, where sand, leaves, rock, &c., 
are removed. A large beet wheel raises the beets from 
the flume, draining off the flume water and discharging 
them into the beet, washer, where they are agitated in 
clean water and passed to the roller table where further 
dirt is removed. The clean beets are then elevated to 
the beet hopper, being hand picked for bad beets, and are 
then over a magnetic pulley. Next the beets go 
to the slicers and are cut into shreds called cosettes, 
and discharged on to a conveyor belt on which they 

over a weightometer and thence to the diffusion 
ttery, a series of upright cylinders each with a capacity 
of 4 tons of cosettes, where hot water at 55 deg. Cent. 
is circulated to remove the sugar from the beets by 
osmotic action. The juice thus removed is treated with 
milk of lime and carbonic acid gas, which precipitates 
some of the non-sugars. It is then given another carbona- 
tion of an alkalinity differing from the first treatment. 
resulting in the precipitation of more non-sugars, leaving 
a juice which contains about 17 per cent. sugar, which 
is then treated with sulphur dioxide, neutralising the 
alkalinity and having a bleaching action. 
The juice next goes to the evaporators where the 
water content is reduced in a series of tanks operating 
under varying pressure conditions. Melted sugar is 
added to the thickened juice and the sulphur treatment 
ted, followed by another filtration, after which the 
juice is boiled under reduced pressure and the first 
crystallisation takes place, the crystals being separated 
from the mother liquor in high-speed centrifugal machines. 
The mother liquor is twice treated and further sugar 
extracted until finally only molasses is left which is 
used either as a cattle feed or is treated further at the 
Raymond plant of the company, and still more sugar is 
extracted. The sugar from the centrifugals is dried and 
elevated to the top of the packing house, where it is 











advancement of the science and technology of petroleum. 





bagged or is passed to the bulk storage bin. 
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Electric Power for Pump Operation. 


+ 


HILE it must be admitted that there are conditions 
which favour the reciprocating pump, centrifugal 
pumps driven by oil engines or even steam engines are 
often preferable. By reason of its construction and high 
speed the latter is ideal for direct drive by electric motor, 
although the risk-of power failure may make the alter- 
native methods of driving more desirable. A heavy inter- 
mittent load may mitigate against attractive terms for 
power, so that lower operating costs will be obtained from 
oil engines, though at the expense of higher capital cost. 
Most pumping duties can, however, be well met by centri- 
fugal pumps. The smaller units automatically or remotely 
controlled can almost invariably be shown to be economical 
and units of 500 H.P. and over are rapidly displacing 
steam sets on the American Continent. 
Compared with other duties, the requirements of pump- 





istics specially in favour of electric drive. It can be claimed 
in favour of oil engines that the cost per engine H.P. has 
now been reduced to about £10, and putting £3 10s. as 
about the lowest.kVA maximum demand charge at present 
obtainable in this country, it may be argued that such 
charges in respect of electrical plant are equal to the 
capital expenditure on oil engines after three or four years. 


Syncuronovus Morors. 


rated by 


The majority of the larger pumping plants o 
f£ are a 


electricity make use of synchronous motors. 


feature of all the American plants mentioned irrespective 
of whether the pumps run at 1200 r.p.m. in the case of 
waterworks sets or at 120 r.p.m. as im the case of some 
drainage pumps at Chicago (Fig. 2). 


There is one of 





Fic. 1—1500 H.P. BOOSTER PUMP AT MILWAUKEE 


ing are, relatively speaking, small. The large waterworks 
engines operated by concerns like the Metropolitan Water 
Board rarely exceed 1000H.P., but the fact that such recent 
installations as the waterworks pumping units at Pittsburg 
with four 2250 H.P. sets and two of 1500 H.P., a water- 
works pumping station at Washington with 1250 H.P. sets, 
one at Le Perg (France) with five 500 H.P. units, booster 
pumps at Milwaukee calling for 1500 H.P. (Fig. 1), and the 
Dutch Polder drainage pumps at Medemblik with 660-kW 
motors are performing their duties at low operating costs, 
all point to the fact that the electrically driven centrifugal 





FiG. 2—72- INCH 


is sound commercially if power is available at anything like 
a reasonable rate. 

In the case of intermittent working the best terms for 
electrical energy cannot be anticipated, but circumstances 
usually demand that the capital cost be kept low and dock 
pumping is almost invariably done by electricity. There 
are one or two drainage stations in this country similarly 
equipped. One at Torksey, for instance, has motors 
totalling 385 H.P., while the four large vertical spindle 
pumps recently put to work at the King George Graving 
Dock at Southampton are driven by synchronous motors, 
each of 1250 H.P. Since the Torksey plant was put into 
operation there have been five similar stations in the same 
area equipped with oil engine plant, while the Trent 
Catchment Board, after careful investigation of com- 
parative costs and negotiations with the Electricity Com- 
missioners, are specifying 500 H.P. oil engines for the 
operation of six axial flow pumps, which have character- 








655 kW driving a centrifugal pump at the Lancashire 
Steel Company’s works at Irlam at 1000 r.p.m., by 
Mather and Platt, and another of about the same power 
by the B.T.H. Company, doing similar duty at the 
Shanghai waterworks. 

Both salient pole and auto-synehronous machines are 
coming into favour for the general run of waterworks 
pumping. The latter is very well suited to bore-hole work, 
the set shown in Fig. 3, by Crompton-Parkinson, Ltd., being 
typical. The motor is rated at 95 H.P. and the pump 
delivers 160,000 gallons per hour. Relatively cheap to 





800 H.P. STORM WATER PUMPS AT CHICAGO 


install, this type of motor can be said to possess all the 
advantages of the salient pole type, combined with high 
starting torque and it only requires the simple switchgear 
associated with the slip-ring induction motor. 


WATERWORKS AND SEWAGE PUMPING. 


That synchronous motors of modern design, whether of 
the salient pole or auto-synchronous type, fulfill the con- 
ditions of centrifugal pump operation exceedingly well, 
is not only evidenced by their increasing use for relatively 
small sets like the one shown in Fig. 3, but for much more 
ambitious schemes like that shown in Fig. 4. This illus- 
trates one of the new drainage pumping stations at 
Chicago, where 1000 H.P. units are driving 48in. pumps 
handling 150 cubic feet per second at 44ft. head and 300 
r.p.m. Like storm water sets in the same area driven by 
800 H.P. motors running at 120 r.p.m., these installations 
are typical of a number of recent installations in America, 





principally by Allis Chalmers, who have been responsible 
in the past for many large steam-operated waterworks 
pumps, which are rapidly disappearing in favour of elec- 
trically driven centrifugal and turbine pumps. 

‘The Washington waterworks alone has now nine units 
of this class between 500 and 800 H.P., all driven by 
synchronous machines of almost identical type, which run 
at 1200 r.p.m. and take current at 2000 volts. 

The French station at Le Perg has five pumps handling 
2600 g.p.m. at 263ft. head, and these, driven by 500 H.P. 
motors, resent more or less average waterworks duty, 
though probably the most interesting example of this 
































Fic. 3—ELECTRIC BOREHOLE PUMP AT CHIPPING_| 
NORTON 


type of plant is to be seen in the Brilliant pumping station 
at Pittsburg, not only on account of its size and compre- 
hensive control equipment, but because it is claimed to be 
operating at an overall efficiency of 85 per cent. This 
plant, like so many other American waterworks plants, 
deals with river water to heads of 236ft. and 328ft., and 
the four larger units mentioned are rated at 28 million 
gallons per day to 365ft. head, while the others handle 
24 million gallons per day at 272ft. head. They comprise 
two pumps operating in series and a large number of the 
various parts are interchangeable. with one another. The 
motors, which take current at 2300 volts, transformed 
down at the station from 22,000 volts, are self-starting 
synchronous machines running at 720 r.p.m. Started at 
reduced voltage by means of air-cooled reactors, their 
starting peaks are less than 250 per cent. of full load, so 
that no interference is caused to those running when any 





Fic. 4—DRAINAGE PUMPING STATION AT CHICAGO 


of the others are started.. With the four larger units of 
2500 H.P. and the two smaller ones of 1500 H.P. the total 
installed H.P. is 13,000 and the plant cost £155,000, which 
is a figure interesting to compare with £89,000, which two 
1000 H.P. steam sets cost the Metropolitan Water Board in 
1925. 


DrarnaGE WorkK, VARIABLE Heaps. 


Although the heads worked to are higher and may call 
for protective devices in the shape of surge suppressors, 
the pumping problems in the case of waterworks duty may 
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be simpler than they would be in the case of drainage work 
on aceount of the head being practically constant, whereas 
in the latter case if may vary over wide limits. That may 
call for variation in the pump speed, a type of pump 
better suited to coping with variable head at constant 
speed, a pump maintaining a constant efficiency at 
variable delivery or a combination of two or more of these 
conditions. Here again there arise problems which are 
only solved by taking into careful consideration all the 
factors involved. 

At the Medemblik station, for instance, while the head 
is low, as might be expected in a polder or fen drainage 
station the volume of water handled is large and the head 
very variable. These conditions here are met by Scherbius 
machines, a diagram of the installation by Brown, Boveri, 
and Co., Ltd., in conjunction with Werkspoors, of Amster- 
dam, being given in Fig. 5. Supplied with current at 3000 
volts stepped down from a 50,000-volt 50-cycle transmission 
line, these three pumps are driven by three-phase vertical 
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. Main motor. 5. Tapping switch with re- 


l 

2. Frequency changer. sistors. 

3. Three-phase commutator 6. Excitation transformer. 
machine. 7. Change-over switch. 


4. Auxiliary driving motor. 8. Starter. 


Fic. 5-MOTOR CONNECTIONS 


shaft induction motors, each with a continuous rating of 
660 kW, and a synchronous speed of 107 r.p.m. These 
pumps, with their 8ft. 2in. diameter cast iron impellers, 
are set in the concrete foundations without casings, much 
on the lines of a low fall hydraulic turbine. This con- 
struction, which is obviously economical, was made use 
of in a rather crude form more than fifty years ago on the 
Po drainage works. 

Both screw and propeller type pumps are being now 
extensively applied to drainage and irrigation work, and 
their advantages under the variable head conditions per- 
taining to such work are well known. Principally they are 
high speed and have a flat efficiency curve under head 
variation, but those at Medemblik are centrifugals with a 
capacity of 14,000 cubic feet per hour, though with a mean 
delivery head of only about 22ft. their speed is excep- 
tionally low. To obtain the maximum possible efficiency 
under such cunditions, especially in view of the fact that the 
head varies between 10ft. and 30ft., it was finally decided 


_that induction motors equipped with the Brown-Boveri- 


Scherbius system of sub- and super-synchronous speed 
regulation would give the best results. Here, as shown in 
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Fic. 6—WIRING DIAGRAM OF VARIABLE SPEED 


MOTOR 


Fig. 5, a regulating motor (3), which is a three-phase 
commutating machine running at 1000 r.p.m., is connected 
to the slip rings of the main motor (1) with an auxiliary 
asynchronous machine (4) of 140 kW., 380 volts, 1000 r.p.m. 
The latter serves as an intermediary between the mains and 
the commutator machine, one of its purposes being to 
recuperate the slip energy with sub-synchronous regulation 
and to supply the slip energy in the case of super-synchron- 
ous regulation. To enable synchronism to be obtained the 
commutator machine is excited by a frequency changer (2), 
which, as might be inferred, changes the frequency of the 
network to the value corresponding to the slip frequency of 
the main motor. This frequency changer is coupled to the 
pump by step-up gearing with a ratio of 107/1000, regula- 
tion being effected in seventeen steps, which divide up the 
range of speed from 88 to 120 r.p.m. into equal intervals. 
This system, as outlined, being somewhat costly, is 
only in use to a limited extent for large powers, but a 
modified one, sponsored by the B.T.H. Company, is very. 
well suited to the speed control of smaller sets. An 
example is seen at the Bourne Vale pumping station of the 
South Staffordshire Waterworks, where « 250 H.P. motor 
operating a bore-hole pump is arranged for operation at 
850-620 r.p.m. Here, the main motor is a standard 
wound rotor induction machine, and it is combined, as 





shown in Fig. 6, with a slip regulator of the commutator 
type having a small induction driving motor, while direct 
coupled to the main one is a small polyphase frequency 
changer for providing field excitation to the slip regulator. 
The speed is regulated by the brush movement of this 
frequency changer and the scheme operates in the same 
way as the ‘“ No-Lag”’ Scherbius. That alternative 
system, too, is also quite well suited to pumping duty ; 
it gives a drive pretty well identical in its characteristics 
to those of the Schrage motor and it combines high 
efficiency with a favourable power factor. 








Business Control and Management* 
By H, A. SISSON, O.B.E., F.C.A. 


Ir is not too much to say that in the majority of cases 
the difference between a successful business’ and an 
unsuccessful one is due to the management. - There are, of 
course, exceptions; conditions may be so favourable 
that even bad management does not prevent a profit 
being made, or so unfavourable that the best management 
in the world cannot avoid losses. Such conditions are, 
however, necessarily unstable, and tend to correct them- 
selves. Thus, if a particular trade shows an undue margin 
of profit, rivals will spring up and competition will reduce 
the margin until only those efficiently managed can survive. 
If, on the other hand, conditions affecting a trade are such 
that even the most skilful management cannot show a 
profit, that trade will tend to disappear from the district. 
This may be summed up by saying that the effect of com- 
petition is such that only well-managed concerns can 
survive. It is therefore important to inquire into what 
constitutes good management. 

Unfortunately, the subject turns out to be an elusive 
one, like economies and philosophy, and it is exceedingly 
difficult to extract from it any useful general principles. 
We may start, however, by considering what we mean by 
management. Before doing so I should like to point out 
the inherent weakness: in any definition, which merely 
consists of expressing one word in terms of other words. 
As there are only a finite number of words, any definition 
must therefore either become circular or end with words 
which are incapable of definition, and whose meanings 
must be postulated. Subject to these preliminary remarks, 
I will now try to explain what I mean by management. 

Management is the same as control, and a man may be 
said to manage his hands and feet, though this rather 
brings the metaphor to life, because the word really means 
to handle. A man may also manage a piece of machinery, 
such as a motor car, or an animal, such as a horse. We 
are here only concerned with the control of the activities 
of human beings, and then only for the purpose of business. 
The simplest case is where one man manages another, as 
a plumber should manage his mate. We need not, how- 
ever, consider such simple cases and may pass direct to 
the problem of managing the activities of a large number of 
human beings—it may be hundreds or even thousands. 
The first thing to note is that management may be direct 
or through a chain, so that A manages or controls the 
activities of B and C, who in turn manage D, E, F, and 
G, H, I, respectively. For the purpose of control it is 
probably essential that some sanctions should exist, but 
it is better that these should remain in the background 
and be replaced by the goodwill and common interest of 
the persons concerned. 

The foregoing is the bare, almost mathematical, structure 
of the subject, and we may now turn to a more detailed 
study and inquire what has already been written and said 
about it. 

The study of management as a science, which, in my 
opinion, it is not, seems to have begun in 1895, when a 
certain Frederick W. Taylor presented to the American 
Society of Mechanical Engineers a paper called ‘“‘ A Piece- 
rate System.” The paper was really concerned with what 
is now known as “ motion study,”’ but Mr. Taylor also 
advocated (1) a complete analysis of the operations of 
the industry, and (2) a preparatory improvement and 
standardisation. This latter was to include such matters 
as: 

(1) The installation of the best available machinery 
and tools so far as is compatible with economy. 

(2) A careful study of the materials of production 
and the determination of the proper speed combinations 
of the machiries for the most effective results in the 
shortest possible time. 

(3) Rearrangements of the equipment so as to avoid 
delays, due to unnecessary handling of materials and 
partly finished product. 

(4) The introduction of known devices for economical 
and expeditious handling of materials and partly finished 
product. 

(5) A careful study and analysis of the detailed pro- 
cesses and methods of production, looking to the 
elimination of waste, time, and effort. 

(6) The improvement of accessories, 

(7) The reorganisation of the ial staff with a 
view to avoiding any multiplicity of duties, and of 
securing definiteness of functional responsibility. 

(8) Improvements of the methods of record keeping 
and accounting so that exact knowledge may, at. all 
times, be available covering equipment, money, mate- 
rials, and«labour, and their disposition present and 
prospective. 

(9) Reorganisation of the sales and purchasing depart- 
ments with a view to broadening and stabilising the 
market for the product, and purchasing by specifications 
at the most economical rates and in accordance with 
needs. 

(10) Improvements in the methods of stores keeping 
which ensure sufficiency of stock on hand, quick 
delivery, and avoidance of interest and loss on unneces- 
sarily large investments. 

_ (11) Better methods of tool storage, maintenance, 
and delivery. 

I do not know what manufacturing was like in 1895, 
but I think that a modern managing director would be 
grossly insulted if you told him that he had neglected any. 
of these points, even if in fact he had. 





* North-East Coast Institution of Engineers and Ship- 
builders, Neweastle-upon-Tyne, Friday, 12th March, 1937. 





In 1903 Mr. Taylor produced another paper called 
‘Shop Management.’ In this he denied the suggestion 
that his first paper was designed to reduce piece rates, 
and said that its real purpose was to improve manage- 
ment. He gave the following as his idea of what was 
necessary for successful management :— 

(1) Determine everything that should be known 
and recorded about an industry. In acquiring this 
knowledge, the investigator should consult engineers, 
mechanics, labourers, janitors, scrub women, presi- 
dents, treasurers, secretaries, sales managers, salesmen, 
clerks, office boys, and customers. This information, 
when properly classified, constitutes the first or 
analytical step in preparing for each business or industry 
its own peculiar science. 

(2) Classify and colify the foregoing information 
systematically and use it as a basis of improvements, 
standardisation, and organisation and instructions. 

(3) Determine for each position the type of man 
or woman best fitted for it; in other words, employ 
scientific selection of the workers. 

(4) Bring the science to the workers through 
definite instruction cards, demonstration, and training. 

(5) Compel the management itself to assume its 
due share in each of the foregoing steps. 

Mr. Taylor goes on to say that these requirements 
can be brought about by what he calls “ functional 
control.” This involves four office functions and four 
shop functions as follows :— 


Orrice Functions. 


(1) The routing and “‘ order of work ”’ or scheduling. 
(2) Time studies, job analysis, and instruction cards. 
(3) Cost predetermination and calculation. 
(4) Discipline. 

Suop Functions. 


(1) The gang boss or group leader who sees to 
preparation and machine set-up. He sees to it that all 
material, tools, and instructions are ready. 

(2) The speed boss or demonstrator, who sees 
that the work is done in accordance with the instruc- 
tion cards and demonstrates that it can be so done. 

(3) The inspector, who looks after the quality of 
the product as it is . 

(4) The repair and maintenance man, who sees 
that all equipment is in good order and running right. 
Mr. Taylor, of course, wrote in American, and it may 

be that what he says would sound better if translated into 
English. 

By this time several people in America had begun to 
take an interest in Mr. Taylor’s ideas, and in 1910 the 
whole subject of “scientific management’ obtained 
tremendous publicity. This is what happened. The 
American Railways applied to the Inter-State Commerce 
Commission for an increase of freight rates following an 
increase of wages. The advocates of ‘‘ scientific manage- 
ment ”’ were able to show, to the satisfaction of the 
Commission, that by applying their methods the increased 
wages could be paid without an increase of freight rates. 
As a result of this publicity, hundreds of men who had 
been accountants or in some way connected with business 
systems adopted the title ‘industrial engineer” and 
went about the country installing what they called 
“ scientific management ’’—no doubt for substantial 
fees. According to my authority, many of these men 
were ill-qualified and their work did much harm to the 
cause of what he calls “‘ management engineering.” 

No one wishes to make fyn of those who study the 
question of economic production or the theory of business 
organisation, but one may reasonably resent the introduc- 
tion of a new so-called science to the already overburdened 
human race. I particularly object to the use of the word 
scientific ’ in connection with this subject. Owing to 
the astonishing success of the application of natural 
science, “ scientific’ has become the pet word of the 
patent medicine monger. After all, the word only means 
** knowledgeable,” and ‘‘ systematic management ” would 
be a better description, even if less saleable. 

It seems to me that successful t depends 
entirely upon the personal qualities the manager. 
If he is the right man, he will lead those under him and 
will not need to drive them. Looking back on the successful 
managers that I have known—I do not mean wizards of 
finance or super-men, about whom I shall have something 
to say later, but men who have made a success of compet- 
tive businesses on a moderate scale—I think they have 
all been likeable people and generally unobtrusive. 
Apart from this they only seem to have one other common 
characteristic, namely, that they have all had their 
interest in their job at heart, and as their principal object 
in life. People sometimes wonder why the manager 
who seems to do less work than the cashier or ledger 
clerk should receive perhaps ten times the pay. The 
reason is, of course, that the manager, if, he is worth 
anything, never finishes with his job. It follows him about 
everywhere; and if he wakes in the night, he will ay 
start thinking about some problem connected with it. 

At first sight it seems that a man would be better 
and freer without any ideals or fixed beliefs, but it appears 
that some such background is necessary to most people 
to prevent them from losing interest in life, or from 
become frightened by contemplating a universe controlled 
only by the statistical laws of chance. One should there- 
fore, as far as possible, respect other people’s prejudices 
and beliefs. 

It may fairly be asked how it is possible to tell whether 
the success of a particular enterprise is due to the manage- 
ment, and here I may introduce a proposition which, 
for some curious reason, is never popular with successful 
people :—Assume a nation consisting of people of exactly 
equal ability. Each one of these will have to make, say, 
a hundred crucial decisions during the course of. his 
business life, and upon these decisions his success or 
failure will depend. Assume, further, that the data avail- 
able is not complete so that an element of chance enters 
into each decision. Out of twenty million people there 
will be some who make the decisions all right, and some 
who make them all wrong. The majority will be dis- 
tributed between these two extremes. There will there- 
fore be some millionaires, and some paupers, as well 
as a great number of ordinary people, as there are, in 
fact, in the country. Now by postulate all the people 
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were of equal ability, so that when you see a millionaire 
you cannot be sure whether he is a product of the law of 
chance, or of his own ability, or a mixture of both. If, 
however, one observes the work cf a manager over a 
term of years, through good times and bad, it is possible 
to discount the element of chance, and form some real 
conclusion as to his ability. 

In any business some kind of organisation is needed, 
and the larger the enterprise the greater the amount of 
organisation necessary. The great thing, however, is to 
keep the structure as simple and as elastic as possible ; 
in other words, organisation is a thing to be fought against 
rather than encouraged. No doubt this will sound like a 
heresy to the scientific manager, but in support of it I 
may quote no less an authority than Henry Ford, who 
controls what is probably the largest business enterprise 
in the world. He says :— 


“That which one has to fight hardest against in 
bringing together a large number of people to do work 
is excess Organisation and consequent red tape. To my 
mind there is no bent of mind more dangerous than that 
which is sometimes described as the ‘genius for 
organisation.’ This usually results in the birth of a 
great big chart showing, after the fashion of a family 
tree, how authority ramifies. The tree is heavy with 
nice round berries, each of which bears the name of a 
man or of an office. Every man has a title and certain 
duties which are strictly limited by the circumference 
of his berry. 

“If a straw boss wants to say something to the 
general superintendent, his message has to go through 
the sub-foreman, the foreman, the department head, 
and all the assistant superintendents, before, in the course 
of timé, it reaches the general superintendent. Probably 
by that time what he wanted to talk about is already 
history. It takes about six weeks for the message of a 
man living in a berry on the lower left-hand corner of 
the chart to reach the president or chairman of the 
board, and if it ever does reach one of these august 
officials it has by that time gathered to itself about a 
pound of criticisms, suggestions, and comments. Very 
few things are ever taken under ‘ official consideration ’ 
until long after the time when they actually ought to 
have been done.”’ ‘ 


There is in one of the books T have consulted for the 
purpose of this paper a perfect example of the family 
tree, and I wish I could reproduce it here. It has ninety- 
four berries on it. 

The best kind of organisation is the one-man show, and 
if the enterprise is too large to be a single one-man show, 
it should be a series of one-man shows. But there should 
be a man at the head of the series to solve the petty 
jealousies between the members. We can all think of 
cases where a large enterprise has been held together by 
one dominant person. It may be that in later life he 
became only a figure-head, but his mere existence was 
sufficient to keep the structure together and working 
satisfactorily. 

It is absurd to say that the man who pays the piper 
should call the tune. The man who pays should specify 
the kind of tune he wants, but the actual choice of tune 
should be left to the piper, who knows a great deal more 
about tunes than the man who pays him. 

Decentralisation is essential to good management, and 
the man on the spot should always be given a free hand to 
deal with the situation as he finds it, because it is impossible 
to manage a business from a distance. We are all familiar 
with the parlour game called Russian Scandal, in which a 
sentence is whispered round a group of people, usually 
resulting in its being entirely changed in the process. An 
amusing instance of this occurred when I was at the R.E. 
training depét. I was marching at the head of a company 
of about 250 sappers, and by way of experiment passed 
the word down the column to the sergeant at the rear, 
instructing him to detach two men from the rear rank and 
send them up to report to me. Nothing happened and 
after a time I halted the column and walked back to see 
what had gone wrong with the message. I found that the 
rear rank men had fixed bayonets, and they swore that 
this was the message they had received. Second-hand 
information is less reliable than first-hand and third-hand 
is almost certain to contain something misleading. 

This may be a suitable place to say something about 
over-elaboration of records. Many companies waste 
money in preparing elaborate statements of figures to 
be put before the directors at board meetings, where they 
are often not understood ; or to be merely filed away in 








special and expensive cabinets. This, though wasteful, is 
otherwise harmless, and it is only when those at a distance 
begin to use such records as a basis for managing the 
business that they become really dangerous. In nine 
cases out of ten, when you want to know anything, the 
best course is to walk down into the shop and either see 
for yourself or find out direct from the man who knows. 
This is not the method of the super-man, who likes to sit 
at his desk and ring bells, but the last twenty years have 
seen the downfall of so many super-men that their methods 
may be regarded as dangerous. 

If a branch or subsidiary company is not working satis- 
factorily, no attempt should be made to run it from head 
office. The local management should be changed until a 
suitable man is found for the job. This brings us to the 
functions of the directors, other than managing directors. 
The first and most important duty of the ordinary directors 
is to choose the manager or . Having chosen a 
manager, they should back him up and give him every 
assistance in their power. In particular the directors 
should encourage him to come to them when he feels the 
loneliness of command, so that they may take the responsi- 
bility which it is their duty to take. Here I may repeat 
some good advice that was given to me by a very successful 
manager, who is now a director of one of this country’s 
largest companies. He said: ‘‘ Encourage those working 
for you to come to you whenever they make a mistake or 
get into trouble. You are fairly sure to hear when anyone 
does a good stroke of business, but what you really want 
is to be told quickly when things are going wrong.” 

There are only two other essential functions of the 
ordinary directors, namely, to see that the company is 
properly financed, either by providing additional capital 
when required or by seeing that it does not over-trade 
with the capital it has. In this connection it is not a bad 
idea to have an accountant on the board. An accountant 
may be regarded as a professional — ist, and though a 
pessimist will never become a millionaire he rarely goes 
bankrupt. In any case the directors should always 
remember that the prosperity of the business comes first, 
and the payment of dividends second. 

The other function is to take a general view of the 
business and to look ahead. Directors should always 
be thinking of what is likely to happen in two or three 
years’ time, and planning to keep their company alive 
and prosperous in whatever conditions may arise. 

We come now to the most fascinating problem of how 
to find the manager. If one could be given a kind of 
divining rod, which would indicate whenever one passed 
someone who had real managerial ability, I think you 
would be surprised, when walking in our great cities, by 
the number of times the rod reacted, and by the com- 
paratively humble positions the persons indicated held. 
One thing is certain, namely, that the happy possessor 
of the magic rod would not need to do any more work, 
because all he would have to do would be to acquire 
a controlling interest in some moribund businesses, install 
his capable managers, give them a reasonable interest 
in the profits, and live on the surplus. I have known cases 
where on the appointment of a receiver a comparatively 
obscure member of the staff has been selected to manage 
the business under the receiver, and has turned out to 
be a great success. Perhaps the greatest man I ever met 
was the late Colonel Harrison, the man who made himself 
responsible for the production of the British box respirator, 
in uniformly good quality,.and in such quantities that 
not only were our own men adequately provided for, 
but we were able to supply some millions to the Americans 
and Italians. Before the war Harrison was an analytical 
chemist, and, but for a shortage of revolvers, would 
have gone to France as a Corporal in the Special Brigade 
R.E. However, he was left behind and went to the Anti- 
gas Department at Millbank. Whenever anyone wanted 
something done Harrison was the man to go to. For his 
respirators he would order factories to be built on his own 
responsibility, and when told by Contracts Department 
that this was irregular and must cease, would reply, 
“‘ Very well then, I won’t be responsible for the safety of 
the troops against gas,” and they always gave him what he 
wanted. Harrison died of overwork and influenza in 1918, 
and his work is insufficiently known and appreciated by 
the general public. ‘The point of all this is, that the most 
unassuming person may turn out to be the most capable 
when placed in a position of responsibility. 

Without a divining rod I do not know how one is to 
discover hidden talent; but I think that when a post 
falls vacant one should always consider the possibility 
of promoting one of the existing staff before going out- 





side. Let us now consider the narrower problem of choos- 
ing the best man out of a group of applicants for the 
post of general manager. In the first place, the man 
should know the business and. should preferably have 
been brought up in it. Past success in the same kind of 
business is probably the most reliable qualification, but 
such a man necessarily commands a higher salary, and 
may not be as good as another who has not yet had a 
chance to prove his ability. On the other hand, the 
man who has been consistently unlucky should be avoided 
if possible. .In the Navy, if an officer is in command 
of a ship which is involved in an accident, even though 
he is absolved from all blame, having been quite rightly 
asleep at the time, and even if he is complimented on his 
conduct following the accident, the facts are placed on 
his record. Let him have two such accidents, and he is 
fairly certain to be passed over for promotion. If the 
Admiralty could be pressed to give an explanation, 
they would probably be compelled to say, ‘ Not only 
do we want competent officers, but we also want Jucky 
ones.”’ 

A second and equally important point is that the man 
should be likeable. One should not find one’s interview 
with the applicant uncomfortable, and that in spite of 
the fact that for the applicant himself, the interview must 
necessarily be a very trying ordeal. 

For the post of general manager very high technical 
qualifications are not needed, and a string of degrees 
may be regarded as a disadvantage rather than as a 
recommendation. I should like to be able to say that a 
good public school and university education were valuable, 
but I am afraid that they are not, and if an applicant 
came before me with a degree in commerce, other things 
being equal, I should pass him over in favour of a man 
who had spent his whole time since leaving school in 
learning the business which he hopes to manage. 

Beware particularly of the super-salesman type of 
manager, the live wire.. He is always very snappy and 
full of pep and-self-confidence.. Also, he is always very 
busy, humming like a top and buzzing like a bee, but it 
will generally be found that the quiet unobtrusive worker 
gets more done, and does it better. 

If we are unimpressed by the present degree of Bachelor 
of Commerce, it is fair to ask what, if any, course of 
instruction can be recommended for a potential manager. 
One authority I have consulted recommends the following 
* background ”’ studies :—History, economies, psychology, 
English, accounting, banking, money, and corporation 
finance. It seems to me, however, that these subjects, 
as at present taught by persons who are academic rather 
than practical, are useless even if not harmful. Given 
a free choice, I should send a boy to a good public school 
and to a university, for reasons other than those connected 
with his commercial career. At school he might learn 
what he liked, providing he acquired as much in the way 
of elementary mathematics as he was capable of. At 
the university, if there was a special course for the kind 
of business he intended to engage in, such as engineering, 
he should take that course. Failing this, I would prefer 
him to take natural science and more advanced mathe- 
matics, taking care not to get into the rarified atmosphere 
of higher mathematics, which, though fascinating, may 
be definitely harmful to any but the strongest mind. 
If the boy has no aptitude for science and mathematics, 
he had better take modern languages and literature. 
Whatever course he takes, as soon as it is over he must 
go into the business and learn how to work, which, for 
this purpose, may be defined as doing something one does 
not want to do. 








Commutator Generators for Low 
Frequencies. 


PoLYPHASE commutator machines have been used 
for many years in conjunction with large induction 
motors, either as phase advancers for power factor correc- 
tion, or as slip regulators for giving some special type of 
speed torque characteristic. An application less well 
known is the use of these machines as generators for giving 
low-frequency supplies. It often happens that when it is 
required to run smail and medium-size A.C: motors at 
speeds less than 200 r.p.m., it is better to supply them 
at low frequency than to ‘wind them for a large number of 
poles. The live roll drives in a rolling mill may, for 
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instance, require speeds of 100 r.p.m. or less and a frequency 


much below 50 cycles then offers advantages. Since 


motors for this duty run for a large proportion of the 
time on no load, motors with perhaps only six or eight 
poles operate with less light running current than those 
with a | r number of poles. In other cases, as in paper 
machinery and callendars, the motors may be required to 
run at a low creeping speed as part of a definite cycle of 
operation, and here again the low-frequency generator 
offers advantage. i 

Several generators were recently built by the British 
Thomson-Houston Company for this kind of duty. On 
57 cycles the normal speed of the motors is 1600 r.p.m., 
but as they are required to run at a low speed i 
part of the operating cycle, it was decided to provide a 
low-frequency supply. Commutator generators are 
only suitable for use where a polyphase supply is required, 
although equipment such as coal sifters and other vibrat- 


ing arrangements driven by single-phase motors can be 
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supplied, provided the motors are arranged in sets, 
so that the load on the generators is polyphase and 
balanced. 

Low-frequency supplies have generally been obtained 
in the past by using synchronous generators, but as these 
must be driven at a very low speed, necessitating 
a large frame, a commutator machine is usually more 
economical. A 100-kVA, 5-cycle synchronous generator 
would actually be a 1000-kVA, 50-cycle machine running 
at one-tenth of the speed, so that the cost per kVA would 
be very high. On the other hand, the speed of the com- 
mutator machine would probably be about 1500 r.p.m., 
or five times that of the synchronous generator with a 
correspondingly smaller diameter and cost. 

Of the two types of commutator generator available 
the frequency changer, which takes a supply at normal 
frequency and gives the frequency required, is best known. 
The Scherbius machine gives an output electrically 
independent of the supply, and is more suitable where a 
large output is required.’ When compounded it can be 
made to give a nearly flat or rising voltage characteristic, 
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FIG. 4—WINDING DIAGRAM OF SCHERBIUS MACHINE 


which is important when motors are required to give a high 
starting torque. The B.T.H. commutator frequency changer 
is constructed on similar lines to the firm’s variable-speed 
A.C. commutator motor. On the rotor there are two 
windings, one connected to slip rings and the other to 
a commutator. Usually, there are no slots or windings 
on the stator. The stator core consists merely of laminated 
rings, and its only function is to complete the magnetic 
eircult. 

If the slip rings are fed with A.C. a rotating magnetic 
field is set up with a speed synchronous with respect to 
the rotor, but which in space depends upon the speed at 
which the rotor is driven. By revolving the rotor at 
synchronous speed in the direction of the field’s rotation 
the field becomes stationary in space. Since the speed 
of the field is always synchronous relative to the rotor 
it will always cut the bars of the commutator winding 
at the same rate and will always induce the same voltage 
in the winding, irrespective of the rotor speed. But 
the frequency of the output from the commutator is 
dependent on the speed in space of the field in which the 
commutator winding is rotating and may therefore be 
controlled by regulating the rotor speed. The output 
frequency may be-compared with the slip frequency of 





slip, that in a commutator frequency changer is inde- 
pendent of the speed. The addition of a stator winding 
in series with the commutator would give a voltage partly 
dependent on the speed. 

For use in film studios machines of this type have been 
built for supplying camera and sound-recording motors 
which have to be maintained in step both when running 
and when stationary. This can be accomplished most 
easily by feeding them from a variable frequency supply, 
but to maintain synchronism at standstill it is essential 
that the generators shall produce a voltage even at zero 
frequency. A set supplied for this kind of service is 
shown in Fig. 1, where the frequency changer is to be 
seen on the left. Since it is possible to provide better 
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commutation with the Scherbius machine and to work 
with a higher voltage, this type of generator is more 
suitable for larger outputs. In Fig. 2 is shown a B.T.H. 
low-frequency generator of this kind, which comprises 
a shunt-excited machine on the same base as its four-pole, 
50-cycle induction driving motor. In general, the generator 
is similar to the shunt-excited Scherbius machine used 
for the speed control of induction motors. The rotor 
and brush gear are of the same type as those used on a 
D.C. generator, but are arranged to carry three-phase 
current. 
While the stator may be compared with that of an 
induction motor, to obtain good commutation, it has 
large slots notched out at intervals to give salient and 
interpoles. In the faces of the salient poles small slots 
are notched for the reception of a distributed com ting 
winding for neutralising the armature field. shunt 
coils, usually consisting of several turns of round wire, 
embrace the salient poles. In Fig. 3 is shown a partly 
wound stator, where the slots for the compensating 
winding are visible in the faces of the salient poles. As 
indicated in Fig. 4 the compensating winding is connected 
in series with the rotor. One end is connected to the 
brushes and the other to the main terminals, while the 
shunt winding is connected across its terminals. The 
operation of the machine may be compared to some 
extent with that of a D.C. generator, but the voltage, 
current and flux are now vectorial quantities and a new 
factor in the form of frequency is introduced. 
Neglecting the precise theory of the machine if 
an adjustable resistance is imserted in the shunt field 
winding a variation of output is possible within limits, 
but the frequency is independent of the field resistance, 
and special methods must be employed to obtain frequency 
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FIG. 6—VARIATION OF FREQUENCY AND VOLTAGE 


variation. The voltage drop as the load increases is con- 
siderably Jess in a Scherbius generator than in a synchronous 
machine, especially if the power factor of the load is 
poor and lagging, and it may be counteracted by com- 
pounding in a manner similar to that employed for a 
D.C. generator. The frequency is also affected by the 
load to a less extent than in the case of a synchronous 
generator. The provision of a series compound winding, 
however, makes it possible for both the voltage and 
frequency to be maintained practically constant over the 
whole working load, and the voltage can be made, if 
required, to rise with the load. 

As the factors governing frequency have to be fixed 
in the design stage, the scheme of connections is only 





could be altered by inserting an inductance in the field 
circuit, but owing to the very low frequencies for which 
these machines are used, this does not form a very practical 
solution. Another method would be to provide tappings 
on the exciting winding, but this is cumbersome, 
There are, however, other methods of connecting the 
field winding whereby it is possible to alter the frequency 
between li and even to vary it gradually from a given 
value with one-phase rotation down through zero to the 
same value with the reversed phase sequence as required 
for reversing a motor. In Fig. 5 the field connections 
for such a scheme are shown. The leads from the main 
outgoing terminals are connected to D, E, and F, which 
are the corners of a three-phase mesh-connected potentio- 
meter. The tapping points d, e, f, of this potentiometer 
are adjustable to any position between E F, F D, and D E, 
respectively, and are arranged so that all three are moved 
simultaneously. These i are connected to the 
shunt field winding, and other ends to the field 
rheostat for normal operation. By altering the position 
of the tappings the ge can be reduced from normal, 
when d, ¢, and f are at E, F, D, when the circuit is then 
equivalent to that shown in Fig. 4 with a small load across 
the terminals, With the tappings in the mid position 
the frequency is reduced down to zero. If the tappings 
are moved to the other ends of the potentiometer normal 
frequency will again be obtained, but with the opposite 
phase rotation. 

A machine controlled by this method was tested on 
no load, and curves which indicate how the frequency 
and voltage varied are shown in Fig. 6, in which the 
voltage and frequency have been plotted for various pee. 
tions of the tapping agers the positions being defined 
as a percentage of the distance along the three-phase 
potentiometer from one end and for movement along one 
half only. The voltage range is governed by the values 
chosen for the resistances of the potentiometer and the 
shunt field rheostats, but the limits of stable operation 
are set by the saturation curve just as in normal operation 
or in a D.C. generator. A wider voltage range as shown 
by the dotted curve would generally be required in order 
to use the generator for controlling a motor or a group 
of synchronised motors between the maximum 
in one direction down to zero speed, and up to speed in 
the opposite direction, and this is possible by making 

i it provision for it in the design and construction of 
the machine. The above and other methods of frequency 
variation are covered by Patents Nos. 420,230 and 421,646. 

As the magnetism in generators of this type is always 
small owing to the laminated field system and : Iternat- 
ing flux, it is necessary momentarily to connect the field 
winding through a current-limiting resistance to the 
main supply of the driving motor, and it is immaterial 
whether this is A.C. or D.C. 

The commutator generator shows up to the best 
advantage for a range of frequencies below that for which 
it is generally considered economical to construct a 
synchronous machine. For frequencies below 10 cycles 
the commutator generator is found to be advantageous, 
and, broadly speaking, the lower the frequency the easier 
is such a machine to design and build. Commutation is 
also assisted if the frequency is kept low, and all B.T.H. 
machines tested are said to have proved very satisfactory. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Tue Instrrure or We pina has changed its address to 104, 
Victoria-street, London, 8.W.1. 

Bruce Peesies anv Co., Ltd., mio 2 announce that 
the address of their London offices is being changed to Aldwych 
House, Aldwych, W.C.2. 

Tur Brewrncuam Toor anp Gavuce Company, Ltd., 
announces that it has built and is now occupying a new factory 
at Soho Hill, Handsworth, Birmi » 19. 
Vickers-Armstrones, Ltd., intimate the appointment to 
their board of Mr. A. Dunbar and Mr. A. B. Winder. Both are 
directors of the English Steel Corporation, Ltd. 

Dr. H. E. Mernirr, chief engineer to David Brown and Sons 
(Hudd.), Ltd., will very shortly be released, by special arrange- 
ment with David Brown and Sons, to take up a Government 
appointment. 











CATALOGUES. 


Ruston axnp Hornssy, Ltd., Lincoln.— Publication No. 7357 
on centrifugal pumps of all sizes. 

Brittsn Timken, Ltd., Cheston-road, Aston, Birmingham, 7. 
—‘‘ Timken Bearings in Motor Vehicles.” 

Mrrrizes Watson Company, Ltd., Scotland-street, Glasgow. 
—Pamphlets on “ Mirrlees Evo” submergible pumps and motors. 
Britise INsvLaTep Castes, Ltd., Prescot, Lanes.—Publica- 





tion No. N.C.2.T., on eti for foundries. 


Etuiorr Brotaers (Lonxpon), Ltd., Lewisham, 8.E.13.— 
Catalogue sheets on Weameter test sets, high-sensitivity and 
power factor recorders. 

James Dawson anv Son, Ltd., Lincoln.—Booklets on vee 
rubber belt ropes and their application, and “8 ona ” vee 
ropes for short centre drives. 

Bascock anp Witcox. Ltd., Babeock House, Farringdon- 
street, E.C.4:—‘ The Utilisation of Metallic Are Welding in 
the Construction of Steam Generating Plant,” by H. Harris. 

R. A. Dyson and Co., Ltd., 76-80, Grafton-street, Liverpool, 
8.—A booklet illustrating the various types of trailers the firm 
supplies and some of the loads they are capable of carrying. 
Merropouitan-VicKErs ELxctricat Company, Ltd., Trafford 
Park, Manchester, 17-—A new L pemrnery describing briefly 
a range of flameproof underground electrical mining equipment. 
Generar Execrric Company, Ltd., Magnet House, Kingsway, 
W.C.2.—Booklets HO 7876 on elec water heaters for 
thermal storage heating, and F. and C. 7853 on materials- 
handling plant. 

-Hartanp anv Woxrr, Ltd., Belfast.—Catalogue No. 369, 
dealing in detail with Harland-B. and W. two-stroke marine 
oil engines. An illustrated brochure of structural steelwork 
and bridge building done by the company. 

Untrep Sreex Companies, Ltd., 17, Westbourne-road, 
Sheffield, 10.—A reprint of a lecture entitled ‘‘ The Fabrication 
of Stainless Steel,” given by F. D. Gordon to the Yorkshire 











an induction motor, but whereas the voltage in the 
secondary of an induction motor is proportional to the 





suitable for a given fixed frequency. True, the frequency 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The Advance in Prices. 


A further advance in the European Steel Cartel’s 
Continental export prices was announced this week. It 
is many years since the quotations were at the level they 
now occupy. For instance, steel bars are quoted at £5 gold 
f.o.b., sections at £4 17s. 6d. gold, plates at £6 2s. 6d. gold, 
black sheets at £13 r, and galvanised sheets at £16 10s. 
paper. These fa ene however, are the official Cartel 
prices, and works are asking high premiums upon them. 
The effective f.o.b. prices may be called :—~Bars, £6 10s. 
gold; sections, £6 7s. 6d. gold; plates, £7 15s. gold; 
black sheets, £14 10s. paper ; galvanised sheets £17 paper. 
With the exception of the sheet makers, the British works 
have not followed these advances, but it is understood that 
their export prices will come under review next week. 
The situation, however, is not without its dangers, and 
although there is a section of the market which argues 
that the Continental prices plus the premiums. charged 
are accepted by buyers in some foreign countries, others 
believe that they can already see signs of a revolt against 
these extreme quotations. It is suggested that there is a 
tendency on the part of some overseas buyers who are 
engaged on important jobs to delay the execution of the 
work until more settled conditions prevail ; whilst mer- 
chents who are in a position to know talk of new work 
being held up indefinitely as a result of the price increases. 
It is interesting to note that the South African Govern- 
ment intends to fix fair average world prices below which 
imported steel] must not besold. The engineering shops in 
the Union have calculated an average price, f.o.b. port of 
shipment, at which it has been possible to buy imported 
material, and these are as follows, the Government’s fair 
average price being given in parentheses :—Constructional 
steel and bar steel £5 lis. (£7 17s. 6d.); heavy rails, 
£7 7s. 6d. (£7 15s.); light rails, £4 10s. (£6 10s.); gal- 
vanised corrugated sheets, 24 gauge, £10 10s. (£12 7s. 6d.) ; 
steel plates, £6 7s. 6d. (£8 7s. 6d.). To these figures will 
have to be added the normal freight, landing charges, duty 
and railage to the area in which local factories can com- 
pete which amounts to from £6 to £8 per long ton. 


Iron and Steel Exports. 


The exports of iron and steel and manufactures 
thereof given in the Board of Trade Returns for February 
totalled 200,498 tons, valued at £3,279,554, compared with 
215,030 tons in January, valued at £3,442,177. It will be 
seen, therefore, that the exports, so far as tonnage is 
concerned, remained fairly stable, since a difference of 
15,000 tons is of little account. Exports of pig iron were 
slightly down compared with January at 12,718 tons, 
against 13,042 tons. The largest quantity was sent to 
France, which took 2390 tons, Belgium being next with 
2227 tons, whilst British countries together took 2577 
tons. Exports of ferro-alloys totalled 845 tons, compared 
with 754 tons in January. Ingots, blooms, billets, and 
slabs were exported to the extent of 1285 tons, compared 
with 1342 tons in January. Exports of sheet bars, tin- 
plate bars, wire rods, and bright steel bars amounted to 
2767 tons in February, against 2995 tons in January. The 
exports of other descriptions of steel showed an improve- 
ment to 10,403 tons, compared with 8666 tons in January. 
In this category South Africa was the best customer with 
2011 tons, British India being next with 1036 tons, whilst 
New Zealand took 738 tons. Our exports of special steel 
rose to 256 tons against 165 tons in January. There was 
also a rise in the exports of angles, shapes, and sections to 
5034 tons, compared with 4226 tons in the previous month. 
On the other hand, the exports of girders, beams, joists, 
and pillars dropped from 3716 tons in January to 2818 tons 
in February ; but the exports of hoop and strip increased 
to 4940 tons, compared with 3601 tons in the previous 
month. There was a slight setback in the exports of plates 
and sheets, fin. thick and over, which dropped from 
14,642 tons to 13,603 tons in February. The best customer 
for this material was Denmark, which took 3982 tons, 
Holland being next with 2493 tons, whilst South Africa 
and British India were unusually close with 1073 tons and 
1062 tons respectively. Exports of plates and sheets under 
tin. thick increased from 16,052 tons in January to 17,424 
tons in February. There was a slight decline in the exports 
of galvanised sheets to 21,604 tons from 22,709 tons in 
January, and also in the exports of tinned sheets, which 
dropped to 31,685 tons in February from 36,058 tons in 
the previous month. Wrought tubes, pipes and fittings 
rose to 26,714 tons from 23,706 tons im January. The 
tonnage of railway material sent abroad, however, fell 
heavily from 17,968 tons to 8124 tons in February. Of the 
latter total, 6186 tons were new steel rails and 1254 tons 
sleepers, fish-plates, and sole-plates. 

A Decline in Imports. 

The imports of iron and steel during February 
dropped to 82,896 tons, valued at £794,074, against 
83,077 tons, valued at £794,352, in January. It is neces- 
sary to. go back to November, 1935, to find lower import 
figures, when the total was only 76,999 tons. The imports 
of pig iron in February amounted to 20,883 tons, including 
13,967 tons from India, compared with 14,556 tons in 
January, of which 11,596 tons came from India. The 
imports of ferro-alloys fell from 7058 tons to 5324 tons in 
February. There was a sharp decrease also in the imports 
of blooms, billets, and slabs from 27,877 tons in January 
to 19,961 tons last month. Of the latter total, the largest 
quantity came from France of 10,222 tons, Belgium being 
next with 4112 tons, whilst Germany sent 1106 tons. 
Imports of this material from British countries reached 
2917 tons. The tonnage of sheet bars imported also fell 
from 3498 tons in January to 1868 tons, but the quantities 
of wire rods brought into the country jumped to 7657 tons 
last month, against 2645 tons in January. There was an 
increase in the total of angles, shapes, and sections 
imported, which rose from 682 tons in January to 2367 tons 
in February. Girders, beams, joists, and pillars were 





imported to the extent of 2792 tons, compared with 1699 
tons in January, the largest quantity coming from France, 
which sent 1091 tons, Belgium being next with 690 tons. 
The imports of hoop and strip reached 1946 tons in Feb- 
ruary, compared with 4437 tons in January. The total 
of plates imported fell from 2207 tons in January to 1965 
tons last month. Imports of railway material were very 
mueh up at 1159 tons, compared with 549 tons in January. 
France headed the list of importing countries with 14,377 
tons, Canada coming next with 14,168 tons, and India 
third with 13,967 tons. Belgium sent 12,590 tons, Sweden 
7419 tons, Luxemburg 6518 tons, and Germany 6047 tons. 


The Pig Iron Market. 


The situation in the pig iron market has rarely 
been so unsatisfactory as at the present moment. All 
the producing works are in full operation, but it has been 
almost impossible to transact business owing to the reluct- 
ance of the manufacturers to add to the accumulation 
of orders on their books. The position is very much 
the same in all departments, although in the case of 
foundry iron it is perhaps rather easier than in the basic 
and hematite sections. With the demand increasing as 
a result of the usual spring expansion in business at the 
light castings foundries, however, the foundry iron 
situation seems likely to become worse. Efforts are being 
made to buy pig iron all over the world, but so far the 
quantities purchased have been insufficient to meet 
the needs of the market. Canadian producers have sold 
about 40,000 tons, although they might have obtained a 
better price in other countries. The trouble with Canadian 
iron is that owing to its analysis its use may require 
some alteration in British works’ practice. Negotiations 
are also proceeding with a Russian Trade Delegation 
which is now in this country for the purchase of a large 
quantity of Russian basic iron. Last year, apparently, 
the Russians had available for export 750,000 tons, but 
this year they say the quantity is much less owing to 
an increase in their own requirements. The British 
Iron and Steel Federation, however, hopes to make a 
deal for a substantial quantity, amounting, according to 
some reports, to 500,000 tons or more. Naturally enough, 
irritation is expressed. at the lack of initiative displayed 
in the autumn when it was possible to purchase iron. 
Arrangements have been made by which it is hoped 
India will provide an additional tonnage to the amount 
she is allowed to sell in this country under the Ottawa 
arrangement. There is practically no basic iron available 
on the open British market, as the production is almost 
entirely taken up by the producers’ own works, or has 
to be used in satisfaction of existing contracts. In the 
hematite department the makers are refusing to sell 
either prompt or forward iron, but it is believed that 
prices will be increased from June Ist from the present 
level of 98s. for No. 1 quality, less 5s. per ton rebate. 
Midland consumers of foundry iron have been rationed 
for some time on the basis of last year’s purchases. 

British Iron and Steel Production. 

The monthly statement of the British Iron and 
Steel Federation for February reports the production of 
pig iron at 603,700 tons, compared with 650,700 tons 
in January and 584,700 tons in February last year. The 
output included 125,200 tons of hematite, 340,200 tons 
of basic, 110,000 tons of foundry, and 17,700 tons of 
forge iron. The February production of steel ingots 
and castings amounted to 995,900 tons, against 998,900 
tons in January and 938,500 tons in February, 1936. 
At the end of the month there were 115 furnaces in 
blast, two having been blown in and one blown out during 
February. The report does not give particulars, but one 
furnace was started up at the works of Stewarts and Lloyds, 
Ltd., Bilston, and one blown in and one put out by the 
Barrow Hematite Steel Company, Ltd. The following table 
gives the monthly average production of pig iron and 
steel over a period of years and the output for the past 
four months :— 


Pig Iron. Steel, 
‘ons. Tons. 
1913—Monthly average... 855,000 ... ... 638,600 
1920 ‘ » --» 669,500 755,600 
1929 ‘i + es. 632,400 803,000 
1934 ‘i + ++» 497,400 737,500 
1935 ve +  .--» 835,300 821,600 
1936 i  -«- +640,500 974,900 
1936—-November 643,100 1,001,300 
December 671,400 1,019,200 
1937—January 650.700 998,900 
February 603,700 995,900 
Current Business. 


The boiler-making concern of James Neilson 
and Son, Ltd., Glasgow, has been acquired by the John 
Thompson Engineering Company, Ltd., Wolverhampton. 
The trustees of the Crystal Palace have accepted the 
tender of Thos. W. Ward, Ltd., for cast and wrought 
iron scrap estimated to total 20,000 tons. Cammell 
Laird and Co., Ltd., have received an order for two 
cargo and passenger steamers, each 360ft. long, with a 
capacity of 4500 tons, from A. Holt and Co., Ltd., Liver- 

1. Swan, Hunter and Wigham Richardson, Ltd., 
Wallscadl-on-Tynky have secured an order for a passenger 
motor ship of 11,500 tons for the Polish Gdynia—America 
Line. The Jodhpur Railway of India have placed an 
order for eight bogie underframes with Hurst, Nelson and 
Co., Ltd., Motherwell. Cohen, Sons and Co., 
Ltd., scrap metal merchants, London, ‘have purchased 
the plant and equipment of three works in South Wales— 
the Rose Works, King’s Dock, Swansea, the Phcenix 
Works, and the Crown Works, Port Talbot. These were 
part of the plant of British Briquettes, Ltd., Cardiff, 
who will retain their wharf at the Rose Works. Low 
Temperature Carbonisation, Ltd., by arrangement with 
the Government and the Nuffield Trust, are to establish 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


a new plant in South Wales capable of treating 500 tons 
to 750 tons of coal per day. A coal-oil distillation plant 
will also be erected. The new works will be similar to 
that constructed at Bolsover last year. The Admiralty 
has placed with J. Samuel White and Co., Ltd., Cowes, 
1.0.W., a contract for the convoy sloop “‘ Egret,” and 
with William Denny and Brothers, Ltd., Dumbarton, for 
H.M.S. “‘ Heron.” The orders are part of the 1936 
programme and are subject to confirmation on certain 

ints of detail. The Stanton Ironworks Company, 

td., near Nottingham, are putting down plant consisting 
of ten machines for the production of centrifugal pipes 
of 4in. diameter. The new works are expected to be 
in production during this year. 


Copper and Tin. 


The electrolytic copper market has not yet 
settled down after the disturbance caused by the violent 
price movements of the past week or two. Although 
values have fluctuated in a somewhat erratic manner, 
the wild speculation which was apparent in the market 
has declined. Operators, however, do not look upon 
the situation as being sound, since it is obvious that 
large speculative accounts are outstanding and that some 
of the copper is in weak hands. There is no doubt that 
in the later stages of the speculative movement the 
market was invaded by a number of small operators. 
Consumers, as a general rule, have held aloof from the 
market, and have shown considerable distrust of the 
situation. Producers, also, argue that prices have been 
rushed upward to an unnecessary extent, and it is rumoured 
that they intend to take concerted action to provide the 
market with all the copper wanted. If this policy is 
pursued purchases based on the view that there is likely 
to be a shortage of copper may prove less profitable than 
the speculators hoped. In America the imcrease in the 
price to 16} c. seems to have had the effect of slightly 
checking the home demand, but, on the other hand, the 
fear is expressed that this high price is likely to bring 
into operation mines which have been regarded as unprofit- 
able for years. In the standard market the development 
of a backwardation of around 25s. has been one of the 
most prominent features. This has been partly due to 
the decline in the stocks in this country, and also to the 
fact that merchants who had hedged against forward 
sales of electrolytic have been obliged to cover. Normally, 
the present stock, which amounts to over 30,000 tons, 
should be sufficient to meet the requirements of the market, 
but lately the turnover has-been well in excess of the usual 
tonnage.... The violent price movements im the tin 
market culminated in a reaction at the end of last week. 
Previously, the market had risen £50 in about a week, 
but the fall was no less rapid and followed a drop of about 
£35 in the Eastern quotation. Although values recovered 
almost in the same day, prices have been erratic and since 
have fluctuated over a wide margin. One of the reasons 
for the decline in price was that the International Tin 
Committee convened a special meeting and raised the 
quota for the second quarter to 110 per cent. from the 
100 per cent. fixed on March 5th. The market, however, 
takes the view that it will be some time before outputs 
will be increased to the extent indicated, and that even 
if they are the addition to the supplies will not be more 
than 1100 tons per month. A pomt which the market 
makes is that the increase in production now will not 
affect the prompt position for some months, but whether 
the situation will become so tight as is suggested may be 
doubted. 


Lead and Spelter. 


A sharp decline in values has occurred in the 
lead market, but, generally speaking, the view prevailed 
that the movement was long overdue, since prices had 
been rushed up far too quickly. Naturally, on the decline 
speculators unloaded their holdings, but the market 
absorbed these liquidations without much difficulty. 
The fact is that there is still a strong demand from the 
consuming industries, and although it may not be so 
vigorous as a month or two ago, it is yet sufficient to 
account for the firm undertone which was noticeable 
even when prices were receding. Lately there have been 
considerable purchases by Russia, whilst it is realised that 
the rearmament plans in this and other countries must 

ecessarily require large quantities of the metal. Accord- 
ing to figures published by the Metallgesellschaft, the world 
production is increasing. The output in January last was 
4292 metric tons, compared with 4280 tons in December 
and 3825 tons in January, 1936. The Continenta] demand 
for lead appears to be well maintained, and consumption 
in this country is probably little below the high rate ruling 
last autumn. In America industrial needs appear to be 
increasing, and it is suggested that a shortage of lead in 
that market may develop.... Spelter prices have 
fluctuated widely. At one time the value dropped below 
the lead quotation, but later recovered. The consump- 
tive demand for this metal appears to be growing in all 
countries, including America, but it is argued that it 
must still further expand, owing to the large quantities 
which will be needed for munitions purposes. It is 
suggested that the available producing plant is being 
operated practically at capacity, and that if it cannot be 
increased, tight conditions may develop. During the 
depression there is no doubt that many smelters allowed 
their unused plant to deteriorate, and that repairs and 
reconstruction work will have to be undertaken before 
output.can be expanded. It is probable that the difficulty 
of obtaining the necessary new plant as a result of the 
shortage of iron and steel may lead to delay in increasing 
production. At the moment there has been a rise in the 
volume of ore supplies, but prompt concentrates are not 
easily disposed of, since smelters have plenty of material 
on hand, and are contemplating an increase in their 
returning charges. 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. Export. 
(D/d Teesside Area) 

N.E. Coast-- aa id: S834 
Hematite Mixed Nos.* 417 6... —_ 
No. 1 418 0... 

Cleveland— (Djd Teesside Area) 
No. 1 on “et Be eee — 
No. 3 G.M.B. 410. - 
No. 4 Foundry won MSO +: — 
Basic (Less 5/-rebate) ... 4 2 6.. _ 
MrpLanps— 
Staffs—— (Delivered to Black el Station) 
North Staffs. Foundry... 4 0. ~ 
on - Forge ge 
Basic (Less 5/-rebate) ... 4 2 6... - 
Northampton— 
Foundry No. 3 e030 Os. _ 
Forge ~“... 318 6.. a 
Derbyshire— 
No. 3 Foundry Oe ae ee _ 
Forge 3. $s — 
ScorLanpD— 
Hematite, f.o.t. furnaces* 4 17 6 _ 
No. 1 Foundry, ditto 410 6 -- 
No. 3 Foundry, ditto ... 4 8 0... - 
Basic, d/d (Less 5/—rebate) 4 2 6... ... — 
N.W. Coast— 418 0Od/d Glasgow 
Hematite Mixed Nos.*...- 5 3 6 ,, Sheffield 
ls 9 6 ,, Birmingham 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 

Lancs. AND YORKS.— 2%. 8. d. £ s. d. 
Crown Bars oe ek WS — 
Best Bars eo ha Se -— 

MipLtanps— 

Croan Bare 5.5 5 OP TE 87 Sk. - 
Marked Bars (Staffs.) . ae — 
No. 3 Quality... ie ee - 
No. 4 Quality... -1015 0. — 

ScOTLAND— 

Crown Bars 756: 17 6 

Best... 3176 i: 2 7.% 
E. Coast— 

Crown Bars pare: ee) ay eae M22 

Best Bars aoe AB Fer Bes 11 10 0 

Double Best Suny ores Ba: Biss 12 0 0 

NortHERN IRELAND AND FREE StaTE— 

Crown Bars, f.o.q.... ‘e> 2 Bil oe —_ 
STEEL. 
Home. Export. 

LONDON AND THE SouTH— a See. £s. d. 
Angles 95 6. 9 2 6 
Tees... - 10 & 6. 10 2 6 
Joists S 6. 4.. 9 2 6 
Channels... a os eG .. 9.7 6 
Rounds, 3in. andup ...10 5 6.. 10 2 6 

< under 3in. 912 6... 10 0 0 
Flats, under 5in. 9:48..6... 10 0 0 
Plates, jin. (basis) 915 6.. 912 6 

ie : 10 0 6.. 917 6 

“t jin. 10 5 6.. 10 2 6 

ainsi Faille. <o- 1010 6.. 10 7 6 
Un. & to fin. souk: 1D: 12, ; Cre 1015 0 
Boiler Plates, fin. 10 5 6.. 10 15. 0 

Nortu-East Coast— Sa <a, £s. d. 
Angles . 2 8 9 2 6 
Tees... | RS ae es 10 2 6 
Joists 9; 3° ¢@ 9 2 6 
Channels... 9 Bio Bs 9. 4:8 
Rounds, 3in. and up 10 3 0... 10 2 6 

es under 3in. 910 0.. 10 0 0 
Plates, jin. (basis) 2 10-3 :. 912 6 
Pigs! Sage 915 6.. 917 6 
jin. ... 10 0 6.. 10 2 6 

ee es 10 5 6.. 10 7 6 
Un. ~% to }in. incl. 918 0.. 10 17 6 
Boiler Plates, jin. 10 0 6.. 10 15 0 

MIDLANDS, AND LEEDS AND DiIsTRICT— 

a aie £ «ee 
Angles ee ee ee 9 2 6 
Tees... 10.3 0 10 2:6 
Joists 9.3 9 9 2 6 
Channels... Ras oct 9 8.0 Ou Ft 
Rounds, 3in. and up 10 3 0. 10 2-6 

al under 3in. 910 0.. 10 0 0 
Flats, 5in. and under 910 0. 10 0 0 
Plates, jin. (basis) 913 0. 912.6 

fin. ... 918 0. 917 6 
fin. ..: 10 3. 0. 10 2 6 
jin. : 10 8 O 10 7 6 
Un. } to hin. Nei 918 0 10 17 6 
Boiler Plates, fin. 10 3 0. 10 15 0 





-Cobalt 


Current Prices for Metals and Fuels. 








only from associated British Steelmakers. 


STEEL (continued). 


Home. Export. 
Guiasgow AnD DistRict— £ s. d. £ 8. d. 
AOL iiisns Kee RR RR | ok 9 2 6 
Teetsdi) aac ie dihe eho BO wie 10 2 6 
Joists § 3 0 ® 2.6 
Channels... O2R OSH 9 7 6 
Rounds, 3in. and up 1 Fs: O%: 10 2 6 
jo under 3in. 910 0.. 1 0 0 
Flats, Sin. and ‘under ... 910 0 .. 10 0 0 
Plates, jin. (basis) 910 6.. 912 6 
»» yin. .. - Pas. F:. 917 6 
- Sin 6 are: 10 2 6 
” fin. .. ee ae ae 10 7 6 
Un, *& to fin. Bg ey Wee 10 17 6 
Boiler Plates, jin.... sO BD: 8. 10 15 0 
Sourn Wares ArEa— £ os. d. £ s. d. 
Angles 9 3 0... 9 2 6 
Tees... a. 2 36. 10° 2 6 
Joists oa 9 23 6 
Channels... ue Pe ey ee 9 7.6 
Rounds, 3in.andup ... 10 3 0.. 10 2 6 
” under 3in. wi OO! One 10 0 0 
Flats, 5in. and under ... 910 0.. 10 0 0 
Plates, jin. (basis) oe: ie be 912 6 
rec? Tae 918 0.. 917 6 
#3 Rit acs 10 3 0.. 10 2 6 
ind Blinn sit WD Os: 10 7 6 
Un. fin. to jin. inal. wel 00) Be Ons 16.17 6 
TRELAND—F.0.Q. BELFAst Rest or IRELAND. 
£ s. d. ey ee 
Angles ay Bee Gas 910 6 
Tees... a) ior on eo 10 10 6 
Joists - & 8 O.. 918 0 
Channels.. : 5133 OH 915 6 
Rounds, in. wat up 8” Ox 10 10 6 
te under 3in. 3's 0: 8 8 0 
Plates, jin. (basis) 915 6.. 918 O 
» fein. ... " 10 0 6.. 10 3 0 
_ din. ... -10 5 6.. 10 8 0 
fein. ... - 1012 6 .. 1013 0 
Un. fin. to}fin.incl. ... 10 5 6.. 10 8 0 
OTHER STEEL MATERIALS. 
Home. Export 
Sheets. 2 8° £s. d. 
11-G. to 14-G., d/d ce Un ae De: f.o.b. 12 10 0 
15-G. to 20-G., d/d ei i ee ee ...f.o.b. 12 15 0 
21-G. to 24-G., d/d ~ 88° O 6... ce teh tee} 
25-G. to 26-G., d/d 12.46. ..fo.b. 1315 0 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
Australia £11 5s.; Irish Free State, £13 5s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £..8,,.a. 
4-ton lots and up ... -M@ 00 
2-ton to 4-ton lots J84.>9% © 
Under 2 tons es - 16 0 0 
Export: India, £23 0s. c.if.; South Africa, £15 10s. f.0.b., 


plus 3 p.c. invoice value; Rhodesia, £15 17s. 6d. f.o.b.; 
Sweden, £14 15s.; Irish Free State, £14 15s. f.0.q.; 
General, £16 10s. f.0.b. 
Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. to 20s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. £ es. d. 
Basic (0-33% to 0-41%C.) ... . eet ae 
» Medium (0-42% to 0-60% C.) A gt PT 
» Hard (0-61% to 0°85% C.)... .8 76 
» » (0-86% to 0-99% C.)... oe: ee 
» sw (™% C. yt rem eae . 912 6 
Soft (up to 0- 25% C.), 500 tons and up -6 5 0 
Rails, Heavy, 500-ton lots, f.o.t. . 810 0 
» Light, f.o.t. ao pfs Bs Be 
ringasge SONS. 
Tungsten Metal Powder.. 4/14 per Ib. 
Ferro Tungsten 4/0 per lb. 
Per Ton. Per Unit. 
Ferro Chrome,4p.c. to 6 p.c.carbon £2110 0 1/+ 
» 6p... to 8 p.c. £21 0 0 7/- 
+»  8p.c. to 10 p.c. £21 0 0 q/[- 
, + Specially Refined ... 
» Max. 2 p.c. carbon £32 10. 0 11/- 
» lpec.carbon £35 15 0 1}/- 
0 «+ 0-50p.c.carbon £36 10 0 12/- 
», @arbon-free .... 9$d. per lb. 
Metallic Cikcotadien.. -.. 2/5 per ib. 
Ferro Manganese letesy, 76 | p.c.. £13 15 . 0 home 


» Silicon, 45 p.c. to 50 p.c. £12 0 O seale 5/- p.u. 


a ss 75 p.c. £17 0 0 scale 6/- p.u. 
» Vanadium .. 12/8 per Ib. 
» Molybdenum 4/6 per Ib. 
Titanium (carbon- free). $d. per Ib. 
£180 to £185 


Nickel (per ton) 
ei 7/- to 7/1 per tb. 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


(Official Prices, March 17th). 








NON-FERROUS METALS. — 


Coprprr— 
We tke 2 £71 10 Oto £71 15 0 
Three months ... £70 17 6to£7l 2 6 
Electrolytic .... ... . £76 0 Oto £78 0 0 
Best Selected iat aja Bir- 
mingham ‘ £77 15 0 
Sheets, Hot Rolled ... £109 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) ... 15jd, 153d. 
»  Brazed (basis) 153d. 15}d. 
Brass— 
Ingots, 70/30, d/d Birmingham £64 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 14d. 14d. 
»  Brazed a 16d. 16d; 
Tin— 
CODD 55 hissen cerns - £295 15 Oto £296 0 0 
Three months ... - £288 15 Oto £289 5 0 
Leap: Cash and Forward £32 18 9 
SPELTER, ... obi £33 8 Sto £33 15 0 
Aluminium Ingots (Bitladh) £100 to £105 
FUELS. 
SCOTLAND. 


LANARKSHIRE— 


Export. 


(f.0.b. Grangemouth)— Navigation Unscreened) 17/6 to 18/- 


Hamilton Ell 
Splints 
AyYRsHIRE— 
(f.0.b. Ports)}—Steam 


FiIresHIRE— 
(f.o.b. Methil or Burntisland)— 
Prime Steam .. ‘ 
U d Navi gati 





LorHiaNns— 
(f.0.b. sone eR ghee Prime 
Secondary Steam . 


ENGLAND. 


Sours Yorksuire, HvLtir— 
B.S.Y. Hards... 
Steam Screened 


NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 
» Second... ... 
» Best Small ... 
Unscreened 


DourHamM— 
Best Gas... ... 
Foundry Coke 


SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/— 
South Yorkshire ... «. 24/- to 26/- 
Seconds ... . 22/+ to 23/- 


CarpirF— SOUTH. WALES. 


Steam Coals : 

Best Admiralty Large . 
Best Seconds mi eka 
Best Dry Large 
Ordinaries... 
Bunker Smalls 

Cargo Smalls ... 

Dry Nuts a 
Foundry Coke 
Furnace Coke 

Patent Fuel ... 


SwansEA— 

Anthracite Coals : 
Best Large 
Machine- inde Cobbies 
Nuts 
Beans 
Peas Sonal Pam 
Rubbly Culm... 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


inland consumption : contracts in bulk. 


18/6 
20/- 


18 /- 
19/- 
18/- to 18/6 
18/— 


17/6 


20/~ to 
17/6 to 


20/6 
18/6 


19/6 to 
18/6 to 
15/- to 
18/~ to 


20/6 
19/- 
15/6 
19/- 


19/— to 20/- 
30/- to 32/6 


25/- 
25/- 
25/- 

23/6 to 24/- 

18/~ to 18/6 

17/- to 17/6 

26/- to 28/- 

32/- to 47/6 

27/- to 28/- 
23/6 


36/— to 40/- 
41/- to 48/6 
40/- to 48/6 
25/- to 35/6 
19/- to 23/6 
13/6 to 14/6 


19/= to 25/- 


Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 nee 
Diesel Oil S  eepeciinn 


Per Gallon. 
34d. 
4}d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Shipowners’ Grievances. 


In the annual report of the Central Committee of 
French Shipowners, the general secretary, Monsieur 
Marchegay, gives a gloomy account of French shipping 
at a time when the industry abroad is showing signs of 
increasing activity. The existing state of French shipping 
is attributed by Monsieur Marchegay to the load of social 
charges imposed upon it during the second half of last 
year, when the situation was complicated to an extent 
which, he says, had never before been experienced. The 
social charges and higher wages added so much to all-round 
costs as to dispel the hopes that were justifiably enter- 
tained during the first six months of a steady improvement 
in the shipping trade. The shipping tonnage of 3,052,000 
at the beginning of 1936 began to fall in June, and declined 
by 100,000 tons at the end of the year. There were then 
only 66,000 tons of ships under construction. The State 
undertook to compensate owners temporarily for an increase 
of about 40 per cent. in costs arising out of the social 
reforms. Unless higher freights are levied to cover these 
additional charges shipowners, says the report, will be 
unable to carry on and renew their fleets. Long before 
collective contracts were imposed by the law of last June 
they had been initiated by the shipping companies, which 
made satisfactory arrangements with the unions of seamen, 
engineers, and other workers on board, as well as with the 
associations of captains and officers, and all causes of 
trouble appeared to have been removed. Seamen were 
receiving about eight times the amount of pay they 
obtained before the war. By a decree of 1920 the working 
hours were made forty-eight a week, and this restriction 
has been a standing grievance with owners, who find in it 
a serious obstacle to competition with other merchant 
marines, in some of which the hours are as high as eighty- 
four. The financial losses in consequence of the short 
working week for seamen were so heavy that owners could 
only be prevented from laying up ships by being accorded 
some relief in the form of bounties. In the hope of 
escaping from this heavy handicap the Central Committee 
gave full support last year to the proposal adopted by the 
International Labour Bureau at Geneva for a fifty-six 
hours’ week, with supplementary hours without extra 
pay, which would bring the working week to sixty-four 
hours, if required in cases of emergency. Should the 
proposal be adopted internationally it would still be 
imoperative in this country, where the forty hours’ week is 
being applied to all trades and occupations. Shipowners 
can find no way out of their difficulties except by putting 
the onus of providing a solution on the State. 


Seamen’s Strike. 

In view of what shipowners declare to be the 
dangerously precarious situation of their industry, it has 
been found necessary to proceed prudently with the appli- 
cation of the social reforms to seamen. During the past 
few years the dockers’ and seamen’s unions have been 
particularly active in agitating for higher wages and other 
advantages, which they have partially succeeded in obtain- 
ing by strikes that have done considerable harm to ship- 
ping, and when the Government embarked upon its policy 
of labour reform the seamen expected to obtain their full 
share of the benefits immediately. Exhaustive inquiries 
have, however, had to be made into the manner of applying 
the forty ‘hours’ week without incurring the risk of a com- 
plete breakdown. In shipping the difficulties are so great 
that the application of the short week seemed likely to be 
delayed indefinitely. Two weeks ago the seamen at 
Bordeaux took drastic action by striking for an immediate 
forty hours’ week, incre: wages, pensions, and other 
claims which, if granted, would certainly have had a very 
serious reaction on shipping. The men took out all the 
tugs, barges, floating cranes, and even the Pauillac 
floating dock to block up the entrance to the Gironde. 
With ships “* occupied *’ and the port closed by a barrage 
of craft, Bordeaux was paralysed. A hasty arbitration 
gave partial satisfaction to the men on some of their 
claims, and the strike was called off on an understanding 
that the question of the forty hours’ week would be 
examined without delay. A sense of discipline was recalled 
to the men by a number of them being ordered to appear 
before a tribunal and answer for disobedience to their 
officers. The men refused to obey the summons, and the 
strike was resumed, supported by another in sympathy 
at Havre. Intervention by the Minister of the Merchant 
Marine, Monsieur Tasso, was successful in putting an end 
to the conflict. The effect of this trouble will probably be 
to accelerate a decision over the forty hours’ week in the 
merchant marine. 


Trade Fairs. 


The three principal French trade fairs in Paris, 
Lyons, and Lille are this year regarded as of more than usual 
importance as factors in the recovery of industrial activity 
for the reason, primarily, that industry is feeling its way out 
of a difficult situation, so far as foreign trade is concerned, 
and there is hope that new channels of trade will be opened 
up at a time when a fair measure of prosperity appears to be 
returning to some countries. So long as currency bans and 
other restrictions hinder exchanges with Germany and 
Italy, and nothing can be done with Spain, the only chance 
of reorganising foreign trade lies in ‘developing a com- 
mercial understanding with Great Britain and the United 
States, whereby the three countries will enter into a com- 
mercial pact that may constitute a nucleus for a more 
general agreement with other European countries that are 
suffering from a multitude of trade barriers. The object: of 


sending Monsieur Bonnet to Washington as ambassador 


was mainly economical, and it is hoped that the three- 
Power: commercial pact will soon begin to take definite 
form. It is with this idea that manufacturers are giving 
more-support to the Fairs, which are ‘also said to be 
attracting a larger number of foreign exhibitors.. The 
Paris Fair, which opens on May 15th, has already a record 
number of applicants for space, partly, no doubt, owing to 
the fact that the Fair should benefit from an influx of 
foreign visitors to the Paris Exhibition during the second 


British Patent Specifications. 


When an ¢ tion is icated from abroad the name and 
address of the communicator are pri in italics. 
When an abridgment is not illustrated the Specification is 
without drawings. 











Copies of Specifications may be oblained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
le. each. ¢ 


The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 





DYNAMOS AND MOTORS. 


459,773. June 25th, 1936.—Expiosion Proor Morors, J.T. 
Shevlin, 15, South-street, London, E.C.2. 3 
This is a motor, or dynamo, in which the commutator is 
entirely enclosed, so that it may be used in an explosive 
atmosphere. The enclosing casing is shown at A and is supported 
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by the end shield B and pedestal C. It makes a running joint 
with the commutator bars by means of the sealing rings D D. 
Passages through the bars and the armature provide for ventila- 
tion and cooling, as shown by the arrows.—January 14th, 1937. 


TRANSFORMERS AND CONVERTERS. 


459,558. September 20th, 1935-—-Varour Arc CoNVERTERs, 
The General Electric Company, Ltd., Magnet House, 
Kingsway, London, W.C.2; and E. Gallizia, The G.E.C. 
Engineering Works, Witton, Birmingham. 

In this mercury are converter it is aimed to make the 
cooling of the vessel as thorough as possible, while the path 
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between the anode and cathode is maintained at a ‘mini 

The main vessel A is of metal and has a cathode pool B at the 
bottom. Two of the six side arms for the anodes C are shown in 
the drawing in section. These arms are each surrounded by 
tubes D, which pierce the envelope of the condensing chamber E 
and provide air cooling jackets round the arms. e necessary 
air draught is supplied by the blower F.—January 11th, 1937. 


459,863. July 15th, 1935.—Vapour Etectrric CONVERTERS, 
The General Electric Company, Ltd., Magnet House, 
Kingsway, London, W.C.2; and E. Gallizia, The G.E.C. 
Engineering Works, Witton, Birmingham; and D. H. 
Donaldson, Research Laboratories of the G.E.C., Wembley, 
Middlesex. ; 

This invention relates to vapour electric converters of the 
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kind having a reconstructing cathode and anodes disposed 


within shields or housings, an object being to lessen or remove 
the pressure differences which during operation normally occur 


shields. The illustration shows two alternative arrangements, 
one on either side of the centre line of the are converter A. 
On the left the anode B is encased by a shield C which extends 
downwards some distance and is provided with a side opening 
facing towards the cathode D. In this opening there are louvre 
slats E and baffle plates F which protect the imterior of the 
shield from the anode blast. In the design shown on the right 
the louvres and baffles are continued round the circumference 
of the shield in the form of frustra of cones.—January 15th, 4937 


TRANSMISSION OF POWER. 


459,743. January 23rd, 1936.—Bimerauiic ELEctTricar 
Trottey Wire, Vereinigte Aluminium-Werke A.G., 
Lautawerk Lausitz, Germany (assignees of Otto Kobold, 
formerly of Miinchen, now of 1, Roscherstrasse, Leipzig, 
Germany), and Vereinigte Deutsche Metallwerke A.G., 
Zweigniederlassung Heddernheimer Kupperwerk, Frank- 
furt-am-Main, Heddernheim, Germany. 

The present invention relates to electrical trolley wire formed 
of two metals, and is characterised by the fact that the metallie 
constituent with the greater conductivity has a broad flattened 
cross section in the direction facing the current collector, and 
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ad 
is provided with an insert of greater mechanical resistance, 
e.g., of galvanised steel. In the example shown, A is the actual 
conductor wire of alumini or an inium alloy. It has a 
broad flattened section facing the current collector, and is pro- 
vided at the upper side with a head B for attachment to the 
earrier clips. On the lower side facing the current collector 
there is embedded in the trolley wire a continuous imsert C, 
consisting of a metal of greater mechanical resistance, ¢.g., of 
galvanised steel, which insert is preferably of swallow-tail form, 
and to facilitate its being held ly in position in the wire is 
provided with an enlarged head D. Modifications of this design 
are illustrated in the specification.—January 14th, 1937. 





MACHINE TOOLS AND SHOP APPLIANCES. 


459,551. August 16th, 1935.—Grinpixc Macnrnes, Fritz 
Werner Aktiengesellschaft, Fritz-Wernerstrasse, Marien- 
felde, Berlin, Germany. 

The idea put forward in{this specification is that the work- 
piece in a rotary grinding machine should be insulated from 
vibrations produced by its.driving mechanism, presumably so 
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that a uniformly ground surface may be attained. The drawing 
shows the work-piecé headstock A and the drivmg motor B, 
with the change-speed gear-box C mounted on the bed D by the 
slide E. A vibration damping layer F is arranged between the 
motor unit and the slide. The drive to the headstock is trans- 
mitted by the belt G. It is noteworthy that the general con- 
stitution of the belt is not specified.—January 11th, 1937. 


ORDNANCE AND ARMOUR. 


459,750. February 7th, 1936.—Guns Havine MEANS FoR 
Drrectty Cantinc THE TruNNION Axis, Rheinmetail- 
Borsig Aktiengesellschaft, 125, Ulmenstrasse, Dusseldorf- 
Derendorf, Germany, and C. Waninger, 74, Geibelstrasse, 
Dusseldorf. 

Thisjis a gun which is kept sighted on its mark, regardless of 
the pitching and tossing of the ship on which it is mounted. The 
gun is carried in its trunnions A by a fork B on a horizontal 
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shaft C. This shaft can rotate in bearings in the gun.mounting 
D, which, in turn, can rotate in the. deck fixture E. The eleva- 
tion of the gun is determined by the quadrant F and lever G. 
Within the gun mounting there.is a compound slide H, whose 
moving part is controlled by a gyro-stabiliser, not shown, This 
slide, acting through the lever J and linkage K keeps the gun 
on its mark. The clutches LL are for disengaging the auto- 
matic control and allowing hand operation.—_/anuary 14th, 








half of the month, 


between the spaces inside the shields and the space outside the 
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METALLURGY. 


459,854, July 13th, 1935._-Maxine Hieu-srgep Aitoys, J. 
Mayor, 10, Stegstrasse, Widenswii (Canton of Ziirich), 
Switzerland 


This invention relates to a process for the paration, by 

lting, o ded bodies of a difficultly fusible alloy, and to 
the product obtained by this process. A mixture of 85 per cent. 
of tungsten carbide, 12 per cent. of cobalt as-a solvent of the 
tungsten carbide, and 3 per cent. of nickel or molybdenum, 
which increases the elasticity of the alloy, is first of all prepared, 
the whole being very finely pulverised and carefully mixed. 
The mixture thus obtained is placed in a graphite mould, the 
shape of which is such that the article or articles thus formed will 
subsequently only require finishing operations, such as polishing 
and sharpening. This mould has one or more channels in which 
there is placed a surplus of material, and graphite pistons slide 
in the ch 1 or ch Is. The mould is placed in an electric 
furnace in which a high degree of vacuum is made in order to 
avoid any oxidation during the heating. At the same time, 
there is exerted on the pistons a pressure of some kilogrammes 
per square centimetre—for example, between 5 kilos. and 
50 kilos. per square centimetre—by means of a mechanical 
device operated outside the furnace. The furnace is heated to a 
determined — dependent on the constituents employed 
and comprised between 1900 deg. to 2500 . Cent., which is 
the melting temperature of the said mixture. When the melting 
temperature has been reached the pressure is increased by about 
50 kilos. per square centimetre, with the aid of the pistons, but 
care is taken that the pressure does not exceed 100 kilos. per 
square centimetre. This temperature and this pressure are kept 
constant for a period varying from five to fifteen minutes, the 
mould being, however, maintained under vacuum. The heating 
is then suddenly stopped and the mould is cooled in a current of 
hydrogen inteodingedt into the furnace.—January 13th, 1937. 








MISCELLANEOUS. 


459,408. December 21st, 1935.—THEe Execrricat Puririca- 
TION oF GasEs, Vojtech Beran, Pribram, Czechoslovakia. 
This is an apparatus for the electrical precipitation of dust 
from, for instance, flue gases. The gases are introduced by the 
trunking A and funnel B, which are insulated from one another 
by the porcelain sleeve C. The proportions of the funnel are 
such that the outflow velocity of the gas is about 1 m. per second. 
At the bottom of the funne! there is a bunch of small tubes D 
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of from 20 mm. to 50 mm. diameter. The funnel is connected 


with a highgtension electricity supply and a glow discharge is | 
m it and the surface of the water in the basin E. | 


set up bet 
The dust is deposited in the water and taken away by the con- 
veyor F while the clean gas escapes by the outlet G. The 
specification gives some information as to the proper propor- 
tions of the apparatus and an alternative design.—January 
7th, 1937. 


459,777. May 7th, 1935.—Exrrupine Moist Piastic Bopiss, 
The. Bird Machine Company, Nepouset-street, South 
Walpole, Massachusetts, U.S.A. 

This is a machine for preparing such materials as the clay 
fillers used in the manufacture of rubber goods. The plastic 
clay 1s fed into the pug mill A and extruded through a plate B 
perforated with many holes about 14/3,in. in diameter. The 


threads of clay so formed are fed on to a conveyor C, where they | 
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are dried and break up into comparatively short pieces, which 
can easily be pulverised. The object of the invention is to prevent 
the apertures in the plate B from becoming clogged. To this end 
it is insulated from the body of the machine and connected with 
the negative pole of an electricity supply. Part of the barrel is 
insulated at D and is made positive. tn this way osmosis is made 
to draw water out of the clay towards the walls of the perfora- 
tions and thus lubricated them.—January 7th, 1937. 


459,769. June 16th, 1936—Remote Controts, Dornier- 
Metallbauten G.m.b.H., Friedrichshafen, on Lake Constance, 
Germany. 

This is an apparatus for the hydraulic remote control of such 
things as aeroplane rudders. @ motor only is shown, but 
might be Meg geen at the receiving end. The operating handle 
is shown at A, and works the two rack piston-rods B B, which 
are held up to the pinion by the spring plungers CC. The 
piston-rods are not deus tly Mone Be: to the pistons D D, but 


act through rubber cushions E E, which accommodate slight 
inequalities of action and permit the transmission only of 
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thrust. The bottoms of the cylinders are closed by the resilient 
plate F, which can be bulged by the balls @G and wedge 
member H to adjust the capacity of the cylinders, &c. The 
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branches to the distant receiver are shown at J J.—-January 

14th, 1937. 

459,503. May 8th, 1935.—-Om Pvurirtcation Piant, The 
Sharples Speciality Company, 23rd and Westmoreland 
Streets, Philadelphia, Penn., U.S.A. 

This invention is concerned with the purification of acid- 
treated lubricating oils which may contain sludge liable to 
separate out if moving sluggishly and thus clog the piping. The 
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treated oil is delivered at the pipe line A and is separated or 
purified in the bank of centrifuges B. In order to ensure a good 
flow of oil through the connecting piping, even if one or more of 
the centrifuges is shut down, the direetion of flow is auto- 
matically periodically reversed by a cylindrical valve C, so that 
the oil alternately round the loop of piping to the right 
and to the left.—January 8th, 1937. 








Forthcoming Engagements. 


Secretaries of Instituti , &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 





<, Sots, 





ate 








To-pay. 

Inst. oF ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Sxcttion.—Savoy-place, Victoria Embankment, W.C.2. 
“Metering Conditions in U.S.A. and Canada,"’ discussion 
opened by E. F. Sharp. 7 p.m. 

Inst. or MercuanicaL ENGINEERS.—Storey’s-gate, S.W.1. 
** Racing Motor Car Design,” R. A. Railton. 6 p.m. 

Iyst. or SrructurRaAL ENGINEERS: WESTERN COUNTIES 
Brancu.——Merchant t s’ Technical College, Unity-street, 
Bristol. ‘‘ Soil Mechanics and Pile Driving,”’ M. J. C. McCarthy. 
7.15 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, 8.W.1. 
“ Laying and Maintenance of Gas Mains in Congested Areas,” 
G. H. Rodgers and J. E. Gray. 7.30 p.m. 

MANCHESTER Assoc. OF ENGINEERS.—Engineers’ Club, 
Albert-square, Manchester. Annual general meeting. 7 p.m. 

To-Day To THurspAay, Maron 25r1H. 

Science 1x Burtpine Exnarsition.—The Building Centre, 
158, New Bond-street, W.1. 

To-pay To SaturRDAyY, Maron 20TH. 

Inst. or Puysics.—University of a 
Laboratory. Second Conference on Industrial Physics 

Monpay, Marcu 22ND. 

Braprorp ENGINEERING Soc.—Bradford Technical College. 
“* Constructi Inspection, and Testing of Aero-engines,” 
Major B. W. Shilson. 7.30 p.m. 

Encinerrs’ GERMAN CrrcLx.—Inst. of Mechanical Engineers, 
Storey’s-gate, 8.W.1. ‘ Die rwseteg pre | der Elektrischen 
Steue von Werkzeugmaschinen ” (‘‘The Development of 
Electric Control on Machine Tools-”), Kurt Maecker. 6 p.m. 

Inst. or ELECTRICAL ENGINEERS : NorTH-EasTERN SECTION. 
—Armstrong College, Newcastle-on-Tyne. ‘The Control 
Rooms and Equipment for the British Grid System,” J. D. 





Physics 





Beattie. 6.15 p.m. 
Inst. or Wetpinc: Norrs-Eastrr~n Brancu.—Cleveland 
Scientific and Technical Inst., 


ny te Be Middlesbrough. 
“* Welded Diesel Engine Frames,” Dr. W. 8. Burn. 7.30 p.m. 
Turspay, Marcu 23rp. 

Inst. oF AuTOMOBILE ENGINEERS.—James Watt Memorial 
Hall, Great Charles-street, Birmingham. ‘“ Economics of Repair 
Operations,” B. H. P. de Roeper. 7.30 p.m. 

Inst. or AUTOMOBILE ENcInEERS.—Royal Soc. of Arts, John- 
street, W.C.2. “‘ Properties of some Materials for Cast Crank- 
shafts, with Special Reference to Combined Stresses,”” Dr. H. J. 
Gough and H. V. Pollard. 7.45 p.m. 


to 
breadth 57ft., 





Inst oF Cryit ENGINEERS: BIRMINGHAM AND District 
Assoc.—Visit to Municipal Engineering Works. 2 p.m. 

Inst. oF Crvi, Enoineers.—-Great George-street, 8.W.1. 
“The Mechanics of the Voussoir Arch,”’ Prof. A. J. Sutton 
Pi , E. Tranter, and L. Chitty; “ Film of Tests on Road 
Bridges,”’ exhibited by N. Davey. 6 p.m. 

Inst. or EtecrricaL ENGINEERS: Scottish CENTRE.— 
North British Station Hotel, Edinburgh. **Modern Factors 
Affecting Electricity Costs and Ch os. AS . Tp.m. 

Inst, of ENGINEERS AND SHIPBUILDERS IN ScoTLAND.—39, 
Elmbank-crescent, Glasgow, C.2. ‘‘ Developments in Screw 
Fans,” Dr. A. D. Third. 7.30 p.m. 

Inst. or Locomotive ENGINEERS: MANCHESTER CENTRE.- 
36, George-street, Manchester. “* Streamlining of Locomotives,” 
J.L. B. Jones. 7 p.m. 

Suerrietp MetTaLLurRGicaL Assoc.——198, West-street, Shef- 
field. ‘ Present Developments in Refractories,” W. J. Rees 
7.30 p.m. 





Wepnespay, Marcu 24rx. 
Inst. or CHEMICAL Detain SB me, bres House, Picca 


dilly, W.1. “ Prevention of Disease in Industry,”’ Dr. D 
Hunter. 6 p.m. 
WepyNespay, Marcu 3lsr. 
Inst. or SrrucruraL ENoGrmnegrs: MipLtanp CouNTIES 


Brancxu.—-James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘A Revolution in the Technique 
of Concrete,” A. T. J. Gueritte. 6.30 p.m. 

THurRspay, Apri. Ist. 

Instr. or Locomotive Enoainegers.—Trocadero Restaurant, 
Shaftesbury-avenue, W.1. Annual dinner. 

Fripay, APRIL 2ND. 

Junior Inst. or ENGIneers;—39, Victoria-street, S.W.1. 
‘* The Elements of Efficient Power Transmission,’’ R. O. Baird. 
7.30 p.m. 

Inst. or ELecrricaL ENGINEERS: MrTerR AND INSTRUMENT 
Sxotion.—-Savoy-place, Victoria Embankment, W.C.2. ** Coin 
Mechanisms wit: ‘articular Reference to Electricity Meters,” 
J. Prince and M. Whitehead. 7 p.m. 

THurspay, APRIL 81H. 

Raitway CLus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘‘ Minor Mishaps: Cause and Effect,’’ C. H. 
Anderson. 7.30 p.m. 

Fripay, APRIL 9TH. 

Inst. or CuemicaL ENGINEERsS.—Burlington House, Piec- 
dilly, W.1. “Costing Problems in the Chemical Industry,”’ 
H. R. Odling. 8 p.m. 

Inst. OF MECHANICAL ENGINEERS,—Storey’s-gate, S.W.1. 
Extra general ting. Symposium of papers on “‘ The Use of 
Steam for Process Work.” 6 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, 
“ Graphs and Calculations,”’ A. P. Morris. 7.30 p.m. 

Monpay, Aprit 12TH. 

Enoingers’ German Crrcie.—Inst. of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘ Die Elektrisierung der Tiroler Alpen- 
bahnen ” (“‘ The Electrification of the Tirol Alps Railways "’), 
Oberbaurat Ing. Richard Wolf. 6 p.m. 

Inst. or TRaNsPoRT.—Inst. of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘“‘ Notes on Commercial and Operating 
Aspects of Trollybus Operation in London,” T. E. Thomas. 
5.30 p.m. 





S 
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S.W.1. 


Taurspay, Apri. lors. 

Inst. or ExecrricaL Enarveers.—Savoy-place, W.C.2. 
‘“* Modern Systems of Multi-channel Telephony on Cables" 
Col, A. 8. Anguin and R, A. Mack. 6 p.m. 

Fripay, Aprit léri. 

Inst. oF MECHANICAL ENGINEERS.-—Storey’s-gate, 5.W.1. 
Informal meeting. ‘“‘ The Wear of Cylinder Liners,” J. E. Hurst. 
6.30 p.m. 

WepNEsDAY, APRIL 2lsr. 

Inst. or Cuemicat Encineers.—Burlington House, Picca- 
dilly, W.1. ‘ Valuation and I of ical Plant,” 
H. ii. 8. Gothard. 6 p.m. 

THurspAy, APRit 22ND. 

Inst. oy Mtxine axnp Meratturcy.—Grosvenor House, 
Park-lane, W.1. Annual dinner. 

Roya. Ageronavticat Soc.—Royal Soc. of Arts, John-street, 
Adelphi. W.C.2. “ Power Plant Trends,” G. J. Mead. 6.30 p.m. 
Tuurspay, Aprit 29rn, AND Fripay, APRIL 30rH. 

Iron AND STEEL Inst.—Inst. of Civil Engineers, Great George- 
street, 8.W.1. Annual meeting. 

Fripay, Aprit 307TH. 

Inst. oF MECHANICAL ENGINEERS.—-Storey’s-gate, 
“Present Tendencies in Water Turbine Machinery,” 
Fulton. 6 p.m. 





S.W.L. 
. A. 








CONTRACTS AND ORDERS. 





The Editor is always happy to print short announcements of 
contracts and ordere in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





Tue Liverroot REFRIGERATION Company, Ltd., has received 
an order from British Glues and Chemicals for a complete 
refrigerating plant, which will include a “ Polar ” twin-cylinder, 
single-acting, sleeve valve compressor, vee-belt driven, evapo- 
rator immersed in brine tank, condenser and pumps, &c. 








LAUNCHES AND TRIAL TRIPS. 


Inxos1, steamship; built by Swan, Hunter and Wighes: 
Richardson, Ltd.; to the order of T, and J. Harrison, Ltd.: 
dimensions, length 410ft., breadth 56ft., depth 31ft. Engines, 

uadruple-expansion, pressure 235 Ib. per square inch. Launch. 
Fesrey 25th. 

ABBEYDALE, motor tank ship; built by Swan, Hunter and 

Wigham Richardson, Ltd., to order of British Tanker, Com- 
ry, Ltd.; dimensions, length 481ft., breadth 61ft. 9in., depth 
4ft., to carry 12,250 tons t+. Engines, four-cylinder 
piston ; constructed by Wm. Doxford and Sons, Ltd. 

rial trip, March 4th. 

Savacta, motor ship; built by Harland and Wolff, Ltd., 
of Donaldson Line; dimensions, length 4265ft., 

th 38ft. 9in. Engines, two-stroke, double- 
acting ; launch, March 11th. 

Betrisx DizicEnce, motor tankship ; built by Swan, Hunter 
and Wigham Richardson, Ltd., to the order of British Tanker 
Company, Ltd.; dimensions, length 481ft., breadth 61ft. 9in., 
depth 240 .; to carry 12,250 tons. ines, four-cylinder; 
o posed- 
ani i 





iston ; constructed by W. Doxford and Sons, Ltd., 
arch 11th. 
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The British Electrical Development 
Association. 


At the annual luncheon of the British Electrical 
Development Association, held at the Savoy Hotel on 
Friday, March 19th, Sir Thomas Inskip, Minister for 
the Co-ordination of Defence, said that electricity 
was having to play a greater part in the manufacture 
of munitions than was the case at the height of 
demand during the Great War. Adequate light and 
power were particularly important to the Govern- 
ment’s programme of rearmament, and electricity 
was providing those services. He was happy to learn 
from a reliable authority that interconnections had 
been arranged which would make the supply of elec- 
tricity in war time as safe as the wit and ingenuity 
of mankind could possibly make it. Lord Eltisley, 
President of the Association, said that ten years ago 
this country was generating 5,500,000,000 units of 
electricity, whilst last year over 20,000,000,000 units 
were produced, representing about 14 per cent. over 
the previous year’s generation. It was a larger pro- 
portional increase than any other country in the 
world could show. In 1932, 4,309,000 houses were 
wired for electricity, whilst in 1936 the number had 
increased to 6,650,000. The educative work of the 
Association could be discerned in many new develop- 
ments. Last year, for example, it organised in colla- 
boration with the manufacturers a domestic refrigera- 
tion campaign on a small scale and the results were so 
successful that it had been decided to launch a much 
larger campaign, the manufacturers bearing half the 
£20,000 outlay on advertising. Marked progress had 
been made towards rural electrification. Something 
like 30,000 farms were electrified and the number was 
showing an annual increase of several thousands. 


Railway Statistics. 


RAILWAY statistics for the calendar month of 
December and the four weeks ended December 26th, 
1936, which have now been published by the Minister 
of Transport, show that the total number of passenger 
journeys (excluding season ticket holders) taken 
on all standard-gauge railways in Great Britain in 
the month of December, 1936, was 109,003,434, an 
increase compared with December, 1935, of 4,871,184. 
The journeys taken by passengers at reduced fares 
increased by 3,835,595, and those at standard or 
ordinary fares by 1,035,589. The receipts from 
passengers (excluding season ticket holders) showed 
an increase of £270,146. If the railway undertakings 
of the London Passenger Transport Board be omitted, 
the figures show an increase in journeys of 2,894,917 
and an increase in receipts of £245,021. For all com- 
panies the receipts from passenger train traffic 
(including season tickets and parcels and miscellaneous 
traffic, but excluding mails and parcels post) were 
£316,221 more than in December, 1935. For the four 
weeks ended December 26th, 1936, the coaching train 
miles showed an increase of 270,398, compared with 
the four weeks ended December 28th, 1935. The total 
tonnage of freight conveyed (excluding free-hauled 
traffic) in the four weeks ended December 26th, 1936, 
was 23,161,551, an increase compared with the corre- 
sponding four weeks of 1935 of 1,267,414 tons. The 
freight train receipts amounted to £7,119,674, an 
increase of £318,644. The freight train miles run were 
668,727 more than in the corresponding period of 
1935. The average train load increased from 132} to 
1334 tons and the net ton-miles per engine-hour 
increased from 4322 to 4344. 


The Normandie’s New Records. 


DvuRING the twenty-four hours which ended at 
noon on Saturday, March 20th, the ‘‘ Normandie,”’ 
of the French Line, which left New York on Thurs- 
day, attained the highest average speed ever made in 
a day’s run by a mercantile ship. Her day’s average 
was 728 nautical miles, at an average speed of 31-65 
knots. “The previous record for the east-bound 
passage was gained by the ‘‘ Queen Mary,” of the 
Cunard White Star Line, in August last, when she 
steamed 713 nautical miles in a day at an average 
speed of 31 knots. A further record was gained by 
the ‘“‘ Normandie ” on Monday when she passed the 
Bishop Rock at 42 min. 56 sec. past six o'clock, 
covering the 2967 miles from the Ambrose Lightship 
in the record time of 4 days 6 min, 23 sec., at an 
average speed of 30-99 knots. When in August last 
the “‘ Queen Mary ” gained the record for. the east- 
bound passage on the official course, her time from 
the Ambrose Lightship to the Bishop Rock was 
3 days 23 h. 57 min., at an average speed of 30-63 
knots. It may be recalled that the ‘‘ Normandie’s ” 
previous record was 4 days 3 h. 28 min., at an average 
speed of 30-31 knots. During the recent overhaul 
of the “ Normandie” the generating sets and the 
propelling motors were thoroughly overhauled and 
adjusted, and new propellers were fitted. The records 
above referred to are more noteworthy on account of 
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that during the voyage headwinds and snow were 
encountered. We are given to understand that the 
machinery was run at the normal revolutions through- 
out the trip. 


The New Admiralty. Contracts. 


On Saturday, March 20th, it was officially 
announced that the Admiralty, subject to the settle- 
ment of certain details, had decided to entrust the 
construction of certain ships of the 1937 programme to 
the following firms :—Harland and Wolff, Ltd., of 
Belfast, one aircraft carrier; John I. Thornycroft 
and Co., Ltd., of Woolston, Southampton, one escort 
vessel; and Fleming and Ferguson, Ltd., of Paisley, 
one tug. On Monday, March 22nd, the contracts for 
the ‘‘ Dido ” class cruisers and their machinery were 
announced for the 1936 and 1937 programmes. One 
cruiser is to be built by each of the following firms :— 
Alex. Stephen and Sons, of Linthouse, Govan ; 
Scott’s Shipbuilding and Engineering Company, 
Ltd., of Greenock ; Cammell Laird and Co., Ltd 
Birkenhead ; Hawthorn, Leslie and Co., Ltd., of 
Hebburn-on-Tyne ; and the Fairfield Shipbuilding 
and Engineering Company, Ltd., of Govan, Glasgow. 
One set of cruiser machinery of the “ Dido ” one 
will be builé by Hawthorn, Leslie and Co., Ltd., 
Newcastle-on-Tyne, and Scott’s Shipbuilding = 
Engineering Company, Ltd., of. Greenock. On 
Tuesday, March 23rd, it was announced that the 
Admiralty had decided to entrust the construction of 
the two special service vessels of the 1937 programme 
to Henry Robb, Ltd., of Leith, and that the machinery 
for these two ships would be built by White’s Marine 
Engineering Company, Ltd., of Hebburn-dn-Tyne. 


Floods in the Fen Country. 


On Tuesday last, March 23rd, the recent floods 
in the Fens and Somerset were discussed in Parlia- 
ment as a matter of public importance. Mr. Green- 
wood, who raised the question, pointed out that of 
recent years the public money spent on land drainage 
had fallen, until to-day when the annual expendi- 
ture amounted to less than £20,006 and grants totalled 
£280,000. A land drainage scheme -which was pre- 
pared between 1927 and 1930 would have cost 
£5,500,000 to complete. He pointed out that the 
Ouse Drainage Board could raise only. £12,000 by a 
penny rate, while the Thames Drainage Board could 
realise £60,000 by the same means. Mr. de Roth- 
schild, after deprecating exaggerated Press reports, 
pointed out that the loss to agriculture in the area 
threatened would be between £10 and £20 per acre 
over an area of about 100,000 acres. Captain 
Briscoe suggested that the land drainage scheme 
could be modified: to a figure of not more than 
£2,500,000. If that were too costly, a simplified 
scheme, costing £1,000,000 should be prepared. In 
his reply to the debate, Mr. W. 8S. Morrison, Minister 
of Agriculture, admitted that the situation was still 
grave, but claimed that the. existing works had 
withstood the shock. Owing to the specialised nature 
of the work, he considered that the engineers of the 
Ouse Catchment Board were the best qualified to 
deal with it. With regard to the drainage scheme, no 
objection had been made to it, except that the public 
should not be expected to contribute 95 per cent. of 
the cost. There was no reason why a 2d. rate should 
not be exceeded, and under such conditions a scheme, 
assisted by a 75 per cent. grant, could be inaugurated 
at a cost of £550,000. Captain Heilgers mentioned 
the local remedy of widening the main river from 
Denver Sluice to King’s Lynn. 

Safety in Mines. 
On Monday, March 22nd, evidence was given before 
the Royal Commission on Safety in Coal Mines by 
the Council of the Institution of Mining Engineers, 
Reports of committees appointed over the last ten 
or fifteen years to investigate the problems and 
dangers of coal mining were submitted by Professor 
A. M,. Bryan, Professor Douglas Hay, Captain S. 
Walton Brown, and Mr. John McTrusty, and ques- 
tions were answered by the President, Mr. Laurence 
Holland. It was pointed out that better working 
conditions in certain cases might not promote greater 
safety. Thus, better tracks were followed by higher 
speeds of travel by pony drivers and others. The 
reporting of injuries and the attendance for treat- 
ment might, it was considered, be greatly improved, 
while the wearing of protective equipment should 
be encouraged. Machine mining with its systematic 
methods, fewer and better roads, and a restricted area 
of face under better supervision was a development 
which in time, it was considered, might produce 
improvements in advance of the present S. 
“An improvement already has been effected,” it 
was stated, “not only in the number of accidents, 
but also in the duration thereof, For the same 
output a saving for the period 1931—35 of more than 
1000 fatalities compared with the period 1919-24 
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accidents compared with the period 1925-30 (exclud- 
ing 1926), together with an estimated reduction of 
at least 10 per cent. in the duration of non-fatal 
accidents, was an impressive record.” 


Road Work and Road Surveys. 


In the course of a speech made before the County 
Councils’ Association on Tuesday, March 23rd, the 
Minister of Transport said that of the £140,000,000 
estimate of cost of the five-year programme, over 
£60,000,000 of work had been approved. Delays in 
accepting projects could be avoided almost entirely 
if contact was made and maintained with the divi- 
sional road engineers from the earliest stages. The 
Ministry was encouraging the submission of projects. 
Before it could fix the standard widths of the roads, a 
preliminary survey was necessary. He understood 
that survey was proceeding slowly. There was every 
advantage in expediting it, because then the roads 
would become eligible for grants under the terms of 
the Act. If, however, the Councils could not com- 
plete the full survey of every road, he saw no reason 
why they should not concentrate on those sections of 
road where building developments would normally 
seem to be imminent. Dealing with public safety, 
he expressed the hope that the County Councils would 
do everything possible to restrict the present loss of 
life and limb upon the roads by the establishment of 
safety committees and the drawing up of maps so 
that the danger spots could be located and scientifically 
removed. There was really no more urgent subject 
than that one. _ It would be, he said, their jomt duty 
to simplify, codify, and consolidate at the earliest 
possible date the present antiquated, complicated, 
and anomalous highway law. 


Proposed New Indian Steelworks. 


PRELIMINARY particulars are now available con- 
cerning the plans of the Indian Iron and Steel Com- 
pany for the construction of a large steel plant 
alongside the company’s ironworks at Hirapur 
(Burnpur). According to a circular just issued to 
its shareholders, a new corporation in which the 
company ‘will have a large financial interest, and 
which will take the bulk of its output of pig iron, 
is to be formed. A sum of 9} millions is mentioned 
as the probable loan and share capital of the new 
corporation. Statistics are produced to show that 
there is ample room in India for a new steel-producing 
plant in order to meet the growing industria! develop- 
ment of the country: It is proposed to aim at a 
production of from 200,000 to 250,000 tons of finished 
steel products per annum. It is stated that the cost 
of production of iron by the Indian Iron and Steel 
Company is probably lower than that of any other 
iron-producing company in the world. The proposal 
is that the new works shall obtain the necessary 
supply of hot iron from the adjacent works of the 
Indian Iron and Steel Company at the cost of manu- 
facture to the company, plus 5 per cent. The com- 
pany further proposes to give to the new company 
at nominal rentals all the land necessary for the 
erection of the new plant, and ft will supply on 
advantageous terms all the gases, power for lighting 
and plant operation, water, and social services. 
An extra-ordinary general meeting to consider 
the scheme and pass the necessary resolution will 
be held in Caleutta on April 19th. 


Defence Programme Contracts. 


Tue first report of the Select Committee on Esti- 
mates was published on Monday, March 22nd, by the 
Stationery Office, and contains various recommenda- 
tions for the safeguarding of expenditure on contracts 
given out by the Defence Departments. The Com- 
mittee examined witnesses from the Treasury, the 
Admiralty, the War Office, and the Air Ministry, and 
evidence was taken on the different types of contract 
used by the Defence Departments. The Committee 
expresses pleasure that the Departments have given 
special attention to the lay-out and improvement of 
contractors’ plants, and where necessary have 
advised in the matter of obtaining new plant. Such 
a policy, the Committee considers, is likely to lead 
to lower prices and quicker output. Satisfaction is 
expressed that the Departments are adhering as far 
as possible to the established method of competitive 
tender. . The difficulty of placing non-competitive 
contracts is appreciated, especially that of fixing 
on-costs, and various recommendations are made 
by the Committee with regard to contracts of both 
kinds. The Committee says that with competitive 
tenders it is most desirable to check prices from time 
to time to see whether competition is effective. It 
recommends the direct purchase system, and the 
purchase by the State of raw materials and manu- 
factured goods required. by contractors. _The Com- 
mittee also urges that progress payments should be 
made without delay under Air Ministry contracts, 
to avoid the raising of temporary capital by con- 
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The Principles 


i THe Minorsky Automatic Prior (continued). 


GENERAL DETAILS. 


Tes gyrometer described in our previous article 
constitutes the heart of the Minorsky automatic 
pilot. It provides as we have seen a detector of angular 
velocity of yaw which is substantially or completely 
unaffected in its indications by any simultaneously 
existing angular velocity which the ship or other 
controlled body may have about its remaining 
principal axes. The gyrometer in the Minorsky 
system acts as the secondary detector. The primary 
detector is a gyro compass or other device responsive 
to the angle of yaw. 

In our previous article we explained the manner in 
which the gyrometer is caused to operate a relay 
motor H Fig. 25 ante in such a way that the number 
of turns or angular displacement of the rotor of this 
motor and the direction in which the rotor has turned 
are indicative of the magniiude and direction of the 
ship’s yawing velocity. In Fig. 28 the gyrometer is 
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FiG. 28—COMPASS AND GYROMETER 


represented at J and the relay motor at H. In a 
similar manner the compass K is caused to produce 
movement of a relay motor L in such a way that the 
rotor rotates through an angle and in a direction which 
are indicative of the angular amount by which the 
ship has yawed off the set course and the side to which 
the yaw has occurred. 

The connections between the compass and the 
motor L are shown in greater detail in Fig. 29. The 
gyro compass card—in practice the card of a repeater 
compass—is shown at M. Since one whole turn of 
this card would represent a complete rotation of the 
ship through 360 deg. and since the pilot is concerned 
only with yaws of a few degrees off the set course, 
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Fic. 29—COMPASS RELAY 


the card M is conveniently geared up to a subsidiary 
card N the movement of which shows the yaw to a 
greatly magnified scale. The angle marked 3 may be 
nearly 180 deg. and may be scaled to represent the 
maximum yaw with which the system will be called 
upon to deal. Means are provided for disengaging N 
from M and re-engaging the two cards with N in its 
zero setting following a change in the set course. 
Concentric with N there is an independently mounted 
conductive ring P divided into two parts by msulating 
segments. The card carries a trolley arm Q the roller 
of which when the ship is on the set course rests on the 
insulating segment R of the ring P. The trolley is 
connected to one side of the supply mains. The two 
parts of the ring P are separately connected to oppo- 
sitely wound field coils 8 of the motor L, the coils 
and the armature being in series and connected to the 
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motor L drives a worm engaging with a worm wheel 
arranged to rotate the ring P. By these means when 
the ship yaws through any angle, « say, one or other 
of the coils § is energised and the motor L starts to 
turn in the appropriate direction. As the motor 
turns it rotates the ring P in the direction required 
to make the insulating segment R overtake the 
trolley roller. The motor will cease to turn when the 
segment overtakes the roller and during the period 
of its activity it will have executed a number of 
turns which will be proportional to the angle of yaw « 
of the ship shown on the card N. 

The rotary movements of the two relay motors 
L and H are in this way respectively proportional at 
any instant to the instantaneous angular displace- 
ment 6 of the ship from its set course and to the 
instantaneous angular velocity w. The two move- 
ments might therefore be combined by means of a 
differential gear T Fig. 28 to produce a rotary dis- 
placement (P 6+-Q @) of a shaft U which could be 
employed to govern the angular deflection of the 
rudder through a steering engine in the usual way. 
The Minorsky system, as originally devised and as 
applied on the U.S.S. “‘ New Mexico,” is however of 
the class referred to in our fourth article in which the 
signals of the detectors are employed to control the 
angular velocity of the rudder and not the angular 
deflection directly. To this end there is interposed 
between each motor L and H and the differential 
gear T a potentiometer and an additional motor. 
The motors L and H are employed merely to operate 
the sliding bridges of the potentiometers. As the 
bridges are moved away from their central positions, 
the potentiometers vary the current supplied to the 
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additional motors in such a way as to increase their 
speed in the appropriate directions. As a result 
the greater the departure 9 of the ship from its set 
course or the greater its angular velocity the greater 
will be the speed of the corresponding additional 
motor and consequently the greater will be the speed 
at which the rudder is deflected. The rudder moment 
is still, of course, determinéd by the actual deflection 
reached at any instant but by making that deflection 
dependent upon the controlled velocity imparted 
to the rudder instead of making it directly pro- 
portional to the combined detector signal (P 6+Q w) 
the benefits indicated in our fourth article are 
realised. 

The potentiometer device is illustrated in Fig. 30. 
A block A is mounted to slide on guides B and is 
in engagement with a screwed shaft C. This shaft 
is coupled to the motor L, or H, Fig. 28 and hence 
the position of the block on the guides is determined 
at any instant by the yaw 6 of the ship or the yawing 
velocity w. When the ship is on the set course and 
has no yawing velocity the two blocks are at the mid 
points of the guides. In each case the upper guide 
B carries a plate D provided with three rows of 
contacts. A bridge E fixed to the bluck supports 
three brushes F which as the block moves along the 
guides sweep across the contacts. The contacts 
establish connection between the brushes and resist- 
ances G arranged within the plate member D. The 
manner in which the resistances and the brushes are 
connected to the supply mains and the field coil M 
and armature N of the additional motor P is shown 
in the plan given in Fig. 30. It will be observed 
that as the bridge moves away from its central position 
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in the field coil current without however reversing 
the direction of this current when the brush passes 
through the central position. The brushes F, and F, 
and the resistances G, and G, control the armature 
current in such a way that it increases as the bridge 
moves to the right. The resistances G, and G, come 
into circuit when the bridge moves to the left and 
cause the armature current to increase with the dis- 
placement of the bridge but the current is now 
reversed in direction. The decrease in the field coil 
current and the increase in the armature current 
result in the of the motor P increasing with 
the displacement of the bridge and therefore with 
the yaw 0 or yawing velocity « of the ship, the direc- 
tion of rotation of the rotor N reversing with a 
reversal in the sign of 0 or w. 

The general lay-out of the system as we have now 
described it is shown in Fig. 31. The motors L and 
H act merely as “‘ follow-up ” motors. The additional, 
or “‘ rudder,’’ motors P and Q are the real source of 
power applied to the control shaft U. As previously, 
the movements of the motors P and Q are combined 
through a differential gear T to transmit a joint 
signal to the shaft U. With this arrangement the 
speed of the motor P at any instant will be pro- 
portional to the yaw 0 signalled by the compass 
while the speed of the motor Q will be proportional 
to the velocity of yaw o signalled by the gyro- 
meter. If the bevel wheels are all of the same size 
the of the shaft U will be half the sum of 
the speeds of the motors P and Q, that is to say it 
will be equal to $ (P 6+Q) where P and Q are 
proportional multipliers determined by the design 
of the equipment. This speed will vary with varia- 
tions in 6 and « but however it varies it will, at any 
given instant, result in the shaft U having some 
particular angular displacement. It is this angular 
displacement of U, and not the varying speed which 
has produced it, which is the real signal to which 
the steering engine responds. That engine converts 
the displacement of U into a proportional rudder 
deflection. In practice a considerable ratio of gear 
reduction, or its equivalent, is interposed between 
the shaft U and the tiller. 

We have now to explain the manner in which 
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acceleration control—or more exactly an approxima- 
tion to it—may be added to the Minorsky equipment 
as we have so far described it. Without relying in 
any way upon knowledge derived from the mathe- 
matical theory of acceleration control we can say 
that qualitatively it must amount in practice to some 
modification of the rudder deflection relatively to 
what the deflection would be if acceleration control 
were not employed. In the Minorsky system such 
modification will be achieved by modifying the speed 
of the motor P or Q Fig. 31 or the speeds of both 
motors simultaneously. The required modification 
will therefore be realised if at the appropriate instants 
the resistances G Fig. 30 in the armature circuit are 
interfered with to an appropriate extent. It will 
clearly be sufficient to interfere with only two and 
not all four of the resistances, for example with G, 
when the potentiometer bridge is moving in one 
direction and G, when it is moving in the opposite 
direction. The interference may be accomplished 
by providing two additional resistances R and 8S 
and arranging for them to be brought into series 
with the resistances G, and G, respectively at appro- 
priate instants and to be cut out or short circuited 
at other instants. 

The automatic means provided for bringing R and 8 
into circuit or cutting them out is indicated in Fig. 30. 
On one side of the block A a groove is cut in which a 
plate V is held with sufficient friction to prevent its 
sliding in the groove accidentally. This plate carries 
a projecting contact which when the block A is in its 
central position lies with a little clearance between 
two contacts W, W, carried by a forked bracket 
which is immovable relatively to the guides B on 
which A slides. As shown in the diagram Fig. 32 the 
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contact V is connected to the positive side of the 
supply mains. The contacts W, W, are connected 
to points between R and G, and between S and G, 
respectively. 

Assume that the block A starts from its central 
position to move towards the right. It will carry with 
it the contact V which almost immediately will strike 
the contact W, thereby shortcircuiting the resistance 
R. As the block continues to move to the right the 
contact V will remain behind held against W, and R 
will continue to be shortcireuited. The contact 
between V and W, will however be broken as soon as 
the block having reached the limit of its travel to the 
right starts to return towards its central position. 
During the return movement therefore R wiil be in 
series with G,. 

Immediately after the return is the contact V 
moving at first with the block is brought to rest 
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FiG. 31—COMPASS, GYROMETER AND POTENTIOMETER 


against W,. Hence when the block, having returned 
to its central position, proceeds to move over to the 
left, the resistance 5 will already be shortcircuited. 
It will remain shortcircuited until the block reaches 
the limit of its leftwards excursion and starts to return 
towards its central position. During this return 8 
will be in series with G,. 

It follows then that while the block A is moving 
away from its central position either to the right or the 
left the resistance R or S is shortcircuited and the 
speed of the motor is not interfered with. While the 
block is returning to the central position either from 
the right or the left the resistance R or S is inserted 
in the armature circuit and the speed of the motor is 
slowed down. 

It is obvious that if in addition to adding the 


while the velocity of swing is increasing from zero to a 
maximum value. Similarly the motor P is slowed 
down not while the ship is swinging back towards the 
set course, but while its velocity of swing is decreasing 
from a maximum down towards zero. 

It is not easy either with or without the aid of 
mathematical analysis to demonstrate that this 
arrangement of additional resistances which are cut 
in or out at certain instants constitutes a satisfactory 
substitute for acceleration control. The problem 
here involved is to show that the cutting in and out 
of the additional resistances modifies the rudder 
moment at any instant in a manner colourably similar 
to the modification which would be achieved if the 
equipment included a third, or acceleration, detector 
and if that detector were to influence the 
rudder setting jointly with the detectors of 
displacement and angular velocity. It is not pro- 
posed to discuss this problem. It seems sufficient to 
point out that in effect the resistances R and S act 
analogously to mechanical lost motion introduced 
at some point between the shaft U Fig. 31 and the 


The equipment actually installed in the U.S.S. 
“New Mexico” differed from that which we have 
described in certain important respects. A diagram 
of the “‘ New Mexico ”’ equipment is given in Fig. 33. 
It will be noted in the first place that the movement 
of the and gyrometer follow-up motors L 
and H are not employed to operate separate potentio- 
meters but are directly combined through a differ- 
ential gear and that the added result is transmitted 
to produce a proportional movement of the arm BC 
of a circularly arranged potentiometer. This potentio- 
meter consists in effect of four resistances A B, 
AC, DB, DC arranged as the arms of a Wheatstone 
bridge. The fifth member B C contains the field coil 
E of a generator driven by some external source not 
shown. The symmetry of the bridge resistances is 
disturbed when the arm B C is deflected away from 
its neutral position with the result that current flows 
through the field coil E and the generator produces a 
proportional current. The generator output is passed 
on to a motor coupled to the rudder, or the steering 
engine. The motion of the rudder is relayed back, 
by means not shown, to. the potentiometer where it 
is caused to produce movements of the subsidiary 
arms A and D which are thereby caused to follow up 
the movement of the main arm BC. This follow-up 
movement readjusts the relative values of the four 
resistances of the Wheatstone bridge and conse- 
quently the value of the current in the field coil E. 
As a net result the rudder is deflected with a velocity 
proportional to the deflection suffered by the arm 
BC that is to say proportional to the value of the 
combined signal (P 6+Q) indicated by the two 
detectors. 

Since the deflection of the rudder is controlled 
by the current flowing in the field coil E of the 
generator the modification of the deflection required 
to give effect to acceleration control will be achieved 
by interfering with the current in E. This inter- 
ference might be achieved by cutting in or out 
additional resistances in the field coil circuit. Alter- 
natively it can be effected in the reverse way namely 
by “ boosting ” the current by one or other of two 
boosters inserted as shown in the field coil circuit. 
These boosters are brought into action at the appro- 
priate instants by passing current through their field 
coils. The instant at which either booster is rendered 





resistances R and 8S the adoption of acceleration 
control also covers a corresponding lowering of the 


active or idle is determined by the action of an arm F 
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resistances G, and G, then the shortcircuiting of the 
resistances R and 8 will constitute in effect an 
** interference ” with the speed of the motor. With 
such a reduction the interference will consist in an 
inctease in the speed of the motor while the block is 
moving away from its central position and a decrease 
in the speed while it is returning to that position. 
In Fig. 30 the contact V has for the sake of sim- 
plicity been shown as being mounted on the block of 
the i associated with the ‘‘ compass ” 
motor P. Actually V is mounted on the block of the 
potentiometer associated with the ‘ gyrometer” 
motor Q, although it remains true that the resistances 
R and S which it controls are cut into or out of the 
armature cireuit of the “‘ compass ” motor P. Nothing 
more than @ cross-connection of the electrical leads is 
involved in giving effect to this arrangement, but its 


ACCELERATION CONTROL CIRCUITS 





mounted frictionally on the shaft of the gyrometer 
follow-up motor H. As long as this shaft is turning 
in one direction—that is to say as long as the velocity 
of swing of the ship is increasing—the arm F will be 
slightly tilted against one of the contacts or stops 
GG and one of the boosters will be active and the 
other idle. As soon as the gyrometer detects a 
decrease ‘in the ship’s velocity of swing the arm F 
will swing over on to the other contact and reverse 
the activity of the boosters. It will be noted that as 
in the arrangement first described the interference 
with the speed of the rudder motor adopted to give 
the equivalent of acceleration control is phased from 
the ship’s velocity and not from its displacement 0. 


PracticaL TEsts. 


In the early stages of the development of his system 
Dr. Minorsky carried out some interesting trials 


of the human eye to the detection of angular velocity. 
Helmsmen were placed on a table which could be 
revolved at various velocities in either direction. 
They were provided with a very good line of bearing 
but were not told in which direction or at what rate 
the table was being revolved. They were allowed 
from 2 sec. to 5 sec. to detect whether the table 
was moving and in what direction it was. turning. 
It was found that they could not detect with certainty 
either the rotation or the direction if the speed of 
rotation was less than !/,; deg. per second—that is © 
at the rate of one complete turn in 30 min. 

The sensitivity of the gyrometer installed in the 
“New Mexico’ was found to be very much more 
refined. It was proved on trial to be capable quite 
easily of detecting an angular velocity as small as 
1/,9 deg. per second, equivalent to one complete 
turn in eight hours. The signal produced by even 
this very low velocity amounted to as much as five 
turns of the follow-up motor H Fig. 33. Hence as 
a fraction of a turn of that motor would provide a 
workable signal it may safely be said that the gyro- 
meter could detect velocities as low as or 
even lower than that of the earth about its polar axis. 

In contrast with this refined sensitivity of the 
gyrometer the detection of angular displacement was 
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comparatively coarse. The gyroscopic compass as 
already noted would not respond at all until the 
yaw amounted to 4 deg. and then proceeded to 
respond not continuously but by steps of the same 
amount. 

The earliest trials carried out on the “ New 
Mexico” were conducted without the use of the 
acceleration control fitment. They were brief and 
inconclusive but such as they were they showed 
that at the best the equipment stabilised the ship 
on the set course in a somewhat unsatisfactory 
manner, the swing from side to side being reduced 
until it reached about +2 deg. at which valué it 
was subsequently sustained indefinitely. A com- 
paratively rough form of acceleration control fit- 
ment was then added to the equipment and on tria! 
it was found that the ship followed the set course 
with a residual sustained yaw of about +} deg. 
Finally the form of acceleration contro! illustrated 
in Fig. 33 was made and fitted and after adjustment 
it was found that for the greater part of the time the 
compass indicated no departure from the set course 
and that only on rare occasions did it show a deviation 
on to the first step. These observations implied 
that the equipment was holding the ship to the set 
course with a residual oscillation which for the 
greater part of the time was not more than +4 deg. 
with occasional short spells of an oscillation lying 
between =} deg. and +} deg. The deflection of 
the rudder during these tests could not be determined 
with much accuracy because the rudder angle 
indicator only operated in steps of 5 deg. at a time. 
For most of the time the rudder angle indicator 
remained at zero implying that the deflection was 
less than 5 deg. to either side. Only rarely and for 
very short periods did the indicator show a reading 
of one step implying tiat the rudder deflection was 
between 5 deg. and 10 deg. 

(To be continued.) 








ENGINEERING THROUGH ‘THE Nations.—It: is hardly 
n to tell our readers that Lt.Col. Kitson Clark’s 
initial is “ E,” not “ 8,” as printed on page 336 of our last 








practical result is that the motor P is speeded up not 
while the ship is swinging away from its set course, but 


with the object of determining the sensitiveness 


issue. 
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Henry Hudson Bridge, New York. 


No. I. 


TINVHE Borough of Manhattan, commonly known as 
4 New York City. is separated from the Borough 
of The Bronx, which lies to the north, by the Harlem 
River, which is merely a tidal"‘waterway between the 
Hudson River and the East River. The Borough of 
The Bronx has developed rapidly in the course of the 
last two decades, and the population of that division 
of the City of Greater New York is now nearly equal 
to that of Manhattan, which was 1,660,000, according 
to the census of 1935. Much of the vehicular inter- 
course between Manhattan and The Bronx has 
heretofore been vid the Broadway crossing of the 
Harlem, and that bridge has constituted a bottle- 
neck that has led to vexatious congestion at the 
morning and afternoon peak hours of travel. The 
Broadway crossing is about a mile to the eastward of 
the Henry Hudson Bridge, and the latter structure 
is designed to afford a new avenue for traffic; and 
especially a means of relief for passenger motor cars 
entering and leaving Manhattan and bent upon 
covering long distances on their runs. The Henry 
Hudson Bridge is therefore linked with a system of 
new highways, extending northward through The 
Bronx and southward along the Hudson River water- 
front of Manhattan, where the route is removed from 
local traffic arteries, and generally elevated above 
cross-town streets and the marginal broad avenues 
that run parallel to the Hudson. 

The Henry Hudson Bridge spans the Harlem River 
close to its junction with the Hudson River, and tiie 
structure extends from Inwood Hill Park on the 
south to the opposite bluff shore of The Bronx, 
where it joins the Spuyten Duyvil Parkway. The 
Harlem River is used by waterborne traffic, and 
eventually, when deepening is completed, will be 
traced by ocean-going shipping moving between the 
Hudson River and the East River, when bound to and ’ 
from Long Island Sound. The conditions controlling 
the design of the bridge were therefore such that the 
structure had to afford ample clearance for future 
shipping and also easy merger with the connecting 
roads approaching from both hilly flanks of the 
Harlem. Incidentally, the construction of the bridge 
had to be so carried out as not to hamper water 
traffic nor to interfere in any way with the tmove- 
ments of the trunk-line passenger trains travelling 
onthe tracks along the neighbouring north shore, 
over which the bridge extends. The circum- 
stances- emphasised the desirability of an arched 
span,springing from shore to shore, and the technical 
problem further resolved itself into deciding between 
a-two-hinged arch ora hingeless-arch span. After 
eareful study of-the relative merits of the two types 
of spans, the consulting engineers finally decided 
upon the hingeless type. Their reasons for so doing 
were that the hingeless arch would obviate the some- 
what complicated and incidentally costly details of 
the pin connections of a hinged arch. It was also 


ascervained that by adopting an arch with fixed ends, 
it would be practicable to employ for the greater part 
of the rib sections relatively moderate, and at the same 





time uniform dimensions—the only exceptions being 


the sections extending from each skewback outward 
for 100ft. Those larger sections are gradually reduced 
until they adjoin the succeeding intermediate three- 
fourths of the arch structure. The fixed arch, never- 
theless, entailed rather larger grillages for the imme- 
diate support and anchorage of the arch skewbacks. 
The choice of the fixed arch was further influenced 
by the fact that that type of arch affords a larger 
measure of stiffness than a two-hinged arch while 
under a live load. 


DESIGN OF BRIDGE. 


The structure consists of the central span over the 
river, a tower rising from each north-and-south span 
anchorage, and a steel viaduct adjoining each tower 
intermediate between the tower and a reinforced 
concrete frame-and-wall approach. The steel struc- 
ture has a combined length of 1530ft., including the 
two 300ft. girder viaducts, and the entire length of 
the bridge, from end to end of the two approaches, 
is 2000ft. The Henry Hudson Bridge now carries a 
roadway, 42ft. wide between kerbs, on which are four 











lanes for traftic, and along the western side there is a 
footpath about 4ft. wide. Whenever increase in 
traffic justifies it, the intention is to erect a second 
deck with a roadway for three lanes of traffic and a 
footpath along each side. In its present form the 
construction of the bridge has been covered by a bond 
issue totalling 3,100,000 dollars, authorised by the 
Legislature of the State of New York, when it created 
the Henry Hudson Parkway Authority in 1934. 
The undertaking will be liquidated by the charging 
of a toll of 10 cents per vehicle, and toll booths for 
that purpose are arranged on the Manhattan approach. 


THE ArcH SPAN. 


The arch span consists of two ribs parallel to each 
other, 50ft. apart on centres. Each rib is a double 
girder structure of silicon steel, and the two girders 
are tied together transversely at the top, bottom, and 
mid-depth by lacing. The twin girders are 12}ft. 
deep and 3ft. 8in. apart on centres. Laced girders 
were preferred to box girder sections because of 
savings in metal and the accessibility they offered 
for inspection and painting from time to time. The 
lacing is of greater strength throughout the heavier 
rib sections extending from the skewbacks outward 
for 100ft. The web plates of the rib girders are lin. 
thick throughout. In the minimum and prevalent 
rib sections the eight flange angles are 8in. by 8in. 
by }#in., and the two cover plates are 22in. by }in. 





SKEWBACKS AND BASE PLATES 
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‘The maximum sections near the skewbacks have four 
flange side plates 24in. by }in., eight flange angles 
gin. by 8in. by lin., while the two cover plates are 
of 22in. by l}in. steel. Further details and dimen- 
sions are shown on the accompanying drawing. 
The two arch ribs are tied together transversely 
at regular intervals of 30ft. on the are by a 
succession of K braces that are as deep as the ribs 
themselves. The skewback at each end of each 
arch rib is secured to a grillage by means of 
eighteen 3in diameter bolts of high-tension steel. 
Each bolt is 30ft. long, and 18ft. of the inner length is 
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of floor beams, 50}in. deep; cf the connecting 
longitudinal stringers that are framed into the 
floor beams, and the reinforced concrete slab deck, 
8in. thick. The fascia girders are, in effect, con- 
tinuous by reason of their end framing and their 
splicing, and virtually function as the chords of 
the top lateral system which transmits wind reaction 
to the two towers. Because of the continuous viaduct 
girders and the method of framing the fascia girders 
of the arch, the designers found it practicable to 
omit any longitudinal bracing and to focus the 
effects of expansion at the towers. Inasmuch as 
































The columns range in height from 108ft. to mere 
stubs near the crown of the arch. The columns 
vary in longitudinal width from 36in., for the 
longest, to 24in. for the short ones, and they are 
placed 30ft. apart, on centres, on the are. Each 
spandrel column is made up of a central 12in. wide- 
flange beam, functioning as a dia surrounded 
by two web plates, secured to the beam, and two cover 
plates, the four plates being joined to one another by 
four angles at the corners. Oval holes in the trans- 
verse cover plates afford access to the interiors of 





the spandrel columns for painting. It was believed 
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GENERAL ELEVATION. CROSS SECTION AND DETAILS OF BRIDGE 


embedded in the concrete mass to which each skew- 
back is anchored. Each skewback is set its full 


depth of 6ft. into the reinforced. concrete of the, 


arichorage. The sections of the arch ribs were 
fabricated in lengths ranging from 23$ft. to 32}ft., 
and their individual weights varied, accordingly, 
from 38 tons 48 tons. The end sections were the 
shorter ‘onés, and were so constructed to facilitate 
handling during erection. 


Tr FLoor System. 


The floor system of the bridge is made up in the 
main of the two flanking fascia girders, 77in. deep : 





the steel viaducts: are held rigidly where they rest 
on the massive abutments.of the concrete approaches, 
only four expansion. joints, situated at the two 
contiguous sides of the two towers, are required, 
The floor beams. and the fascia girders frame 
into short 14in. H_ sections, and those . sections 
are designed to provide a ready means of attach- 
ment for the columns that will have to support an 
upper deck when that amplification of the capacity 
of the bridge is required. . 
The floor system directly above the arch is carried 
generally upon a succession of .spandrel columns 
that rise from the top surfaces of the two arch ribs. 


that the columns so constructed would have a better 
appearance and would be less troublesome to maintain 
than laced columns. By varying the longitudinal 
widths of the columns agreeably to their heights, 
sufficient strength was obtained to obviate the 
need of interposed longitudinal bracing, and the 


| graduation of the width contributed to a harmonious 


appearance. The spandrel columns are so connected 
with the floor system and the arch ribs as virtually: 
to act under temperature changes as hinged members. 
The foot of each column is-connected to its associate 
arch rib by ‘means-of flexible plates and secured at 
the top to the unstiffened flange angles of the fascia 
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girder above. By this arrangement, the expansion 
of the deck steel does not induce stresses in these 
columns, such as would be caused if the columns 
were fixed. The arch ribs were cambered for dead 
load in order to assure relatively modest flexural. 
stresses in those members when loaded and that 
provision did away with rib-shortening moments 
that would otherwise have had to be taken care of. 
Provision has been made, in the calculations for the 
ultimate dead load, for the projected second deck. 
Although the bridge is to be used by automobiles 
and not by heavy commercial vehicles, the floor 
system was designed for H-20 loading at 50 1b. per 
square foot of road surface, including impact, and 
30 lb. per square foot of sidewalk, both for the existing 
single deck and the contemplated upper deck. 
According to the consulting engineers, the wind 
stresses in the two arch ribs and in the lateral system 
were arrived at by the assumption of wind loads 
of 30 lb. per square foot on 1} times the vertical 
projection of the structure, and 200lb. per foot 
of bridge, on both decks, when acting on the live 
load. It is said that the wind factor influenced the 
rib design only so far as the skewback anchorage 
details were concerned. 


FOUNDATIONS. 


The foundation structure for each skewback 
and the adjacent tower columns was carried down 
to bed rock, consisting of Hudson schist on the 
Manhattan side of the Harlem and of Fordham gneiss 
on the north side of the stream, where the ledge 
lies 33ft. below high water. The foundations are 
of reinforced concrete. The superstructures of these 
foundation piers rise to a uniform height of 37ft. 
above mean high water, and their individual dimen- 
sions below the ground surface vary with the depth 
of the rock—the latter lying close to the ground 
surface on the south, or Inwood Hill Park side, of 
the river. Each main tower is carried by two piers. 
The steel towers have a height of 115ft., and each 
tower is made up of four bents having columns 
20in. deep and braced longitudinally. The outer 
and the inner columns of each tower are tied together 
in pairs with X bracing, and the inner columns of 
each leg are united at their tops by bracing which 
has the appearance of an ornamental arch. Four 
K-braced buttress columns add to the architectural 


effectiveness of the towers and give them increased 
transverse depth. At each side of the fixed main 
towers there are rockers of cast steel that allow 
movements of the arch and viaduct decks resulting 
from changes of temperature. 


VIADUCTS AND APPROACHES. 


The two 300ft. steel viaducts have the same width 
as the floor of the arch section of the bridge and each 
is composed of five continuous girder spans 77in. 
deep. Each viaduct is supported between its asso- 
ciate tower and the concrete approach by eight steel 
columns set 50ft. apart transversely and the same 
distance apart longitudinally. The columns are 
severally formed of two 2lin., 112lb. widé-flange 
beams, spaced from 3ft. to 5}ft. apart, in accordance 
with their respective lengths, and they are double 
laced with angles to produce a diamond pattern. 
There is no longitudinal bracing between the columns, 
but each pair of columns is tied together transversely 
by heavy X bracing. The columns are carried on 
reinforced concrete piers that rest on bed rock, and 
are fixed at their bases, but are so hinged at their 
tops as to permit of their bending in response to the 
expansion or contraction of the girders resting on 
them. In the cases of certain of the shorter columns, 
which are too stiff to bend when subjected to moderate 
stresses, they are provided with a rocker feature at 
each base in the form of a curved slab. At its junction 
with the concrete approach structure, the end of each 
girder there rests upon a reinforced concrete pier 
that is 8ft. by 15ft. in plan, and rises from bed rock. 
The piers are cross connected by a thick curtain 
wall. The approach structure rearward of the abut- 
ments just described is made up of a succession of 
two-span frames placed on 15ft. centres. The frames 
are each formed of an outer column and beam, and 
the inner end of the beam is so supported on a centre 
column as to afford relief to high-temperature 
moments of the structure. The frames are enclosed 
by a 12in. curtain wall, which they incidentally 
steady. Throughout the shallower parts of the 


approach structures, the fianking concrete walls 
are merely to confine earth fills. The north concrete 
approach has a length of 230ft., while the south 
approach is 240ft. long. 

(To be continued.) 











Institute of Metals. 


No. 
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‘YONTINUING our report of the first day’s pro- 

ceedings of the Institute of Metals, we come to 
a paper on “ Stress-Strain Characteristics of Copper, 
Silver, and Gold,” by Dr. J. McKeown and Dr. O. F. 
Hudson. 


STRESS-STRAIN CHARACTERISTICS OF COPPER, 
SILVER AND GOLD. 


A study has been made of the stress-strain characteristics of 
gold and silver of a very high degree of purity, and also of two 
coppers, one oxygen-free, but containing a small amount of 
silver (about 0-003 per cent.), the other containing 0-016 per 
cent. oxygen, but free from silver, both having little more than 
traces of other impurities. Stress-strain curves were obtained 
to determine limit of proportionality, 0-01 per cent. proof stress 
and Young’s modulus. The materials were tested in the fully 
softened condition, after slight tensile overstrain (less than 1 per 
cent.) and after definite larger amounts of tensile overstrain 
(5-15 per cent.), and after reheating the overstrained specimens 
at different temperatures. 

It is generally considered that copper in the fully annealed 
condition has no elastic limit, and the present tests have shown, 
as was expected, that pure gold peat 2 pure silver, when fully 
annealed, also show no proportionality of stress to strain in any 
part of the stress-strain dias : 
_ The elastic properties induced by cold working were retained 
in large measure in all three metals after reheating for short 
periods at moderately elevated temperatures, when the amount 
of cold working (tensile overstrain) had been small. Low- 
temperature annealing, as used in the tests described, did not, 
however, result in raising the limit of proportionality of pure gold 
and silver and of oxygen-free and oxygen-containing coppers 
to the same extent as in other cases, e.g., other kinds of copper. 
The tests have shown that, when any of the metals, fine gold, 
fine silver, oxygen-free and oxygen-containing .coppers, has 
been subjected to a small tensile overstrain, the effect of this 
small overstrain is evident in the stress-strain characteristics, 
even after reheating to relatively high temperatures. 

The tests have shown that the value of Young’s modulus (E) 
for this oxygen-free copper is decreased by a smal) (5 per cent.) 
tensile overstrain to 15-7 x 106 Ib. per square inch (mean value). 
Larger amounts of overstrain appear to result in a recovery in 
the value of E; with 15 per cent. overstrain the value of E 
found being 17-6 x 106 lb. per square inch. This is in agreement 
with the results of Kawai’s previous work. 

Annealing of the overstrained copper tended to restore the 
value of E lowered by previous overstrain, and by suitable 
treatment a value of 18-2 10° lb. per square inch was obtained. 
Similar effects of reheating after overstrain were found in the 
cases of fine gold and of fine silver. although the raising of the 
modulus by heat treatment was less marked than in the case of 
copper. Gold, which had a value of E of 10-3x 10® Ib. per 
square inch when overstrained 5 per cent., gave 11-3 x 108 Ib. 
per square inch when reheated for Falf an hour at 300 deg. Cent. 


There was practically no discussion of this paper. 
It was followed by one on “‘ Creep of Lead and Lead 
Alloys: Part I, Creep of Virgin Lead,” by Dr. J. 
McKeown. 

CREEP OF VIRGIN LEAD. 
Tensile creep tests have been made on specimens of virgin 


II. 


eable sheath. The tests on rod have been made at room tem- 
perature and at 80 deg. Cent., while the tests on pipe and cable 
sheath have been made at room temperature only. The effect 
on the minimum creep rate of the working produced in flattening 
cable sheath and in bending and straightening pipes has been 
investigated, and this effect has been found to be very marked. 
It has been shown that results obtained from worked samples 
may give an err impression of the creep characteristics 
of the unworked, extruded product. In the extruded products 
the effect of initial grain size on the minimum creep rate has been 
investigated, and it has been shown that in extruded virgin 
lead the larger the initial grain size the higher the resistance to 
creep at low stresses. 








Discussion. 

Mr. J. C. Chaston said that the experiments on 
flattened cable sheath described in the paper placed 
it beyond question that lead which had recrystallised 
at room temperature was not necessarily entirely free 
from internal stress—a somewhat striking conclusion. 
One was accustomed to think of recrystallisation as a 
process by which all internal stresses were relieved, 
and the metal transformed to an aggregate of new 
stress-free grains. Evidently, however, that view 
needed qualification. The avithor had shown that 
samples of cable sheath which had been flattened 
and allowed to recrystallise at room temperatures 
had very different creep characteristics from extruded 
samples which had not been cold worked, but had a 
similar grain size. The magnitude of those residual 
internal stresses was probably not large. They did 
not affect tensile properties, and there was no per- 
ceptible difference in the hardness of a lead sheath 
sample before and after flattening. He asked, how- 
ever, whether they affected fatigue characteristics. 
Another question was whether there was a method of 
testing a sample of lead to determine quickly the 
existence and the amount of the residual stresses ; 
and he suggested that one apparent method was to 
observe whether grain growth occurred on annealing 
at a higher temperature, say, 100 deg. Cent. If no 
further grain growth occurred, the material might be 
regarded as almost free from stress. 

The samples of hot extruded lead sheath used by 
the author were about two years old, and when 
annealed at 100 deg. Cent. for an hour they had 
shown no signs of grain growth. That, however, was 
by no means true of freshly extruded cable sheath. 
He had found that sheath even several months after 
extrusion would show pronounced grain growth on 
annealing at 100 deg. Cent., indicating the presence 
of internal stress. The conclusion appeared to be 
that possibly the residual stresses in lead might dis- 


perature was nearer two years than one year, and it 
appeared that that removal was accomplished with- 
out any further recrystallisation. Those observations 
obviously required further study and confirmation, 
but he mentioned them to support Dr. McKeown’s 
conclusion that in creep tests on lead it was impera- 
tive to control the previous mechanical history of 
the specimens. Even hot-extruded specimens could 
not always be relied upon to be strain-free. 

Mr. H. C. Lancaster urged that the use of the term 
“virgin lead”’ should be avoided, because of the 
difficulty of defining it, and said that lead containing 
0:06 per cent. of copper (made in thousands of tons) 
and lead containing 0-05 per cent. of bismuth was 
referred to as virgin lead. He also wished that Dr. 
McKeown had started his experiments with really 
pure lead. One could take old lead from roofs, &c., 
and by ordinary commercial processes bring it to a 
purity far exceeding that of anything with which 
Dr. McKeown had experimented. Emphasising the 
importance of starting with absolutely pure lead, he 
referred to some experiments in which the addition 
of 0-0006 per cent. of nickel to lead had altered the 
whole of its characteristics. Cold working also 
altered the characteristics of lead, and one could not 
touch lead without cold working it. In that connection 
he pointed out that Dr. MeKeown had turned a 
l}in. bar to fin. He had also compared turned rod 
with extruded cable sheath and extruded pipe. The 
rod must exhibit skin effect on the outside, and the 
sheath and pipe must exhibit it both inside and 
outside. 

Dr. McKeown, replying, suggested that Mr. 
Chaston was under a misapprehension concerning the 
flattened cable sheath; examination over a long 
period had failed to disclose the occurrence of re- 
crystallisation. He was unable to carry out fatigue 
tests on lead which had been cold worked or annealed. 
He was developing a method of preparing tensile 
creep specimens in lead and lead alloys which he was 
fairly sure did not give rise to working effects. Micro 
specimens had been examined, both before and after 
annealing, and the turning on the surface had not 
produced recrystallisation or grain growth. He was 
inclined to regard thermal creep as being different 
from the creep he had dealt with in the paper. The 
thermal creep was due to expansion followed by con- 
traction ; lead had practically no elastic limit. 






A paper, entitled “‘ A Study in the Metallography 
and Mechanical Properties of Lead,” by Mr. Brinley 
Jones, followed. 


PROPERTIES OF LEAD. 


Reference is made to the tendencies to structural change in 
rolled lead at ordinary temperatures, and it is stated that 
mechanical tests can have little significance unless these changes 
ean be controlled or prevented. 

Experiments dealing with the relationship between deforma- 

tion, grain growth, and recrystallisation in ‘ as-rolled " struc- 
tures are described, and it is shown that grain growth develops 
as a result of the critical straining of very refined “‘ as-rolled " 
structures. Lead of ‘‘ medium ”’ refi t is found to be 
immune from grain growth and to be affected only by strains 
severe enough to cause recrystallisation. The structures which 
result from grain growth and recrystallisation, oy ett 
after rolling, are shown to be different in type. In the former the 
grains are well defined, infrequently twinned, and often asso- 
ciated with intercrystalline cracking; in the latter they are 
confused and repeatedly twinned. 
Heavily twinned, recrystallised structures. have been found 
from experience to be desirable, and reference is made to large- 
scale experiments dealing with the production, on a commercial 
basis, of sheets having such structures. 





DIscussion. 


Dr. J. McKeown asked if the fine-grained materials 
which exhibited marked grain growth after deforma- 
tion also exhibited marked grain size contrast before 
working. Jefferies’ view was that grain size contrast 
was one of the most important factors in producing 
grain growth. 

With regard to the author’s statement that lead, 
when subjected to critical degrees of deformation 
that were liable to cause exaggerated grain growth, 
was immune from such processes, provided the initial 
grain size was above a certain minimum, Dr. McKeown 
recalled Jefferies’ hypothesis that unstrained grains 
grew at the expense of strained grains, and he went 
on to consider an application of that hypothesis to 
the information given by Mr. Brinley Jones. Dr. 
McKeown was led to the conclusion that the difference 
in behaviour as between fine-grained and coarse- 
grained lead was probably due to the difference in the 
extent of grain boundaries in the two materials. He 
suggested that the author’s failure to produce exag- 
gerated grain growth in grain sizes above a certain 
minimum was due to the fact that the smallest 
amount of overstrain applied by him was too great 
to bring about uneven straining, and thus give rise 
to a few centres instead of a large number of centres 
of grain growth. 

Mr. F. A. Martin, discussing the practical implica- 
tions of the principles set forth in the paper, said that 
manufacturers and chemical ineers, who a 
large quantity of lead sheet for constructing chemical 
plant, were alive to the necessity for supporting lead- 
work by means of rigid structures, so that the amount 
of strain likely to be imposed on the lead in their 
plant would not exceed the amount necessary to 
break down the secondary or stabilised structure 
described in the paper. Users of such plant therefore 
would welcome the announcement that production 





appear after prolonged periods of time. He believed 





lead in the form of extruded rod, extruded pipe, and extruded 





that the time required for their relief at room tem- 





of sheets with satisfactory structure was practicable, 
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since the use of them would ensure freedom from the 
serious, though fortunately not very common, fault 
of brittle cracking in sheet lead. 

Having in mind also the use of lead in the building 
trade, where it was common practice for the plumber 
to work the lead into shape without the aid of cutting 
or lead burning, he said a manipulation so simple 
as forming a 6in. upstand around a flat portion of 
roofing required that the lead should be made to 
flow in the solid state through a distance of several 
inches at the most_severely strained part, while the 
amount of strain n to model a complete 
human figure from lead sheet by handwork alone 
could be appreciated, if not measured. Those strains 
were applied by successive hammer blows, and no 
single blow produced large effect. There might even 
be opportunity for recovery by recrystallisation 
between blows. He asked whether those conditions 
were likely to destroy altogether the stabilised 
structure which was taken as the starting point, and, 
if so, whether there was any treatment which might 
be added to the operative plumber’s routine and 
which would restore, in the severely worked sheet, 
the desirable properties of a stabilised structure. 

Dr. Rose, referring to some abnormal structures, 
illustrated in the paper, in samples of commercially 
pure lead sheet, all of which contained more than 
99-98 per cent. lead and were polished and etched, 
assumed that the hot etching process was applied, 
and he stressed the danger of hot etching. Although 
it was the most magnificent etch that one could 
possibly use for, say, extruded material which did 
not tend to alter much, it was dangerous to apply 
to material which might recrystallise during the 
etching period. 

Mr. Brinley Jones, replying to the discussion, said 
that in the as-rolled structures there was very little 
grain contrast. He had the greatest difficulty in 
accepting Jefferies’ theory of grain growth. It seemed 
significant that it was possible to confer strains so 
slight on refined as-rolled structures as to cause 
no apparent structural change whatever ; apparently, 
a certain minimum amount of strain was necessary. 
There must be a good deal more intercrystalline 
movement in refining the fine structures than the 
coarse structures. The point made by Mr. Martin 
was quite logical. If structures of moderate coarse- 
ness were very severely worked, then the refined 
as-rolled type of structure would return, with its 
consequent instability and liability to further grain 
growth. The restoration of the more stabilised 
structure could be effected by heating in a flame at 
a temperature of about 100 deg. Cent. for a short 
time. However, he was loth to make recommenda- 
tions unless trouble was encountered; he had not 
had troubles due to grain growth submitted to him 
by the building trades, and for the time being at 
any rate he felt it best to leave matters alone. 

It was surprising that the criticism of hot etching 
had not arisen before. The abnormal structures 
referred to by Dr. Rose had been shown mainly 
to indicate in a new way that lead must be considered 
rather by itself as a metal which was liable to sudden 
changes in structure, where other metals were quite 
static. It was obvious that the abnormalities he 
had illustrated were present before the hot glycerine 
etching was applied. If such abnormalities arose 
solely as the result of the hot etching one would 
expect to see indications of them in practically every 
specimen that was etched, but actually that was not 
the case. 





A paper by Dr. W. Hume-Rothery and Mr. Peter W. 
Reynolds, under the long title ‘‘ The Control of Com- 
position in the Application of the Debye-Scherrer 
Method of X-ray Crystal Analysis to the Study of 
Alloys,” was then presented. 


X-RAY CRYSTAL ANALYSIS. 


The application of the Debye-Scherrer method to the study 
of alloys is discussed critically with special reference to errors 
due to uncertainty of the exact pempoeen of the filings com- 
prising the It is that where practicable 
it is desirable to analyse the actual filings from which the repre- 
sentative small sample used in the preparation of the specimen 
has been sieved. Methods are described for the preparation of 
 rpsge ee clean filings suitable for accurate chemical analysis. 

t is shown that, in the determination of phase boundaries from 
lattice spacing measurements of two-phase alloys, misleading 
results may be obtained if the temperature of the preliminary 
anneal of the material in lump form is not suitably related to 
that of the final annealing of the filings. 


Discussion. 


Dr. C. H. Desch said that the authors had rendered 
very great service in calling attention to the diffi- 
culties in the application of the powder method of 
X-ray investigation. There was difficulty, of course, 
in any method which involved the use of filings. In 
the process of annealing and quenching filings it was 
almost impossible to avoid changes, and the ideal 
method was one which did not involve the prepara- 
tion of filings. Where an alloy could be drawn into a 
wire the X-ray work could be carried out usually 
without the production of filings, but that was diffi- 
cult in non-ductile alloys. However, the main aim 
should be the development of a technique which 
would not involve the annealing, and particularly the 
quenching, o . Owing to the difficulties in 
the quenching of filings, it seemed undesirable to 
base equilibrium diagrams on the X-ray examination 
of quenched alloys only. The authors had avoided 








system alongside the X-ray investigation, and their 
work was beyond reproach. Wherever the quenching 
of filings was involved, errors were introduced which 
it seemed were really unavoidable, and even though 
the greatest precautions were taken, there might be 
some doubt about the interpretation of X-ray results 
unless checked by the thermal method. 

With regard to segregation, it was quite surprising 
when very careful analyses were made of different 
portions of small ingots—it had been noticed par- 
ticularly in the light alloys—how very great were 
the differences that might be found in what appeared 
to be a quite homogeneous alloy. Such diffurences 
would make appreciable errors in the determination 
of lattice parameter. 

Dr. D. Stockdale, referring to analysis and sampling 
for analysis, said the authors’ method seemed very 
satisfactory, but he thought it would be improved if 
they filed under benzene. By that means they would 
probably keep the alloy cleaner and avoid the slight 
risk of getting oxygen into the alloy. With regard 
to the use of X-rays in such work, he had 
always been rather “ sniffy.”’ Discrepancies cropped 
up from time to time in the literature. Maier had 
suggested that they were due to insufficient annealing, 
and believed that temperatures considerably in excess 
of 600 deg. Cent. were required for the complete 
recrystallisation of copper. If that were so, then in 
many cases the filings were annealed at a temperature 
too low to remove all the strains. 

Dr. C. Sykes gave an example to show that the 
X-ray diffraction photograph was a very powerful 
tool in detecting inhomogeneity. 

Mr. Bucknall asked if there were any real merit in 
the use of filings ; if one could get an alloy to the right 
grain size, the grain size corresponding to the size 
of filings that one could produce, was there any point 
in “ carving the stuff up” ? He suggested that the 








best way to anneal the filings was to leave them in 
the lump. 

Dr. Marie L. V. Gaylor said that the difficulty of 
the high-temperature treatment of filings was a 
matter of very great urgency, and suggested that 
ultimately it would be necessary to examine all the 
alloys at the temperature, so that instead of taking 
the alloy to the X-ray outfit, the X-ray outfit would 
have to be taken to the alloy at the temperature. 
With regard to the suggestion to get powders of 
definite grain size and anneal them in a jump of 
the material at high temperature, Dr. Gaylor said 
that that would be a suitable method if one were not 
expecting any marked change in the alloy, such as the 
authors had shown was possible. 

Mr. Reynolds, replying to the comments on the 
relative merits of thermal measurements and the 
X-ray method of determining equilibrium diagrams, 
said that at Oxford they were very sceptical con- 
cerning the X-ray method, and had never yet done 
anything with it. He was hoping to examine a 
simple system in silver germanium and silver gallium, 
using X-rays as an approximate method, because the 
ordinary thermal methods would be too expensive. 
He agreed with Dr. Gaylor that in all cases the alloys 
should be annealed to equilibrium in the lump, 
inspected by micrographic methods, and then filed, 
because then one knew exactly what the filings were. 
The authors had arranged a scheme for filing in an 
inert gas atmosphere. Filing under benzene was 
very satisfactory, but a little clumsy in working. 
With regard to the suggestion that the camera would 
have to be taken to the specimen ultimately, he said 
they had just constructed a high-temperature camera, 
but so far they had only tested it. 





A number of papers of purely metallurgical interest 





brought the meetings to an end. 
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(Continued from page 332, March 19th.) 


COLLET AND ENGELHARD. 


HE outstanding exhibit on the stand of Collet 
and Engelhard, of Offenbach Main, was the large 
horizontal boring, drilling, and milling machine which 
we illustrate in Fig. 17. It is designed as a special 
machine for large work, and the spindle head is 
carried by a vertical column, which moves on broad 
““V” ways along a fixed bed. The machine can be 
fitted with a lifting hook for the crane, so that it can 
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FiG. 17—BORING, DRILLING AND MILLING 
MACHINE—COLLET 


be brought up to the work or placed alongside a 
large erecting bed or floor. The operator is accom- 
modated on a platform in front of the boring head, 
which gives a good view of the work and easy access 
to the various controls. The main spindle has a 
diameter of 225 mm., with an internal spindle of 
85 mm. diameter. The large spindle has a speed range 
of 1 to 110 r.p.m., while the internal spindle can turn 





troubles by making thermal investigations of each 





the spindle is 800 mm. above the surface of the bed, 
and in the top position it is 5-8 m. above the bed. 
A face plate, 1-13 m. in diameter, is provided, and 
the maximum depth of boring is 1:9 m. For milling 
inclined faces there is a combined vertical and hori- 
zoutal feed, and all feeds can be chosen either as a 
distance moved per revolution or as a distance moved 
per minute. The milling feeds per revolution are 
from 0-2 mm. to 8 mm., or 20 mm. to 800 mm. per 
minute. Quick-return motions are also provided. 
The control levers have been greatly simplified, with 
a view to the quick and certain operation of the 
machine. Press-button control is fitted with full elec- 
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Fic. 18—TOOL GRINDER FOR MILLING HEADS—COLLET 


tric operation and braking. The machine is auto- 
matically lubricated, and the oil pump and filter are 
arranged in the base of the machine, and are easily 
inspected. In the front of Fig. 17 a smaller horizontal 
boring machine will be seen, while to the extreme 
right is the special grinder for m lling heads w.th 
inserted teeth, which is also illustrated in Fig. 18. It is 
designed to deal with cutting heads from 100 mm. up 
to 400 mm. diameter, with from six to forty teeth. 
The full grinding length is 120 mm. The feed mechan- 
ism is so designed that right and left-handed cutters, 
also spiral cutting heads, can be accurately and 
quickly ground. The main drive is ‘taken from a 
1 H.P. motor running at 1450 r.p.m., while the motor 





at speeds from 7 to 300 r.p.m. In its lowest position 





which drives the grinding wheel has an output of 
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1-5 B.H.P. at 2900 r.p.m., and wheels up to 150 mm. 
diameter can be used. 
WANDERER- WERKE. 

From the wide range of milling machines displayed 
on the stand: of Wanderer-Werke, of Siegmar- 
Schonau, near Chemnitz, we have chosen for descrip- 
tion the new double-headed high-production milling 
machine shown in Fig, 19. The design is of interest, 
as a new clamping device has been attached to the 
two over-arms which allows them to be securely 
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FiG. 19—DOUBLE-HEADED MILLING MACHINE 
—WANDERER 


clamped together to form a single overhead support. 
This miller has been designed for a wide range of 
work, and it is equipped with the latest form of 
Wanderer table control, giving a quick travel up 
to the work, automatic change to the normal feed, 
quick travel to a second working position, then normal 
feed, and automatic stopping of the cutters as soon 
as the work is ended. The table has a length of 1 m., 
and alternative widths of 300 mm. or 400 mm. can 
be supplied, with a milling length of 750 mm. The 
heads can be raised or lowered 250 mm., and moved 


features of the design include the short héavy 
frame and base-plate with a solid longitudinal tie- 
rod. The large die height and the ample stock 
gather make it possible to carry out an increased 
number of operations in the completion of a compli- 
cated type of forging. Both the header slideand the die 
slide are guided in long bearings, an arrangement which, 
the makers claim, increases the life of dies and tools 
and tends to reduce maintenance costs. The operating 
clutch is of the multi-plate friction type and can be 
operated either by air or by oil pressure. In the 
larger sizes of machine the clutch is so designed that 
it acts as a safety device by slipping under overload 
conditions. Automatic lubrication is fitted to all the 
principal bearings. 


MALMADIE AND Co. MASCHINENFABRIK A.G. 


A series of special machines for the wire industry 
was shown by Malmadie and 'Co., of Diisseldorf. The 

















Fic. 21—COLD WORKING NUT PRESS—MALMADIE 


firm demonstrated the automatic nut press for the 


chamfered either on one or on both sides. The vertical 
arrangement enables a simple crank press to be 





horizontally 75 mm. There are twelve spindle and 





employed. <A special feature is the provision of a 




































FiG. 20—HEADING, 


twelve feed speeds, and the feeds can be rapidly 

changed by means of pick-off gears, all gears for the 

feed motions being driven by splined shafts. 
KIESERLING AND ALBRECHT. 

In Fig. 20 we illustrate the large Ajax-Kieserling 
heading, upsetting, and forging machine, which was a 
prominent exhibit on the stand of Kieserling and 
Albrecht, of Solingen. It is manufactured in con- 


junction with the Ajax Manufacturing Company. of 
Cleveland, Ohio, in sizes designed to work with stock 
from 
pressures from 120 up to 1750 tons. 
shows one of the larger sizes of machine. 


lin. up to Tin. diameter, with maximum 
Our illustration 
Interesting 















UPSETTING AND FORGING MACHINE—KIESERLING 





separate guide for the piercing punch and die apart 
from the main slide. The notching of the nut stock is 
effected by a scolloping punch, which cuts off the 
hexagon segments in such a manner that clean- 
shaved nuts are produced, which only need finally 
trimming. The cutting-off and the chamfering are 
done by the same cutting-off punch and the nut is 
then transferred to the trimming die. Reeled nut 
stock is used, which is fed from a reel to the special 
feeding apparatus. 


Ernst Krause anv Co. A.G. 
A wide selection of fine boring machines which have 


manufacture of cold pressed square and hexagon nuts | 


shown by Ernst Krause and Co. A.G., of Berlin 
and Vienna. One of the most interesting machines 
in this group is the semi-automatic duplex 
boring machine-—Fig. 22—for the simultaneous 
finishing of the crankshaft and cam shaft bearings 
of an engine crank case. Attention may be called 
to the low block type of machine bed, within 
which the spindle stocks are mounted with all 
transmission elements of the main and feed drives. 
There is also a rigidly designed column on which is 
mounted the work fixture and cross slide for the 
pilot bearings, and an elevating slide with long guide 
ways for the vertical travel of the boring bars, 

The main drive avoids the use of gears completely 
and consists of a three-speed pole change motor, 
mounted at the rear of the machine, the drive being 
taken to the boring spindles through a series of open 
multiple V belts. Feed movement is uniform. owing 
to the use of precision lead screws with pick-off 
change gears for the various rates of feed. The feed 
can be automatically disengaged when reaching the 
predetermined boring depth, and there is rapid travel 
| for spindle advance and return, The control of the 
machine is semi-automatic and fully electric with a 
| single operating lever. The Klockner electric equip- 
| ment consists of one main driving motor, one quick- 
| travel motor, one motor for lining up the boring bars 





























FIG. 22—DUPLEX BORING MACHINE—KRAUSE 


with the cutters facing a given direction, one elevating 
motor for the boring bars, and a system of contactors 
and controls giving, after the mounting of the work, 
a positively automatic sequence of operations 
by the actuation of the single operating lever. 
When mounting the work the circular work table 
with its fixture is excentrically displaced and 
the boring spindles are, together with the boring bars 
in their highest position, lined up with their cutters 
facing in the direction of the excentric table displace- 
ment. Then follows a downward movement of the 
boring spindles and boring bars by quick travel to 
their lowest position and the automatic coupling 
together of spindles and bars. At the moment of 
coupling, through engagement of a contact, the fixture 
with the work is moved into its exactly central position. 
Upon changing over the operating lever the boring 
spindles with the coupled boring bar are run up to the 
work by quick travel, the feed movement being auto- 
matically engaged and then disengaged after the pre- 
determined boring depth is reached. Simultaneously 
with the stopping of the feed movement and 
spindle rotation the special motor for lining up 
the boring bars comes into operation and turns 
the bars through a worm drive into a position 
with the cutters in line with the direction of the 
excentric table displacement. Thereupon the excen- 
tric displacement is performed automatically with 
simultaneous starting of the elevating motor, and 
raising of the boring bars, which cannot mark the 
machined bores or damage the cutters, since these are 
set clear of the work. The pilot bearings have 
clearance grooves for the cutters to pass through them. 


HERMANN PFAUTER. 


On the stand of Hermann Pfauter, of Chemnitz, 
there was shown the smallest machine of the Pfauter 
range of hobbers with vertical work axis, demon- 
strating the hobbing of small spur gears. To hold the 
work with interchangeable work arbors for rapid 
loading an overarm type work arbor support is fitted, 
which gives great rigidity by forming a closed 
rectangular frame with the machine. 

Another hobbing machine was fitted with an attach- 
ment for hobbing gears by the ‘‘ down-cut milling ” 
principle. Increased strength of the driving shafts, 
lubrication by oil circulation, overarm type work 





been specially designed for the motor industry was 








arbor support, power quick travel and fly-wheel on 







































Marcu 26, 1937 


THE ENGINEER 











the hob arbor characteristics were other features of 
this high-production hobber specially designed for the 
motor industry. 

In reply to a special demand created during 
recent years, the spur gear and spline shaft hobber, 
mode! RS.7, shown in Fig. 23, has been developed and 


rotate the crank of the oiling device a few times once 
daily in order to ensure all lubricating points of the 
turret slide are adequately supplied with oil. In the 
future it is intended gradually to equip the various 
other models of Pittler turret lathes with this equip- 
ment. 


In addition, the work spindle bearings are of 











Fic. 23—SpuR GEAR AND SPLINE SHAFT HOSBER—PFAUTER 


was shown for the first time this year. The hori- 
zontal work mounting of this machine in conjunction 
with the travelling hobbing head, makes it possible to 
deal with hobbing work of practically unlimited length. 
The work revolves and the bore of the index head is 
large. The machine has a travelling work steady, 





FiG. 24—CENTRAL LUBRICATOR—PITTLER 


lubrication by visible oil circulation, and is equipped 
with independent electric quick travel to the hobbing 
head, also feed and speed changes by sliding gear- 
boxes and single lever control. 


PirrLER WERKZEUGMASCHINENFABRIK A.G. 


On the stand of the Pittler Werkzeugmaschinen- 
fabrik A.G. there was shown for the first time a 




















FiG. 25—UNDERSIDE OF TURRET SLIDE—PITTLER 


large Pittler turret lathe, with a work spindle bore 
of 4tin. It is now equipped with a further device 
by which the maintenance is considerably simplified, 
in that the turret slide has central forced lubrication 





an improved type with positive fresh oil circulating 
lubrication by means of a special pump, as shown by 
Fig. 25. All driving parts in the headstock are auto- 
matically oil-drip lubricated. The chasing arm (see 
Fig. 26) for this machine is now available in such form 
as to permit the chasing of very large-diameter 
threads. The thread diameter in the example illus- 
trated is approximately 15}in. 

The new Pittler long-turning automatic, which 
was shown for the first time this year, is of special 
interest on account of the principle upon which it 
works. The bar stock is advanced by a feed tube, 
guided and supported by a rotating bush close to the 
stationary tools and is machined during its longi- 
tudinal feed movement. This method, it is claimed, 








FiG. 26—CHASING ARM—PITTLER 


renders comparatively long turning lengths possible 
with high machining accuracy throughout such 
lengths and is indispensable wherever long work of 
relatively small diameter must be accurately pro- 
duced. Where, however, only comparatively short 
work is involved, for which bush guidance is unneces- 
sary, the machine can be used without the rotating 
guide bush, the necessary modification being quickly 
effected. With the new arrangement wastage of 
material due to insufficient gripping length of the 
bar remnants is considerably reduced, and the stock 
itself need not be so accurately drawn as when 
using the machine with the rotating guide bush for 
long work pieces. In order to change over from long 
work to short the ball-bearing assembly carrying 
the rotating guide bush is simply unscrewed from the 
machine. 

When inspecting these lathes we were informed 
that the guide tracks or slideways of Pittler turret 
lathes are now ground and the slides themselves 
scraped. This method has been followed for some 
years with such success that a third guide track 
grinding machine is contemplated, the first having 
been laid down over ten years ago. Experience seems 
to show that even after many years of service. the 
wear is essentially less in the case of ground tracks 


Letters. to the Editor. 
(We do not hold ourselves responsible for the opinions of our 
correspondents. ) 


MANAGEMENT. 


Srr,—One may sincerely and heartily applaud the most 
important part of Mr. Sisson’s paper and your commenda- 
tion of it, and acknowledge, perhaps with some regret, 
the accuracy of most of the remainder, and yet feel an 
unsatisfactory doubt as to whether the total effect will 
be good or not so good. It almost seems to advocate 
laissez faire, and to suggest that “‘ muddling through ”’ 
is not a bad process after all, and this only because we ax 
a nation seem to have been fairly successful with it, when 
there has been no alternative. 

The definition of management, and the remarks about 
the personal qualities and character of a good mané&ger, 
are not only thoroughly sound and true, but are sifign- 
larly appropriate at a time when forcefulness, drive, 
personality (undefined), and like qualities are the only 
“ virtues ”’ generally respected and the possession of them 
almost invariably regarded as a sine gua non for a success- 
ful manager. 

Granted that scientific management is neither scientific 
nor management, does it greatly matter what it is called 
if it is a good thing in itself when used with discretion 
and a sense of proportion ? The really great contribution 
made by F. W. Taylor was not in the so-called sciences 
that he founded nor the “ principles ” that he laid down, 
but in that he was a pioneer in the conscious and analytical 
study of problems of management, instead of leaving them 
to be settled by precedent or instinct, and whatever we 
may think of his nomenclature or his language, the general 
effect of his work has been, on the whole, beneficial over 
a very large field. 

In the same way it would appear that the remarks about 
excessive organisation are based on a misuse of a word. 
The building of “ systems,”’ designing of “ forms,” collec- 
tion of statistics, &c., and ether activities beloved by cost 
accountants and some others, though necessary and useful 
in a measure, are not organisation. But is there, in British 
industry, any real and imminent danger of even this 
kind of ‘‘ organisation ” being carried to such excess as 
to be seriously injurious or fatal ? My experience of such 
exuberance is that it is usually short-lived, and brings 
about its owr destruction ; it is obviously too futile and 
wasteful to grow and flourish in the strictly utilitarian 
atmosphere of a British industry, and I should doubt if 
it is necessary, or even wise, to use the great power of 
the editorial columns of THe ENGINEER to check it. 
Henry Ford, like Taylor, is an American, and his writings 
were probably designed for American consumption ; 
everybody knows that there is a greater tendency (and 
perhaps less danger) to proceed to extremes in that 
country. Moreover, the atmosphere of the Ford under- 
taking is very likely to generate this kind of extremeness. 
But to one who has heard something of the Ford organisa- 
tion and seen some of its results, and whose own sphere of 
activity lies in one of the less organised industries like 
shipbuilding or the iron and steel industry, do not these 
quotations resemble ‘‘ Satan reproving sin ” ? 

Have you, Sir, or has Mr. Sisson ever observed any 
excessive tendency to, say, standardisation in the steel 
trade, or, indeed, any tendency towards standardisation 
at all? Any evidence of red tape in the operation of 
blast-furnaces, open-hearth furnaces, or rolling mills ? 
Most steel makers and manipulators will scornfully 
deny the possibility of any progress planning (that is, on 
a time basis) in their operations, and can demonstrate it 
by showing that their programmes, drawn up for a week, 
are usually broken before they have been in operation 
for twenty-four hours, and abandoned after two days. 
And so they are satisfied to plan the order of work with 
only pious hopes as regards time, and what cannot be 
completed in one week is put into the next week’s pro- 
gramme ? But is it so certain that there is no better and 
easier way ? Is it the sign of an over-tidy mind or of a 
desire for too great rigidity to try to plan completely for 
one little week ahead and expect to carry out the plan ? 
Is there any evidence of over-organisation or danger 
of over-organisation in the fabrication of the parts of & 
ship, and their assembly and erection into the hull ? 
What would Henry Ford say about these things ? 
Would he repeat his warning about excessive organisa- 
tion, or would he start in and standardise and organise 
with all his might ? 
The paper and your comments were quite general, and 
therefore include these two important industries (and 
there are others), which urgently need both more and 
better organisation, and I am certain that as far as the 
manufacturing processes are concerned, both you and 
Mr. Sisson will agree that it ‘is'so. - Will the effect of your 
joint efforts be to help to bring it about, or will it help to 
confirm those concerned in their complacence or belief 
that no improvement is possible or necessary ? 

H. T. Hrvpaees, M. Inst. C.E. 
Eyam, Derbyshire, March 22nd. 








LocoMOTIVES IN THE UNITED States.—At the annual 
meeting of the Baldwin Locomotive Works, Mr. G. H. 
Houston, in his remarks to the shareholders, s1id that 
the number of locomotives on Class I railways had been 
reduced from 64,000 in 1926 to about 44,000 at the end 
of 1936, More than 90 per cent. of the locomotives 
in service are over ten years old, Mr. Houston added 


that there are at present about 420 engines on order for 








to all points (see Fig. 24). It is only necessary to 








than with scraped tracks. 





the Class I railways. 
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Cast Crankshafts. 


J. GOUGH.' 


By Dr. H. 


HE effective response made by the metallurgical 
industries to the demands of the engineer for 
materials required for service conditions of increasing 
severity is so prompt and apparently so continuous 
that the existence of definite eras of metallurgical 
progress is apt to be overlooked by those absorbed 
in the everyday problems of production and use. 
Yet a moment's reflection is sufficient to establish 
definite periods at which marked advances were 
effected. Broadly speaking, until about eighty years 
ago wrought iron was the principal metal at the 
disposal of the engineer for “* stressed ” construction ; 
the steels of the period were used almost entirely in 
the form of tools. Then came the advent of the 
Bessemer and Siemens steels and gradually wrought 
iron began to be displaced from its formerly exclusive 


TaBLE I.—Chemical Analysis, Condition, éc., of Materials. 


stressing in relation to stress concentration effects 
such as are incurred at sudden changes of section and 
the presence of oil holes, fillets, &c.; wear resistance is 
essential, while a low value of Young’s modulus is an 
advantage when cases arise of non-alignment of 
bearings. 

The results are now available* of a research which 
is of considerable interest. It has been carried out at 
the National Physical Laboratory by Dr. Gough and 
Mr. Pollard, on behalf of a co-operative research com- 
mittee, consisting of representatives of the Institution 
of Automobile Engineers, of the British Cast Iron 
Research Association, and of various firms interested 
in the production and development of cast crank- 
shafts. Certain data‘ exist relating to the resistance 
of cast materials to simple fatigue actions, but until 



























































Chemical composition, per cent. 
Description. Condition. — a 
©. | si. | Mo. | 8. | P. | Ni | Cr. | Mo. | Cu. 
Alloy steel ...; The billet (Sin. to 6in. square), as 0-32 | 0-23 | 0-88 | 0-040/ 0-030) 2-42 | 0-49 | 0-38 | 0-13 
| ¢ast, was annealed at 860 deg. 
Cent. The individual test pieces 
subsequently cut from this billet 
were oil quenched from 850 deg. 
| Cent. and tempered at 650 deg. 
Cent. 
Copper-chro- | Heated to 900 deg. Cent., held for 1:56 | 1-16 | 0-44 | 0-049] 0-067] trace | 0-46 | — | 1-75 
mium iron 20 min., cooled in air to 650 | 
Cent.; reheated to 760 deg. Cent., 
held for 60 min., cooled in fur- | | 
nace to 540 deg. Cent. in 60 min.; | 
cooled in air 
Inoculated As cast 2-75 | 1-59 | 0-88 | 0-073/ 0-076 | | 0-29 
iron | | 
Chrome- | As cast | Total ... 3-28 | 2-19 | 0-95 |0-095/0-17 | — | 0-42 | 0-95 
molyb- Graphitie 2-47 } | 
denum iron Combined 0-81 | | 
(diff.) | 
Nickel-chrome| As cast .| Total . 3-36 | 1-22 | 0-92 | 0-113) 0-124] 1-87 | 0-47 | | 
iron Graphitic 2-39 | | | | 
Combined 0-97 | ! 
(by diff.) | 
position as a constructional material. The scientific | recently no means were available for obtaining data 


study of metallography, especially in its application 
to the heat treatment of steel, hastened enormously 
this development ; this powerful stimulus dates from 
about 1890. Although not commencing at the beginning 
of the present century, the marked development of 
alloy steels can be associated with that period with 
present-day results that are familiar to all. Giving 
due acknowledgment to inventive genius and improve- 
ments in methods of production, the present wealth 
of ferrous materials-of construction may be said to 
arise, to a very great extent, from the scientific use 
and control of alloying and heat treatment. But there 
is being effected, at the present time, an equally 
significant advance relating to one of the oldest 
materials, cast iron. Whereas this term formerly 
implied to the engineer a porous, defective, and some- 
what unreliable material, low in tensile strength and 
with which a high factor of safety had to be used in 
design, to-day grey cast irons, in the “as-cast” 
condition, are capable of yielding tensile strengths of 
25 to 30 tons per square inch and of further improve- 
ment by heat treatment, while the heat treatment of 
chill-cast material is capable of yielding strengths up 
to 60 tons per square inch. These achievements are 
also primarily due to the effects of alloying with and 
without heat treatment. In fact, the composition of 
these alloys is becoming of so complex a nature that 
the correct application of the terms “ cast iron ”’ and 
“ steel” has formed the subject of much discussion ; 
a considerable measure of agreement appears now to 
have been reached, the microscope being sufficiently 
discriminative ; the best method of defining the 
dividing line appears to be in terms of the presence or 
absence of the eutectic. According to Norbury,” a 
steel is an alloy of iron and carbon, with or without 
other elements, which does not contain carbide 
eutectic or graphite eutectic in the miscrostructure, 
while a cast iron is an alloy of iron and carbon, with or 
without other elements, which contains carbide 
eutectic (white cast iron) or graphite eutectic (grey 
cast iron) or both carbide eutectic and graphite 
eutectic (mottled cast iron). 

One of the most interesting modern uses of this 
class of cast materials is the crankshaft for internal 
combustion engines, which may appear at first sight 
to be a rather surprising application, yet cast crank- 
shafts are now being manufactured on a production 
basis and are giving excellent performance in service. 
The stressing requirements demanded of a satis- 
factory crankshaft material include good static 
torsional and bending strength, allied with marked 
resistance to cyclic bending and cyclic torsional 
stresses and to combinations of these, together with 
freedom from marked notch sensitivity under cyclic 

1 Summarised from his paper on “‘ The Properties of Some 
Materials for Cast Crankshafts,” Inst. Auto. Engrs., March 23rd. 




















relating to combined fatigue stresses ; this position 
was changed by the successful development, by the 
same authors,‘ of a high-speed combined fatigue stress 
testing machine, which made possible the present 
investigation in which considerable attention has 
been paid to the aspect of resistance to combined 
fatigue stresses. 

Five commercial materials have been investi- 
gated; their designations, conditions, and chemical 
compositions are as given in Table I. The alloy steel 
is a material especially developed for cast crankshaft 
purposes ; the copper-chromium iron is in extensive 
production for high-duty cast crankshafts; the 






are dependent, to a greater or lesser extent, on the 
size of the casting and on the position in that casting 
from which the test specimens were taken. The 
material used in the investigation was taken from a 
cast billet or cast bars regarding whose form® and 
size some discretion was given to the makers, but the 
supervising committee record their considered opinion 
that the results obtained do in fact afford fair repre- 
sentations of the properties of the materials examined. 

For each material examined the scope of the investi- 
gation consisted essentially of two parts:—(1) A 
related series of mechanical tets on specimens 
machined from the cast bars supplied, and (2) 
chemical analysis and metallurgical examination of 
the material as received, together with examination 
of some of the test specimens which presented features 
of interest. The report is very extensive, covering 
some 70 pages of close print, 17 tables and 25 diagrams 
and photographs. In the present summary reference 
can be made only to some of the principal features of 
interest. 

It is convenient for the present purpose to divide 
the mechanical tests into two main groups consisting 
of (1) the fatigue experiments carried out in the com- 
bined fatigue stress testing machine, and (2) the 
static, notched bar, and hardness tests, together 
with the supplementary fatigue tests. The principal 
results of the latter group are summarised in Table IT. 
The results of tensile tests to destruction, made using 
a Dalby autographic recorder, will also be found in 
the original report. 

Attention may be drawn to the essential difference 
between the alloy steel and the remaining group of 
cast irons. The former behaved under tests essen- 
tially as a ductile material, exhibiting a well-defined 
yield point, considerable plastic deformation at frac- 
ture, a good notched bar value, while the type and 
direction of fracture was that associated with a ductile 
alloy. On the other hand, the irons behaved generally 
as. “‘ brittle’ materials, having no clearly defined 
yield points, little deformation at fracture, negligible 
impact value, while the type and direction of fracture 
in every case approached that allotted on theoretical 
grounds to brittle materials. It must, of course, be 
realised that the possession of such “ brittleness ” 
does not in itself indicate any evidence of unsuit- 
ability for crankshaft construction; other factors 
must also be considered. 

Full particulars of the results of the metallurgical 
examinations are given in the original paper; in 
general, the features recorded will be familiar to those 
acquainted with these types of cast materials. 

Very considerable attention was given to the 
resistance of each material to combined fatigue 
stresses and a very extensive series of tests are 
recorded. The special machine used has been pre- 
viously described.” It operates at a speed of 1500 
stress cycles per minute. The fatigue limit of each 
material was determined, by the usual endurance 
method, on a 10’ cycles basis, under the following 
seven stress conditions :—Reversed plane bending 
stresses, reversed shearing stresses, also five com- 
binations of these stresses in which the ratio of range 
of bending stresses to range of shearing stresses had 
the values of 0-268, 0-577, 1-000, 1-732, and 3-732. 
It is unnecessary here to refer in detail to the results 





inoculated iron is in active commercial development 








of these tests-in terms of the fatigue resistance of the 


TasLe II.—Summary of Principal Results of Static, Impost, Hardness, ane Supplementary Fatigue: Teste. 
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for cast crankshafts ; the chrome-molybdenum iron 
is in extensive production for many types of engi- 
neering products, including crankshafts ; the nickel- 
chrome iron was specially developed as a low-duty 
crankshaft material, of which several thousands of 
crankshafts for small oi] and petrol engines are in 
successful operation in service. The foregoing 
particulars, taken from the paper, give an indication 
of the extent of the cast crankshaft development 
in this country and give additional interest to the 
results. It is rightly emphasised in the report that 
the mechanical properties and structure of a casting 





% “ Properties of Some Materials for Cast Crankshafts, with 
Reference to Combined Stresses,” Gough and Pollard, 

our., Inst. Auto. Engrs., March, 1937, No. 6, Vol. V, pp. 96-166. 
4 For a useful summary see Donaldson, Foundry Trade 
Journal, Vol. 55, No. 1037, July 2nd, 1936. 





2 Bulletin, B.C.1.R.A., Vol. 4, No. 5, July, 1935. 





5 Gough and Pollard, ‘‘ Proc.,” Inst. Mech. Engrs., Vol. 131, 
1935. 





Copper- | Inocu- Nickel- 
Material. | Alloy steel. | chromium lated | molyb’m | chrome 

| iron. iron. iron. iron. 
Tensile limit of proportionality, tons per — inch ool “31 5 15-5 2-5 | 2-5 2-2 
Yield point in tension, tons per square A 24s een 43-8 None | None | None None 
Ultimate tensile strength, tons per square inch 52-3 32-3 | 23-3 20-8 18-8 
Elongation (l=4 A) at fracture, per cent ... 10 0-2 j 0-4 0-8 0-8 
Reduction of area at fracture, per cent. 16 | Negligible 0-4 Negligible | Negligible 
Young’s modulus E, Ib. per square inch x 10-* 29-3 26-8 21-7 20-1 18-7 
Brinell hardness number ...0 0.0... 000. cee ees ese] 260 | 260 245 280 265 

wilnistates ‘ — ns 4 

Torsional limit of proportionality, tons per square inch 17-3 } 15-6 4:3 2-7 27 
Yield pdint in torsion, tons per square inch . bite 33-9 | None | None None None 
Torsional modulus of rupture, tons per square inch nas coal 46-5 | 38-6 | 31-9 32-7 21-1 
Total twist at fracture (L/d=8}), degrees... re | 846 96 | 82 53 16 
Modulus of rigidity G, Ib. per square inch x 10-* ... i 11-5 11-4 | 8-6 8-6 7-1 
Izod notched bar value, foot-pounds 24-8 1-2 1-5 0-8 0-4 
Wohler fatigue limit, tons per square inch ... et +22-3 +21 to +19 412-9 +9-4 +8-9 
Alternating torsional fatigue limit tons per square inch os hee -l4to +12-3}414-7to+13-9} +9-7 +8-4 >++i7°1 














individual specimens or of the stress-endurance curves. 
The essential results of the whole series, with stress 
analyses, are summarised in Table III, in which every 
horizontal line of figures refers to a fatigue limit. 
In this table the quantity 0 refers to a setting angle 
of the machine, which angle determines the imposed 
stress combination as tabulated in the third column 
of the table. 

There are many ways of plotting the data of 
Table III in order to examine the behaviour of any 
material over the complete system of stressing 
investigated. The method devised by the authors, 
and reproduced in Fig. 1, may be adopted as the 
simplest. In this diagram the results are plotted in 
the form of a polar diagram, the polar co-ordinates of 





® Full particulars are given in the original report: 
7 Gough and Pollard, ‘“ Proc.,’”’ Inst. Mech. Engrs., Vol. 131, 
35. 
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which represent the ratio of the fatigue limit of the 
particular stress combination (in terms of maximum 
shear stress; see last column of Table III) to the 
fatigue limit under reversed plane bending stresses. 
Now, reference to Table III wili show that no con- 
stancy exists in the value of the ratio of the fatigue 
resistances under torsional and bending stresses. The 
ratio values for the five materials, taken in order, are 
1-35, 1-58, 1-77, 2-02, and 1:68. Hence, in Fig. 1, 
no one curve can possibly represent the behaviour of 
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Polar co-ordinate represents ratio 8/S,. 
Where 8 = fatigue limit in terms of maximum shear stress, 
S, = fatigue limit for special case of reversed plane bend- 
ing stresses, 
© denotes experimental values, 
Full curves represent general conic, 
Dotted curves represent ellipse quadrant. 


Fic. 1—Results Plotted in Form of Polar Diagram. 


all the materials. In a study of the resistance to 
combined fatigue stresses of ductile wrought steels 
the authors found a similar result, but demonstrated 
that, for those materials, a single form of curve, an 
ellipse quadrant, fitted all the results in an extremely 
satisfactory manner. The dotted curves of Fig. 1 
represent such ellipse quadrants, and it is quite clear 
that curves of this form do not represent the loci of 
the present experimental data, with the possible 
exception of those relating to the alloy steel, even 
after making the widest allowance for the irregu- 





hyperbola, and ellipse by taking suitable values for 
the excentricity. The full line in each diagram of 
Fig. 1 represents such a conic drawn between the 
experimentally determined “ end points.”” When cast 
materials are tested in the form of small specimens 
(0-3in. diameter in the present case) the effect of 
occasional small flaws will naturally tend to produce 
an exaggerated irregularity in the results ; it is not a 
matter of surprise to find evidences of this in the 
plotted data of Fig. 1. Making allowance for this, the 
data for the first four specimens are in close agreement 
with the curves representing the appropriate conic. 
Four of the fatigue limits of the nickel-chrome iron 
plot regularly, but the remaining three indicate 
reduced fatigue resistance ; reference is made in the 





high in relation to their tensile strengths, especially 
when it is remembered that, owing to variations from 
sample to sample, and casting defects emphasised by 
the small sizes of the cast bars, the values obtained 
may not represent the optimum properties of which 
the materials are capable when produced in the sizes 
and under the casting conditions of full-sized crank- 
shafts. 

A few combined fatigue stress experiments were 
made on notched specimens of alloy steel. A very 
sharp circumferential vee notch (included angle 
55 deg.) was used ; actual measurements showed that 
the root of the notch was, on the average, represented 
by a radius of 0-0012in. Five series of tests were 
made and the results obtained are indicated, 


TasLE IV.—Comparison of Fatigue Resistances of the Materials, with regard to Tensile Strength and Endurance Ratios. 

































































report to the pitted surface condition of these speci- 
mens, which may account for the abnormal irregu- 
larity. In general, the authors appear to have given 
reasonable evidence of the conformity of the fatigue 
resistances of these materials to the form of relation- 
ship they suggest. 

To obtain a quantitative comparison of the fatigue 
resistances of the materials the authors use the 
diagram reproduced as Fig. 2, in which the area 
enclosed by the locus of each series of experimental 
data and the axes of the diagram represent stress 
combinations under which fatigue will not result in 
the material to which the locus relates; the conic 
shown in full line is a sufficiently close approximation 
to such a locus. The relative fatigue resistances of 





















































Material Bs | Alloy Copper- Inocu- Chrome- | Nickel- 

| steel, chromium lated molybd’m | chrome 

| iron. iron. iron. iron. 
Ultimate tensile strength, tons per sq. in. (average on B.S.1. specimens) 52-3 32-3 23-3 20-8 | 18-8 
Relative ultimate tensile strengths, per cent. : He 100 62 45 40 36 a 
oa om Fatigue limit,* tons per square inch, fp id +26-6 +18-2 +12-9 +10-8 +10-6 

;| of re- 
38 versed Endurance ratio value ... 4 0-505 0-56, 0-554 0-51, 0-56, 
Sug stresses | Relative values of endurance ratio, per cent. ... | 100 111 109 | 102 11] 
5°32 sg Fatigue limit,+ tons per square inch, ft 4-17-9 +14-4 +11-4 +10-9 | +8-9 
Es | of re- aye Bice x 
gen | versed | Endurance ratio value... 0-34, | 0-44, 0-48, | 0-52, | 0-47, 
3 & | shearing ; ; es 
mo | Stresses ative values Of endurance ratio, per cent. ... } | 
$3 r Relat I f end tio, p t 100 | 130, | 143 | 153 138 
os —_—— ———} —___ _ _ __ 2 ae a a a ee 
Ratio of 2/4... 1-36 1-58 | 1:77 | 2-02 | ~~ 1-68 
fo | 
* In terms of nominal direct stress (tension and compression). 
+ In terms of nominal shear stress. e 


diagrammatically, in Fig. 1 (f) ; only one series shows 
marked irregularity. The quantitative results show, 
broadly, that the effect of the notch is to cause a 
reduction in fatigue strength of 34-6 per cent. under 
reversed bending stresses, diminishing in an irregular 
manner to a value of 26-2 per cent. under reversed 
torsional stresses. In view of the “ sharpness” of 
the notch used, the material can be said to possess 
good fatigue resistance in the presence of stress con- 
centrations, an invaluable property for a crankshaft 
material. 

The report makes a welcome and original contri- 
bution to existing data relating to this extremely 
interesting new field of metallurgical development, 









































Taste LI.—s y of Combined Fatigue Stress Experiments with Stress Analysis. i 
j j Z 
Ratio of | Fatigue limite, tons per sq. in. i 
| Applied | 7 a) ot : ¢ P 
Value} twisting | Rangeof | Rangeof | Range of principal stresses. Range of maximum H } 
Material. | of @ | moment to | direct | ear } shear stress 8. 2 } 
| deg. | bending | stress due stressdue | Pp tension. Pz + } 
| | moment | to bending f, | to torsion gq, | : mp i 2 a _ 
| (tan @). | tons per sq. in. | tons per sq. in. | Value. | Ratio. sion Value. (RatioS/S, Fe | 
a SER SRR Ses En paarenelennentnesbane <a et i i 
Alloy steel.. o| oO | +26-6 0 +26-6 | 1:00 | 0 413-3 | 1-00 H 
35 0-268 | £25-7 - 3-4, +26-1, 0-98 + 0-45} +13-3 1-00 : 
| 30 0-577 | + 23-2 L 67 +24-8 0-93 + 18 +£13-4 1-01 3 
| 45 | 1-000 $202 | +10-1 424-4, 0-92 + 4:1, | 414-3 1-07; Fs 
| 60 | 1-732 | +16-8 | +14-6 125-2 0-94, + 8-4 +16-8 1-26, Fa 
| 7% | 3-732 | +87 | +162 | 422-1, ] 0-79, +12-4, | £16-8 | 1-26, 2 ob : L L i u a 
P00} 5 .@ 0 | 417-9, | 417-9, | 0-67, £17-9, | £17-9, | 1-35 ¢-enb Siseislr sat dian eatin sisaeiaedite Lealbat 
—_-—--—--— -——' ~~~ —-- | — | “Tre Enoineer” Swain Sc 
Copper- Fae is ek 418-2 | 0 | 418-2 1:00 | 4 0 + 91 | 1-00 
chromium iron| 15 0-268 | 417-7 +24 | $18-0 0-99 +03 | + 9-1, | 1-00, © @ Denote experimenta Idata. 
30 0-577 +16-9 + 4-9 |} +18-2 1-00 + 13 + 9-7, 1-07 Each curve shown is a conic of the form 
45 1-000 +14-3 | + 7-1, +17-2, 0-95 + 2-9, +10-1 1-11 
| 60 | 1-732 10-6 + 9-2 +15-9 | 0-87 | + 5-3 | 410-6 | 1-16, ¢.f ®_1)+f(2—?) a1. 
75 3-732 + 6-4 +11-9 +15-5 0-85 + 91 +12-3 1-35 2° Xe 6 t 
90 @ 0 14-4 +14-4 0-79 a14-4 z+M-4 1-58 Where +6=fatigue range (tension and compression) under 
Broa NBS me FeSO —_—— reversed plane bending stresses only, 
Inoculated iron...| 0 0 +12-9 0 +12-9 1-00 0 + 6-4, 1-00 spoils came (shear) under pawiek torsional 
| 16 0-268 418-3 | + 1-6, +12-5,| 0-97, | + 0-2 | + 6-4 | 0-99, = amaenanie 
30 0-577 PS) ae ae Sey +12-6 0:97, + 0-9 + 6-7, | 1:04, 
45 1-000 + 9-9 + 4:9, +11-9; 0-92, = ot ot eh A cape 1-08, FiG. 2—Diagram Showing the Complete Field of Safe Combina- 
60 1-732 + 8-2, + 7:1, +12-3 0-96 + 413 | + 8-2; | 1-28 tions of Cycles of Reversed Bending and Reversed Torsional 
75 3-732 + 5-2 + 9-7, 412-7, | 0-99 +75 | +10-1 1-56, ‘Saeiieg: 
90 ioe) 0 | +11-4 +11-4 0-88, +11-4 +11-4 1-767 
Chrome-molyb- 0 0 +10-8 | 0 410-8 1-00 0 4. §:4 1-00 and the authors and the supervising committee are 
denum iron 15 0-268 £10-5 | + 1-4 +10-7 0-99 + 0-2 + 5-4, 1-01 to be congratulated on their work and enterprise. 
30 0-577 £97 | £38 +10-4, | 0-96 + 0-75) + 5-6 | 1-04 Not the least satisfactory aspect of the research is the 
= es = fl bas So +n. : in + a 53 a aoa evidence of useful co-operation between the industries 
15 3-732 + 4-6 + 8-6 s1-2 1-04 + 6-6 + 8-9 1-65 and manufacturers concerned. All will agree with 
90 @ 0 | +10-9 +10-9 1-01 +10-9 +10-9 2-02 the opinion that only a commencement has been made 
oan in the exploration of the possibilities of the use of 
Nickel-chrome 0 0 410-6 | 0 410-6 1-00 0 + 5-3 | 1-00 rapes 
iron 15 0-268 + 9-85 | + 1:3, + 10-08 0-95 +012] © 81 0-96 these cast alloys for general engineering purposes, 
30 0-577 + 8-84 + 2-5, + 9-52 0-90 + 0-68} + 5-1 0-96 and the results of further researches and develop- 
45 1-000 = i + 3-8 + 9-31) 0-88 + 1-59) + 5-45) 1-03 ments in this field will be awaited with interest. 
60 1-732 + 6-45 + 5-6 + 9-68 0-91 + 8-22 + 6-4, 1-22 
75 3-732 + 3-84 + 7°15 + 9-32 0-88 + 5-48 + 7-4 1-4 
90 wo 0 + 8-9 + 8-9 0-84 + 8-9 + 8-9 1-68 
| 











larities of the results. For design purposes, however, 
it is very convenient to have a general form of curve 
which may be said to represent, even approximately, 
the loci of the experimental values, as it is only neces- 
sary to determine experimentally the two end points 
which represent the easily determined fatigue limits 
under reversed bending stresses and reversed torsional 
stresses. The uthors discuss this question in relation 
to some of the well-known theories of failure and show 
that the general polar equation for a conic having the 
focus as the pole appears suitable for use in examining 
the present experimental data; this general conic 














the materials are clearly shown in Fig. 2. But as the 
fatigue limit is usually related to the tensile strength, 
it is of interest to examine the values of the endurance 
ratios of the present materials. The relevant data 
are abstracted in Table IV, from which it is seen that 
although the tensile strengths vary widely, by as 
much as 64 per cent., yet the endurance ratios for 
bending stresses show no marked variations, having a 
maximum difference of 11 per cent. only ; the endur- 
ance ratios for torsional stressing have a much greater 
variation due to the relatively low value recorded for 
the alloy steel. But the general conclusion emerges 





gives, of course, the particular. cases of the parabola, 





that the fatigue resistances of all five materials are 


SpectaL AREAS AND THE F.B.I—The Grand Council 
of the Federation of British Industries, at its meeting 
on March 10th, considered the Government’s recently 
published proposals with regard to the distressed and 
special areas. In view of the complexity of the problem, 
the Council expressed the hope that those responsible 
for administering the schemes would, when considering 
the establishment of a new industry, consult industry 
as to the implications of such schemes. In order to 
facilitate this the Council decided to request the Com- 
mittee of Past-Presidents of the Federation of British 
Industries, which was created to co-operate with the 
Government on defence questions, to offer its services 
to the Government in any cases where its collaboration 
might be of assistance. 
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An Arc Welding Rectifier. 


A NEW arc welding rectifier which converts three-phase 
eurrent into D.C. has been introduced by the A.E.G. 
Electric Company, of 131, Victoria-street, S.W.1. As 
shown in Fig. 1, it is mounted on wheels and the main 
switch and control hand wheel are at one end. The 
rectifier units are the dry metal type, with good static and 
dynamic characteristics and instantaneous voltage 




















FiG. 1—COMPLETE RECTIFIER 


recovery. It is claimed that the unit is suitable for use 
with any type of plain or coated electrode and that the 
are ig free from splutter. Smooth and stepless control is 
provided by the hand wheel. The main connections are 
shown in Fig. 2, where it will be seen that the transformer 
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Fic. 2—RECTIFIER CONNECTIONS 






is wound three-phase on the primary and secondary sides. 
Following a short circuit the striking voltage across the 
welding electrode and work is said to rise to 40 volts in 
0-0025 second, whilst the current reaches a constant value 
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FIG. 3—STATIC CHARACTERISTICS 


in 0-014 second. The statie characteristics are shown in 
Fig. 3. 

Overhead and vertical welding are said to be carried out 
with ease and corners and angles present no difficulty. 
The regulator permits of accurate adjustment of the weld- 
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FiG. 4—CHACTERISTICS PLOTTED AGAINST 
ARC VOLTAGE 


ing current for any type of plain, covered, or heavily coated 
electrode from 20 8.W.G. to 5 8.W.G., with the result that 
the rectifier can be used for welding stainless steel and 
aluminium plate from 20 8.W.G. upwards. The curves, 





efficiency and power factor at various voltages, the effi- 
ciency between quarter and full load being practically 
constant, As there is no disturbance on the line when 
striking the are, the rectifier can be connected to lighti 
mains and two or more unjts can be connected in paralle 
for heavy welding work. The apparatus is continuously 
rated at 250 amperes, 25 volts. Adjustments can be made 
from 15 to 28 amperes and from 15 to 25 volts. Two scales 
are marked in amperes for plain and heavily coated 
electrodes and if required an ammeter can be fitted. The 
three-phase terminals can be arranged so that the rectifier 
can be supplied at 500 volts or 220 or 380 volts. Between 
no: load and full load the power factor varies between 
0-62 and 0-83, and the use of condensers for power factor 
correction is unnecessary. The only moving part is a fan 
for cooling the rectifier. 








New Water Scheme for Durban. 


Durinc a recent session of the Union of South 
Africa Parliament the City Council of Durban sub- 
mitted a Private Bill for its new water scheme. When 
parliamentary authority has been received for the scheme 
and the Water Court has been satisfied in its requirements, 
an immediate start is contemplated, as long before the 
scheme can be completed Durban will be requiring more 
water than is at present available. 

The scheme is one that was reported on in July, 1931, 
by Mr. Walter M. Campbell, M. Inst. C.E., M.T. Mech. E., 
Borough Water Engineer. Certain particulars of the 
scheme were published in THE ENGINEER in 1935, but it 
has now been subject to modification to the extent of 


enlargement owing to the rapidly increasing demands 
of the city, and the following is now the position. 

The estimated cost of the work is £1,700,000. It is 
proposed to dam the Umgeni River at a point approxi- 
mately 30 miles from Durban} in what is known as ‘‘ The 
Valley of a Thousand Hills.””’ The impounding capacity 
of the reservoir will be over 5000 million gallons, and the 
length between the diversion weir and the dam will be 
3 miles. The dam will be built to a gravity section, and 
the height of the spillway will be 115ft. above the river 
bed, and it will be 1380ft. long. The geological features 
are most favourable, granite gneiss being exposed across 
the river bed, whilst on the right flank the rock is out- 
cropping, and on the left flank solid foundation is avail- 
able at a maximum depth of about 24ft. The course of 
the river, making a double bend, lends itself to the con- 
struction of a very efficient method of diverting the 
heavy silt-laden waters in time of flood, which is a vital 
consideration when damming South African rivers. 
The total submerged area will be approximately 400 acres. 
As will be seen in the left-hand side of the photograph 
reproduced herewith, a diversion weir will be built at the 
head of the reservoir, and a cutting constructed through 
the intervening ridge, the maximum depth of which will 
be 80ft. Control gates will be built across this cutting, 
controlling the diversion of the water. Immediately 
to the right of the dam will be seen the filtration station, 
consisting of primary filters of the rapid sand type, and 
secondary filtration will be through slow sand filter beds. 
The system will be similar to that now in use at the 
London Metropolitan Water Board works. 


Tue AQUEDUCT. 


The aqueduct will be 31-06 miles long, comprising a 
pipe line and four tunnels. The tunnels will be designed 
for a maximum discharge of 50 million gallons per day, 
and the pipe line for 20 million gallons per day. The 
diameter of the pipes will vary from 48in. to 27in. The 
transport of these pipes will not be a matter easily dis- 
posed of, as the line passes through extremely difficult 
and, in some parts, almost inaccessible country. The 
supply will be gravitational throughout. 

The scheme also includes the construction of a road 
of access to the dam leading off from the main road 
between Durban and Pietermaritzburg. The length 
of the road will be approximately 13 miles through 
mountainous country, and the estimated cost is £50,000. 





Fig. 4, show the relationship of the welding current, 









tion and survey work, owing to the nature of the country, 
and is considered the only possible route; the ruling 
gradient will be 1 in 10. 

Since the scheme was first reported on, Durban’s 
boundaries have been extended from 13 square miles to 
67 square miles, and its population, owing to this extension, 
has increased from 125,000 to 238,000. Water mains 
are being extended rapidly in the new areas to cope with 
the increasing demand. The present average daily water 
consumption is nearly 12 million gallons, It is estimated 
that the 20-million gallon aqueduct will meet require- 
ments until between 1950-1960, when duplication will be 
required. 

Mr. Walter M. Campbell, M. Inst. C.E., M. Inst. 
Mech. E., who, at the time of the 1931 report, was Borough 
Water Engineer, has been responsible for the scheme from 
its inception. He is now City and Water Engineer to the 
Durban Corporation. 























IRON AND STEEL INSTITUTE. 











THE annual meeting of the Iron and Steel Institute will 
be held at the Institution of Civil Engineers, Great George- 
street, Westminster, S.W.1, on Thursday and Friday, 
April 29th and 30th. The meeting will begin on Thursday 
morning, when there will take place the presentation of the 
annual report and statement of accounts for 1936, election 
of new members, induction of the newly elected President, 
Mr. A. Hutchinson, who will give his presidential address, 
and the presentation of Bessemer gold medals to Col. N. T. 
Belaiew and to Monsieur A. Meyer. The seventh report 


















PROPOSED RESERVOIR FOR 





The location of this road entailed a great dea] of investiga- 









on the heterogenity of steel ingots will also be presented 













































DURBAN 


at this meeting for discussion, In the‘afternoon the follow- 
ing papers will be discussed :—‘‘ The Influence of the 
Mean Stress of the Cycle on the Resistance of Metals to 
Corrosion Fatigue,” by H. J. Gough and D. G. Sopwith ; 
“The Effect of Protective Coatings on the Corrosion 
Fatigue Resistance of Steel,” by D. G. Sopwith and H. J. 
Gough ; “ Alloy and Fine-grained Steels for Locomotive 
Coupling Rods,”’ by H. O'Neill ; and ‘‘ Some Experiments 
on the Influence of Silicon, Phosphorus, and Manganese 
on Nitrogen Hardening Cast Iron,” by J. E. Hurst. In 
the evening the Institute’s annual dinner will be held at 
Grosvenor House, Park-lane, W.1. On Friday morning 
announcements will be made of the awarding of the Andrew 
Carnegie Research Scholarships for 1937, the Carnegie 
Gold Medal and the Williams Prize. The following papers 
will be presented for discussion during the morning 
meeting :—‘* The Work of the Coke Research Committees 
of the Iron and Steel Industrial Research Council,” by 
E. C. Evans and J. M. Ridgion; ‘‘ A Practical Trial of 
Roofing Sheets of Copper Steels and other Materials,” by 
Sir Robert Hadfield and 8. A. Main; “ The Thickness of 
Oxide Films on Iron,” by H, A. Miley; ‘‘ The Effect of 
Phosphorus on the Mechanical and Corrosion-resisting 
Properties of Low-carbon and Low-alloy Structural 
Steels,” by J. A. Jones; and “ Method for Testing the 
Resistance of Stainless Steels to Local Corrosive Attack,” 
by Sven Brennert. During the afternoon the following 
papers will be presented for discussion :—‘“ An Investiga- 
tion of the Iron-carbon Constitutional Diagram: Part I, 
Preliminary Survey of the 8 Region,” by F. Adcock ; 
“The Allotropy of Iron,” by H. Esser; ‘ Alloys of Iron 
Research: Part XII, Note on the 6m Transformation in 
Manganese-rich Iron-manganese Alloys,” by Marie L. V. 
Gayler and C. Wainwright; and ‘“‘ Some Properties of 
Commercial Steel Sheets Containing Copper, Chromium 
and Phosphorus,” by 8. C. Britton. 








Correction.—We are informed by Mr. Walter W. 
Nobles, of 100, Victoria-street, that he was consulting 
engineer for both the heating and ventilating systems in 
the Institution of Electrical Engineers’ building, described 
in our Jast issue. G. N, Haden and Sons, Ltd., were the 
main contractors for the heating section, and A. Reyrolles, 
Ltd., the sub-contractors for the electrode water heater 
and controls. J. Jeffreys and Oo. were the contractors for 
the ventilating system. 
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Rail and Road. 





FRENCH STREAMLINED “ Pacrric ’’ LocomotTIvEs.—A 
4-6-2 locomotive of the French State Railways has been 
fitted with a streamline casing. The new casing has been 
so designed that it is capable of being fitted to existing 
‘* Pacific” engines without altering any of the moving 
parts or fittings. 


New Soutuern Ramway Livu.-The Southern Rail- 
way Company has beguii the construction of a new line 
between New Romney and a point on the line between 
ae i ——— - When the line, nang Ray: be 
about 3} miles long, opened, the existi ine from 
Lydd to New Romney will be closed. sy 

A New L.M.S. Sration.—A new passenger station is 
to be built by the London, Midland and Scottish Railway 
Company at Apsley, between King’s Langley and Hemel 
Hempsted, and Boxmoor stations on the main line from 
Euston. The new station will be served by the outer 
suburban trains from and to Bletchley, Tring, &c 


DERAILMENT ON THE SOUTHERN Rariway.—On the 
morning of Saturday, March 20th, a subsidence of earth 
on the Southern Railway Company’s line between Gilling- 
ham and Rainham, in it, caused the derailment of a 
goods train. The train was the 2.30 a.m. from Faversham 
to Gillingham, and the ine passed safely over the 
cavity, but the first truck and twenty others were 
derailed and considerably damaged. 

A Lone Rattway Run.—In the U.8.8.R. a steam 
locomotive fitted with a tender condenser recently com- 
pleted an unbroken run of 21,000 kiloms. from Moscow 
to Vladivostok and back, hauling a load of 1200 tons. 
The engine is said to have covered distances of 150 kiloms. 
without a stop, and in one section 300 kiloms. was covered 
non-stop. The condenser enables the locomotive to 
travel distances up to 1000 kiloms. without taking on 
fresh water supplies. On the whole journey a speed of 
40 kiloms. per Nee was averaged, and the locomotive 
gave no trouble. 3 


OI-ENGINED RAILCARS FOR WESTERN AUSTRALIA.— 
The first of a number of oil-engined railcars built Sir 
W. G. Armstrong, Whitworth and Co. (Engineers), Ltd., 
for the Government Railways of Western Australia, has 
been shipped to Australia. The new railcars are 63ft. 
long, weigh 18} tons, and accommodate forty passengers. 
It is understood that at first these cars will be used on the 
Narrogin—Merredin Railway and the York—Bruce Rock— 
Merredin section. Their main purpose will be to displace 
the present mixed trains, which, on account of their slow- 
ness and the amount of shunting necessary, have been the 
cause of much delay and complaint. 


Regie} — eg pe: Pa connection with 
the introduction of larger more powerful 
locomotives, the L.M.S. Railway Company intends to 
install bigger turntables at twelve places on its system. 
Turntables of 60ft. diameter are to be installed at Stafford, 
Northampton, Leeds, Sutton Oak, Sheffield, Saltley, 
Lancaster, Lower Darwen, and at two stations in Scotland 
—Edinburgh and Tain. A new turntable of 58ft. diameter 
is to be provided at Wigan, and one of 55ft. diameter at 
Wemyss Bay, Renfrewshire. All these turntables will 
be of the vacuum-operated type, in which the power 
for rotating the turntable is provided by the locomotive 
which is being turned. 

Larce AmeERIcAN Locomotives.—A recent issue of 
Railway Age gives a number of particulars of the 4-6—-6~4 
locomotives built by the American Locomotive Company 
for the Northern Pacific Railroad. The weight of each 
engine in working order is 624,500 Ib., and the rated trac- 
tive effort is 104,500Ib. The driving wheel base is 
35ft. lin., engine wheel base 61ft. 10in., and total engine 
and tender wheel base 113ft. 8in. Other particulars are 
as follows :—Driving wheels, 69in. diameter; four 
cylinders, 23in. by 32in. stroke ;. Walschaerts valve 
gear with a maximum travel of 7}in.; boiler pressure, 
250 Ib, per square inch; grate area, 152-3 square feet ; 
total heating surface, 7946 square feet. 

HampsuHirE Levet Crosstnc Scueme.—The level 
crossing on the Petersfield-Hayling road at North-street, 
Havant, is to be closed. In its place the Hampshire 
County Council proposes to build a length of new road 
which will cross the railway by a bridge on the west side 
of the existing road. The Minister of Transport has made 
a grant from the Road Fund towards the cost of the 
scheme, estimated at over £98,000, and a contribution of 
£20,000 has also been made by the Southern Railway 
Company. The decision to close the level crossing was 
taken in view of the to enlarge the adjoining 
railway station and é the main line from London 
to Portsmouth. For the greater of its length the new 
road will be 60ft. wide, but on bridge and approaches 
the width will be reduced to 465ft. Sections of existing 
road will be improved and additional lengths of road con- 
structed to afford access to the passenger and goods 
stations and also to link up eventually with the Cosham- 
pew road and the projected by-pass on the south side 
of Havant. 


HicutanpD Roap REBUILDING ScHEME.—Work is 
shortly to begin on the reconstruction of the 8-mile 
section of road between Loch Laxford and Loch More, in 
Sutherlandshire. This is one of the items in the Crofter 
Counties road improvement ’ e, for which the 
Minister of T rt is making 100 per cent. grants from 
the Road Fund. The estimated cost of the scheme amounts 
to nearly £39,000. A tender for the work -has: been 
accepted, and it is hoped to complete the scheme in about 
eighteen months from the date of commen t. The 
length of road concerned begins at LaxfordBri and 
ends at @ point fi ths of a mile south of Loch More 
Lodge. Achfarry Bridge, near Loch More Lodge, will 
be rebuilt in reinforced concrete. The carriageway of 
10ft. will be surfaced with bituminous macadam, except 
for two lengths over peat bogs, totalling three-eighths of 
a mile, which will be constructed in reinforced concrete. 
It is proposed to construct passing places, 16ft. wide, 
numbering about twelve per mile, and where the driver's 
view is obstructed by a sudden bend or the crest of a hill, 
the carriageway itself will be widened to 16ft. 





Miscellanea. 





Om Prospectine in Great Brirain.—It is announced 
that the D’Arcy Exploration Company has abandoned its 
search for oil at Henfield, in Sussex, where the boring 
reached a depth of about 5105ft. 


Scorriss Empmz Exuisrrion.—On Friday, March 
19th, the ceremony of cutting the first sod on the site of 
the Empire Exhibition in "Scotland was performed at 
Bellahouston Park by Lady Elgin and the Secretary 
State for Scotland. : 


BLAST-FURNACE TO ResTartT.—As a measure 
to help relieve the present shortage of pig the Guest, 
Keen, Baldwins Iron and Steel Company is to restart one 
of the old blast-furnaces at: Dowlais. Work has been 
begun to put the furnace in order, ato ing raw 
material is available it is ho to begin production 
of pig iron within a few months, 

Next Year's B.I.F.—It is announced by the Depart- 
ment of Overseas Trade that the British Industries Fair 
of 1938 will be held in London and B from 
Monday, February 21st, to Friday, March 4th. The total 
attendance at this year’s Fair in London was 223,398, as 
against 221,383 last year, and in Birmingham 152,649, as 
against 143,783 for 1936. 

Usrrep Srates Cement Sranparps.—The Portland 
Cement Association of the United States has decided to 
adopt the autoclave test as a standard of volume con- 
stancy for cement. The n equipment is being 
obtained, and when it is i no cement is to be 
delivered which shows an expansion of more than 1 per 
cent. in an autoclave test on a lin. square bar either 
5in. or 10in, long. 

New Tyre Reconprtionrne Piant.—The new tyre 
reconditioning plant of Tyresoles Ltd., said to be the 


in EB , was opened at the Palace of Engineering, 
Wembley, on Thursday, March 18th. The process adopted 
by the consists of vulcanising a band of high-class 


rubber composition on to the old tread of a tyre. The 
original rubber is left on the casing and there is no heating 
or other treatment of the shoulders, side walls, or any other 
part than that to which the new tread is attached. 


Bearincs ror FracrionaL Horsz-PowER Motors.— 
When in service it is not unusual for the bearings of 
fractional horse-power motors to receive little or no 
attention. Recently a quarter horse-power motor made 
by Bull Motors, of Ipswich, and fitted with “ Oilite” 

i was returned after having been in service for 
over  yeats in connection with an automatically 
controlled float switch. The motor was running perfectly 
and on being dismantled the ing surfaces were found 
to be provided with a film of clean oil. The bearing bushes 
were checked with a plug gauge, which demonstrated that 
there was no perceptible wear, the running clearance being 
half a. thousandth of an inch, which is the maximum at 
which bearings are out when new. We are informed 
that during the whole of the three years the motor has 
received no additional oil and has not been examined. As 
is well known, the “ Oilite”’ bearing is made by the 
Manganese:Bronze and Brass Company and consists of a 
bush of ‘special bronze of cellular structure material 
impregnated up to about 35 per cent. of its total volume 
with oil, © 

InTERNAL Corrosion mn CoLLieRY Winpinc Ropgs.— 
A recently issued publication of the Safety in Mines 
Ressarch Hoke dalieseish the part which is played by the 
fibre core of round and flattened strand ropes in promoting 
internal corrosion. Amongst the conclusions reached are 
that batching and im ting oils used in core manu- 
facture do not decompose sufficiently, in practice, to cause 
appreciable corrosion of wire; on the contrary, they 
protect it. or gouge Bead the oils is due to the presence of 
impurities and the oils retain their protective value until 
they are out. Internal corrosion can take place 
without penetration of the rope by water containing 
harmful salts or acids. Manila (and some other) fibres 
used for cores contain and are liable to develop formic and 
acetic acids as a result of bacterial action. These acids can 
corrode wire ropes in the presence of moisture even in the 
absence of oxygen; pressure between wire and core tends 
to accelerate the rate of attack, since it tends to remove the 
protective oils and increase the contact between fibre and 
steel. It is shown that the harmful acid in raw manila 
fibre can be removed by cold: water treatment, and it is 
suggested that subsequent bacterial action might be pre- 
vented by treating the washed fibre with an antiseptic 
which would not corrode steel. The practicability of 
measures has, however, not yét been demonstrated. 


Greater Votca ScuEemME.—A note in the Electrical 
Review gives an outline of what is known as the Greater 
Volga scheme in the U.8.8.R., as described by Professor 


A. Chaplygin. The scheme includes the building of large 
hydro-electric power stations on the Volga and the Kama, 
and the déépening of these rivers for the of linking 
up the sou and northern seas and irrigating the dry 


Ste of the Volga. The hydro-electric power stations 
to be built‘under this scheme will have an aggregate 
capacity: of 10,000,000 kW. High-voltage transmission 
lines will unite the plants in the Volga districts, which will 
be linkéd’up in the west with the power system of the 
Greater Dnieper and in the south with the systems of the 
North Caucasus and the Donetz basin. A channel, about 
7m. deep, will be made along the entire Volga-Kama 
waterway, which will then be navigable by seagoing vessels, 
finding an outlet in the north to Moscow the 
Uglich Junction and the Moscow-Volga Canal. 

the Sheksna and V. rivers (in the Mariinsk waterway 
system) an outlet will be made from the Volga to the 
Baltic and White Seas. In the south the Volga-Don and 
Manych canals will connect the Volga with the Black Sea. 
The carrying out of the scheme has already begun with the 
building of power stations on the Upper Volga at Rybinsk 
and Uglich and the Perm power station on the Kama. The 
aggregate capacity of these stations will be 950,000 kW 
and their annual output 3000 million kWh. The com- 
pletion of the first part of the scheme will provide a deep 
waterway between the Volga and Moscow rivers and the 
Baltic and_ White Seas. 





Air and Water. 





THE Sate or Tyne Dock.—The Tyne Improvement 
Commission has to seal the agreement between 
the Commissioners and the London and North-Eastern 
Railway Company for the purchase of Tyné Dock at a 
cost of £600,000. 

Devutscne Lurraansa in 1936.— 
machines of the Deutsche 


last year the 
w 12,009,000 


of | kiloms on the regular European services, and a further 


2,879,000 kiloms. on mail and freight services. Fare- 
ying passengers numbered 231,900, and the passenger 
ilometres totalled 85,503,000. 

New TRarninG Cruiser ror ARGENTINE.— On Tuesday, 
March 16th, the new Argentine traiming cruiser “La 
Argentina ” was launched at Barrow by Vickers Arm- 
strongs, Ltd. The cruiser has a displacement of 7000 tons 
and carries nine 6in., four 4in. anti-aircraft and eight 
2-pounder anti-aircraft guns, and six 2lin. triple torpedo 
tubes. 

Croypon Arrport.—When speaking before a House 
of Commons Select Committee which was studying a 
Bill granting new electrification powers to the Southern 
Railway, Mr. Woods Humphrey hinted at the removal 
of Imperial Airways from Croydon Airport. He suggested 
that the removal would be to a new airport at Lullingstone, 
in Kent. 

New German Froatryve Axrroprome.—The fourth 
“floating aerodrome’ for the German Transatlantic 
air services was launched at Kiel recently and named the 
“ Friesenland.”” She is a 6500-ton motor ship equipped 
with a launching catapult and erane for lifting machines 
from the’ water. The new ship will be stationed near 
Horta, off the island of Fayal, in the Azores. 

Hieu-speep Ferry Boat.—In the United States a 
ferry boat 300ft. long and“100ft. wide has been designed 


for the proposed - Illinois ferry. Aceording to 
the Iron Age the.ship will be pro; by high-speed 
steam turbines ing 24,000 H.P., giving a speed 


of between 40 and 50 miles an hour. The ship will be of 
all-steel” construction, streamlined and welded through- 
out. The desi of the ship, the Gil-Boat Company 
of Michigan, have contracts in hand for five similar ships. 


Am Lover Disaster.—On the night of Monday, March 
15th, the Imperial Airways liner “ Jupiter ’’ left Croydon 
for Cologne. The machine was last heard of when it was 
over Hasselt, some 55 miles from Brussels, and after that 
no more news was heard of it. The next morning the 
machine was found burned out in a wood near Elsdorf, 
20 miles from Cologne. Its three oce ts were dead. 
The cause of the crash has not Rosey sony ascertained. 
The machine was a ten-seater “ D.H.86” biplane, with 
four 200 H.P. Gipsy. Six engines. 

Emprme Friytve Boats.—The tenth of the new Empire 
flying boats, the “ Capricornus,” has been delivered to 


Imperi 
date include the two special long- 
and “ Caledonia,” and the “ Cavalier,” 
sent to Bermuda in connection with the impending 
Bermuda—New York service. The other six boats operat- 
ing on the Empire air services from the temporary base 
at Southam are the “Canopus,” “Centaurus,” 
sc Castor,” “ . peia,” “ Capella,” and “ Cygnus.” 
French Trawsatiantic Fryine Boat.—Tests have 
recently been carried out by Loiré et Olivier on its flying 
boat for Transatlantic passenger flights to South America. 
It is a four-engined cantilever monoplane fitted with two 
pairs of Hispano 880 H.P. enginesin tandem. The machine 
will carry four passengers and a load of freight at a cruising 
speed of between 175 and 180 miles an hour. The wing 
is situated above the hull and is attached to it by means 
of spars and a central supporting column, in which there 
is accommodation for a mechanic, who has easy access 
to the rear of the four engines. Six machines of this type 
have been ordered by Air France. 
Government Controt or Arrcrarr Cost.—In his 
rt on the Air Services Appropriation Account, the 
Comptroller and Auditor General discusses the control 
of aircraft prices in connection with the Royal Air Force 
expansion programme. It is stated, amongst other 
points, that the Air Ministry has now agreed with the 
companies on a procedure for fixing final prices, particularly 
in the case of new types of aeroplanes.. Under this the 
earlier deliveries of contracts will be paid for at actual 
cost, plus an agreed rate of profit, which is not less than 
5 per cent. If sufficient information has then been 
obtained as to the trend of manufacturing costs, a fixed 
ice will be agreed for the remainder of the contract. 
this is not possible, the price will be based on actual 
cost in a manner designed to control the rate of profit 
and also to give-an incentive to economy. Provision 
will be made for the payment of compensation in the 
event of loss to a contractor under stated conditions. 
Trans-Canapa Arr Services.—The Canadian Minister 
of Transport has introduced a Bill for the establishment 
of a trans-Canada air service. The sed company 
to be formed is to be called Trans- Air Lines, 
and will have a capital of one million pounds. This com- 
pany will be given an exclusive contract to carry mails, 
freight, and passengers from coast to coast, and will 
provide the main transcontinental service and such 
ancillary services as are deemed to be necessary. Accord- 
ing to particulars of the Bill given in The Times, up till 
January Ist, 1940, the Government will meet all deficits 
by a cash subsidy, but after that date ‘the carriage of 
mails will be on a contract basis with a sliding scale of 
rates calculated. to obviate any annual deficit, and a 
limit will be fixed for the profits. The company will be 
required to provide a complete modern air service with 
adequate facilities for handling all business offered at 
rates on a competitive basis with those of other companies 
operating in North America, and the Government will 
provide landing fields, beacon lights, radio beams, and 
weather reports free of charge until such time as, in the 
opinion of the Minister, the revenues are sufficient to 
bear the charge of these services. It is estimated that 
the cost of the necessary equipment will be 1,750,000 
dollars, and the operating expenses 1,000,000 dollars a 
year. 
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MECHANISATION AND LABOUR. 


WE have not heard much about the iniquity of 
mechanisation for some months. “ Technological 
unemployment ”’ is no longer a dinner table sub- 
ject, even in its native land. No longer do bishops 
pray us to stay our hand and put a moratorium 
upon invention; no longer do economists find 
themselves put to it to support the orthodox 
theory that mechanisation begets employment.. 
Our present concern is how to find the means 
of extending productive industries to the dis- 
tressed areas. No one has ventured to suggest 
that mechanisation should be prohibited in the 
new factories; no one has proposed that the 
Government should revert to handicraft for the 
manufacture of munitions. We have forgotten 
all about the arguments that agitated us so much 
during the depression. Prosperity has returned, 
and the denunciation of the engineer and all his 
works has ceased to be the constant theme of the 
gentlemen in railway carriages. It has gone from 
the dinner table, and only in those select venues 
where intellects are indelicately exposed in an 
atmosphere of beer and cippollata is it still dis- 
cussed. It might therefore be thought that Mr. H. 
D. Henderson, Research Fellow in Economics, at 
All Souls’ College, Oxford, was. behind the fair in 
presenting a paper on the subject last week to the 
Royal Society of Arts. There may be some who 
will say that he was seizing the advantage of rising 
trade to justify arguments which are inherently 
unsound, and which were proved unsound by the 
test of depression. We cannot agree with them. 
The economist—like any other philosopher—is 
more likely to receive a fair hearing when feelings 
do not run high than when, owing to special cir- 
cumstances, his hypotheses appear to be tottering. 
Mr. Henderson was therefore justified in taking 
advantage of the present calm to review the 
position. 

After recalling the widespread conviction of only 





a few years ago—he might almost have said of last 
year—that technical progress “had acquired so 
rapid a momentum as to become definitely injuri- 
ous to the economic welfare of mankind,” he out- 
lined the familiar orthodox argument opposed to 
that view, and then proceeded to consider how far 
its validity had been impaired by tendencies in the 
post-war world. A great part of his defence of 
the orthodoxy turns upon the question of saving 
and investment as they affect the increase of manu- 
facturing capacity. That is only on the border- 
land of our province, and it will be enough to 
quote his conclusion that “there is no danger 
that the special interests of labour will suffer from 
an increase in productive power which increases 
the wealth of the community as a whole.” One 


366 | would have thought that that was self-evident ; 


but it is only necessary to recall the false deduc- 


®|tions made but a year or two ago to understand 


why Mr. Henderson deemed it necessary to argue 
the case in detail. It is the business of the econom- 
ist to correct short and often narrow views. The 
world as a whole is very apt indeed to think of the 
conditions prevailing at any given moment as 
permanent new conditions. It thinks circum- 
stances have changed, and that the old arguments 
no longer apply. The economist by studying the 
history of economical changes is able to observe 
that modifications take place with secular slow- 
ness, and that though over very extended periods 
there are many oscillations, the movement main- 
tains a generally constant direction. We have 
seen an admirable example in the recent slump. 
For two or three years the state of employment 
was so bad that a violent attack on mechanisa- 
tion resulted. But with the revival of industry 
that condemnation has been silenced, con- 
verted even into a demand for more mechanisa- 
tion in the form of factories, for we assume 
that no one is bold enough to imagine me 


-|a factory without mechanisation is a 


bility. Mr. Henderson discusses ably the differ. 
ence between mechanisation which is presumed to 
discourage or displace labour and that which 
encourages and increases it. He has no difficulty 
in showing that such a distinction cannot be 
drawn, and that all mechanisation increases the 
total demand for labour. ‘“ The distinction,’”’ he 

says, “on which it’”—the Robot argument— 
“rests between mechanisation which is in: the 
main co-operative with labour and that which is 
in the main competitive with it, is illusory, since 
all mechanisation diminishes the amount of 
labour employed per unit of output, while the 
inventions which have done most in the past to 
stimulate economic activity have entailed an 
especially large economy in this respect.”” When it 
is remembered that nearly five times as many 
people are employed in this country as in the days 
of the Luddites, and that on the average every- 
body is able to buy four times as much in goods 
and services, house room, and so on, than in those 
days, the truth of the paradox that “‘ mechanisa- 
tion by decreasing labour increases employment 
and riches ”’ will be seen. 

We have, we hope, indicated that in Mr. Hender- 
son’s opinion, as in our own, there are no new 
conditions which have so affected the welfare of 
the community that the orthodox arguments in 
support of mechanisation are undermined. But 
Mr. Henderson directed attention to one change 
of which it is difficult at present to see the signi- 
ficance. That change is the falling birth-rate. 
Mechanisation in the past caused and lived upon 
an expanding population. With a population 
stationary or declining, “‘ the progress of mechani- 
sation and technical improvement generally,” says 
Mr. Henderson, “ must be expected to give rise 
to problems of industrial readjustment more 
numerous and more difficult than were common in 
the nineteenth century.” With, in round figures, 
a million more people in this country than we can 
profitably employ,.and who have to be supported 
by others, it is difficult to see why a decline in the 
population should adversely affect the march of 
industry until the demand for labour has touched 
thesaturation point. Long before that condition had 
been reached the prosperity of the workers would 
have caused an increase in their demand for goods, 
and mechanisation would have been developed in 
order to meet it. In other words, it seems to us, 
that a very well-to-do nation with a limited and 
stationary population might demand at least as 
much from specialisation as a less generally 
prosperous country with an expanding popula- 
tion. Malthus would not have hesitated to 
add that prosperity would be followed by a rising 
birth-rate ; but it is doubtful if, at the present 





trustworthy. However that may turn out, Mr. 
Henderson would not have us trouble ourselves 
overmuch on the effect of a falling population. 
“We cannot hope,” he says, “to escape these 
problems by slowing down the rate of technical 
progress, so far at least as this depends upon 
machinery. Action of such a character would 
serve only to intensify the difficulties while depriv- 
ing us of the benefits of mechanical advance. We 
must seek for a solution of the problems that will 
arise along other lines.” To that opinion all 
mechanical engineers will subscribe. 


Observation. 


Ir we were seeking a pithy definition of Scientific 
Research we might decide to call it “ organised 
observation.” It is true that there is no lack 
of organised observation that cannot be called 
research, so that the definition lacks one essential 
—that of exclusion. But as far as inclusion is 
concerned it fits perfectly, for the basis of any 
kind of scientific research is the observation— 
either qualitatively or quantitatively—of events 
and occurrences. That is true no less of the search 
for a new material than of an inquiry into the 
failure of a process, of a probing into the secrets 
of Nature, or the improvement of a technical 
device. Indeed, it might be said that the art 
of scientific research’ lies in the devising of experi- 
ments and tests in such a manner that accurate 
observations can be made. The wind tunnel 
and the tank may be cited as obvious examples. 
Observation on the behaviour of aerofoils and on 
ships were made long before laboratories for 
their examination were thought of. In daily 
service mass effects could be noted, but a scientific 
study of the forces acting upon an aeroplane or 
a ship was not possible in such circumstances. The 
tank and the tunnel were therefore devised so 
that detailed observation of behaviour could be 
made and that forces could be measured. Locomo- 
tive testing plants, of which we shall have a good 
example in England some day, have the same pur- 
pose—the detail examination of effects which can be 
only measured on the road in the gross. In the realm 
of pure science dozens of examples of devices 
invented to enable observations to be made might 
be quoted, but we take but one as typical of many. 
C. T. R. Wilson discovered that drops of moisture 
formed on particles charged with electricity. By a 
beautiful application of that phenomenon the 
passage of single ions through a tenuous gas is 
rendered visible. The study of atomic physics 
has thereby been enormously facilitated. 

There is another aspect of observation which is 
perhaps of equal importance. The research worker 
sets out to make, as we have noted, definite 
observations with the help of tools and appliances 
which have resulted from prior observations. 
He works, so to speak, with the known towards 
a definite unknown object. But there is always a 
liability that another unknown may occur in the 
course of his experiments. If he is a keen observer 
he detects it and pursues it. If he is not, he either 
dismisses it as a troublesome interloper or dis- 
charges his responsibility with regard to it under 
the comprehensive heading “within the limits 
of error.” Despite the quantity and keenness 
of scientific discoverers in these days it is probable 
that even now many errors exist because unknown 
phenomena have not been traced to their limit. 
We are still rather inclined to allow extrapolation 
to take the place of examination. Most workers 
start with certain preconceptions. If they draw 
a curve and find some of the points do not lie 
on, it they nevertheless make the curve a smooth 
one because it is their conviction that it ought to 
be smooth if it is not, and because they want to 
fix a formula to it. Students are particularly liable 
to be led into that kind of error. They have 
learnt from lectures and text-books what the 
results ought to be, and—such is human nature— 
they see that they get them. But they are not 
the only sinners. The faiths and beliefs which 
are ingrained in scientists by years of association 
are only eradicated with great difficulty. That 
is as it should be. The world would be very 
unstable if there were no resistance to change. 
Brick is a better building material than sand, 
even if some of the bricks have to be hacked out 
from time to time. Conviction of the real 
truth always comes in the end. Even after Rayleigh 
had discovered Argon there were not wanting 
eminent chemists who refused to believe that the 
air was not just what they had always believed 
it to be. But now everyone admits that there are 
not only Argon, but other rare gases in the air. 


moment, the experience on which he relied is still| Rayleigh discovered Argon because he was 
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shrewd enough to notice that “nitrogen” from 
different sources had different specific gravities. 
On the other hand, it is certain that many dis- 
coveries are delayed because observation has been 
lax. It is well known that before Réntgen dis- 
covered X-rays their effect had been known, but 
had been attributed to other causes. As Sir Joseph 
Thomson says in a footnote to his ‘ Recollections 
and Reflections ” : “‘ One observer had noticed that 
his photographie plates got fogged when they 
were near a discharge passing through gas at a 
low pressure. All he did was to move the plates 
further away; he saved his plates, but lost the 
Réntgen rays.” Even Réntgen’s own discovery 
was the outcome of chance rather than design, but 
a less observant experimentalist might, even 
so, have missed it. It was the accidental conjunc- 
tion of a fluorescent plate and a covered discharge 
tube which put him on the track of a discovery 
which has proved of untold and unsuspected value. 

It would not be at all difficult te multiply 
examples of what we might call casual discoveries 
resulting from shrewd observation. Chemistry 
and physics are full of them and engineering holds 
dozens. We need hardly recall that the water 


—- ——— 


injection into the cylinder of the Newcomen 
engine resulted from a defective piston allowing 
a jet of the sealing water to spray into the steam ; 
or Francis Petit Smith’s observation that when 
part of the propeller broke off during a trial trip 
of his little vessel in the Paddington Canal it went 
faster. A somewhat similar accident occurred 
with fans and led to the use of the narrow blade. 
We need not tax our brains looking for further 
instances. Each man in his own sphere will find 
them. It is extremely probable that a vast pro- 
portion of the industries of the world came into 
existence and developed out of the observation 
of some casual event. It is only within the last 
hundred years, if as much, that deliberate search for 
the means of achieving some defined object—like the 
incandescent electric. light—has become common. 
Even well within that span we bave examples 
of casual discoveries—like the Auer incandescent 
mantle—playing a very important part in industrial 
developments. Hence, it may be said that it is 
not only by organised thought that we can add 
to our philosophical and economic stature, but 
by seizing hold upon accidental observations and 





examining their potentialities. 








The Central Electricity Board’s Annual 
Report. 


OVERING the year ended December 31st, 1936, 
the ninth annual report of the Central Electricity 
Board, issued on Wednesday, March 24th, shows 
that the progressive increase in the output of elec- 
tricity from public supply stations in Great Britain 
was fully maintained. An increase of 2650 million 
units in the year was the highest recorded in the 
history of the industry and brought the total pro- 
duction by authorised undertakers during the period 
to over 20,000 million units. Electrification in this 
country is shown to be proceeding at a greater pace 
than in the world as a whole. Since 1929 the output 
of electricity in Great Britain has increased by over 
95 per cent., whereas the expansion of world pro- 
duction over the same period has not exceeded 35 per 
cent. Apart from the general revival in trade and 
the Government’s rearmament policy, the increase in 
consumption has been due to extended railway elec- 
trification schemes, the adoption of adequate 
illumination in factories and other places, the greater 
use of electricity for street lighting, and the expansion 
of the use of electricity for all domestic purposes and 
in rural areas. 

At the end of 1936 the grid system comprised 
approximately 4125 miles of transmission lines, 2898 
miles of which operated at 132 kV and the remainder 
at 66 kV and lower voltages, and 289 switching and 
transforming stations with an aggregate transforming 
capacity of 9,474,800 kVA. The cost of the grid to 
date including extensions and reinforcements, com- 
plete or in the course of construction, to provide for 
new supplies and increasing loads, is in round figures 
£30,000,000, the main items of which are £450,000 
for land, £9,700,000 for overhead lines, £5,800,000 
for underground cables, and £14,000,000 for trans- 
forming and switching stations and control rooms. 
It is estimated that by the end of 1936 the total 
capital saving arising from the reduction in the pro- 
portion of generating plant held in reserve by autho- 
rised undertakers amounted to £14,000,000. A 
diagram in the report shows that the proportion of 
reserve plant was increasing up to the end of 1929, but 
owing largely to the temporary arrangements made 
by the Board during the grid construction period and 
since normal trading began in 1933 there has been a 
progressive and rapid decline, the proportion of 
reserve generating plant throughout the trading areas 
having now been reduced to the level appropriate to 
interconnected working. 

From time to time portions of the grid in two or 
more scheme areas were operated as one system. 
During a day in November the grid systems in six 
areas, North-East England, North-West England and 
North Wales, Mid-East England, Central England, 
South-East England and East England were run in 
parallel, forming a single interconnected electrical 
system throughout the whole of those areas. The 
maximum simultaneous demand on this _inter- 
connected system was 4,218,000 kW supplied by 112 
generating stations directly controlled from the 
Board’s central control rooms at Newcastle, Man- 
chester, Leeds, Birmingham, London, and Bristol. 
In addition, forty-five other stations operating under 
the control of their owners were linked up with the 
grid in those areas for the purpose of supplementing 
their own production. As far as is known, this is the 
largest number of generating stations which has ever 
been operated in parallel. No difficulty of synchronisa- 
tion or any other kind was experienced and the 
control equipment worked without incident. 


of electricity upon the grid system can be judged from 
the fact that during the year 95 per cent. of the 
electricity so supplied in the areas in which general 
trading was in force was generated for and on behalf 
of the Board. In those areas there were 155 generat- 
ing stations under the directions of the Board, and 
sixteen of the most economical stations, which ran 
continuously throughout the year, supplied over 50 
per cent. of the total units generated for the Board 
im those areas. Five stations were not in operation 
at any time during the year. 

Tne average fuel consumption per unit sent out 
from the remaining 150 stations was 14 per cent. 
less than the average consumption of such stations 
when operating under independent conditions in 
1932. Had the level of coal prices ruling in 1935 
been maintained, this would have meant a saving 
of £1,420,000 compared with the saving of £920,000 
recorded in that year. 

During the year the coal selling schemes under 
the Coal Mines Act, 1930, came into general opera- 
tion, and the average price of coal used at the 
generating stations operated under the directions of 
the Board was increased by nearly 11 per cent. In 
consequence, the benefit of more than one-half of 
the reduction in fuel cost per unit which had been 
achieved since the Board’s normal trading began 
in 1933 has now been lost to electricity consumers 
and diverted to the coal industry. 

The report again describes the conditions of the 
Board’s trading with authorised undertakers, but 
we need only mention that while it is considered 
that there is no reason to suppose that the operating 
conditions imposed on base load stations are more 
likely to reduce the life of the plant than those which 
would apply if the station were operated only to 
supply the requirements of its owner, the continued 
application of the provisions of Section 13 of the Act 
is claimed to ensure that if earlier renewals or replace- 
ments should eventually prove necessary, the cost 
will fall upon the Board and not upon the owner. 
Reference is also again made to the arrangement 
which has been adopted in North-West England and 
North Wales, whereby the available savings are pooled 
and more equitably distributed among the selected 
station owners in that area. Early in the year the 
Incorporated Association of Electric Power Companies 
put before the Board an alternative proposal designed 
to yield to the owner of each of the selected stations 
a remuneration which, in their view, would be more 
commensurate with the service rendered to the grid 
by the station. .Upon examination, however, the 
Board found that the proposal involved the provision 
by it of sums in excess of the available savings and 
was thus incompatible with the financial basis of the 
grid. The proposal could not therefore be accepted. 
The technical section of the report is of exceptional 
interest, as it points to several new developments, 
one of which is the proposal to install an experimental 
length of 132-kV cable filled with nitrogen at 200 lb. 
per square inch, presumably similar to that described 
in Mr, A. N. Arman’s recent I.E.E. paper. Another 
satisfactory piece of news is that arrangements have 
been made to try out Petersen arc suppression coils for 
clearing the single-phase intermittent faults caused 
by lightning without the selective protective gear 
coming into operation and thus further ensuring the 
continuity of supply. 

In conjunction with the Board a special technique 
has been developed by the British Electrical and 


National Physical Laboratory for the study of surge 
phenomena, and it is hoped that effective means of 
preventing the harmful effects of surges may be 
discovered. The results of the Association’s work to 
date have enabled improvements to be effected in 
the insulation of transformers and have demonstrated 
the desirability of extending the use of earth wires in 
certain localities. In order to determine what further 
action can be taken to safeguard the grid against 
voltage surges the Board has arranged for the research 
to be continued on another three-year programme. 

The information obtained from the British high- 
capacity short-circuit testing stations has put this 
country in the forefront in the technique of switchgear 
design, and the knowledge gained has led the designers 
to alter their ideas of rupturing capacity ratings. It 
will be reflected in the design of new switchgear, and 
will also enable improvements to be made in existing 
switchgear, some of which has been found to have a 
lower rupturing capacity than was originally assumed. 

Investigations into the characteristics of anti-fog 
and anti-dirt insulators confirmed the satisfactory 
features of the special insulators which were installed 
in districts particularly subject to fog and atmos- 
pheric pollution. No flash-overs occurred on any of 
those insulators, although, towards the end of 1936, 
fogs of exceptional intensity and duration were 
experienced, especially in North-West, Mid-East, and 
Central England. During the year the Board 
embarked upon an extensive programme designed to 
ensure the adequate safeguards against the risk of fire 
to equipment on the grid and particularly at sub- 
stations. The standardisation of the frequency 
employed in the undertakings of nearly all the 
authorised undertakers to whom the Board has 
given directions under Section 9 of the 1926 Act was 
completed. 

The Board’s general trading, which was in progress 
throughout the country except in North Scotland, 
South Scotland, and North-East England, resulted in 
a revenue credit balance of £1,689,487 4s. 5d. Out of 
that sum £1,131,516 3s. 5d. was applied to the pay- 
ment of interest on the portions of the first five issues 
of the Board’s stocks allocated to general purposes, 
amounting to £25,895,000. 

The Board was empowered to charge the whole of 
this interest to capital, viz.:—Interest on £2,400,000 
stock until December 3lst, 1936; interest on 
£7,150,000 stock until December 31st, 1937 ; interest 
on £4,620,000 stock until December 3lst, 1938 ; 
interest on £11,725,000 stock until December 31st, 
1939. 

General trading only began (construction work 
having been completed) in two areas in 1933 and in 
the other areas at later dates; it is therefore with 
satisfaction that the Board has found itself able to 
charge interest to revenue so far in advance of its 
obligation. 

In respect of the two stocks issued later, portions 
amounting to £5,200,000 and £4,800,000 were allo- 
cated to general 23; the interest on these 
sums was charged to capital in 1936. The obligation 
to charge this interest to revenue does not arise until 
December 31st, 1940, and 1941 respectively. The 
interest. on the portions of the stocks allocated to 
standardisation of frequency is recovered from the 
Electricity Commissioners. 

The sum of £250,000 was contributed to redemption 
funds in respect of money borrowed to meet expendi- 
ture for general purposes before the year 1931, while 
£307,971 1s. was carried to the appropriation of 
revenue account, bringing the total in that account 
up to £1,419,614 0s. 6d. Together with future income 
this sum will be available to meet the interest and 
redemption fund charges, increasing year by year for 
some years, which will fall to be paid out of revenue. 
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The Railway Mania and its Aftermath, 1845-1852. 
By H. G. Lewim, B.A. London: The Railway 
Gazette. 1936. Price 12s. 


Tus book will appeal to a comparatively small circle 
of readers, but by them it will be welcomed’ as a 
valuable contribution to a phase of railway history 
that has not previously received such a compre- 
hensive survey and treatment. A number of books 
on railways and railway history devote a certain 
amount of notice, more or less biased, to the railway 
mania, but Mr. Lewin deals with the conditions of 
the widely scattered railways in the British Isles at 
the commencement of 1845, and continues in a dis- 
passionate and straightforward manner to deal with 
the different factors that helped or retarded the 
development of the whole railway system until 1852, 
when, as he states, “‘ they had attained a manhood 
full of promise.” 

Before dealing with the present work it is interesting 
to recall some of the social and economic conditions 
of this country during the, fortunately, short-lived, 
but excessive, railway promotion mania. For one 
thing, the term “ transportation”’ had a sinister 
meaning that in our enlightened days is only an 
unhappy memory, and duelling was sufficiently 
prevalent to cause a society to be formed in 1845 for 
the p At that time the 
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million; anti-corn law agitation was very active ; 
public bath and wash-houses were being introduced ; 
and the telegraph was just beginning to become a 
commercial proposition. The revenue for 1845 was a 
little over £63 million, and the value of exports £1314 
million. Whilst window taxes and stamp duty on 
newspapers were still in force, the income tax was 
only 7d. in the pound and bringing in a revenue of a 
little over £5 million, The net revenue of the Post 
Office, following a reduction caused by the recent 
introduction of penny postage, was under one 
million, and the average amount of Bank of England 
notes in circulation amounted to less than £20 
million. These figures are quoted in order to give 
some financial comparison with the magnitude of the 
railway constriction proposals for all parts of the 
country. 

At the end of 1844 there were 104 different railway 
companies, with approximately 2200 miles of line 
in actual operation and 855 miles authorised and in 
various stages of construction. About 33 million 
passengers were carried that year, and the total 
receipts amounted to about £6 million. In the 
following year 2816 miles of new line were sanctioned 
by the Legislature. Mr. Gladstone had succeeded 
the Earl of Ripon as President of the Board of Trade 
in 1843, and in the following year was responsible 
for an Act passed, amongst other powers, for the 
purpose of enabling the Government, after January 
lst, 1866, to purchase on certain specified terms all 
railways in the United Kingdom that from that time 
should be constructed. Hitherto, Parliament had 
made no attempt to indicate the lines on which a 
railway system should be created and developed in 
the national interest, and the first two chapters of 
the book cover the legislative action taken to meet 
this need. Unfortunately, these efforts eventually 
came to naught, and Mr. Lewin remarks: ‘“ But we 
have now to pay for the waste of capital in fruitless 
parliamentary contests, uneconomic branch lines, and 
futile competition which might have been greatly 
diminished, if not entirely avoided, by the existence 
of a wise and discriminating Board, such as Gladstone 
visualised, whose duty it had been to direct our rail- 
way development on lines alike compatible with 
national interests and economic considerations.” 

Although an attempt was made in Parliament to 
guide the way of railway development, it was quite 
impossible to stem the hysteria of speculation in 
railway schemes that swept over the whole country. 
The fact that some of the established companies 
were paying 10, 12, and even 15 per cent. dividends 
made it very easy for fraudulent and bogus companies 
to be promoted. Those companies formed for 
legitimate business had to contend, amongst other 
difficulties, with the extortion on the part of the land- 
owners, faked opposition in parliamentary legislation, 
and the desire on the part of the public to prevent 
railways from having an autocratic monopoly. The 
peak of the mania was reached in 1846, when there 
were 815 Bills for the construction of 20,675 miles, 
with a capital of £132 million. After the mad wave 
had passed, it was necessary for Parliament to pass 
in 1850 an Act to facilitate the abandonment of many 
of the projected lines ; some 1560 miles of proposed 
construction were abandoned under the Act, and a 
further 2000 miles were abandoned without troubling 
to receive parliamentary sanction. 

Mr. Lewin very wisely gives little attention to the 
wild-cat schemes, but concentrates on the new lines 
authorised and opened during the years 1845-6-7. 
In these chapters the schemes are divided into geo- 
graphical sections, which is particularly useful for 
reference purposes. Here we read of the legal battles 
fought between the different interests in order to 
serve the different districts ; of the master mind of 
George Hudson striving to form an actual railway 
system of his own companies; the question of the 
gauges and the Gauge Commissioners’ Report of 
1846; and how the stronger companies began to 
absorb the weaker ones or amalgamate amongst 
themselves to form a powerful company. Railway 
construction had, naturally, been making rapid pro- 
gress, and 294 miles were opened in 1845, 606 miles 
in 1846, and 7403 miles in 1847. 

The train services for these three years are dealt with 
in a full and interesting manner. The Great Western, 
on its own main line and on that of the Bristol and 
Exeter, which it was working on agreement, ran the 
fastest train in 1845. This train left Paddington at 
9.45 a.m. and arrived at Exeter at 2.15 p.m.; there 
were five station stops on the 194-mile run, and the 
average speed was about 45 m.p.h. This was also 
the longest distance of any train at that time. The 
best train in Scotland was the day mail between 
Edinburgh and Glasgow, which accomplished the 
46 miles in 1} hours, with three station stops. In the 
following year this time had been reduced by fifteen 
minutes, with one stop only. The London and South- 
Western in 1847 had expresses second to the Great 
Western in point of speed, when they gave an overall 
speed of 44:3 m.p.h. for the 774 miles from Nine 
Elms to Southampton and 42-2 .m.p.h. for the 88 miles 
to Gosport. 

The final chapters deal with the period of 1848-52. 
The railway mania was over, the inevitable slump 
had followed, and the railway companies realised that 
they would have to work out their own salvation. 
During the three previous years 578 Bills had been 
passed by Parliament sanctioning the construction of 





8592 miles with an authorised capital of £227 million. 
The connecting up of the different-lines was being 
completed, and some of the railways had become 
known under the familiar titles of later years. On 
February 15th, 1848, a complete rail route from 
Euston to Edinburgh was opened, and the com- 
petition between the rival East and West Coast 
services became more acute. By August, in the 
same year, passenger train communication could be 
used right through from Euston to Dubton Junction, 
a distance of 509 miles, but the remaining length of 
39 miles to Aberdeen was not completed until April, 
1850. The period 1848-52 did not show any marked 
improvement either in train speeds or in expansion 
of services; in fact, the whole trend was in the 
opposite direction. One exception, however, should 
be noted. , The 5 p.m. non-stop run from London 
Bridge to Brighton was resumed in 1851, with a 
seventy-minute timing for the 504 miles, or a speed 
of 43-3 m.p.h. 

As the dividends of the leading companies began to 
decrease and the prices of their ordinary stock showed 
a sharp decline, murmurings amongst the share- 
holders arose in 1848, and committees amongst them- 
selves were appointed to investigate the actions of 
their boards, but Hudson was the only chairman to be 
permanently displaced. Finaneial difficulties led to 
a movement to bring about extensive amalgamations, 
but as agreements between the different boards could 
not be reached the proposals were A 
separate chapter is devoted to the London and 
North-Western Hegemony. The author states: 
“ Its (the L. and N.W.) influence in the English rail- 
way world was paramount from the time of the fall of 
Hudson until its despotic conduct towards its 
neighbours and the gradual pressure of the Great 
Northern, on the one hand, and the Great Western, 
on the other, caused it by force of circumstances 
gradually to shrink to more ordinary dimensions and 
to take a place amongst the great railway powers, 
powerful no doubt, but no longer outstanding.” 
Captain Huish was general manager, and he took the 
leading part in the campaign to consolidate his com- 
pany’s interests, which is treated in detail. The out- 
come of this ign was the appointment of a 
Committee by Mr. Cardwell, President of the Board of 
Trade in 1853, to investigate the complaints of sharp 
practice, and in the following year Cardwell’s Traffic 
Regulation Act was passed to prevent a policy of 
restriction in facilities for the benefit of private 
interests. 

Mr. Lewin has treated his subject in a masterly 
fashion, and the compilation of the very useful 
information in his book is clearly the result of con- 
siderable painstaking research. By his work we are 
enabled to understand why certain lines were built 
and what decided the route to be taken. The maps 
showing the railway situation in the British Isles for 
the years 1845-6-7-8 and 1852 are particularly 
useful, as at a glance can be seen the development of 
the railways year by year. The fifteen tables included 
are also interesting and useful. 
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SIXTY YEARS AGO. 





Prrxars the most generally interesting item to the 
reader of to-day in our issue of March 30th 1877 is the 
review which we published of Professor F. Reuleaux’s 
“* Kinematics of hinery ” as translated and edited 
by Professor A. B. W. Kennedy. Reuleaux’s name has 
since become famous but our review contains no prognos- 
tication of the fact. On the whole we were inclined to be 
distinctly critical and to characterise as Germanic the 
meticulous manner in which the author sought to reduce 
all mechanism to a formula. He certainly possessed 
analytical leanings which at times urged him to analyse 
and catalogue mechanical motions which by most engi- 
neers to-day would be ted without analysis of any 
kind. The Teutonic love of a definition for its own sake 
led him to invent a new science with a strange new name, 
‘“Phoronomy,” the study of the measurement of the 
motions of bodies. He would not rest content until he had 
analysed any machine which engaged his attention into a 
congeries of twisting, turning and sliding pairs or into so- 
called higher pairs which might be “ self-closed *’ or require 
** force-closure.”’ One of his favourite theories turned 
upon the replacement of ‘ pair-closure’’ and “ chain- 
closure ” hy “‘ force-closure ” which he regarded as “ the 
essential general tendency of the whole machine develop- 
ment up to our time,” and in which he foresaw the essen- 
tial characteristic of future machine development. He 
attempted to evolve a system of kinematic notation based 
on the use of twelve “ class symbols,” four “‘ form symbols ” 
and fifteen “‘ symbols of relation.” In other words he 
attempted to do for mechanics what had been done in the 
way of symbolic expression for mathematics and chemistry. 
In his notation a pair of spur wheels gearing into each 
other and connected together by a link was represented by 
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He saw in all forms of rotary engine merely a single type 
identical analytically with the ordinary direct-acting 
engine. There was “ br sag dence ” between a 
hydraulic press and pulley tackle, the one being merely 
“ eontra-positive ’ to the other.. The spinning mule was 
reduced to similarity with a screw-cutting lathe, each fibre 
acting as a tool working on another fibre. Finaily he sought 
to show that to the scientific kinematist the invention of 
a mechanism would become a synthetic problem which 
he would solve by the aid of systematic methods. ... Our 
reviewer obviously swung between a desire to treat Pro- 
fessor Reuleaux’s doctrines with the respect due to their 
author and an impression that they were mostly quite 
futile and divorced from practice. He however 
in his concluding sentences to convey so ing of his 
true feelings. He asked what had been the effect of the 
Polytechnic School system instruction, of which Reuleaux 
had long been the exponent, upon the inventive genius 
of the German nation. It had, he argued, produced an 
army of drilled ‘‘ technikers ” able to talk and write about 
machinery and mechanics and to classify and analyse 
machines but sadly deficient in originality. In support of 
that contention he referred to Professor Reuleaux’s own 
reports on the German exhibits at the recent Philadelphia 
Exhibition. Those reports were plain spoken concerning 
the inferiority of his countrymen’s products and when 
published gave great offence in Germany. 








Encrveers’ GERMAN CrrcLE.—A meeting of the 
Engineers’ German Circle was held on Monday last, 
March 22nd, at the Institution of Mechanical Engineers, 
Storey’s-gate, at which a lecture on “ The Development 
of Electrical Control on Machine Tools” was given by 
Herr Kurt Maecker, of the Klockner Werke, Berlin. The 
meeting was well attended, and the audience was unusually 
impressed with the rapid developments which have taken 
place in this particular field. The lecturer gave ample 
evidence of his expert knowledge of his subject, and made 
use of a copious selection of excellent slides to illustrate 
his points. The complexity and, at the same time, the 
delicacy of the control systems demanded of modern 
machine tools was obvious to all who had not an up-to-date 
knowledge of the subject. The methods used to make 
the controls simple, foolproof, and easily manipulated 
by machinists with no electrical knowledge were stressed. 
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The Willesden Works of the B.T.H. 
Company. stan 


\ HILE we have visited the Rugby works of the 

British Thomson-Houston Company on many 
occasions and described all sorts of things produced 
there, the company’s switchgear works at Willesden 
we have seen but twice. The first occasion was about 
twenty years ago, and the second last week, when we 
had the privilege of joining a party of visitors com- 
posed of members of the transmission section of the 
Institution of Electrical Engineers. Needless to say, 
the works bear little resemblance to the original 
factory as we saw it some four years after its establish- 
ment as a centre of switchgear manufacture. Exten- 
sions have increased the manufacturing area three- 
fold, while from time to time many machines have, 
naturally, been installed to meet the requirements of 
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the industry. The construction of switchgear has 
become a real engineering job, and it is not to be 
wondered at that workshops devoted to it now contain 
heavy machinery and much of interest to mechanical 
and electrical engineers alike. 

In addressing the visitors, Mr. H. Trencham, the 
company’s switchgear consulting engineer, drew 
attention to the need for greater co-operation between 
switchgear users and manufacturers. The degree of 
co-operation that existed in America, he explained, 
did not prevail in this country, and it was desirable 
that it should be increased. The importance of this 
cannot be over-emphasised, for while electrical engi- 
neers have devised ingenious and useful instruments 
and apparatus for research and tests on switchgear, 
they are seldom sure that practical conditions are 
being simulated. But by putting lines, &c., at the 
disposal of manufacturers supply engineers might do 
much to minimise designers’ difficulties and render 
useful service to the electrical industry as a whole. 
Mr. Trencham also explained that there was a 
tendency in some quarters to regard foreign 
engineers engaged in the business as men of excep- 
tional ability, capable of achievements far in advance 
of those of others, notwithstanding that British 








switchgear could not be beaten or in many cases even 
equalled. The gear turned out by the British Thomson- 
Houston Company and other leading manufacturers 
certainly does credit to its designers, who, although 
still ignorant regarding certain matters connected 
with circuit breaking, are as well informed and 
perhaps better informed than many in other countries. 
That the state of finality has been reached no one 
believes. Switchgear designed in accordance with 
present knowledge is expensive, particularly that for 
high voltages and rupturing capacities, but it is not 
too much to expect that the future will bring improve- 
ment, both as regards construction and cost. Co- 
operation between users and manufacturers is desir- 
able in the interests of all concerned, and it is to be 
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hoped that Mr. Trencham’s plea will not be allowed to 
pass unheeded. 

At the Willesden works there are three main factory 
buildings besides the building housing the managerial, 
sales, technical, and allied staffs, and other structures 
in which special processes are carried out. As in 
all other well-organised factcries, the workpeople are 
well cared for. There are welfare and first-aid 
schemes, and a special alarm system ensures that 
prompt aid is given to victims of electric shock. So 
far it has been brought into use on only one occasion, 
when the case was by no means serious. 

The mechanised instruction department (Fig. 9) 
may be regarded as the main spring of the works. In 
it a combination of stock record cards, conveyor 
systems, and piece rate printing machines provide the 
staff with concise instructions for the manufacture 
of every component, while the department also serves 
for the collection of information required by the 
stock and pay roll sections. Besides saving much 
time and labour, the department ensures orderly 
activity throughout the works, which are well 
organised in every way. Building No. 1 of the 
original factory is now the main machine shop, con- 
taining machine tools of various kinds. High-speed 
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press work, piating operations, tank rolling, and 
fabrication work are carried out in this shop, which is 
adjacent to the welding school, in which young 
operators are taught to acquire proficiency in the 
welding art before taking up work in the fabricating 
section. 

The application of jig drilling to parts required in 
quantities and which for economic reasons would 
normally prohibit the use of jigs is one of the special 
processes carried out in the machine shop. It is 
primarily applicable to work movable in all directions. 
The component to be drilled is clamped to the table, 
as shown in Fig. 5, and the location of holes is deter- 
mined from a master plate in which holes are drilled 
at centres corresponding to those required between 
holes in the product. By the application of this 
system of drilling, extreme accuracy is obtained 
and interchangeability of parts assured. 

Since silver-faced contacts now form a feature of 
B.T.H. switchgear, a plating plant for the electrolytic 
deposition of silver has become an essential section 
of the works. Another special- plant is for brazing 
silver and copper by the simultaneous application 
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of electrical heat and mechanical pressure, thereby 
ensuring that contact is made between the applied 
silver and copper throughout the whole area. The 
building also contains the works sub-station which 
deals.-with one and a-quarter million units per annum 
purchased from the local supply authority. 

Building No. 2 contains various assembly sections 
for dealing with mining and industrial metal-clad 
switchgear, truck type switchgear, steel cubicles, 
the lighter classes of flat-back switchboards, and rural 
switchgear, including expulsion fusible cut-outs, 
pull-down switch fuses, and pole-mounted circuit 
breakers. Portable truck type testing sets serve 
for testing switchboard panels, and truck switchgear, 
and an overhead runway set for testing mining and 
industrial switchgear. An example of B.T.H. 
industrial switchgear, not only used in this country, 
but in practically all the Dominions and Colonies, 
is shown in the course of production in Fig. 6, while 
Fig. 7 shows three of four low-voltage, heavy-current, 
solenoid-operated circuit breakers, rated in each 
case at 4000 amperes, for service at Perth, Australia. 

Building No. 3, of which a view of part of one of 
the bays constituting the heavy metal-clad switch- 
gear department is given on page 364, is 500ft., 
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long, 40ft. high, and has a floor area of 80,000 square 
feet. It is equipped for the assembly of heavy 
metal-clad switchgear, and the largest outdoor and 
indoor service switchgear, such as that required for 
bulk transmission and distribution of electrical 
power in this country and overseas. Equally interest- 
ing is the assembly department for oil-filled bushings 
for voltages ranging from 22 kV to 220 kV, also shown 
on page 364. These bushings are used for oil circuit 
breakers, instrument and power transformers, and for 
insulating circuit connections passing through floors, 
roofs, and walls, of switchgear buildings. Adjacent to 
this building is the assembly department for all 
circuit breakers for all voltages up to 220 kV, and 
for rupturing capacities up to 2 million kVA. In 
this building the control, relay, and heavy current 
A.C. and D.C. pane!s are also assembled. 

An interesting heavy-current switchboard for a 
sugar refinery belonging to Tate and Lyle now under 
construction has special channel type bus-bars of 
18,000 amperes capacity, and is similar to the board 
shown in Fig. 8. Many other jobs of interest are 
in hand, including the last of an order for three 
132-kV oil circuit breakers with oil blast explosion 
pots, and similar to some hundreds of others of 
1,600,000-kVA rupturing capacity supplied to the 
Central Electricity Board for which the company 
is also manufacturing a three-point 66-kV isolating 
switch of special construction. Designed to break 
40 amperes magnetising current, the equipment 
makes it possible to isolate teed cables. The switch 
is for use on the 66-kV London cable system. A 
bank of thirteen 33-kV horizontal draw-out solenoid- 
operated metal-clad switchgear units, arranged 
for double bus-bar plug selection, is under construc- 
tion for the Coventry Corporation. Work has 
just been begun on a bank of thirteen 33-kV, 
1,500,000-KVA oil-immersed double bus-bar equip- 
ments, forming part of a contract for the complete 
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switchgear for the new Mulajore power station of 
the Calcutta Electric Supply Corporation. This 
switchgear is similar to a bank of five equipments 
recently installed at Spondon to the order of Balfour 
Beatty and Co., Ltd., and to switchgear supplied to 
the Central Electricity Board. 

For the Malakand hydro-electric scheme, India, 
there is nearing completion to the order of the India 
Store Department, the whole of the 66-kV, 11-kV, 
and 416-volt switchgear for the power station, 
and four sub-stations for a ring main system. 
For the Clarence Dock power station, Liverpool, 
work is in hand on a large number of 33-kV 
double bus-bar cellular equipments rated at 
1,500,000 ; a bank of 33-kV metal-clad compound 
filled switchgear, rated at 500,000 kVA ; an auxiliary 
switchboard, comprising 3300-volt, compound-filled, 
vertical plugging equipments, rated at 100,000 kVA, 
and 400-volt auxiliary switchgear. For new generat- 
ing plant at the Barton station of the Manchester 
Corporation some 33-kV cellular pattern double bus- 
bar, small oil content breakers are being manufac- 
tured. Other switchgear orders include one for 
eighty metal-clad switchgear units for one of the 
large London electricity supply authorities, an 
order which is believed to be, in all probability, the 
largest ever placed for distribution switchgear. 

A test house, shown on page 364, equipped with a 
single-phase million-volt transformer and an impulse 
testing equipment capable of giving 1,400,000 volts is 
associated with the works. The supply for the 
million-volt, 50-cycle transformer is derived from a 
1100-kVA sine wave alternator, driven by a 900-kVA 
synchronous motor, which is also used for correcting 
the power factor of the works supply. A tank in the 
floor of the test house holds 15,000 gallons of oil for 
the immersion of oil-filled bushings, &c., which have 
to undergo puncture tests. Special devices have 
also been installed to simulate rain, mist, and tropical 
heat. The impulse testing equipment works on the 
well-known Marx principle. It has twenty-eight 
Pyranol 0-5 » F condenser units and is charged by a 
half-wave-wave rectifying Kenostron equipment 





excited from a 150-kV testing transformer. To adjust 
the wave shape to suit the particular tests required 
inductances and resistances can be connected in the 
discharge circuit. As usual, all controls are on a 
gallery and every possible precaution, such as the 
interlocking of the main doors with the electrical] 
controls, is taken to safeguard operators against 
accidents. 

During the visit Mr. K. J. R. Wilkinson gave a 
demonstration of the recurrent e analyser, 
described in Tue ENGINEER of April 24th, 1936. For 
convenience in examining circuits of large dimensions, 
such as those met with in power stations, the equip- 
ment consists of two parts, one for generating the 
recurrent impulse and the other for viewing the 
generated impulse or the voltages arising from it on 
the screen of a high-definition cathode ray tube. The 
illustration on page 364 shows the equipment set up 
for applying recurrent impulses to a transformer 
stack and for demonstrating the resultant voltages in 
different parts of the winding. There are four 
circuits, each fed with single-phase energy at power 





frequency from a common source. The first supplies 
a high-vacuum sealed-off cathode ray tube, which 
exhibits a spot once per cycle. The second circuit 
consists of a low-loss reactor with its iron core 
arranged to produce a field at right angles to the 
electron pencil, and since this field is approximately in 
time quadrature with the applied voltage, the cathode 
ray spot is swept across the screen once in each cycle 
at a speed practically constant, and thus constitutes 
movement of the spot in the “time” direction, the 
maximum speed available in this direction being 
1-4 mm. per micro-second. 

The purpose of the third circuit is to generate a 
transient disturbance which may conveniently be of 
the usual 1/50 micro-second wave shape. The dis- 
turbance is generated once per cycle at any instant, 
when the excited cathode ray spot is traversing the 
screen. For this purpose a Thyratron used to generate 
the impulse wave is tripped by the remaining or 
fourth circuit, which is for synchronising, and uses a 
peaking transformer to relate the instant of generating 
the impulse to that of current zero in the scanning coil. 
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HE annual spring meeting of the Institution of 
Naval Architects opened on the morning of 
Wednesday, March 17th, in the Hall of the Royal 
Society of Arts. Below we summarise the Council’s 
annual report. 
ANNUAL REPORT FOR 1936. 


Membership.—The numbers on the roll of membership as at 
December 3lst are given below. While a small reduction is 
again shown, it is satisfactory to be able to report that the 
number of new applications is great enough not only to balance 
the losses by death and resignation, but also to result in a net 
gain for the first time since 1931. 


1935. 1936. 1937. 
Honorary members 8 9 9 
Members... . ; 1316 1282 1275 
Associate members 594 590 593 
Associates 550 553 551 
Students... 85 78 74 

2553 2512 2502 


Honorary Vice-Presidents.—The Council have elected as 
Honorary Vice-Presidents Mr. James Brown and Sir Charles 
J. O. Sanders, Honorary Treasurer, in recognition of their long 
and valuable services to the Institution. 

Finance—The audited accounts exhibit 
financial position. 

Assistant Secretary.—In reporting the retirement of Mr. A. 
Dansie, Assistant Secretary, the Council desire to record their 
warm appreciation of the invaluable services which he has 
rendered to the Institution over a period of forty-four years, 
and to express the hope that he Fccad long enjoy well-merited 
leisure in his retirement. Mr. Dansie was entertained at a 
Council dinner and received a presentation from the Council. 

William Froude .—The volume of commercial work 
carried out at the William Froude Laboratory continues to 
increase. The amount of research in hand is considerable, and 
much fresh work remains to be started. The Council trust that 
this work will be given generous financial support, and that the 
number and the amount of the subscriptions to the Research 
Fund will reflect the improving conditions in the industry. 

Education Committee.—Arising out of the discussion of Mr. 
Lloyd Woollard’s oy 2 on “ The Education and of 
Naval Architects,” ittee has been set up by the Council 
with the following a of reference: To consider and report 
on the education, training, and employment of youths and 
——- for the executive grades of the eee yr, industry. 

e Chairman of the Committee is Sir Eustace H. T. d’Eyncourt. 


a satisfactory 





Premium.—The premium for the past year has been awarded 
to Wing Commander D. F. Loney R.A.F., for his pares. on 
“The Experimental Development o' ‘Anchors for Seap 


Wakeham Prize.—The prize for the past year has been awarded 
to Mr. C. E. Sherwin, R RC. N.C., for his paper “‘ Electric Welding 
in Cruiser Construction.” 

Tank Research Fund.—Progress has been restricted to some 
extent by the demands on the staff in connection with new con- 
struction. The work on the effect of the form of bow contour 
and water line has advanced sufficiently for the first results to 
be given at the spring meetings. The investigation of the effect 
of revolutions on screw efficiency of coastal boats and ocean 
tramps has advanced considerably. Other work done is in 
connection with the margin of power required for sea purposes, 
and a start is being made with the design of low-pitch pro- 
pellers. Records of vibration have been taken on one or two 
ships, and this is being continued next year. 

he British Electrical and Allied Industries Research Associa- 
tion.—The work carried out by this Association during the at 
year has been continued with a view to ascertaining the effect 
of the addition of certain alloys to carbon steels, particularly 
the addition of 0-5 to 1-0 per cent. molybdenum. Experimental 
evidence has indicated that there is a possibility of intercrystal- 
line failure occurring at the higher temperatures and stresses 
used with molybdenum steels, and this matter is being further 
R h is also being carried out in connection 
with the rate of corrosion of several steels due to flue gases and 
superheated steam. 


Following the completion of the formal business 
the President, Lord Stonehaven, read his address. 


THE PRESIDENT’Ss ADDRESS. 


Since we last met in this hall, the Institution has 
had to mourn the loss of many of its distinguished 
members. I will mention one only by name, the late 
Sir Archibald Denny, who was outstanding both by 
the position which he held in the world of naval 
architecture and by his long association with this 
Institution, extending over half a century. His 
genial presence enlivened our meetings, and his 
numerous papers and speeches greatly enriched our 
“ Transactions.”’ On your behalf, as well as my own, 
I desire to pay tribute to the memory of one who 
endeared himself to each and all of us. 








I. 


On previous occasions I have endeavoured to take 
an optimistic view, though I must confess that at 
times there seemed little justification for it. Now 
I think it can be said with confidence that your 
patience has been rewarded and that the great 
industry in which we are all interested is not only 
emerging, but has definitely emerged from the greatest 
period of depression it has ever known. 

This depression has been reflected in reduced 
membership of the Institution, due largely to a 
falling off in the number of new members, more 
particularly among younger men, and more especially 
in the decline in our student membership. It is 
therefore very gratifying to find from the statement 
in the Annual Report of Council which you have 
just heard that the Institution is also sharing in the 
recovery. You will be asked during these meetings 
to confirm the election of many more candidates 
for membership than were submitted to you last 
year, and I am sure that you will all share my satisfac- . 
tion in being able to say that the number of new 
applicants includes a greater number of students. 
This, however, is only a beginning, for there is heavy 
leeway to make up before the student member class 
attains the 400 mark which was nearly reached in 
1922. An interesting pointer, however, is the fact 
that the entries for the “ Martell’’ Scholarship 
indicate an interest in our scholarships which has 
not been shown since pre-war days, and this goes 
far to compensate for the lamentable want of interest 
shown last year. 

For many of us the most noteworthy feature of 
the past year was our visit to the United States, 
where we were the guests of the Society of Naval 
Architects and Marine Engineers. Those of us who 
were fortunate enough to take part in the Inter- 
national Meeting last September in New York and 
Washington will ever retain a vivid impression of 
that event, not only for the valuable papers sub- 
mitted for consideration, but also for the boundless 
hospitality of our hosts, under the leadership of 
Rear-Admiral George H. Rock, who gave himself 
unsparingly and contributed so much to the success 
of the meeting. 

In June, 1938, we hope that this Institution will 
have an opportunity of repaying in some measure 
our debt of thanks to our many friends abroad. I 
am sure I am expressing the wish of you all, and 
more particularly of those who have happy recollec- 
tions of Summer Meetings in foreign countries, that 
our hosts on those occasions will be our guests next 
year, and that they will, one and all, accept our 
invitation when the time comes for them to receive it. 

It was a fitting conclusion to our visit to America, 
after making the westward passage in our largest 
motor ship, that we should return in the “ Queen 
Mary,” that embodiment of British skill in naval 
architecture and marine engineering which has 
restored to this country her prestige in the North 
Atlantic and by her performance has encouraged 
her owners to lay down a sister ship. 

Nothing could have more forcibly brought home to 
me the value of research and development than the 
comparison of my crossing of the Atlantic in the 
greatest luxury in four days in 1936, with my first 
passage to the States in 1885. This brings me to the 
work of the William Froude Laboratory, which 
has contributed so largely to the progress that has 
been achieved. It is a notable record that during 
the depression shipbuilders carried on patient and 
increasing investigation into the problems of hull 
form and propulsion, and so were prepared scien- 
tifically for the revival when it began. That work 
must go on, and I strongly appealin this time of 
improving prospects not only for increased support 
from those who have always appreciated the value 
of the work of the Tank, but also, and more par- 
ticularly, I appeal for support from those who have 
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not hitherto contributed to the fund which enables 
this research to continue. 

i have just said that this is a time of improving 
prospects. This statement could be amply justified 
by detailed statistics with which you are familiar. 
Suffice it to say that building in progress represents 
well over 14 million tons gross, if naval construction 
is included, an amount which approximates to that 
corresponding for the year 1929 ; that laid-up tonnage 
has fallen to a fraction of what it was a year ago; 
that freight rates, which after all are the mainspring 
of the activity of the merchant marine, have risen 
to more satisfactory levels ; and that our tonnage in 
service is in the main both modern and efficient. 

For the improvements in our prospects we are 
thankful after our experience during the last seven 
years, but if this period of unprecedented depression 
be disregarded, can we view the position with com- 
placency ? I hardly think so. We are building no 
more than a round million tons gross of merchant 
ships, of which all but a trivial amount is for British 
account. The shipbuilding industry is no longer con- 
tributing substantially to our export trade ; we only 
hold the fifth place in the list of nations building for 
foreign account. That this should be partly due to 
their fellow-countrymen releasing frozen credits 
abroad, will not make the pill any more pleasant to 
swallow by the British shipbuilder. The financial 
reserves of shipowners have been depleted, and there 
are very large arrears of depreciation on existing 
vessels which were unable during the lean years to 
earn their proper quota to provide for obsolescence 
and eventual replacement by new tonnage. 

I think it can safely be said that the shipbuilding 
industry is appreciative of the admirable work of 
the Tramp Shipping Administrative Committee in 
carrying out the conditions laid down by the Govern- 
ment in connection with the grant of the subsidy. 
Shipowners will have no cause for complaint if, 
owing to the operation of the sliding scale, no subsidy 
is actually received in the present year. The benefits 
of the British Shipping (Assistance) Act continue, 
whether a subsidy be received or not, in that con- 
fidence has been restored, a system of co-operation 
has been set up, and a real measure of organisation 
has been created. 

The report of the Imperial Shipping Committee, 
issued at the end of last year, on British shipping in 
the Pacific, is of vital interest to the future well- 
being of an important sectica-of the industry. It is 
devoutly to be hoped that the forthcoming Imperial 
Conference will implement the recommendations of 
that report, and that much overdue measures will be 
taken to keep our flag flying in the Pacific. It behoves 
us, too, in our own home waters, where no restric- 
tions on port-to-port trading are imposed, to see 
that our own ships retain their full share of coastwise 
trading. Here also there is room for mutual co-opera- 
tion and a better co-ordination of the transport 
services, both coastwise and overland. 

There is one important matter to which I ought to 
refer. The renewal of engineering activity in all its 
branches has disclosed a shortage of skilled workers, 
and this shortage is particularly felt by shipbuilders. 
For several years work in many yards has been 
virtually at a standstill, and the dearth of Admiralty 
orders added to the general stagnation. During these 
years the apprenticeship system all but broke down, 
younger men sought other fields of work, and the 
hands of those who remained in enforced idleness lost 
that touch which only constant practice gives. As 
my friend Lord Weir has written :— 

‘If you deprive a great and technically complex 
industry like shipbuilding of a reasonable bulk of 
contracts of varied character for some years, you 
will find you have wrecked an irreplaceable machine 
in the form of the technical staffs and skilled 
craftsmen.” 

By the Committee which your Council has set up 
to consider the education and training of those destined 
for the shipbuilding industry, it is hoped that this 
Institution will be able to contribute usefully to the 
solution of a difficult problem. 

Enough time has now elapsed since the issue in 
February of the White Paper on Defence, and early 
this month of the Navy Estimates, for the magnitude 
of the proposals to be grasped, and for their true 
import to be appreciated. Genera! rearmament has 
at last evoked this country’s response in no uncertain 
terms. It has often been said that a strong British 
Navy is the best guarantee of world peace, and with 
that statement I am in profound agreement; its 
truth was never clearer than to-day. 

Equally important for the defence of the Empire is 
an adequate and up-to-date merchant marine, ready 
for service in time of national emergency. A com- 
parison by tonnage of our merchant marine of to-day 
with that of 1914 reveals that the gross tonnage 
available is down by nearly 2,000,000 tons, but this, 
unsatisfactory as it is, does not give a true com- 
parison of the relative positions. The great increase 
in size of individual ships accentuates the reduction 
in the number which are available to us. The actual 


shortage of cargo ships required to take care of the 
country’s needs in any eventuality has been variously 
estimated at a figure which ranges from 500 to 2000. 
Is not this shortage more particularly to be found in 
the numbers of the smaller cargo carriers, vessels of 


ordinary advantage in opening up new world markets, 
and in times of emergency it is by such vessels that the 
needs of the country would most adequately be met. 


WARSHIPS, 

THE first paper taken after the Address was one 

by Mr. 8. V. Goodall, entitled ‘‘ Uncontrolled 

Weapons and Warships of Limited Displacement.” 
It is reprinted in abstract on another page. 


Discussion. 


Admiral of the Fleet Sir Roger Keyes, after paying 
a tribute to the memory of the late Sir Arthur Johns, 
said that the two White Papers, issued in 1935 and 
1936, were the Charter of the new Navy; they 
placed it on record for the first time that our future 
depended on the sea and that the security of the 
Empire depended on the maintenance of our sea 
communications. Another paper which he commended 
to the notice of all interested was the report of the 
Sub-Committee of the Committee of Imperial 
Defence on the vulnerability of capital ships to air 
attack. Sir Roger added that he would like to give 
copies of Mr. Goodall’s paper to a good many of 
the uninformed and dangerous critics who laid down 
the law in the House of Commons as to whether or 
not battleships were necessary. One very bitter 
opponent had said that the matter was summed up 
in the last paragraph of the Sub-Committee’s report, 
to the effect that capital ships could not be con- 
structed so as to be indestructible by bombing from 
the air. But the report contained other much more 
important paragraphs than that, one of which was 
to the effect that we needed ships equal in fighting 
power to those with which they might be faced, for 
there were large areas of ocean out of range of service 
aircraft bases on British territory. To carry the 
arguments of some of the objectors to their logical 
conclusion would mean doing away with all surface 
craft. He emphasised the Sub-Committee’s state- 
ment that the information at its disposal led it to 
believe that the day of the capital ship was not yet 
over, and would not be over in the near future. 

Admiral of the Fleet the Earl of Cork and Orrery, 
having congratulated Mr. Goodall upon attaining 
the post of Director of Naval Construction, com- 
mented that it was not a bed of roses. He would 
have to deal with cranks and enthusiasts who would 
want him to fit into a limited tonnage the things 
which they considered essential to a successful 
British Navy ; the best measure of the value of the 
Royal Corps of Naval Constructors was their great 
success in pleasing everybody and yet preserving 
the limits. 
The uncontrolled weapons, as pointed out in the 
paper, were the torpedo, the mine, and the bomb, all 
of which aimed to inflict damage to the underwater 
structure of a ship. It was not surprising, therefore, 
that an increasing percentage of the standard dis- 
placement had been devoted to protecting a ship 
from the effects of the uncontrolled weapon. But 
although ships were better protected than formerly 
against underwater attack, they could never be 
made proof against it, and must remain very vulner- 
able ; a modern ship might be to some extent unsink- 
able, but her propellers and rudders were still exposed 
and easily rendered useless. Were we to accept that 
for all time our finest ships, costing millions,-were to 
be rendered incapable of movement or manceuvring 
by some small explosion which, if it had occurred a 
few feet further away, might not have hurt the ship 
at all? It was safe to say that the most unsinkable 
ship that could be devised would be sinkable if she 
had to lie helpless, for she would be the target for 
every submarine and bomber that the enemy could 
direct to the attack. Moreover, the most promising 
tactical scheme might be brought to naught and 
the- whole fleet might have to concentrate in order 
to cover or save a totally disabled battleship. If 
she had only moderate speed and steering powers 
she had still great fighting value or could make her 
way towards her base, as the ‘ Warspite”’ did at 
Jutland. 
With a view to minimising that danger, Lord 
Cork asked if it would be possible to install auxiliary 
machinery to drive anxiliary propellers in the event 
of the main engines being put out of action owing to 
damage to the main propellers or distortion of the 
main shafts. With regard to steering, no doubt 
we should have to accept a greatly increased tactical 
diameter but hesuggested that a system of side rudders 
might be devised, by means of plates lying flush to 
the ship’s side under normal conditions, but which 
could be pushed out to an angle of, say, 20 deg., to 
assist the steering of a damaged ship. He could not 
believe that we must accept the position that it 
was impossible to fit an £8,000,000 battleship with 
some form of auxiliary steering and motive power. 
As to the possibility of the fighting aireraft carrier, 
Lord Cork visualised a naval battle of the future as 
having three stages—the long-range action fought 
by the air forces of the opposing fleets, the medium 
range in which the heavy guns would become the 
primary weapons, and the short range in which the 
secondary gun armament would also have an 
important part to play. A great deal would depend 
upon the result of the aircraft battle, and under fine 
weather conditions manceuvring for position. might 





apart. We were building five aircraft carriers, so 
that while we were strengthening the Fleet Air Arm 
we were putting the planes that composed it into a 
very vulnerable type of ship. He felt sure that in 
future the Fleet would carry its aircraft to a con- 
siderable extent aboard the fighting ships, which 
could protect themselves and the weapons they 
carried. The carrier and fighting ship would be 
blended into one. In the Swedish cruiser “ Gotland ” 
we had the prototype of a modern cruiser. It was 
as fast, as well armed, and of approximately the same 
size as our own “DD” class cruiser, but it had the 
great advantage of carrying eight seaplanes. On the 
other hand, the United States Ship ‘* Ranger ” was 
a 10,000-ton fully fledged carrier, carrying no less 
than seventy planes. Surely, on the 8000 tons 
allowed by treaty for a cruiser we could produce a 
type between the two, carrying many planes and yet 
able to stand up to a gun action with an enemy 
she was likely to meet on trade routes. 

Admiral Sir Barry Domville said it was most 
unfortunate that we were still forced to build big 
battleships, by the refusal of a certain foreign 
country to agree to a smaller size ; for big battleships 
were very expensive and therefore very precious— 
so precious, in fact, that we were in danger of for- 
getting their true function in our anxiety to safe- 
guard them. It was entirely a modern develop- 
ment that the battleship must be rendered prac- 
tically immune, by various forms of passive defence, 
to all kinds of attack which could be mounted against 
her. In former days the battleship relied on her 
offensive qualities as her best defence. But the 
development of the aeroplane and torpedo carrier 
had altered the whole situation, and, as the paper 
showed, there was a tendency everywhere to put a 
steadily increasing percentage of the displacement 
available into passive defence, so much so that it 
had become desirable to reduce the powers of offence 
in order to get a well-balanced ship. In other words, 
defence had become of greater importance than 
offence. It looked as though we might expect shortly 
to see a battleship which was a triumph of defence-— 
completely impregnable. At the same time, she would 
be absolutely innocuous to the enemy, as there 
would be no displacement left for offensive purposes : 
we should have to fall back upon a bumping match. 
If it were possible to return to small battleships—- 
he did not say that it was possible—they would be 
less precious, and perhaps we could have a few more 
and could give up trying to make them weapon-proof, 
putting a bit back into offence and reducing the 
defence, The risk involved in so doing was more 
apparent than real. The weapon that spoiled the 
last war was the torpedo, not by what it achieved 
against warships, but by what it threatened. Many 
promising opportunities were lost because we were 
not prepared to run a risk which, when put to the 
test, proved to be small. He fully expected that that 
would be true of aircraft attack in the future. So that 
he would like to see a tendency in ship design towards 
improving the fighting qualities of warships. 
Torpedoes, mines, and aircraft were referred to in 
the paper as uncontrolled weapons, and it was 
pleasing that no hint was given by the author of a 
desire that they should be regulated by international 
agreement, for there would be no security in any 
arrangement of that nature. We must never agree to 
anything, or at any rate rely on anything, that would 
put us at risk in the event of a breach of agreement. 
Nobody would keep to rules in wartime if they could 
better themselves by breaking those rules. If the 
nations agreed to prohibit air bombs and mines, 
should we be able to discard our protection against 
those weapons? He urged that we should not, 
because in the event of war the bombs and mines 
could be manufactured far more quickly than their 
antidotes. On the other hand, we were safe in limit- 
ing the size of ships and guns, because they could not 
be manufactured in secret in peace time, and when 
the war came our shipbuilding facilities ought to 
keep us ahead on the material side of any opponent. 
Sir Westcott S. Abell, who discussed the financial 
aspects of the subject of the paper, said that the 
present agreement as to the limit of size or weight was 
a good one, although from one point of view it would 
have been better if the limit had been 25,000 rather 
than 35,000 tons; but he asked why there was not 
an agreement on costs, and whether any attempt 
had been made to arrive at an agreement of maxi- 
mum cost or whether it was put aside as impracticable. 
If there were no agreement in that direction, it 
followed that the longest purse would be able to 
provide the best ship—an undesirable incentive to 
waste money on ships which by definition were already 
as powerful as they could reasonably be made on a 
weight of 35,000 tons. He imagined that arguments 
by people abroad regarding such an agreement might 
be that the British, being better shipbuilders and 
engineers, would get much more than some others 
could get for the same money, that the British paid 
less per ton of ship, but could better afford the expen- 
diture, and that Britain with its longer purse could 
have 14in. guns, whereas some other countries could 
only afford 12in., and so on. Sir Westcott urged, 
however, that we could overcome those arguments if 
only we had the will todo so. After all, the merchant 
navy had arrived at an international value for ships. 
Was it not possible therefore to ascertain at least a 








some 5000 to 7000 tons deadweight carrying capa- 
city ? Such vessels have been found of more than 


take place when the fleets were very many miles 
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35,000 tons, say, at £200 per ton, or a total of 
£7,000,000, and then to make a small percentage 
variation plus and minus to allow for national diffi- 
culties of production? Such a variation might be 
5 per cent. We were paying a very high price for 
battleships ; it worked out at very nearly 2s. for 
every pound weight in the ship, whereas an ordinary 
merchant ship with a speed of 10 knots cost about 
fd. per Jb. The battleship had become much more 
costly than it was in 1914. It would appear that the 
time had arrived for agreeing to a definite limit of 
cost, and he submitted that the matter was largely 
one of arithmetic. 

Captain Bellars, R.N., urged that a well-balanced 
design was a fundamental requirement in all classes 
of warship, and although a correct balance between 
all the factors (several of which appeared to be very 
largely mutually exclusive) was difficult of achieve- 
ment, there were certain factors which assisted greatly 
towards a sane appreciation. 

With regard to aircraft carriers, it appeared that 
we might have to make our aircraft fit our carriers, 
rather than the other way round. Cruisers presented 
the most interesting problem. Speed and gun power 
could not be sacrificed, since powerful cruisers were 
essential as the core of the reconnaissance forces. 
It was possible that as carriers increased in numbers, 
cruisers would gradually drop their wings, and a new 
type would emerge having increased armament and 
protection. 

Captain Lyster, R.N., concurred with the remarks 
of the author and Captain Bellars, and emphasised 
that balance was essential in a warship. It must be 
prepared to stand up to the plunging fire of the pro- 
jectile fired at long range, and having a very steep 
angle of descent, say, 45-50 deg., which was equi- 
valent to aerial bombing, and also to the projectile 
fired at shortish range. Thus both horizontal and 
vertical protection were necessary. With regard to 
the author’s statement that the well-balanced ship 
of 35,000 tons could not mount guns heavier than 
l4in. and maintain her balance in that tonnage, 
Captain Lyster said that although on 35,000 tons it 
might be possible to mount a certain number of 1 6in. 
guns and maintain a fairly good balance, the reduc- 
tion in the actual number of guns would have very 
detrimental effects on the results obtained against 
an enemy. 

Commander Graham, speaking on behalf of four 
commanders, R.N., from Greenwich, emphasised the 
opinions expressed. 

Sir Eustace Tennyson d’Eyncourt said the author 
had shown that the designer, whilst tied down to a 
given displacement, whether a capital ship, cruiser, 
or aircraft carrier, must make provision for an inde- 
finite increase in the destructive power of torpedo, 
bomb, or mine. The defence against those weapons 
absorbed a weight of no less than 25 per cent. of 
the total displacement, although it was only fair to 
say that that included the horizontal protection 
against gun fire. If the increase in the defensive 
qualities continued to rise in the future as in the 
past, then in a very few years we should have more 
than 30 per cent. of the displacement, or perhaps one- 
third of the total weight of the ship, devoted to that 
particular form of defence; that would amount to 
practically the percentage weight of the hull and 
fittings of the whole ship, and if that tendency con- 
tinued, there would be no weight left for armament 
equipment, and so on. Let us pray that the curve 
in the paper relating to that position might take a 
downward turn, otherwise we should not have suffi- 
cient margin left for the machinery! But there was 
an advantage in the reduced weight of machinery 
resulting from the use of high pressures and tem- 
peratures and the improvements effected in boilers. 
In addition to the added weight for defence, provision 
had to be made nowadays for carrying aircraft on 
board practically all warships, and that fact added 
another difficulty. That provision must be limited 
probably to reconnaissance and smaller aircraft, in 
capital ships and cruisers, and probably it would 
involve a greater number of aircraft carriers devoted 
to that special purpose. The carriers must have very 
great speed, because they were probably more 
vulnerable than any other kind of large warship. 

Sir Eustace was inclined to think that too much 
credence had been given recently to the supposed 
destructive qualities of aircraft against battleships. 
If one supposed for a moment that our chief weapon 
was aircraft, and that the capital ship had never been 
developed before, but was produced suddenly as a 
weapon which could travel all over the world, and 
was ready to fight an enemy at great distances from 
its base, could fire projectiles weighing 1 ton each, 
and could carry more than one hundred times as 
much as any aircraft (the aircraft being able to 
operate only over comparatively short distances), no 
doubt the people who are nowadays shouting loudly 
for aircraft against battleships would in those cir- 
cumstances shout even louder for the capital ship, 
and would say that aircraft, although they had their 
uses, were not of much use. 

Mr, Goodall, in his reply, seid that it would be 
better to regard the air menace a little too seriously 
than not to take it seriously enough. The problem 
of making aircraft fit the carriers was very difficult. 
Aircraft had to be made to fit the carriers at present 
to some extent, and the difficulty was to provide 
such aircraft which would have good fighting qualities. 





With regard to the possibility of limiting naval 
armaments by agreement on cost, he believed Pro- 
fessor Hovgaard, of the United States, had written 
several articles to the same purpose several years ago, 
but the proposal had always broken on the rocks of 
the possibility of exercising control over any country 
as to its expenditure and the difficulties of stating 
what was and what was not legitimate expense on 
naval defence. 

Perhaps Sir Barry Domville, in supporting the 
small ship, had rather forgotten the lessons of the war. 
We had started the war with ships which to-day 
would be referred to as small; but the size of ship 
had grown, and after the war we were confronted 
with proposals for capital ships of 48,000 and 50,000 
tons. Only the naval treaties had stopped that race 
of tons and guns. The difficulty with the small ship 
was that it was attacked by the same uncontrolled 
weapons as were the large ships, and unless a greater 
percentage of the small ships was devoted to defen- 
sive qualities than in the large ship, the former would 
be very vulnerable. 

Commenting upon the reference by Lord Cork to 
the “ Gotland ” as the prototype of the cruiser of the 
future, Mr. Goodall said that that was a very inter- 
esting ship, but it did not solve the problem of getting 
the aircraft back on to the ship when it was steaming 
ahead. If naval officers desired a battleship-carrier, 
it could be designed, but the work which had been 
done in that respect indicated that they would have 
to accept a ship which was inferior to the true battle- 
ship as a battleship and inferior to the true carrier 
as @ Carrier. 

The problem of the vulnerability of propellers and 
rudders had been fully considered. 

Finally, on behalf of the Corps he had the honour 
to lead, Mr. Goodall thanked Sir Roger Keyes for 
the tribute he had paid to the late Sir Arthur Johns, 
who was not only a great naval architect, but a very 
lovable man who had endeared himself to all his staff. 


THE ANNUAL DINNER. 


The annual dinner of the Institution took place at 
the Connaught Rooms on Wednesday evening, 
March 17th, when the chair was taken by the Presi- 
dent, the Rt. Hon. Lord Stonehaven. There was a 
large attendance, over 700 members and their guests 
being present. The toast of “ The Institution ” was 
ably proposed by the Earl of Athlone, who said that, 
having travelled to many parts of the world by sea, 
he had formed the opinion that a ship of from 10,000 
to 15,000 tons was just as comfortable in rough 
weather as a leviathan. In his reply, the President 
paid a warm tribute to the late Sir Austen Chamber- 
lain, and referred to the international character of 
the Institution’s work. The toast of ‘‘ Ships ” was 
submitted by Vice-Admiral Sir Reginald Henderson, 
Third Sea Lord and Controller, who stated that 
Great Britain had now on order no less than 129 
naval ships, which, he said, were for trade and sea 
communication defence and for nothing else. The 
deadweight tonnage of these ships, he continued, was 
just over 500,000 and the horse-power totalled 
3,750,000. No fewer than 1700 guns would be 
required, and about 34,000 officers and men would be 
needed to man the ships. Lord Essendon, who replied, 
said that interest in ships had revived recently. He 
was of opinion, however, that the most effective way 
to increase our fleets would be to meet an improve- 
ment in world trade by removing trade restrictions. 
After dinner there was a welcome opportunity for 
conversation and for meeting friends. 

(T'o be continued.) | 











Uncontrolled Weapons and War- 
ships of Limited Displacement.* 


By 8S. V. GOODALL, C.B., R.C.N.C, Director of Naval 
Construction, 

THE treaties limiting naval armaments have left certain 
weapons free to be developed while restricting the sizes 
of various classes of ships and the calibres of guns. The 
paper is intended to be a broad study of the effect of these 
uncontrolled weapons on the characteristics of capital | 
ships, aircraft carriers, and cruisers. } 


Treaty Lrmrratrons. 
I. Washington Treaty, 1922.—The 
included the following :— 


(1) No capital ship shall exceed 35,000 tons standard 
displacement? nor carry a gun with a calibre in excess of 





limits imposed 


16in. 

(2) No aircraft carrier exceeding 27,000 tons standard 
displacement shall be constructed.{ No aircraft carrier 
shall carry a gun with a calibre in excess of 8in. 

(3) No vessel of war exceeding 10,000 tons standard 
displacement other than a capital ship or aircraft carrier 
shall be constructed, and no vessel of war other than a 
capital ship shall carry a gun with a calibre in excess of 8in. 

(4) Restriction of completed tonnage in capital ships 
and aircraft carriers. 


Spring eetings of Institution of Naval Architects, March 
17th, 1937. Abridged. 

+ The standard displacement is that of the ship complete, 
fully d, engi ipped, and stored as in war, but 
without fuel or reserve feed water on board. 

} A qualification permitted to any of the contracting Powers 
two carriers of not more than 33,000 tons standard disp t 
within the total tonnage allowed. 














(5) The signatory Powers assented to the prohibition of 


the use in war of asphyxiating, poisonous or other gases, 
and all analogous liquids, materials, or devices. 


A resolution regarding aircraft was adopted as follows :— 


** The Committee is of the opinion that it is not at present 
practicable to impose any effective limitations upon the 
numbers or characteristics of aircraft, either commercial 
or military.” 


II. London Treaty, 1930.—The limits imposed included 


the following :— 


(1) No submarine, the standard displacement§ of which 


exceeds 2000 tons or with a gun above 5- lin. calibre, shall 
be constructed. 


(2) The cruiser category is divided into two sub- 


categories, viz.:— 


(a) Cruisers carrying a gun above 6: lin. calibre. 
(6) Cruisers carrying a gun not above 6- lin. calibre. 
(3) Destroyers are not to have a standard displacement 


exceeding 1850 tons nor carry a gun above 5- lin. calibre. 


This Treaty left the technical limitations imposed by the 
Washington Treaty in the main as they were, but affected 


displacements by restricting the cruiser, destroyer, and 
submarine categories to a completed tonnage which was 
not to be exceeded on December 31st, 1936. 


Ill. London Treaty, 1936.—The limits imposed included 


the following :— 


(1) No capital ship shall exceed 35,000 tons standard 


displacement nor carry a gun with a calibre exceeding 


14in., but if any of the parties to the Washington Treaty 


should fail to enter into an agreement to conform to this 


latter provision, in any case not later than April Ist, 1937, 
the maximum calibre of gun shall be l6in. No capital 


ship shall be less than 17,500 tons standard displacement 
nor carry a gun 


of less than 10in. calibre. 

(2) No aircraft carrier shall exceed 23,000 tons standard 
displacement nor carry a gun with a calibre exceeding 
6-lin. If the armament of any aircraft carrier includes 
guns exceeding 5:25in. in calibre, the total number of 
guns carried which exceed that calibre shall not be more 
than ten. 

(3) No cruiser exceeding 8000 tons standard displace- 
ment and no cruiser carrying a gun with a calibre exceeding 
6- lin. shall be laid down or acquired. 

(4) No submarine shall exceed 2000 tons standard dis- 
placement nor carry a gun exceeding 5- lin. in calibre. 

In this Treaty destroyers as a class are not mentioned. 
They appear as light surface vessels, Sub-category C, 
which do not carry a gun with a calibre exceeding 6- lin. 
and the standard displacement of which does not exceed 
3000 tons. 

None of the clauses from the previous treaties restricting 
completed tonnage have been embodied in the London 
Treaty, 1936. 


UNCONTROLLED WEAPONS. 


The weapons carried in warships are the gun, the 
torpedo, the mine, and aircraft. It will be seen from the 
preceding extracts from the treaties that the uncontrolled 
weapons are the torpedo, the mine, and aircraft. 

The development of these weapons and the effect of 
such development on capital ships, aircraft carriers, and 
cruisers will now be considered 

Torpedoes.—The various Powers have been reticent 
concerning the development of torpedoes, but it is generally 
accepted that torpedoes have been improved in range, 
accuracy, and damaging capacity. 

Warships essentially torpedo carriers, i.¢., destroyers 
and submarines, have increased in size and now carry 
more torpedoes than during the last war. Owing to tech- ~ 
nical improvements, particularly in propelling machinery, 
this type of craft carries relatively a greater military load 
than shown by the actual increase of size. 

The advent of torpedo-carrying aircraft and motor 
torpedo boats has increased the numbers of types which 
may attack warships with torpedoes. 

Two results follow from the above development. 

Effect upon Under-water Protection—Ships designed 
with under-water protection against torpedoes must be 
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Fic. 1—Capital Ships (1915-1936). 


capable of receiving without serious damage a hit from a 
more powerful torpedo than that used during the last 
war, and must also be capable of receiving without dis- 
abling damage a hit from more than one torpedo. Atten- 
tion is now directed to graph A A of Fig. 1, which shows 
the percentage of the standard displacement absorbed by 


§ The standard displacement of a submarine is the surface 
displacement of the vessel complete (exclusive of the water in 
non-water-tight structure), fully manned, engined, equipped, 
and stored as in war, but without fuel, lubricating oil, fresh 
water or ballast water of any kind on board. 
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torpedo protection in capital ships launched since 19135.'| 
Tt will be seen that as a result of war experience there was 
an appreciable rise in the percentage of displacement 
allocated to torpedo protection, but that from the date 
of the Washington Treaty the rise has been gradual and 
hardly in keeping with what has previously been said 
concerning the necessity for better under-water pro- 
tection. But systems of under-water protection have no 
doubt been improved, so that the efficiency of the defence 
to-day, on a weight basis, is probably greater than would 
appear from the slight upward trend of this curve after the 
year 1920. 

Anti-destroyer Armament.—Improvements in destroyers 
have rendered them less easy to be stopped by gun fire. 
It is true that their increased size makes them bigger 
targets. Nevertheless, the former development and 
improvements in the torpedo itself have resulted in the 
requirement that the anti-torpedo craft armament should 
be of improved efficiency in order to stop the destroyer at 
a longer range and sink the ship more rapidly. Attention 
is called to graph B B of Fig. 1, showing the percentage of 
standard displacement given to anti-destroyer armament 
in the capital ships launched since 1915. In this curve 
shortiy after the date of the Washington Treaty there 
appears a marked jump which is indicative of the abandon- 
ment of the practice of fitting hand-worked ’tween-deck 
mountings and the adoption of power-worked turret 
mountings. 

Mines.—As in the case of torpedoes, little authentic 
information is available concerning mine development, 
but from what has been published it must be accepted that 
the modern mine is at least 50 per cent., and probably 100 
per cent., more destructive than the mine used during the 
last war. The defence then adopted against mines was 
the paravane, but it would be unwise to assume when 
designing capital ships to-day which are to be on service 
twenty-six years that a paravane can be entirely relied 
upon to defeat the mine of the future. Consequently 
some provision must be made to ensure that if the paravane 
were defeated the ship would not be put out of action. No 
graph can be drawn showing the percentage of the 
standard displacement that is given to mine protection in 
capital ships launched since 1915, as insufficient informa- 
tion is available, but it is probable that improved con- 
struction and fittings have been adopted which absorb 
@ greater percentage of the standard displacement now 
than was the case twenty-one years ago. 

Awrcraft.—Naval aviation was in its infancy at the time 
the Washington Treaty was signed, but now all the 
principal navies have ships which can carry aircraft. 

Diagrams which show at a glance the improved per- 
formance of naval aircraft are difficult to produce. 
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Fic. 2—Diagram Showing Aircraft Development. 


The first graph—Fig. 2—is given merely as an indication 
of the progressive increase in size of naval aircraft, but it is 
not a satisfactory indication of the higher performance of 
the machine, as improvements to aircraft engines and the 
use of greater powers have enabled heavier wing loadings to 
be used, and more effective aircraft to be produced without 
a corresponding increase of size. 

The other three graphs also indicate the greater effective- 
ness of modern machines. 

It will be seen that each of the four graphs has a 
decidedly rising tendency. Clearly there has been a 
steady growth of space and weight to be provided by the 
warship designer for aircraft to be carried. 

Fig. 2, however, by no means completes the tale of air- 
craft development in the years under survey. The 
development of shore-based machines must also be con- 
sidered. These have been greatly improved in range and 
military load. Not being naval weapons, only casual 
mention can be made of them in this paper, but they must 
be taken into account when designing warships and their 
probable future capabilities must be regarded carefully, 
for it would be rash to prophesy the range of land-based 
aircraft by the time ships designed to-day reach the age 
for scrapping. 

The effect of this development on capital ships, aircraft 
carriers, and cruisers will now be considered. 


1. Caprrat SuHres. 


(a) Anti-aircraft Armament.—It is not possible to draw 
a graph which can be certified to be a true indication of the 





|| In ‘this graph, as in all the others of the diagrams, spots for 
the individual ships and aircraft have been omitted purposely, 
because accurate details are not known. The best that can be 
done is to sift the information given in various periodicals, 
weigh up the probability of the statements and make a calcula- 
tion on the basis of what is most likely to be correct. The 





increased power of the anti-aircraft battery. The graph 
CC in Fig. 1 shows the percentage of standard displace- 
ment given to the sum of the anti-aircraft and. anti- 
destroyer armaments. The intercept between this graph 
and graph B B showing the percentage absorbed by anti- 
destroyer armament may not be a measure of the increased 
power of the anti-aircraft armament, since it is not known 
whether the anti-destroyer armament can also be used 
against aircraft. It may be that the graph C C is a more 
correct indicator of the growth of anti-aircraft armament. 

(6) Horizontal Protection.—The graph DD of Fig. 1 
shows the percentage of standard displacement absorbed 
by horizontal protection. It would not be correct to state 
that the marked rise is due to the development of aircraft 
only, since horizontal protection is also necessary as pro- 
tection against long-range gun fire, but taking into account 
the facts that the present tendency is to reduce the size 
of the heaviest gun carried in capital ships, vide the London 
Treaty, 1936, and that no limit is set upon the develop- 
ment of the military load which can be carried by aircraft, 
there is no doubt that the continued upward trend of this 
graph is largely due to anti-aircraft protection require- 
ments. 





2. Arrcrarr CARRIERS. 

It would be natural to expect that with the increased 
size of naval aircraft the aircraft carrier would also grow, 
but this is prevented by Treaty. 


3. CRUISERS. 


Typical cruisers of various Powers launched since 1920 
have been considered and the results plotted in Fig. 3. 
(a) Anti-aircraft Armament.—Graph AA shows the 
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percentage of standard displacement absorbed by anti- 
aircraft armament, indicating how this factor has increased. 
(b) Horizontal Protection.—Graph BB shows the per- 
centage of stand.rd displacement given to horizontal pro- 
tection. Here again it will be seen that there is a notice- 
able rising tendency. While, as in the case of capital ships, 
this is not entirely due to the necessity for improved anti- 
aircraft defence, relatively the latter is a more potent 
reason for the increase in cruisers. 
(c) Space for Aircraft.—During the last war the small 
aircraft carried in ships could be flown off platforms with 
a run of about 20ft., the larger and heavier modern aircraft 
require catapults and more elaborate handling appliances 
which encroach seriously upon deck space, and the latest 
ships are provided with hangars to house the aeroplanes. 
Graph C C shows the percentage of the weather deck area 
occupied by aircraft and aircraft equipment, and it will be 
seen that this also is a requirement which has grown very 
appreciably. 

CONCLUSIONS. 
Developments in the uncontrolled weapons, the torpedo, 
the mine, and aircraft, and particularly the latter, have 
resulted in a greater percentage of the standard displace- 
ment being given to anti-destroyer and anti-aircraft 
armament, horizontal protection, and fittings and equip- 
ment for carrying aircraft. 


Carita SHIPs. 


A capital ship to be a well-balanced design must be a 
satisfactory compromise, incorporating the requirements 
of offence, defence, speed, endurance, seaworthiness, and 
habitability ; protection against gun fire should be 
correctly related to attack from guns of a calibre at least 
equal to those she herself carries. Increased demand for 
auxiliary armament and protection, clearly shown by 
graph EE, Fig. 1, involves a reduction of the main 
armament if the remaining properties are not to be 
impaired and the standard displacement not increased. 
The London Naval Treaty, 1936, while maintaining the 
standard displacement at 35,000 tons, has restricted the 
main arm iment to 14in. guns instead of the 16in. limit of 
the Washington Treaty. In designing the capital ships 
allowed by the 1936 Treaty, account must be taken of the 
length of life required of these ships and the possibility 
during that period of further developments of uncontrolled 
weapons. When this is done, the well-balanced design 
for a 35,000-ton ship will, in the present state of technique, 
be found to be the ship with 14in. rather than 16in. guns 
as the main armament. The London Treaty does, how- 
ever, permit 16in. guns if the signatories of the Washington 
Treaty fail to conform to the 14in. gun limitation. In 
that event it will be interesting to see what sacrifices in 
other respects are accepted in the 16in. gun ships. 


AIRCRAFT CARRIERS. 
In spite of the progressive increase in size of naval air- 





tons, whereas the previous limit was 27,000 tons. It is 
clear that the larger ship can carry a larger number of 
aircraft of the same size, hence to provide the Navy with 
the requisite number of aircraft a larger number of carriers 
will be necessary. 

CRUISERS. 


The effect of aircraft development on cruisers con- 
stitutes the most interesting problem of the immediate 
future, particularly with the reduced displacement limit 
of 8000 tons. Will the pendulum swing still further in the 
direction of the cruiser carrying a number of aircraft and 
provided with protection against aircraft attack? If so, 
at the expense of what ? Or as aircraft carriers increase in 
numbers, will a new type of cruiser emerge ? 








Canadian Engineering News. 
(By our Canadian Correspondent.) 
Niagara Improvement Plans. 


Apart from the possibility of the St. Lawrence 
seaway pact between Canada and the United States being 
ratified in the near future, interest has been aroused in 
Canada over the news that a Bill is to be submitted to the 
United States Congress authorising the establishment of an 
international board of six members to study and report 
a the best means of preventing further erosion in the 

iagara cataract and thereby preserving the beauty of 
the falls. Incidentally, the commission would consider the 
question of any further diversion of water for power 
development p 

With contours ¢ by recent rock falls, the falls 
are in danger of further erosion, according to experts, 
particularly at the centre of the Horseshoe Falls, where 
the water is more than 30ft. deep. Engineers propose 
sinking piers in the upper stream to divert more water 
to the sides and so lessen the strain on the centre. A pro- 
gramme of landscaping is also proposed. 

The Canadian and United States Governments in 1926 
appointed a special Niagara Board for the purpose of 
dealing with this very question of preserving the scenic 
beauty of the falls, abeulie threatened by erosion and rock 
slides. On this occasion the question of water diversion 
was involved, one of the duties of the Board being to 
determine what further quantity of water, if any, might 
be diverted for power baw ga oe ae P . The final 
report of this tribunal was published in April of 1931, but 
two years prior to that the Board’s recommendations were 
embodied in what was known as the Niagara Convention, 
signed by both Governments early in 1929, and approved 
by the Canadian Parliament in May of that year. 

The s ted Board, now to be formed, will be com- 

posed chiefly of engineers. The previous Board’s problem 
was almost wholly one of engineering and the recom- 
mendations were based upon expert cnepnner og advice. 
They included the construction of submerged deflecting 
weirs, to lie diagonally and irregularly across the current 
above the falls, and to be so built as to be indistinguishable 
from the natural rock formations. Another submerged 
weir was to be built near the lower end of the Grass Island 
Pool to ensure an adequate flow in the American rapids 
and ‘falls and passing the Three Sisters Islands. 
Board and its engineers considered that these works would 
maintain an unbroken crest line from shore to shore at all 
seasons of the year. Such withdrawal of additional water 
for power purposes as Sap be permitted during the con- 
struction period was to temporary and limited; the 
water was to be taken only during the non-tourist season 
and no new vested rights were to be created. This, sub- 
stantially, was the sanctioned by the Canadian 
Parliament in 1929. It was acceptable to the American 
Government, but when it got to the Foreign Relations 
Committee of the United States Senate it stayed there and 
suffered a lingering death. 
Meantime Ontario authorities have greatly improved the 
Canadian side. The 38 miles from Niagara-on-the-Lake 
to Fort Erie are under supervision of the Niagara Parks 
Commission. The most recent improvement is an outdoor 
theatre to be opened next summer on the site of the old 
Clifton Hotel. A retaining wall from the Falls View 
Bridge to the Lower Arch Bridge has been built and drive- 
ways widened. Under the proposed United States Bill 
such works as this would je continued under a joint 
Cormmission. 


Vancouver Bridge. 


A contract for the building of the steel super- 
structure of the Lion’s Gate Bridge over Vancouver 
Harbour has been awarded to the Dominion Bridge Com- 
pany and the Hamilton Bridge Company. The bridge 
will require 10,000 tons of steel, and the total cost of the 
bridge project is estimated at 6,000,000 dollars. The 
structure will be 209ft. above highwater, making it the 
third highest in the world. It will be the largest suspension 
bridge in the British Empire and will have a capacity of 
10,000 automobiles an hour. 


Bathurst Expansion Programme. 


Bathurst Power and Paper Company, Ltd., is 
proceeding with an extensive programme of improve- 
ments to round out the production facilities of its pulp 
and paper plant. Expenditures of upwards of 650,000 
dollars are involved, and it is expected that the work will 
be completed by August next. Orders for a portion 
of the major equipment have already been placed. Amongst 
other things, the programme calls for the construction of a 
steam plant, the generating unit of which will have a 
capacity of 110,000 lb. of steam per hour, and will be 
operated at a pressure of 650 1b. This, it is said, will be 
the first installation operating at such a pressure in the 
paper industry in Canada. The steam generating unit will 
be fired with pulverised coal and will operate at a high 
rate of efficiency. Coupled with the steam generating 
plant will be a large 6000-kW by-product steam turbo- 
generator, which will make use of the steam from the 
generating plant to generate power before steam is passed 








resulting graphs are considered to be sufficiently accurate for 
the general purposes of this paper. 





craft, the aircraft carrier must now not exceed 23,000 


to the rest of the mill for process work. 
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Racing Motor Car Design.* 
By R. A. RAILTON, B.8e. 


Ty a racing car the suspension system—that is to say, 
the flexible link connecting the frame with the road wheels 
and the pneumatic tires—has as its chief object the main- 
tenance of contact between the tire and the road with as 
nearly constant a pressure as possible. The comfort of 
the driver is a secondary consideration. Obviously, if the 
tire, wheel, and axle (or unsprung parts) had no mass, 
there would be no difficulty about this. In practice, how- 
ever, the inertia of the unsp , acting vertically, 
tends to cause excessive pressure at the start of a bump, 
followed by reduced pressure at the top of the bump; and 
it is this reduction of pressure, which, by reducing the 
adhesion, has a bad effect on the road-holding qualities 
of the car. Clearly then the most important single factor 
is to keep the unsprung weight to an absolute minimum, 
and this is, in fact, one of the chief aims of the designer. It 
is nearly useless to attempt an analysis of the action of the 
spring and damping mechanism, which, in one form or 
another, invariably form this link on a racing car. The 
conditions are so variable, and the requirements are so 
conflicting, that there is no rule or formula that can be of 
much use to the designer here. The interaction of the 
kinetic energies of the sprung and unsprung weights are 
directly dependent on such variables as the size of the 
tires, the air pressure, the wheel centres, the stiffness of 
the springs, the spring centres, the disposition of the 
chassis weight, the torsional stiffness of the frame, its 
stiffness as a beam, the nature of the road surface, &c, 
However, one or two guiding principles do emerge: 
(1) the greater the ratio between the sprung and the 
unsprung weights the better, for obvious reasons ; (2) the 
greater this ratio, the more flexible the springs that will 
give the optimum condition of safety ; (3) the greater this 
optimum flexibility, the worse the surface that can be 
traversed with safety ; (4) the worse the surface, and the 
greater the amplitude of vertical movement, the more 
absorption of energy must be allowed for in the damping 
mechanism. From this it is clear that the nature of the 
road upon which the car is expected to run should have 
a big influence on the design of the suspension. 

a” * ” * + 


Independent suspension is adopted on nearly every 
modern racing car, but its chief advantages are not directly 
consequent upon its effect on the unsprung weight. In 
any type of axle the wheels, tires, and brake gear make up 
considerably more than half of the total weight of the 
unit, and for an independent system it is safe to say that 
the unsprung parts of whatever arrangement is used to 
support the wheels will increase this proportion still 
further. 

It was found, however, that a car so equipped possessed 
certain advantages quite out of proportion to the mere 
saving of unsprung weight. It was found that such a car 
held the road on corners in a quite uncanny manner. It 
was also found possible to transmit more torque through 
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Fic. 1-—Showing the Effect, with a Solid Axle, of the Vertical 
Movement of One Wheel A upon the ‘Adhesion of the Other 
Wheel B. 


the driving wheels without wheel slip. In a word, the 
adhesion was greatly improved, and it was also noticed 
that the worse the road surface the more pronounced was 
the difference. Further, it was found that these advan- 
tages were present whatever type, within reason, of inde- 
pendent suspension was used. In other words, what made 
the difference was the absence of a rigid member connect- 
ing the wheels. Just why the absence of the solid con- 
necting axle beam should make such a difference to the 
adhesion was not at first very clear. Nor is it now, for 
this is a point upon which no two experts will agree. The 
basic principle is, however, probably as follows. Consider 
a pair of wheels A and B running along the road (see 
Fig. 1). If A meets an obstruction and suffers temporarily 
impai adhesion, B has to provide extra adhesion if 
there is to be no skid. With a solid axle the movement of 
A over the obstruction is transmitted to B in such a way 
as to cause a sudden lateral shift of B’s point of contact 
with the ground. This may well precipitate a skid if B’s 
adhesion is already taxed to the utmost. With inde- 
pendent suspension of each wheel this reaction does not 
occur. 
* * * * * 

One other factor, which has a very far-reaching effect 
upon the behaviour of the car on the road, is the stiffness 
of the main frame. It is obviously useless to lavish care 
and expense in attempting to arrive at a nice adjustment 
of the suspension system, if the chassis is sufficiently 
flexible to act itself as a spring, and an undamped one at 
that. From a consideration of the stress distribution in a 
motor car frame there is no doubt that the ideal construc- 
tion would be a single tubular trunk extending the whole 
length of the vehicle. In spite of the constructional diffi- 
culties involved, developments are taking place in this 
direction which may well become standard practice in the 
course of the next few years. 

* * * * * 


For long-distance, fast work the durability required 
calls for a large heavy tire, working at a high pressure. 


* Exce r read before the Institution of 
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This increases the suspension difficulty in two ways. The 
extra unsprung weight brings the usual troubles in its 
train, and the high pressure means that road shocks are 
transmitted without much diminution. On the other hand, 
a consideration which encourages the use of a tire of large 
section is its increased lateral stability. Any tire, when 
the car is rounding a corner, has a tendency to roll, or to 
‘“‘ go over on its ankles,” and under these conditions the 
path of the wheel is not at right angles to its axis (see 
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Fic. 2—Showing the Tendency of a Tire to “‘ Creep” Under the 


Influence of Lateral Forces. 


Fig. 2). This phenomenon is termed “creep” and, 
though not actually a skid, it has a bad effect on road- 
holding. 

* * a” 


* * 


There are two obvious reasons for keeping the height 
of a racing car down. First, the lower it is, the less air 
it disturbs, and, other things being equal, the less wind 
resistance it offers. Secondly, the lower the centre of 
gravity, the less likely is the car to turn over if it skids 
sideways into an obstacle. There is, however, now a fairly 
general agreement that if the centre of gravity is too low, 
the tendency to skid is definitely increased. 


* * * * * 


Consider the two cases of a car moving (1) at a constant 
speed in a straight line, and (2) round a curve of constant 
radius. In the first case, the angular velocity of the car 
about a vertical axis is zero, and, in the second, its angular 
velocity is constant. In neither case does its polar moment 
of inertia affect the situation. When, however, the car 
is turned from a straight course into a curved one, or when 
the radius of the curved path varies, its mass is subject 
to an angular acceleration. Now the amount of the couple 
producing this angular acceleration is limited by the 
friction of the tires on the road, and has a definite maxi- 
mum for any given vehicle. If therefore the polar moment 
of inertia is high, the maximum angular acceleration will 
be low, and the car will take an appreciable time to follow 
the movements of the steering wheel. 


* * * * * 


There is remarkably little variation in width of track 
between designs otherwise very dissimilar. This dimen- 
sion is connected with the question of the height of the 
centre of gravity. There seems to be remarkable unanim- 
ity in favour of making the wheel base approximately 
twice the track width. This proportion has been arrived 
at as the result of a great amount of experience, and it 
probably represents as good a general compromise as is 
possible. 


* * * * 


The advantages of front wheel drive on a motor vehicle 
are chiefly of an indirect nature, and consist almost entirely 
in the better chassis lay-out obtainable by its use. When 





INSTANTANEOUS PATH 
OF CENTRE OF GRAVITY 


FRONT WHEEL DRIVE 


INSTANTANEOUS CENTRE 


INSTANTANEOUS PATH 
OF CENTRE OF GRAVITY 


a 


- 


REAR WHEEL DRIVE 


Tue Encinger” 


PROPELLING FORCE 
CENTRE OF GRAVITY 


| | | Swain Sc 


FiG. 3—Showing Inward and Outward Components of the Pro- 
pelling Force with Front and Rear Wheel Drive Respectively. 





first introduced great claims were made on account of the 
fact that on a corner the propelling force in a front-driven 
car has a slight component radially inwards toward the 
instantaneous centre, whereas with rear drive there is an 
outward component. This effect is illustrated dii 


the other. There is a certain amount of truth in this, but 

re is also one very serious drawback. P 

Imagine a front-drive car negotiating a corner at about 
the critical In order to take advantage of this 
effect, the driver must have the throttle open so that this 
centripetal tractive effort may be exerted. If he over- 
does it a fraction and the car begins to skid, there are 
only two things that he can do. Either he can follow his 
instinct and take his foot off the throttle, in which case the 
sudden reversal of this inward component of the tractive 
effort may cause the car to skid uncontrollably, or, brave 
man, he can open the throttle still further in the hope of 
further increasing the inward component so as to restore 
equilibrium. This action also increases the velocity of 
the car, so that his security is only temporary. In a word, 
the condition is unstable. For this reason, it is seldom 
safe in practice for him to attempt to avail himself of 
the increased speed which is theoretically possible. 

* 


* * * * 


For many years the brakes were operated by a system of 
rods and levers connecting the foot pedal with the ordinary 
double cam which expanded the shoe against the drum. 
With the advent of independent suspension, such a mecha- 
nical linkage became very complicated, and the recent 
perfection of the hydraulic system on touring cars has 
resulted in its sudden and almost universal adoption for . 
racing. Special care has to be taken to insulate the work- 
ing fluid from the hot drum, and special liquids of high 
boiling point are used as an extra precaution. Fig. 4 
shows the lay-out of a racing brake. It will be seen that 
surrounding the operating cylinder there is a shroud, 
insulating it from the hot drum and supplied with cool 
air through an external scoop. 

The provision of adequate braking for a car weighing 
nearly a ton and capable of 180 m.p.h. is no easy problem. 
** Adequate braking” in the driver’s view calls for a 
negative acceleration of at least 4g from top speed and 
about 3g from 100 m.p.h. down. ing in mind that 
for a given negative acceleration, the rate of heat flow to 
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Fic. 4—Hydraulic Brake Lay-out. Fic. 5—T ypical Brake 


Drum Construction. 


the drum varies as the square of the speed, a moment's 
thought will show how much care has to be given to the 
design of the drums. Add to this the fact that the drums 
are placed in the wheels just where the weight must be 
kept to a minimum, and the nightmare is complete. The 
solution up to now has been a thick and heavily ribbed 
light alloy drum of large diameter, with a thin liner of hard 
steel shrunk inside it. Such a composite drum is shown 
in Fig. 5 

* * *~ 


* x 


Universal joints, where they occur in the transmission, 
are usually of the Hooke type. The latest practice is to 
furnish the trunnion bearings with needle rollers packed 
with grease and sealed for life. 

The front-wheel drive car presents a special problem in 
universal jojnts. The front wheels must swivel about 
25 deg. for steering, and, as they are also driven, they 
must accommodate a universal joint of small bulk and 
weight capable of transmitting the drive through this 
angle with uniform angular velocity. To meet this require- 
ment, a very ingenious joint has been developed in America, 
where, in spite of the special machines required to make 
it and of the comparatively small demand, it is already in 
regular production. Fig. 6 is a section drawing of this 
joint. 

* * * 


* * 


At various stages of its development there have been 
many factors which, from time to time, have limited the 
power output of the racing engine. As each difficulty has 
been overcome the output of the engine has been increased 
until a limit has been set by some quite different factor. 
It may be of interest to trace the course of some of these 
difficulties and their solutions. 

For some time, the durability of the exhaust valve set a 
very definite limit to the flame temperature, and to the 
speed at which the valve could be operated. Over these 
limits there was serious burning of the valve, even if 
actual fracture did not occur. The solution of this 
problem has been the adoption of special steels, notably 
high-chromium, cobalt, and tungsten steels, the latter 
having properties similar to ordinary high-speed tool 
steel. This improvement resulted at once in greatly 
increased flame temperatures and compression ratios, as 
well as an increase in the rate of revolution. 

The next limit to be reached was that imposed by the 
heat-resisting qualities and strength of the aluminium 
alloy pistons. Here again the use of special heat-resisting 
alloys, coupled with improved foundry methods, has 
provided the remedy. 

This solution of the piston difficulty sent engine speeds 
up with a rush and brought to an acute state the troubles 
already being experienced with bearings, particularly the 
big end of the connecting-rod. Designers were beginning 
to give up plain in despair and were turning to 





matically in Fig. 3. It was therefore claimed that the 
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front-driven car could be taken round a corner faster than 





roller bearings, in spite of the enormously increased cost. 


. The crank pins in a car engine of six or more cylinders have 
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to be of sufficient diameter to provide the stiffness neces- 
sary to avoid dangerous periodic vibrations. This means 
that the roller bearing surrounding this pin must be of 
such a diameter that the roller speed is very high indeed. 
In addition, the outer race often has to be split to facilitate 
assembly. Added to this again is the destructive effect of 
the rapid changes in angular velocity in a big-end bearing. 
These changes are constantly accelerating and retarding 
the rollers, and the consequent skidding between the 
rollers and their races affects their life very adversely. 

At the same time, plain bearings were being developed 
intensively for aeco-engines, where the weight of the roller 
bearing was prohibitive, so it was not long before the 
pendulum swung back, and the much improved plain 
bearing came into favour again. To-day it is quite common 
to run plain big-end bearings at rubbing speeds of upwards 
of 3000ft. per minute with unit pressures of 1000 lh. per 
square inch, and failure is comparatively rare. 

At this stage progress in design had arrived at a point 
where it was comparatively free from mechanical limite- 
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Fic. 6—Constant Velocity Universal Joint (Rzeppa). 


tions. The engine could be relied upon to deal efficiently 
with all the fuel that could be got into it, provided the 
conditions (particularly the compression ratio) were 
suitable for that fuel. If the compression ratio was 
increased beyond that limit, either the mixture would pre- 
ignite or the character of the combustion would be found 
to change suddenly, and the charge said to “‘ detonate.” 
ft is in this field that most of the changes and improve- 
ments of the last few years have taken place. 

Up to the present the chief developments have been two- 
fold. First, external pumps, or superchargers, have been 
used to introduce more working fluid into the cylinders. 
Second, special fuels have been evolved, which can be used 

_with very high compression ratios without producing the 
‘phenomera of pre-ignition and detonation. Of these two 
developments the latter represents by far the more 
important advance. 


* * * * * 


Three types of blower are in general use: the centri- 
fugal type, the Roots blower, and the rotating vane tvpe. 
The Roots blower is used almost entirely on the Con- 
tinent, while the centrifugal type is popular in America. 
Great efforts have been made in this country to perfect 
the rotating vane blower and it has been used extensively. 
There seems to be no special reason for these: preferences, 
except that in America most races are run on special 
tracks, at a more or less uniform high This con- 
dition lends itself to the use of the centrifugal blower, 
which is obviously only efficient at or near its designed 
speed. Given this condition, it can be made lighter than 
the other types, for a given output. It is usually of the 
single-stage type, having a high-tensile steel rotor about 
Tin. in diameter, revolving at speeds up to between 30,000 
and 40,000 r.p.m., the delivery pressure being from 8 Ib. 
to 12 Ib. per square inch. 

By far the most largely used type is the Roots. A great 
deal of development work has been carried out with it, 
chiefly on the Continent, with results that are amazing to 
those familiar only with its disreputable ancestor of the 
blacksmith’s shop. The blowers are now run at speeds 
up to 10,000 r.p.m., delivering air at up to 25 lb. per square 
inch. It is difficult to obtain any reliable figures as to the 
efficiency under these conditions, but the satisfactory 
results obtained from the power unit as a whole seem to 
indicate a figure of the order of 60 per cent. The rotors 
are usually of steel, either two or three-toothed, and the 
casings of aluminium alloy, heavily ribbed for both stiff- 
ness and cooling. The clearances, of course, have to be 
considerable, and this seriously affects their performance 
at low speeds, though this is not a, matter of grave import- 
ance for racing. ! 

The third type, the rotating vane:;machine, is also a 
development of an industrial blower. As shown in Fig. 7, 
’ it has a rotating drum revolving in an excentric casing and 
carrying sliding radial vanes -which follow the contour 
ot.the casing. Its adaptation for high-speed work has 
presented many difficult problems, chiefly in connection 
with the high rubbing speeds involved, and with the 
durability of the surfaces concerned. In spite of these 
difficulties, superchargers of this type have been produced 
which give remarkable results with a very fair degree of 
reliability. They appear to show rather better efficiencies 
than the Roots type, particularly at low speeds. They are, 





are very sensitive to lubrication. This in itself is not a 
fault, but it is obviously difficult to supply adequate 
lubrication to the working parts of a blower without 
blowing an excessive amount of oil through the inlet: pipe 
and into the engine. Up to the present it has not been 
found possible to run superchargers of this type reliably 
and efficiently over speeds of about 5000 r.p.m., and for 
this reason they are considerably heavier and more bulky 
than a Roots blower for the same duty. 

There is one other point in connection with super- 
charging that is worth notice, and that is the mechanical 
and thermal effects upon the mixture of fuel and air as it 
passes through the blower. The working mixture, as it 
emerges from the carburetter, contains very little fuel 
vapour, but is chiefly a moving column of air containing 
droplets of fuel, and not very small droplets at that. One 
of the biggest problems in the design of a multi-cylinde- 
engine is to prevent these droplets from depositing on the 
walls of the pipe, and to distribute them evenly between 
the cylinders. Thus, when it becomes necessary for the 
inlet pipe to branch off to the various inlet ports, the 
inertia of these comparatively heavy particles of fuel may 
cause them to overshoot certain branches, thus starving 
certain cylinders and choking others. On the other hand, 
when this raw and imperfect mixture is led straight from 
the carburetter to a rapidly rotating blower, the violent 
mechanical agitation, coupled with the rise in temperature 
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Fic. 7—Rotating Vane Blower. 


due to the sudden compression, certainly tends to make the 
charge more nearly homogeneous, and probably actually 
vaporises a considerable portion of the fuel. In this con- 
dition the charge behaves more nearly as a true gas, and 
even distribution among the cylinders is less difficult. 


* * * * * 


In this country we are fortunate in having a range of 
first-class water-cooled aero-engines which are reasonably 
well suited by their general lay-out for installation in a 
motor car. They can be obtained in various shapes and 
sizes from 500 to 2500 H.P. units, the smaller ones being 
suitable for the long-distance records (from 1 to 24 hours) 
and the large ones for the flying mile, or the so-called 
‘land speed record.” Full advantage has been taken of 
this. source of supply (unique to this country), with the 
result that Great Britain has for some years figured 
prominently in the record book. 

For this application the chief disadvantage of the aero- 
engine is that, owing to the necessarily low optimum air- 
screw speed and the high degree of reliability required, it 
usually has a comparatively low crankshaft speed. The 
drawbacks of this in a motor car are two-fold, as it means 
(1) that the motor is rather bulky, increasing the size 
and weight of the car, and (2) that the transmission must 
also run at a slow speed and is therefore heavy. Weight 
by itself has only two disadvantages, but they are 
serious ones. It shortens the life of the tires and of the 
track upon which the car runs. The latter statement may 
sound absurd, but it is a fact that the chief limiting factor 
in long-distance record-breaking to-day is the ability of 
the track surface to withstand the destructive effect to 
which it is subjected. 


* * x * * 


Still further removed from the true racing car are those 
vehicles which for many years now have held the world’s 
land speed record. The subject of the tyre equipment of 
these cars is perhaps the most interesting of all. The 
tires used nowadays for this purpose are about 38in. in 
diameter, and revolve at a maximum speed of about 
2700 r.p.m. They have each to support a load of up to 
1 ton, with momentary shock loads of two or three times 
that figure. Neither the speed nor the load is individually 
a very serious problem. The combination of the two, 
however, does produce very grave difficulties. 

The weight on the wheel causes a deformation of the 
tire casing at the point of contact with the ground, and 
as the wheel revolves this deformation travels round the 
tread. This continuous deformation of the casing repre- 
sents a definite amount of work done. This work is con- 
verted into heat, not at the surface, but more or less 
uniformly throughout the fabric between the inner tube 
and the tread. As may be imagined, at speeds over 
2000 r.p.m., the amount of this work is very considerable, 
and owing to the low heat conductivity of the material, 
the temperature of the fabric rises very rapidly and may 
soon reach a point at which the strength of the rubber is 
affected. 

This does not seriously affect the strength of the tire 
as a whole, this being controlled by the cord structure, 
which is unaffected by these temperatures. On the other 
hand, the rubber tread, outside the cord structure, is held 
in position solely by its own adhesion, and if the strength 
of its inner surface deteriorates through heat, the whole 
tread will probably fly off under the very heavy centri- 
fugal loading. 

For these very high-speed tyres, this trouble has been 
eliminated by the evolution of a grade of rubber showing 
a remarkable strength at high temperatures, and by the 
expedient of reducing the thickness of the tread to an 
absolute minimum consistent with the necessary durability. 
Actually, the tread is less than 1 mm. thick. In spite of 





to reduce the deflection to a minimum, the tires are run at 
very high pressures—usually about 120 Ib. per square inch. 


* * * * 


The chief problem with these ultra high-speed cars is 
how to reduce the aerodynamic drag to a minimum. Some 
idea of the magnitude of the wind resistance can be 
inferred from the fact that at 300 m.p.h. even with a care- 
fully streamlined car, the resistance approaches the limit 
of adhesion between the rear driving wheels and the ground. 
The air resistance is about equal to the resolved gravita- 
tional pull on a gradient of 1 in 5. The fact that a 5-ton 
car like the ‘‘ Blue Bird ” could, in vacuo, climb a 1 in 5 
gradient at 300 m.p.h., furnishes a graphic illustration of 
what a 2000 H.P. motor car really means. Furthermore, 
it is easily seen that under such conditions any slight 
imperfections of the road would quickly induce wheel spin. 

For these conditions the obvious solution is to drive all 
four wheels, instead of the rear two only, as has been done 
hitherto. There are considerable mechanical difficulties 
in the way of effecting a four-wheel drive with engines of 
existing design, but there is no doubt that it will be essen- 
tial on these cars before long. 


* * * * 

Finally, it is no use producing a car capable of beating 
the record if it cannot be accelerated up to and slowed 
down from, its top speed, inside the total length of 
straight track available. Probably the best of the known 
tracks is the natural salt bed in Utah, U.S.A., where Sir 
Malcolm Campbell established the present record in 1935. 
Here there is a 13-mile straight run, absolutely level and 
having a surface particularly kind to tires. 

The ‘‘ measured mile” is, of course, in the middle, 
which allows 6 miles for accelerating and another 6 for 
slowing down. This is ample for speeds up to 300 m.p.h., 
but would be distinctly on the low side for speeds in the 
region of 350 m.p.h., which will shortly be the objective. 
Such a car would have to reach 300 m.p.h. in about 3 miles 
as it would need just about another 3 miles, or 6 miles 
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Fic. 8—Curve Showing Speed Against Length of Run During 
Acceleration Period, “‘ Blue Bird,’’ Daytona, 1933. 


in all, to reach 350 m.p.h. at the point where it entered 
the measured mile. Illustrating this point, Fig. 8 is the 

-distance curve of “ Blue Bird’s” run at Daytona 
in 1933. Here the measured mile was between the fifth 
and sixth mile-posts, and the average speed over it about 
272 m.p.h. 


* * * * 


So far as the immediate future is concerned, there is 
considerable activity at the moment. Two or three cars 
are being prepared for attempts on the land speed record, 
and it is not unlikely that, in the course of the next three 
years, we may hear that a motor car has covered the flying 
mile at a speed of 6 miles a minute. 








PRODUCTION OF RADIUM. 





A MARKED reduction in the world price for radium, 
which is reported to have been cut in half, is considered 
to be directly due to the stabilisation and development 
of Canadian radium in the vicinity of the Arctic Circle. 
While this is true, the reduction in price does not affect 
the production in Canada owing to the richness of the 
pitch-blend bodies in the Great Bear Lake district. By 
the end of 1936 it was possible for the first time to survey 
radium in Canada as an established industry. It was 
not, in fact, until the latter part of the year that develop- 
ment and research had reached a point at which it could 
be stated with assurance that radium as a Canadian 
industry was established on a regular production basis. 
To obtain this status much progress had first to be made 
in four separate fields—mining, transportation, refining, 
and marketing. 

Progress rts from Great Bear Lake showed that 
the width of the vein and richness of the ore on the 465ft. 
level had been proved, and sufficient data possessed on 
the geological structure at depth as well as enough new 
information on ore reserves to justify future plans on 
a long-range basis. From the mine-at LaBine Point. 
Great Bear Lake, to the refinery at Port Hope, near the 
City of Toronto, is more than 3000 miles. Of this, 1450 
miles is beyond the end of the railway line. Over this 
latter route, sufficient and economical air services are 
now operating, and the navigable waters of the Mackenzie 
River system, flowing into the Arctic, cover practically 
this entire stretch. It is possible to carry concentrates 
out and equipment in right from the railhead at Water- 








however, essentially more. complicated and delicate 
mechanisms, and in their present form at any rate they 





this, the quality of the rubber is such that, after use, the 
treads are often absolutely unmarked. Further, in order 





ways, in Northern Alberta, to the dock only a few feet 
from the mine shaft. : 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


India’s Iron and Steel Imports. 


A decrease iti the volume of British iron and steel 
imports into India is disclosed by the “‘ Survey of the 
Import Trade of India” during the first nine months of 
the fiscal year from April Ist to December 31st, 1936, 
issued by the Department of Overseas Trade. In the case 
of small bars the total imports decreased from 32,828 tons 
in the corresponding period of 1935 to 21,837 tons. Great 
Britain’s share receded from 15,671 tons to 10,360 tons, 
Belgium from 7364 tons to 5120 tons, Germany from 3120 
tons to 2203 tons, and Luxemburg from 3571 tons to 1139 
tons. There was, however, a slight increase in the imports 
from France from 2261 tons to 2381 tons, but the value of 
French imports fell from Rs. 2 lakhs to Rs. 13 lakhs. The 
trade which comes under the heading of beams, channels, 
pillars, girders, and bridge work showed a fall in quantity 
from 19,104 tons to 18,654 tons, but the value increased 
from Rs. 20} to Rs. 22} lakhs. In spite of the decrease in 
the total trade, however, arrivals from the United Kingdom 
advanced both as regards quantity and value from 10,772 
tons (Rs. 124 lakhs) to 11,320 tons (Rs. 164 lakhs). Imports 
from Germany fell from 4639 tons to 2183 tons and from 
Belgium from 3405 tons to 2637 tons, whilst imports from 
France rose from 83 tons to 2326 tons. There was a 
noticeable advance in the total imports of rails, chairs, and 
fish-plates, which increased from 2036 tons for the first 
nine months of 1935 to 6529 tons in the corresponding 
period of 1936. The British share improved from 1244 
tons to 2334 tons, whilst that of Germany increased from 
586 tons to 1408 tons. It is pointed out that the heavy 
decline in the imports of galvanised sheets and plates is 
the reflection of the severe competition of the local 
industry. The total imports declined from 48,927 tons to 
43,363 tons. Great Britain was the largest sufferer by 
this decline, her shipments diminishing from 38,130 tons 
to 24,178 tons. Arrivals from Belgium also fell from 
7498 tons to 6387 tons. A feature of the period under 
review was the striking advance in the imports from Japan 
from 3102 tons to 11,731 tons. The imports of machinery 
and millwork increased in value from Rs. 9804 lakhs to 
Rs. 1057 lakhs, the British share rising from Rs. 6624 to 
Rs. 689} lakhs, largely due to the increased shipments of 
electrical machinery, boilers, and sugar machinery. 


The Pig Iron Market. 


Usually the approach of a holiday period is 
reflected in a hastening in deliveries, but the imminence 
of the Easter break has had no effect upon this market. 
The situation seems to be slowly deteriorating, and there 
has been no relief from the scarcity of supplies. Odd 
parcels of pig iron reach this country, although the most 
important supplier continues to be India. It is expected 
that the imports of Indian basic iron will be considerably 
increased this year, and it is announced that the British 
fron and Steel Federation has arranged to purchase 
400,000 tons of basic from the Indian Iron and Steel 
Company, Ltd. This is for delivery over two years from 
June onwards, and should be a relief to the steel makers 
who have not disguised their anxiety regarding the outlook 
since many of them could not see their way to more 
than nine to twelve weeks’ supply. Hematite pig iron 
is also in short supply, and the makers are practically 
out of the market as regards fresh business. There is 
some hope that the domestic production of hematite 
will be increased next month, but this is by no means 
certain. Although tight conditions rule in the market 
for foundry iron, the position is not so bad as in the case 
of basic and hematite. Most of the big consumers have 
covered their requirements, and although the makers 
are in arrears with deliveries in many districts the con- 
suming works seem able to maintain a good rate of 
operation. On the North-East Coast there has been 
a considerable volume of inquiry for delivery up till 
the end of the first half of this year and beyond. Little 
of this business, however, has been accepted as few of 
the makers care to add to their already heavy commit- 
ments. Export business is practically impossible, since 
it is only occasionally that a parcel of iron becomes avail- 
able for shipment against an old contract. In the Midlands 
consumers, particularly the light castings makers, express 
concern at the scanty supplies of foundry iron which have 
been available of late. With the Northamptonshire 
makers practically off the market so far as new business 
is concerned, and the Derbyshire producers reluctant 
to add to their order books, the outlook as regards supplies 
is the reverse of cheerful. Exports of Cleveland iron have 
been unusually large this month, but these have been 
against old contracts. Lately, there has been some talk 
of the prohibition of exports of pig iron in order to keep 
the whole of the production for the home market, but 
it is possible that this will prove unnecessary since, when 
the existing contracts are worked off, shipments will 
automatically cease, no new export business of importance 
having been entered into for some little time. 


The North-East Coast and Yorkshire. 


The steel works in this area are operating at 
full capacity in practically every department, but they 
are unable to do more than meet specifications against 
existing contracts, and in the case of many descriptions 
of steel they are in arrears with deliveries. Consumers 
who find themselves badly inconvenienced as a result 
of this position are continually pressing for quicker 
and fuller deliveries, but the steel makers protest that 
they are doing their best in exceptionally difficult’ cireum- 
stances. It is hard to arrange for fresh . business for 
delivery before May 3lst, although some transactions 
are entered into for later dates on the condition that the 
prices shall be those ruling at the time of despatch. 


since it is understood that after May 31st there will be 
a substantial rise in the quotations for steel. The con- 
structional engineers are taking large quantities of joists 
and sections, but deliveries from the local steel works are 
not sufficient to meet their needs, and irritation is expressed 
at the way in which important jobs are being held up. 
There is a large demand also for shipbuilding material 
on this coast, and a heavy tonnage of ship plates is going 
into consumption. For nearly all descriptions of plates 
and structural steel the minimum period required for 
delivery is six weeks, and most consumers would think 
themselves lucky to place an order for which that delivery 
was guaranteed. The scarcity of billets is badly felt, and 
although the steel works are producing at capacity 
the amount they can spare for the re-rollers is not nearly 
enough for the latter’s requirements. An attempt is 
being made to formulate a scheme by which a proportion 
of the steel works’ output of billets will be assured for 
the re-rollers, but this is not yet sufficiently advanced 
to ease the situation. The sheet works are so full up with 
orders that they cannot accept new business except 
for delivery after the end of May. The home demand 
for sheets is insistent and a good tonnage of export 
business has had to be turned down. In Yorkshire there 
has been no relaxation in the stringent conditions which 
have ruled for some weeks past. Basic steel is in far 
greater demand than the works can satisfy, although 
production is pressed to the utmost. The market require- 
ments of acid steel have grown of late and the whole 
of the heavy output is passing into immediate consump- 
tion. There has been an active request lately for high- 
speed steel, and whilst the present quotation is 2s. 2d. 
for 14 per cent. tungsten and 3s. for 18 per cent. tungsten 
steel, it is anticipated that these figures will not rule 
for. more than a few weeks owing to the tendency of 
tungsten prices to advance. 


Scotland and the North. 


The Scottish steel works are experiencing heavy 
pressure from customers anxious to obtain supplies, but 
although the works are operating at capacity they are 
in arrears with deliveries. A large proportion of the 
present production is on account of shipbuilding material 
required by the Clyde and Belfast yards. It is suggested, 
however, that the scarcity of steel and the probability of 
a substantial rise in prices has resulted in some falling 
off in the number of fresh contracts for mercantile vessels. 
The time required for the execution of orders for joists, 
sections, and plates appears to be gradually increasing, 
and so congested are the works’ order books that a large 
amount of the business, particularly on export account, 
has been refused. The overseas markets seem anxious 
to buy at almost any price, but in the prevailing condi- 
tions there must necessarily be some restriction on the 
acceptance of overseas business. The situation of the 
sheet works is becoming increasingly difficult owing to 
the shortage of sheet bars, and a number of the Scottish 
mills are lying idle owing to the lack of supplies of this 
raw material. The decision made by the producers last 
week to limit the premiums charged on galvanised sheets 
to £3 and on black sheets to £2 has not had much influence 
on the market as the arrangement is regarded as only 
temporary until costs have been ascertained, when it 
is expected that a general price advance will take place. 
The official export quotations bear little relation to the 
figures at which business is done, and although the 
general export price now stands at £16 15s. f.o.b. 24-G. 
basis for black sheets, £2 to £3 more than this is demanded 
in cases where the material can be secured. The re-rollers, 
producing small bars and strip are in as difficult a position 
as the sheet makers so far as supplies of raw material are 
concerned. The scarcity of steel has caused the diver- 
sion of a certain amount of business to the bar iron mills 
which are working at a higher rate than for many years 
past. The recent increase in prices has had no adverse 
effect upon the volume of orders coming to hand. In 
Lancashire little new business is being transacted since 
producers are struggling to maintain their contract 
deliveries whilst consumers are devoting their energies 
to securing material against specifications. Prices may 
be regarded as nominal owing to the fact that they 
apply only to deliveries made before May 3lst. In the 
Barrow district the mills are assured of full employment 
for months to come, and large quantities of billets, rails. 
bars, and slabs are being turned out. 


Current Business. 


The Royal Dutch Oil Company has placed orders 
for two 12,100-ton tankers with Hawthorn, Leslie and Co., 
Ltd., Newcastle-on-Tyne ; two similar ships with Harland 
and Wolff, Ltd., Belfast ; and two with Lithgows, Ltd., 
Glasgow. Smith’s Dock Company, Ltd., North Shields, 
has received orders from Norwegian owners for four whale 
catchers. An official statement has been issued that as an 
entirely temporary measure to help to relieve the present 
shortage of pig iron, more particularly in South Wales, 
the Guest, Keen, Baldwins Iron and Steel Company, Ltd., 
in conjunction with the British Iron and Steel Federation, 
has made arrangements to bring into operation one of the 
old blast-furnaces at Dowlais. The Coltness blast-furnace 
and by-product plant at Newmains is to be dismantled by 
Mr. James N. Connell, steel and scrap merchant, Coat- 
bridge. The Scottish Machine Tool. Corporation, Ltd., 
has been registered with a capital of £400,000. This 
company will bring under unified control five of the 
leading machine tool manufacturers in Scotland, including 
James Bennie and Sons, Ltd., Govan ; Craig and Donald, 
Ltd., Johnstone; G. and A. Harvey, Ltd., Govan ; 
Loudon Bros., Ltd., Johnstone ; and James Allan, Senior, 
and Son, Ltd., ironfounders, Glasgow. The Yale and 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Expert quotations are 


has decided to erect a factory at Wednesfield, which will 
cover 1} acres. The Bloxwich Spelter Works of the 
Imperial Smelting Corporation, Ltd., has been re-opened. 
The contract for the entire boiler plant at the new Chorley 
Munition Works has been awarded to Foster, Yates and 
Thom, Ltd., Canal Foundry, Blackburn. The order will 
take a year to complete. Thos. W. Ward, Ltd., have 
purchased the works and goodwill of the Tron 
and Chemical Company, Ltd., including five blast-furnaces, 
with stove and auxiliary plant having a capacity of 65,000 
tons to 100,000 tons per annum. The Stanton Ironworks 
Company, Ltd., near Nottingham, has completed a plant 
for the production of spun pipes, 24in. diameter in 12ft. 
lengths. Within a few weeks the company will be offering 
similar material of 2in. diameter. The Department of 
Overseas Trade announces that the following are open for 
tender :—National Cold Store, Montevideo: 1500 m. of 
cast iron piping, internal diameter 125 mm.; fifteen cast 
iron bends, twelve tees, and four sluice gates ; State Elec- 
tricity Supply and Telephones Administration: 15,000 
kilos. of galvanised iron wire, No. 12, diameter 2-77 mm. 
(Montevideo, May 4th); South African Railways and 
Harbours: 500 bogie high-sided wagons, type BB.4, with 
and without draw gear of certain specified types (Johannes- 
burg, May 17th). 


Copper and Tin. 


Business in the electrolytic copper market has 
been checked somewhat by the wide movements in prices. 
An easier tone has developed and quotations have gradually 
receded. This, however, is the result rather of the decline 
in the London standard market than of any change in the 
conditions affecting electrolytic. The imdustrial demand 
from practically all the great consuming markets of the 
world has been well maintained, and as a result the drop 
in the price of electrolytic has been proportionately less 
than the fall in the standard quotation, so that there is 
now a margin of nearly £7 instead of the normal difference 
of about £3 10s. between the two descriptions. The 
American figures for February show that the world’s 
stocks of refined copper at the end of that month were 
330,073 tons, compared with 336,050 tons on January 
31st. The production of refined metal in the world during 
February totalled 172,911 tons, against 164,950 tons in 
January. These figures include stocks in the United 
States of 138,025 tons on February 28th, compared with 
142,730 tons on January 31st, and an output of 71,233 
tons compared with 68,100 tons in January. These 
statistics show that the fall in the stocks was principally 
in the United States, and outside that country produc- 
tion amounted to only 1500 tons. It is expected that 
the increase in production will continue for some time, 
and it is probable that this belief has had some influence 
in checking speculation in the market. On the other 
hand, the general tendency is to anticipate that con- 
sumption will increase as rapidly as production. In the 
standard market a considerable amount of profit taking 
developed this week, with the result that values sharply 
receded.... In common with other metals, tin prices 
reacted in the early part of this week, and to some extent 
the uncertainty felt with regard to the attitude of the 
International Tin Committee last week was responsible. 
A meeting of the Committee was held, but afterwards it 
was stated that no official announcement would be made. 
The general impression is that whilst the Committee is 
desirous of checking any excessive upward movement, it 
is rather at a loss how to act. Following the meeting, it 
was announced that the Malayan mines were not adopting 
the recommendation to export stocks of ore above the 
quota limits. The American buyers have held aloof from 
the market, and it is not improbable that recently they 
covered their requirements for some time at the high prices 
then ruling. . 


Lead and Spelter. 


Although values in the lead market declined, the 
movement has been less than in other non-ferrous metals. 
A substantial amount of profit taking occurred at the end 
of last week and the beginning of this, and on the decline 
it was evident that stop-loss orders came into operation, 
which accentuated the easier tendency in the market. 
Against this, however, the demand from consumers has 
been on a good scale, and provided support sufficient to 
prevent the heavy fall noticeable in other departments of 
the non-ferrous metal markets. Lately the cable makers 
have shown an active interest in lead, and as that industry 
is likely to be well employed for some time to come, it is 
probable that it will continue to absorb good quantities. 
The lead pipe and sheet industry is also providing a fair 
outlet. As a general rule, consumers seem to be well 
covered for some time ahead, but those who need prompt 
material find that there is still rather a shortage. It is 
expected that supplies on a considerable scale will reach 
this country durmg the next week or two, and although 
a fair proportion of it will be required in satisfaction of 
existing contracts, there should be sufficient to ease the 
prompt position.... The fall in the price of spelter did 
not come altogether as a surprise to the market, but 
probably it went further than most people expected. 
There is no doubt that there was a large volume of specula- 
tion, and, as is frequently the case on the approach of a 
holiday, profit taking developed, and stop-loss orders 
helped the downward movement. There is a good demand 
for spelter and the statistical position is understood to be 
improving. At the same time there seems to be plenty of 
metal available, with the exception of high grade spelter. 
which is difficult to obtain. Large quantities are passing 
into consumption, and the brass industry in particular 
provides a good outlet. Lately also the galvanisers have 
shown active interest. As a result of the rapid decline in 


prices, the spelter quotation was for a time below that of 








This, of course, leaves consumers in a difficult position, 





Towne Manufacturing Company, lock makers, Willenhall, 


lead. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. 
(D/d Teesside Area) 
Ss 2. 
*:i92 +@.,. 


N.E. Coast— 
Hematite Mixed Nos.* 
No. 1 ; 418 0... 
Cleveland— (D/d Teesside Area) 
No. 1 ise hla Meee, Cat a as 
No. 3G.M.B. aa ae See 
No.4 Foundry ... ... 4 0 0 
Basic (Less 5/- rebate) ... &. Gis 
MrpLanps— 
Staffs— (Delivered to Black Country Station) 
North Staffs.Foundry... 4 6 0... ... 
i US oka — Ae Be DE a 
| Basie (Less 5/-rebate) . 2 6 
Northampton— 
Foundry No. 3 
Forge 
Derbyshire— 
No. 3 Foundry 
Forge 
ScorLanp— 
Hematite, f.0.t. furnaces* 
No. 1 Foundry, ditto 
No. 3 Foundry, ditto 
Basic, d/d (Less 5/-rebate) 4 eae 
N.W. Coast— 0 d/d Glasgow 
Hematite Mixed Nos.* ... - 3 6 » Sheffield 
: 6  ., Birmingham 
* Less 5/— rebate. 


MANUFACTURED IRON. 
Home. 

Lanes. aND YORKs.—- £ s. d. 

Crown Bars Lae SP ay 

Best Bars peas Ree eRe a 
Miptanps— 

Crown Bars ... .... ... ll 

Marked Bars (Staffs.) ... 13 

No. 3 Quality... ... ... 10 

No. 4 Quality... ee 
ScoTLanD— 

Crown Bars 
N.E. Coast— 

Crown Bars ... hess 

Best Bars pias sa tod santos ee ee 

Double Best Bars — 6 a 
StaTe— 
10 0... 


NomtHern IretanD aND FREE 
Crown Bars, f.0.g..... ... 12 


STEEL. 


* 
D 


LoNDON AND THE SoutH— 
Angles 
Tees... 
Joists... 
Rounds, 3in. and up 
- under 3in. 
Flats, under 5in. ... 
Plates, jin. (basis) 
” yin. ... 
a fin. ... 
” fein. 
Un. %& to in ote 
Boiler Plates, in. 
Norrs-East Coast— 
Angles 
Tees... 
Joists 
Channels.. : 
Rounds, 3in. ois up 
” under 3in. 
Plates, Zin. (basis) 
= fyin. ... 
ps fin. ... 
» DR ee 9. 
Un. % to fin. incl. 
Boiler Plates, jin. 
AND LEEDS AND 


ne 
Q 


we 


to 3 to ts 


— 


— 
on 3 to 


-_ 


~~ — 
Sooceeoeouvuoseowm 
tte 
SAS S & www w B® 
— 
Oa 3 do 1 SO te ~3 tw td to 


- 
aw 
SCAARSSOSSSSPASCaAaaaanaheana! 


-_ 

i) 

S 
_— 


MIDLANDS, 


© wh 
w 2 
o & 


Angles 
Tees... 
Joists... 
Rounds, 3in. and up 
»» under 3in. 
Flats, 5in. and under 
Plates, jin. (basis) 
” fein. ... 
* qin. ... 
*” fein. . 
Un. %& to fin. incl, 
Boiler Plates, jin. 


_— 


QXErInnwwy Cowan wet # 


— 


SAAMASS SCC MAGaP SCcaMancoanaan®™: 


SHSERAP® Coaaanac & 








only from associated British Steelmakers. 


STEEL (continued). 
Home. 
£2. d, 


> wy 
% 
pe 
as 


“I te te to ? 


Gxiaseow anD District— 
Angles 
Tees... 

Joists 
Channels.. 

Rounds, Sin, ania'e up 
A under 3in. 
Flats, 5in. and under 
Plates, jin. (basis) 

» frin. ... 
% fin. ... 

* mn. .. : 
Un. 4 to pin. wait 
Boiler Plates, jin.... 

Sourm Wars AREa— 
Angles 
Tees. 

Joists 
Channels.. : 
Rounds, in. ond up 
” under 3in. ** 
Flats, 5in. and under ... 


co 
Soraons: 


coe eseeoecsosceoocs 
Oo tw 


jin. (basis) 

fein. .. 

»» jin. ... “3 
jgin. .. ‘nn 

fin. to lin. incl. ha 


Plates, 


ccooosc coo oo co 
SEenea cooaanaea 


Un. 
IRELAND—F.O.Q. BELFAST. Rest or IRELAND. 
= a. ¢& £ s. 
ee co Se Ran ae 9 10 
Tees. 2. oH —o ; 10 10 
WIS Tiles | :0ng Ssook: - naatepnere Bete pak 18 
Channels... : oot ee Sera a 15 
Rounds, 3in. ond « up ...10 8 10 

i under 3in. ea se 8 
Plates, jin.(basis) ... 9 15 oo P 18 
sie cca” is ( ry meh 4c 3 
fin. ... mie gad Pecan lah cs 8 

is fein. ... a 3 pataheaias 13 
Un. jin. to fin. a Saaispiead 
OTHER STEEL MATERIALS. 

Home. 

£ s. d. 

. See eS: 
ek a ee 


£ ss. d. 

.. f.o.b. 12 10 0 

. fo.b. 12 15 0 

21-G. to 24-G., d/d a te ie ...f.o.b. 13 0 0 

25-G. to 26-G., d/d +1432. 6. --f.o.b. 13 15 0 

South Africa, 24-G. Basis £13 0s., plus 3% on invoice valuo ; 
Australia £13 ; Irish Free State, £14 10s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 

Home. ae ee A 

4-ton lots and up .. 31. 0.8 

2-ton to 4-ton lots wits 3x2 

Under 2 tons : oes! 10). O-0 

Export: India, £22 5s. c.i.f.; South Africa, £16 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.0.b.; 


Sheets. 
11-G. to 14-G., 
15-G. to 20-G., 


d/d 
d/d 


Irish Free State, £17 15s. f.0.q.; General, £16 15s. f.0.b. 


Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 22s. 6d. to 23s. 6d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 

Billets. 

Basie (0-33% 
” Medium (0-42% 
» Hard(0-61% 
pies 80% to 0-99% 
- o a5 @ C. and up) aE er 
Soft (up to 0- 25% 4 C.), 500 tons and up 
Rails, Heavy, as ton lots, f.o.t. * 
» Light, f.o.t. fev 


to 0-41% C.) ... 

to 0-60% C.) 
% to 0- 85% C.).. 
o C.).-. 


SoSCee ea en & 


ivguaaad suum t 
Tungsten Metal Powder.. 4/14 per Ib. 
Ferro Tungsten 4/0 per lb. 
Per Ton. 
£2110 0 
£21 0 0 
£21 0 0 


Per Unit. 
7/- 
T/- 
T/- 


Ferro Chrome, 4p.c. to 6 p.c. carbon 
6 p.c. to 8 p.c. 
8 p.c. to 10 p.c. 
Specially Refined ... 
Max. 2 p.c. carbon 
» 1 p.c. carbon 
+ 9-50p.c. carbon 
» carbon-free ... 
Metallic Checeniam.. ; ies 
Ferro Manganese (loose), 16; p.c.. 
Silicon, 45 p.c. to 50 p.c. 
” 75 p.c. ose 
Vanadium ... 
Molybdenum ahs 
Titanium (carbon- free) 
Nickel verte ton) guished 
Cobalt 


11/- 
11/- 
12/- 


£32 10 0 

£35 15 0 

£36 10 0 

94d. per Ib. 

2/5 per lb. 

£13 15 Ohome 
£12 0 0 scale 5/- p.u. 
£17 0 0 scale 6/- p.u. 
12/8 per Ib. 

4/9 per Ib. 

9d. per Ib. 

£180 to £185 

7/- to 7/1 per Ib. 


Joists as well as Sections and Plates are now subject to a rebate of 15s. 





to home users purchasing 


NON-FERROUS METALS. 


(Official Prices, March 24th). 


CopreR— 
Cash... ... 
Three months ... 
Electrolytic 
Best Selected rane d/d Bir- 
mingham : 
Sheets, Hot Rolled .. 


6to £72 10 
9to £71 15 
Oto £79 0 


£72 2 
£71 13 
£78 0 


£78 15 0 
£105 0 0 
Export. 
154d. 
154d. 


Home. 
15}d. 
154d. 


Tubes, Solid Drawn (basis) . 
»  Brazed (basis) 
Brass— 


Ingots, 70/30, d/d Birmingham £65 0 0 


Export. 
134d. 
154d. 


Home. 
13}d. 
154d. 


Tubes, Solid Drawn, 2/1 Alloy 


»  Brazed 


Oto £299 0 
0 to £289 10 
£31 17 6to £31 15 
£33 12 6to £33 15 
£100 to £105 


. £298 0 


Three months ... . £289 6 


Leap : 
SPELTER ... 
Aluminium Ingots (British) 


FUELS. 


SCOTLAND. 
LANARKSHIRE— Export. 
(f.0.b. Grangemouth)—Navigation Unscreened) 18/- to 18/6 
Hamilton Ell : . ‘8 18/6 
Splints 20) 
AYRSHIRE— 


(f.0.b. Ports)—Steam 18 /- 


FIresHIRE— 
(f.0.b. Methil or Burntisland)— 
Prime Steam ... waviz ts 
U d Navigati 
Lorai1ans— 
(f.0.b. ee cee Prime 
Secondary Steam . 


19/6 
18/6 to 19/- 





18/- 
18/- 
ENGLAND. 


Sovurn Yorxksurre, Hourit— 
B.S.Y. Hards... 
Steam Screened 


20/- to 20/6 
17/6 to 18/6 


NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 
sen ans Ses 
» Best Small ... 
Unscreened 


19/6 to 20/6 
19/- 
15/6 

18/- to 19/- 


DuraamM— 
Best Gas... 


oy, 19/-— to 20/- 
Foundry Coke 


30/— to 32/6 


SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/- 
South Yorkshire ... 24/- to 26/- 
Seconds ... . 22/- to 23/ 


CarpirF— SOUTH WALES. 


Steam Coals : 

Best Admiralty Large ... 
Best Seconds ue he: 
Best Dry Large 
Ordinaries... 

Bunker Smalls 

Cargo Smalls ... 

Dry Nuts 

Foundry Coke 

Furnace Coke 

Patent Fuel ... 


SwansEa— 

Anthracite Coals : 
Machine-made Cobbles- 
Nuts aT 

Beans 

Peas he eka 

Rubbly Culm... 

Steam Coals : 

Large Ordinary 


25/- 

25 /- 
25/- 
23/6 to 24/- 
18/— to 18/6 
17/- to 17/6 
26/- to 28/- 
32/- to 47/6 
27/- to 28/- 
23/6 


36/- to 40/- 
41/- to 48/6 
40/- to 48/6 
27/6 to 35/- 
19/- to 24/6 
13/6 to 14/- 


19/- to 25/- 


FUEL OIL. 
Inland consumption: contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 
Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 watts 34d. 
Diesel Oil ok aaa . 44d. 
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French Engineering Notes. _ 
(From our own Correspondent in Paris.) 
National Engineers’ Federation. 

THE strange situation in which engineers find 
themselves in conflicts between men and employers con- 
vinces them that nothing can be done to protect their 
interests except by bringing all their partial organisations 
into one national federation. This was done by the men 
and then by the employers in self defence, and now it is 
the turn of the engineers. There are half-a-dozen principal 
groups, mostly syndicates, which term implies that they 
are legally constituted for the protection of professional 
interests, and three of them have just constituted a 
Fédération Nationale des Syndicats d’Ingénieurs. They 
are the Syndicate of Salaried Engineers, comprising engi- 
neers with degrees, the Professional Syndicate of French 
Engineers, who are mainly old students of leading engi- 
neering schools, and the Union of French Syndicates, 
which was formed in 1920 to amalgamate the then recently 
constituted syndicates of chemical, electrical and mech- 
anical engineers. The national federation founded by these 
three groups has a membership of about 22,000. There are 
other syndicates of less importance, one of them of a social 
character and others that include engineers, employers and 
collaborators, whether technical or not, and there is also a 
national federation of syndicates of mining engineers. 
The only syndicate that became affiliated to the Con- 
fédération Générale du Travail after the labour revolt in 
June last was one with a membership of employees and 
foremen and very few engineers. The new National 
Federation of Engineers’ Syndicates comprises the great 
majority of engineers with degrees, and its objects are to 
deal with all questions affecting engineers, whether of 
general, legal, economic, or social interest; define the 
attitude to be adopted by affiliated syndicates with regard 
to those questions, and represent the syndicates in all 
cases where the interests of engineers are involved, 
particularly at conciliation and arbitration proceedings. 
Consequently, engineers are now organised to ensure their 
being represented by delegates at such proceedings, which 
hitherto left them out with unpleasant consequences, as | 
happened at Lille, when engineers and foremen were | 
dragged into the dispute by the C.G.T. for delinquencies 
they had not committed. 


The Forty Hours’ Week. 
The report for the past year of the Union des | 
Industries Métallurgiques et Miniéres gives a lucid account 
of events that led up to the signing by employers of the 
famous Matignan contract and of the consequences that 
followed thereon, far exceeding anything that could have 
been anticipated in the way of increased wages and charges 
coupled with labour troubles instead of the law and 
order that had been promised them. Of all the reforms 
put into operation the forty hours’ week, says the report, 
seems to be the most dangerous to national economy, and 
from it the employers and men have derived the least 
profit. In all industries it increases hourly wages by 20 per 
cent., in addition to the advance already granted by the 
Matignan contract. What effect it will have in reducing | 
unemployment experience alone can show, but the 
scarcity of skilled labour has already created serious diffi- 
culties for production, with which the report deals at 
great length. At the present moment there is an urgent 
need to accelerate production, and the Government appears 
to have come round to see that there is something wrong 
in the system, for it has placed the onus of suggesting 
means for making it work satisfactorily on the National | 
Economic Council, which is required to find solutions for | 
difficulties that are constantly arising. There are some | 
owners of works equipped with labour-saving plant and | 
machinery and employing reliable men who say that their | 








British Patent Specifications. 


When an invention is communicated from abroad the’name and 
address of the communicator are pri: in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. sy 

Copies of Specifications may be obtained at the Patent Office, 
— A agape 25, Southampton-buildings, Chancery-lane, W.C.2, 
8. ‘ 

She date Are Geen & Oe Coe aes the second date, 
at the end of the abridgment, is date of the acceptance of the 
complete Specification. 





INTERNAL COMBUSTION ENGINES. 


460,420. July 15th, 1936.—Piston-ninc Grooves, Branden- 
burgische Motorenwerke Gesellschaft mfit beschrinkter 
Haftung, Berliner Ch , Berlin-Spand Germany. 

This is a design of piston-ring which aims at overcoming the 
wear of the ring groove in light alloy pistons when they become 
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The 
ring, which is a good fit 
race the piston so as to get 
The piston ring is of normal con- 
struction and fits tightly between the flanges of the channel. 
Several alternative designs are illustrated.—January 27th, 1937. 


heated and consequently softened. top groove is 
lined with a fixed be aareigon 2 
in the groove and tends to em 


a good heat conductivity. 


459,924. July 19th, 1935.—Rocxer Enernes, E. Singer, 
66, Penzigerstrasse, Vienna, Austria. 

In this specification it is said that for a rocket engine with 
continuous combustion to have a good efficiency there must be 
from 50 to 5000 c.cm. of combustion s r square centi- 
metre of cross section of the exhaust outlet, and that the larger 
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ratio wl pom Oxygen should be used to support combus- 
tion and as a consequence very high temperatures are attained. 
So the combustion chamber is jacketed by coils of piping through 
which the fuel and oxygen are passed. This results in a pre- 
heating of the gases and a cooling of the chamber walls. Several 
alternative arrangements are illustrated.—January 18th, 1937. 


SWITCHGEAR. 


459,868. July 16th, 1935.—Crecurr Breakers, A. Reyrolle 
and Co., Ltd., Hebburn-on-Tyne ; A. Allan, “‘ Cragside,”’ 
Ashleigh-grove, Tynemouth; and N. R. Blanch, 155, 
Victoria-road West, Hebburn-on-Tyne. 

In this circuit breaker both the contacts A and B are fixed 


during the zero current period when the arc is extinguished a 
powerful stream of de-ionising gas produced by the action of the 
are on the oil in the enclosure is caused to flow t the 
residual ionised arc gases and through the vents, thus in; 

rapid de-ionisation of these gases and preventing restriking 0 

the arc.—January 18th, 1937. 


TRANSFORMERS AND CONVERTERS. 


460,493. June 23rd, 1936.—TRaNsrormMeR WuinpinGs, The 
British Thomson-Houston Company, Ltd., Crown House, 
Aldwych, London, W.C.2. 

According, to this invention, the disadvant: of corona 
discharge in condensers is substantially avoided by subjecting 
the coil in the finished state (i.e., after winding the wire whilst 
surrounding it by a liquid insulating varnish) to a baking-out 
process for converting the original liquid insulating planes fe 
a dry final state, the baking-out process being carried out in a 
material which becomes liquid on heating, such as m wax. 
In practice the wire is wound on to the spool and, whilst this 
is being done, is either drawn through artificial resin varnish, 
condensation products, or similar material, or is wound dry and 
then varnished with the above-mentioned varnish as it is wound 
on the spool. For the layer insulation, as is known, paper is 
selected. Paper has proved to be particularly suitable, when 
it has already been coated on one side with varnish which, by 
appropriate treatment (for instance, with heat), has been 
brought to an intermediate state; for instance, artificial resin 
varnish, converted into the B state. If the wire is wound in 
the dry state, then each layer of paper is coated with varnish, 
before winding on the wire, in order to ensure the wire being 
well surrounded on all sides with the varnish. The wire can be 
insulated with the known insulating materials, such as enamel 
varnish, silk, cotton, paper, or the like, or it may be wound in 
the perfectly plain state. In the latter case the distance between 
the single turns can be kept by known means, such as the 
simultaneous insertion of a cotton thread. The finished coil is 
finally subjected to a baking-out process, which converts the 
impregnating material to a final condition, for instance with 
artificial resin varnish, into the C state. For this the coil is 
kept at a certain temperature, for a certain time, according to 
the impregnating material employed.—January 28th, 1937. 


ELECTRICAL APPLIANCES. 


459,302. July 5th, 1935.—Execrricat Impvutse GENERATORS, 
Marconi’s Wireless Telegraph Company, Ltd., Marconi 
Offices, Electra House, Victoria Embankment, London, 
W.C.2, and G. B. Banks, “ Highfields,” First-avenue, 
Chelmsford, Essex. 

This invention relates to electrical impulse generators and 
more specifically to apparatus for producing impulses of saw 
tooth or approximately saw tooth wave form. Such impulse 
generators have numerous applications, one of the most impor- 
tant being to provide potential or current saw tooth waves for 
producing deflection for scanning action in cathode ray tube 
television apparatus. Referring to the figure, the impulse 
generator comprises a screen grid valve A, whose cathode B 
is connected to one terminal of a condenser C, the other terminal 
of which is connected through an adjustable resistance D to a 
source (not shown) of positive potential, which may serve both 
as a source of anode tential and as a charging source 
for the condenser. The junction point of the adjustable resist- 
ance D with the condenser C is connected to the anode E of the 
valve A through a coil F, which is inductively coupled to a 
second coil G in the control grid cireuit of the valve. This grid 
circuit includes in series in the order stated, and starting from 
the grid H the coil G and a source J of negative bias potential 
whose positive potential is connected to the cathode, Syn- 
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production has not declined with the forty hours’ week, but | ee a , ~ 
such cases are exceptional, depending upon the equipment | and the cirouit is completed by the sliding rod H. Surrounding 
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> : 4 ne! . | attached to the cover plate D by the insulating arm E. The 
best in return for higher pay. This willingness exists | 


amongst French workers as a class. A considerable | 
number of them refuse to belong to unions affiliated to | 
the C.G.T., and the efforts of that Confederation to obtain | 
complete control over labour are responsible for much of 

the agitation that continues to restrict production in a | 
time of emergency. It is well served by the Communist 
organisations. which order strikes for the removal of men 
whose presence is objectionable to them. This has | 
happened at the Renault and Citroén factories. As is | 
known, the forty hours’ week proved fatal to progress on 
the Paris Exhibition works, and the labour complications 
caused so much trouble that the contractors have declared 
that they will accept no responsibility for the conse- | 
quences. It appears likely that the failure of the social | 
reforms to accelerate national production will compel | 
the Government to take decisive action by modifying the | 
conditions of the forty hours’ week and providing supple- 

mentary hours in a manner to give satisfaction to the | 
greater number of producers, while it is not improbable | 
that some exemptions will have to be granted. 


Tunnelling the Vosges. 
Of two tunnels being driven through the Vosges 

tv connect the Saint-Dié line with the Alsatian line to | 
Strasbourg, work on one has been held up for eighteen 
months with no certain prospect of its being resumed in | 
the early future. This is the tunnel between Saint- | 
Maurice and Wesserling, which will have a length of 9000 | 
yards. It was begun in 1932 and when about halfway | 
through the tunnel hard rock was encountered that upset | 
the calculations of cost and the technical difficulties were | 
complicated by water that flooded the works. The con- | 
tractors could not continue under their existing contract, | 
and as 58 million francs had already been spent the finding 
of additional money to carry the work through was 
impossible during a period of severe financial stringency. 
The State has so far been able to do nothing to resume 
operations which were suspended in September, 1935, and 
a committee has now been formed in the departments 
interested to do what is necessary to revive what has the 
appearance at the moment of a derelict enterprise. The 
other tunnel between Corminot and Matzeral has a length 
of 7600 yards. The width is 28-2ft. and the height at the 
keystone 21-6ft. It is now nearing completion and is 





expected to be opened to traffic during the summer. There 
is to be a road through the tunnel alongside the railway. 


plate and arm carrying the are control device can be swung 
clear of the casing for ig as shown by the broken lines. 
The casing is, of course, filled with oil. The are control device 
comprises an insulating sleeve with a series of holes F in one side, 
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which are nearly closed by the rod H' when the circuit is closed. 
Thus during the opening movement the contact rod H uncovers 
the vents one by one and the arc is drawn out in close proximity 
to the vent throats, the arrangement preferably being such that 
the electro-magnetic force exerted on the are by the current 
flowing thro the lead-in conductors causes the are sub- 
stantially to seal the vents as they are uncovered by the 
contact rod, this electro- tic force, if desired, being supple- 
mented by an additional force which may be produced, for 
example, by the distortion of the magnetic field around the arc 
due to the p of tic material in the neighbourhood 
of the vents. In this way a high pressure and great turbulence 
is set up within the enclosure when the are is formed, whereby 











ax 


chronising impulses are fed to the screen grid K, which is main- 
tained at a suitable positive potential through resistance L 
through a suitable coupling condenser M. The negative bias 
on the grid is such that no current can flow through the anode- 
cathode space of the valve while the cond C is charging 
As, however, the condenser charges the anode potential 
increases. When anode current commences to flow, a itive 
impulse is applied to the control grid of the valve by virtue of 
the coupling between the coils F and G. Accordingly, the 
internal resistance of the valve drops rapidly with a cumula- 
tive action and the condenser C is rapidly discharged through 
the valve down to a predetermined limit. The condenser C 
then begins to recharge again, and the cycle of operations is 
repeated so that saw tooth waves may be taken off from across 
the condenser C. The rate of charge of the condenser is so 
selected that the valve reaches a condition near the point at 
which anode current will begin to flow just before an incoming 
synchronising signal is due to appear upon the screen grid, so 
that when a synchronising auak onus in, the valve is, in 
effect, ‘‘ triggered over.”’ In fact, if desired, the arrangement 
may be made such that the condenser when fully charged does 
not reach a potential sufficient to cause anode current to flow, 
so that the condenser can only be discharged when a synchronis- 
ing signal is received.—January 8th, 1937. 
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459,922. July 18th, 1935—Leapinc-1n Wires, The General 
Electric Company, Ltd., Magnet House, Kingsway, London, 
W.C.2. 

This invention relates to leading-in wires sealed through an 
envelope of glass of high softening point and small coefficient of 
thermal expansion. The materials generally used for leading- 
in wires through envelopes of high softening point and small 
thermal expansion (such as those of high-pressure metal- 
vapour electric discharge devices) are tungsten and molyb- 
denum. When such leading-in wires are heated in operation 
the seals, where they pass through the envelope, are apt 
to crack. Hitherto this cracking has been attributed to small 
differences in the thermal expansion of the leading-in wire and 
of the glass. It has been found that it is due rather to the _ 
oxidation of the leading-in wires. Accordingly, the leading-in 
wires are coated on the part exterior to the envelope through 
which they are sealed with a layer of a metal that does not 
oxidise or of a metal that forms a stable and purely superficial 
layer of oxide. Rhodium is a suitable example of a metal 
of the first kind; aluminium of the second. The layers 
are so thin that they do not affect materially either the 
flexibility of the wire or its effective coefficient of thermal 
expansion, and yet are permanent and achieve the object 
of the invention.—January 18th, 1937. 
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POWER. 


459,909. December 24th, 1935.—FLExIBLE CoUPLines, 
Axien, 66, Hohenzollernring, Altona, Germany. 

This flexible coupling is pr bly int 
together shafts in which it is desired to suppress cyclic variations 
of speed. One half A of the coupling is provided with pegs B 
and the other with pegs C and D. Between these there are 


TRANSMISSION OF 
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arranged the leaf springs E, which transmit the torque. Out- 
side the coupling there is a housing F with grooves G, into which 
the springs project. This housing engages the driven half of the 
coupling by the flange H and friction discs J J. The conse- 
quence is that the friction discs act as a damper or shock 
absorber on the deflection of the springs.—January 18th, 1937. 
459,904. September 20th, 1935.—VanrIaBLE SPEED Gear, A. V. 
Rutzebeck, 27, Pandora-road, London, N.W.6. 
This device is put forward as a variable speed gear. On the 
driving shaft A there is a drum B, the interior periphery of 
which is roughened. It is partially filled with a number of 
small steel balls, which are well lubricated. The cover C of the 
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drum is perforated by four radial slots into which vanes D on a 
dise E penetrate. The disc drives the driven shaft F through 
a feather and can be slid along the shaft. It is claimed that the 
speed of the driven shaft is dependent on the extent to which 
the vanes are pressed into the mass of balls. The cover plate 
C of the drum, by the way, is mounted on the driven shaft.— 
January 18th, 1937. 


MEASURING AND TESTING INSTRUMENTS. 


459,321. October 3lst, 1935.—SPEED-MEASURING DEVICEs, 
Bryce, Ltd., Kelvin Works, Hackbridge, Surrey, and J. 
Ayres. 

This speed indicator is of the electrical type employing an 
alternating current dynamo sensitive to changes of speed and 
an indicating meter. It is designed to register speeds in either 
direction. On the armature spindle there is cut a quick-pitch, 
multi-start thread A on which there is mounted a fly-wheel B. 
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It will be appreciated that the fly-wheel will run to one or the 
other end of the thread, on account of its inertia, aceording to 
the direction of rotation of the armature. On the web of the 
fly-wheel there are fixed four insulated rings C and D, of which 
C is faced by contacts E and F. The corresponding contacts 
for the ring D are not shown. These contacts are used to 


reverse the circuit to the indicating instrument so that it will 
show 


s on either side of zero, according to the movement 
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460,480. Mareh Sth, 1936.—BaLancina Rotatinc MacHINE 
Parts, H, Kattwinkel, Coswig, near Dresden, Germany. 
This invention aims at the balancing of long flexible shafts, 
which are employed to transmit power, such as the cardan shafts 
of motor vehicles, and suggests that they may run at s as 
high as 5000 r.p.m. Such shafts are generally hollow, but 
uniform wall thickness cannot be assured. Hence the shafts 


N°460,480 























paw sarees | 





get out of balance and vibrate when under load. To correct 
the faults the shaft is mounted between two headstocks A 
and B by means of universal joints C and D. It is run up to 
working speed or even beyond, and the abrading wheel E is 
traversed along its length to remove the high spots. The 
result is said to be a shaft which will run at any speed without 


vibration.—January 28th, 1937. 
GAS PRODUCERS. 
459,314. August Ist, 1935.—Tur Manuracture oF Coat Gas, 


The Gas Light and Coke Company, Horseferry-road, 
Westminster, S.W.1, and E. L. Randall. 
This is a producer which is operated intermittently by car- 
bonisation and steaming. The object is to draw off the gas from 
the bottom of the retort during the carbonisation period directly 
so that it does not ascend through the hot retort, and to treat 
this gas in an adjacent retort during the steaming period. The 
installation comprises a row of vertical chambers of which each 
is provided with a top off-take A, communicating with a to 
collecting main B, and a bottom off-take C communicating with 
a bottom collecting main’D. A liquor seal is dispensed with 
in the bottom collecting main, but communication with any 
chamber can be cut off and regulated at will by a valve E. Gas 
is removed from the bottom collecting main D by an uptake 
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F, which communicates by way of a distributing pipe G and 
intakes H with the top of each chamber. The communication 
with each chamber may be cut off or established at will by a 
valve J in each intake H. The chambers are arranged to be at 
different stages of carbonisation at the same time. The valves 
E of freshly charged chambers and the valve J of at least one 
chamber which is being steamed are opened. The bottom gas 
from the freshly charged chambers thus passes through the 
free space of a chamber which is being steamed and is subject 
to cracking in the presence of the water gas therein at a tem- 
perature (900 deg. to 1000 deg. Cent.) and hydrogen concentra- 
tion favourable to the production of benzene. The valves E 
of the freshly charged chambers are left open for some hours— 
for example, for three to four hours when the duration of the 
charge is twelve hours. With a total charge of 3-4 tons, the 
tree space above the charge is advantageously 18in. to 2lin. in 
height.—January 6th, 1937. 


METALLURGY. 


459,912. April Ist, 1936.—Rerintnc MAGNESIUM AND Mac- 
NEsiuM A.toys, IL. G. Farbenindustrie Aktiengesellschaft, 
Griineburgplatz, Frankfurt-on-the-Main, Germany. 

This invention aims at providing a process which will enable 

minor percentages of caleium, such as occur in thermally pro- 

duced magnesium, to be eliminated from magnesium or mag- 
nesium alloys. To this end the refining process comprises 
stirring the impure molten metal together with a highly fluid 
flux consisting of or containing a substantial proportion of 
magnesium chloride, for example, carnallite, at temperatures 
below 900 deg. Cent., and, towards the end of the refining treat- 
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Secretaries of I > éc., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the In all cases the rimm and 
PLACE at which the meeting is to be held should be clearly stated. 








WeEDNEspDAY, Marcu 3isrT. 


Inst. or SrructuraL ENGINEERS: MIDLAND CouNTIES 
Brancu.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘* A Revolution in the Technique 
of Concrete,” A. T. J. Gueritte. 6.30 p.m. 


TuHurspay, APRIL Ist. 


Inst. oF Locomotive ENGINEERS.—Trocadero Restaurant, 
Shaftesbury-avenue, W.1. Annual dinner. 


Fripay, APRIL 2ND. 


Junior Inst. or ENGINEERS.-—-39, Victoria-street, S.W.1. 
“The Elements of Efficient Power Transmission,’”’ R. O. Baird. 
7.30 p.m. 

Inst. oF ELecrricat ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, Victoria Embankment, W.C.2. ‘* Coin 
Mechanisms with Particular Reference to Electricity Meters,” 
J. Prince and M. Whitehead. 7 p.m. 


Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Literary and Philosophical Soc., Newcastle-on-Tyne. ** The 
Direct Function of this Institution in Local Technical Educa- 
tion,” Dr. E. V. Telfer. 6 p.m. 

THuRSDAY, APRIL 8TH. 

Inst. OF MECHANICAL ENGINEERS : 
Brancu.—Engineers’ Club, Albert-square, Manchester. 
Mechanics of Gliding,’ R. Kronfield. 7.15 p.m. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. “Minor Mishaps: Cause and Effect,” C. H. 
Anderson. 7.30 p.m. 

Roya ArronavuticaL Soc,—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. “‘ Control, Surface and Wing Stability Prob- 
lems,” A. G. Pugsley. 6.30 p.m. 


Nortu-WESTERN 
“ The 


Fripay, APRIL 9TH. 

Inst. oF CHEMICAL ENGINEERS.—Burlington House, Picca- 
dilly, W.1. “* Costing Problems in the Chemical Industry,” 
H. R. Odling. 8 p.m. 
Inst. or MeEcHANICAL ENGINEERS.—Storey's-gate, 8.W.1. 
Extra general meeting. Symposium of papers on * The Use of 
Steam for Process Work.” 6 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, 
* Graphs and Calculations,” A. P. Morris. 7.30 p.m. 


8.W.1. 


Monpay, Aprit 12TH. 


ENGINEERS’ GERMAN CrirRCLE.—Inst. of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘* Die Elektrisierung der Tiroler Alpen- 
bahnen "’ (“‘ The Electrification of the Tirol Alps Railways "’), 
Oberbaurat Ing. Richard Wolf. 6 p.m. 


Inst. or Transrort.—lInst. of Electrical Engineers, Victoria 


Embankment, W.C.2. ‘* Notes on Commercial and Operating 
Aspects of Trollybus Operation in London,” T. E. Thomas. 
5.30 p.m. 
Tuurspay, Aprit 15TH. 
Inst. oF ExecrricaL ENGINEERS.—Savoy-place, W.C.2. 


““Modern Systems of Multi-channel Telephony on Cables” 
Col. A. 8. Anguin and R. A. Mack. 6 p.m. 


Fripay, Aprit l6rn. 


ate, 5.W.1. 


Inst. OF MECHANICAL ENGINEERS.— ‘Storey’s-g 
J. E. Hurst. 


Informal meeting. ‘‘ The Wear of Cylinder Liners,’ 
6.30 p.m. 

WEDNESDAY, APRIL 2IsT. 
Inst. oF CHEMICAL ENGINEERS.—Burlington House, Picca- 
dilly, W.1.  ‘* Valuation and Insurance of Chemical Plant,” 
H. H. 8. Gothard. 6 p.m. 

THurspay, APRIL 22ND. 
Inst. OF MINING AND METALLURGY.— 
Park-lane, W.1. Annual dinner. 
Royat AERONAUTICAL Soc.—Royal Soc. of Arts, John-street, 
Adelphi. W.C.2. ‘* Power Plant Trends,” G. J. Mead, 6.30 p.m. 

THurspay, Aprit 29TH, AND Fripay, APRIL 30TH. 

IRON AND STEEL Inst.— Inst. of Civil Engineers, Great George- 
street, 8.W.1. Annual meeting. 
Fripay, Apri. 307TH. 
Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
‘“‘ Present Tendencies in Water Turbine Machinery,” A. A. 
Fulton. 6 p.m. 


Grosvenor House 


Saturpay, May Isr. 


MANCHESTER Assoc. oF ENGINEERS.—Visit of inspection to 
the Haweswater works of the Manchester Corporation. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Germ Lusricants, Ltd., is moving its London offices to 
City Gate House, Finsbury-square, E.C.2. 

HorsELtey Bripce anp Tuomas Piccorr, Ltd., Tipton, 
announce that the Right Hon. the Earl of Dudley has accepted 
the chairmanship of the company. 

INTERNATIONAL Combustion, Ltd., London, informs us that 
it now manufactures under licence the La Mont controlled 
circulation boiler for land installations. 


Mr. W. R. Assort, London manager of Alldays and Onions, 










ment, adding to the reaction mixture, while continuing the 
stirring, an inspissating agent, such as a metal oxide and/or 
fiuoride, and especially magnesium oxide and/or fluoride, in 
quantities sufficient to bring about thickening of the highly 
fluid flux. Example :—100 kilos. of a crude magnesium pro- 
duced by thermal reduction and containing about 0-2 per cent. 
of Ca are melted down, together with 5 kilos. of practically 
anhydrous magnesium chloride, and then vigorously stirred 
for five minutes at a temperature of 720 deg. Cent., such treat- 
ment resulting in the conversion of substantially all the calcium 
contained in the metal into calcium chloride, which is absorbed 
by the magnesium chloride present in excess. Thereupon 
1 kilo. to 1-5 kilos. of magnesium oxide are gradually added 
to the melt whilst continuing stirring. When it is desired to 
superheat the metal before pouring the stirring is next dis- 
continued, after which the surface of the melt is covered with 
a thin layer of a mixture of 80 parts of magnesium chloride and 
20 parts of magnesium oxide. The melt is then heated to about 
850 deg. Cent., cooled down to the pouring temperature of 
720 deg. Cent., and finally cast into ingots. No calcium can be 
detected in the resulting product, which is also free from flux 





of the 
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ywheel along the shaft.—January 6th, 1937. 


inclusions.—January 18th, 1937. 


Ltd., Birmingham, was entertained to dinner at the Midland 
Hotel, Birmingham, on March 13th, on the completion of fifty 
years’ unbroken service with the company. He started as a boy 
and has spent the whole of his time looking after the company’s 
interests in London. 








CONTRACTS AND ORDERS. 





The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





Tue Hunstet Encine Company, Ltd., Leeds, informs us 
that during the last month it has received orders for oil-engined 
locomotives totalling 700 H.P., in addition to a number of 





industrial steam locomotives. 
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A Seven-Day Journal, 


Noise of Motor Vehicles. 


LN the third Interim Report issued by the Depart- 
mental Committee on Noise in the Operation of 
Mechanically Propelled Vehicles, it is stated that six 
noise-measurement instruments similar to that used 
by the Committee for the purposes of its investigations 
have been acquired by the Ministry of Transport 
and are now being calibrated at the National Physical 
Laboratory. They will be available as soon as possible 
at suitable centres for the purpose of enabling manu- 
facturers to test the various types of vehicle which 
they produce and ensure that their noise is within 
the limits laid down by the Committee. Meanwhile, 
work is proceeding on the production of a simplified 
form of instrument so as to facilitate production in 
greater numbers. With a view to studying the 
general feasibility of a common noise limit for all 
vehicles on the roads, measurements were made of 
the noise emitted by a large number of vehicles in 
the normal traffic of Kingston By-pass, Hampton 
Court-road, and Kingston-hill. They showed that 
on roads not subject to the speed limit motor cycles 
ranged from 90 to 103 phons and sports cars from 
89 to 103. The Committee now proposes for vehicles 
actually in use on the road a limit of 95 phons. No 
vehicles would be allowed on the highway if the 
loudness, when measured at a point 18ft. laterally 
from the middle of the vehicle or 25ft. behind the 
open end of the exhaust pipe, exceeded that limit in 
a normal running test and in a racing engine test 
conducted in the same way as for newly manufactured 
vehicles. The Committee is now investigating the 
noise caused by motor horns, and the question of 
the noise arising from trams and trollybuses is also 
being examined by the Ministry of Transport in 
conjunction with the associations concerned. 


The Port of London Authority. 


AT the board meeting of the Port of London 
Authority held on Wednesday, March 24th, Lord 
Ritchie reviewed the work of the Authority over the 
past three years. There were ample grounds, he 
suggested, for thinking that we had started on the 
up grade after a period of world-wide trade depression. 
The figures for the Port of London for last year con- 
stituted, he said, a record. The total net registered 
tonnage of vessels that arrived at and departed from 
the whole of the Port of London with cargoes and in 
ballast from and to British possessions and foreign 
countries and coastwise was, for the year ending 
December 3lst, 1933, 56,480,004 tons; 1934, 
58,947,642 ; 1935, 59,762,150 ; 1936, 62,168,833 tons. 
The tonnage for 1936 represented an increase of 
5,688,829 tons, or 10-1 per cent., compared with that 
of 1933, and was a record. The tonnage for 1933 
was 16-9 per cent. of the total for the United King- 
dom, while that for 1936 was 17-1 per cent. The 
tonnage of vessels that entered and left the Autho- 
rity’s wet docks showed an increase of 9-7 per cent., 
compared with that of 1933, while the gross registered 
tonnage using the dry docks showed, as compared 
with that of 1933, a decrease of 5-3 per cent. There 
was a noteworthy increase in the ships that used the 
Tilbury landing-stage. During the twelve months 
ended September 30th last, the number was the 
highest recorded for any year since the opening of 
the stage on May 16th, 1930, the number of vessels 
being 689, representing a total net registered tonnage 
of 3,830,163, with a total of passengers embarking 
and disembarking of 133,082. The numbers had risen 
from 338 vessels with a net registered tonnage of 
1,760,983 and 56,192 passengers, which were the 
figures recorded for the first full year’s working of the 
stage at December 3lst, 1931. Lord Ritchie stated 
that some of the most urgent works of the £12,000,000 
programme had been begun, and other necessary work 
was to be undertaken. 


French North Atlantic Air Service. 


THe French Air Minister has confided the task of 
carrying out preliminary trial flights across the North 
Atlantic, and then organising services between France 
and New York to the Compagnie Générale Trans- 
atlantique and Air France, which have con- 
stituted for that purpose a company under the name 
of “ Transatlantique Air France.’’ As is known, the 
State is financially interested in those companies 
which are under its control. It is intended to make 
trial flights this year with the repaired ‘‘ Lieutenant- 
de Vaisseau-Paris ” seaplane and the Farman “ Cen- 
taure,”’ with landing undercarriage, and they will be 
continued next year with a new seaplane of the 
 Lieutenant-de-Vaisseau-Paris ” type, as well as, 
if completed in time, one or more of a series. of 
C.A.M.S. seaplanes now on order. These machines 
will, it is said, have a flying range of 5000 miles with- 


carry twelve passengers. Although a North American 
air service has been under consideration for many 
years, there are as yet no definite plans, and if the 
long negotiations for a fuelling station at the Azores 
fail, alternative plans are envisaged to utilise the 
Bermudas or Saint-Pierre-de-Miquelon, while hopes 
are still entertained that something may be done 
with the shorter route to Newfoundland. Pro- 
visionally, it is proposed to make direct flights from 
Brest to New York by a course north of the Azores, 
with a meteorological ship in mid-ocean. The trouble 
is that France finds herself practically eliminated 
from the North Atlantic air service now that Imperial 
Airways and Pan-American Airways are completing 
their organisation for future traffic, to say nothing 
of the German preparation ; but the energetic French 
Air Minister has decided that his country must not 
be left out altogether, though efforts will be directed 
more particularly to maintaining French air supre- 
macy in the South Atlantic. 


New Tata Iron and Steel Plant. 


THE Tata Iron and Steel Company of India has 
officially announced an important p of 
extensions to its plant at Jamshedpur, which will be 
designed to raise its annual ingot capacity to 1,250,000 
tons. The main features of the proposed new plant 
are the erection of a new blast-furnace, the installa- 
tion of a section mill for medium sizes and of a strip, 
hoop, and rod mill, and the addition to the sheet- 
mill plant of a semi-continuous wide strip mill. The 
new plant will also include the installation of a tube 
plant in conjunction with Stewarts and Lloyds, Ltd. 
The installation of the semi-continuous strip mill will, 
it is expected, result in a high production at low cost 
of operation with a minimum of capital outlay. It 
will be so arranged that it can eventually be extended 
for full continuous rolling of finished sheets in quan- 
tities to meet any likely growth of the Indian market 
demand. It is estimated that with the other exten- 
sions to the rolling mill capacity, the Tata company 
and its associated concerns will be able to supply about 
four-fifths of the aggregate Indian demand for bars, 
rails, sleepers, sections, plates, sheets, tin-plate, hoops, 
tubes, wire rods, and wire. Messrs. H. A. Brassert 
and Co. are the consulting engineers for the new 
installation. 


A Reheated Marine Steam Installation. 


DuRine last week-end successful trials were carried 
out on the North-East Coast with the *‘ Lancaster 
Castle,” one of two sister cargo steamers built by Sir 
James Laing and Sons, Ltd., of Sunderland, and 
engined by the North-Eastern Marine Engineering 
Company, Ltd., of Wallsend and Sunderland, for the 
service of James Chambers and Co., of Liverpool. 
Each of the ships has a length of 454ft., with a 
breadth of 57ft., and a designed carrying capacity of 
9250 tons. The propelling machinery, which is 
designed for a service speed of 10} knots, consists of a 
triple-expansion, three-cylinder steam engine, taking 
steam from two Scotch boilers at a working pressure 
of 220 lb. per square inch, and a superheated steam 
temperature of 775 deg. Fah. On leaving the H.P. 
cylinder the steam is reheated by an amount which 
ensures its dryness during expansion in the M.P. 
and the L.P. cylinders. During the trials the engines 
worked admirably, and an average speed of 12 knots 
under ballast conditions was recorded with ease. 
Confirmation of the economical running of the 
machinery is given, we are informed, by the perform- 
ance of the ‘* Lowther Castle,” which has completed 
a maiden voyage of 6000 to 7000 miles at an average 
speed of 103 knots on a coal consumption of 14 tons 
of North Country coal per day. There was a repre- 
sentative company of shipowners, marine super- 
intendents, and engineers on board. 


Floods in the Fen Country. 


THE condition of the floods in the Fen Country is 
considered to be satisfactory. On Sunday last, 
March 28th, the Old Bedford River which was 
threatening the Middle Level westwards to March 
had dropped by 2ft. 3in. from the flood level peak of 
last week. The Ouse at Ely had dropped by 2ft., 
and on the washes between the Old and New Bedford 
rivers the level had receded by 4ft. 6in. No danger is 
likely to attend the closing of the Denver sluice gates 
against the tide, as the water is falling steadily. 
Captain J. C. A. Roseveare, Chief Drainage Officer of 
the Ministry of Agriculture, is still present in case of 
emergency, but patrolling of the river banks ceased 
on Saturday night. With the exception of the road 
to Wisbech across the Wash lands, all roads are now 
clear. The Isle of Ely Highways and Bridges Com- 
mittee is to request financial assistance from either 
the Ministry of Transport or the Ministry of Agri- 
culture to meet the heavy cost of repairing roads 


Ely-Cambridge road south of Stretham Ferry 
Bridge, and the Chatteris to Mepal road over the Old 
Bedford River. Three or four miles of the Little- 
port to Brandon Creek road are also damaged. It 
is intended to try to arrange for an aerial photo- 
graphic survey of the whole of the Fens to be made. 
Such a survey would be more useful than the 
ordinary Ordnance maps as a means of showing the 
land formation and the methods of drainage in use. 


The Destroyer Contracts. 


On Saturday, March 27th, the Admiralty announced 
‘the placing of contracts for the construction of 
destroyers of the ‘‘ J” type of the 1936 and 1937 
programmes. Subject to the settlement of certain 
points of detail, it has been decided to entrust the 
construction of two destroyers to each of the foliow- 
ing firms :—R. and W. Hawthorn, Leslie and Co., 
Ltd., Hebburn-on-Tyne ; John Brown and Co., Ltd., 
Clydebank ; William Denny and Brothers, Ltd.. 
Dumbarton ; Fairfield Shipbuilding and Engineering 
Company, Ltd., Govan, Glasgow; Swan, Hunter 
and Wigham Richardson, Ltd., Wallsend-on-Tyne 
(machinery by Wallsend Slipway and Engineering 
Company, Ltd.); John I. Thornycroft and Co., 
Ltd., Southampton ; J. Samuel White and Co., Ltd., 
Cowes; and Yarrow and Co., Ltd., Scotstoun, 
Glasgow. Eight of the new vessels belong to the 
1936 programme, and will go to make up the comple- 
ment of “J” class destroyers whose names have 
already been announced, while the remainder belong 
to the 1937 programme, and will take names beginning 
with “ K.” All the destroyers above referred to will 
be built to a new design, with a displacement of about 
1650 tons. Details of the machinery and armament 
are not yet available, but it is believed that the 
standard speed of 35 knots will be adhered to. The 
orders above mentioned represent a total cost, it is 
estimated, of well over £6,000,000. 


Lullingstone Airport. 


A PROPOSAL for a new airport for London has been 
made by the Southern Railway, which: has already 
purchased a site at Lullingstone, near Eynsford, 
Kent. The area amounts to nearly 1000 acres and 
the surrounding country is flat and unobstructed. 
Until about two years ago the land was the property 
of Sir Oliver Hart Dyke, and it is at present used for 
fruit farming. Lullingstone is not particularly 
accessible by road from London, the route vid 
Vauxhall Bridge, Peckham, New Cross, and Lewisham 
being congested with traffic. In all the journey takes 
about fifty minutes. By rail, however, the journey 
would be very much shorter, as the main line from 
Victoria to Sevenoaks runs beside the future aero- 
drome. A new station is proposed and special trains 
are to be run direct from a platform at Victoria, 
included in the plans of the proposed Buckingham 
Palace-road headquarters of Imperial Airways. 
Although Eynsford, the nearest station to the site, is 
fifty-two minutes’ run from Victoria, the non-stop 
aerodrome trains would take considerably less time. 
The conditions for reaching the various airports of 
London are not good, as Croydon is forty-five 
minutes from London by road and Heston is about 
the same. Gatwick is best approached by rail, the 
journey taking twenty-nine minutes, and the journey 
to Lullingstone will be at least as long. 


The Beardmore Engineers’ Strike. 


On Tuesday, March 30th, following the Glasgow 
spring holiday, the strike of engineers at the Park- 
head Forge of William Beardmore and Co., Ltd., 
became fully operative, and the 1500 men who ceased 
work to enforce their demand for a penny on the time 
rate were increased by about 500 more who were 
thrown idle as a result of the stoppage. Although the 
labourers in the breech mechanism and howitzer 
shops reported for duty, they only worked for about 
ten minutes, after which the firm decided to dispense 
with their services. Should the strike continue, it 
is feared that the other men who are at present em- 
ployed at the Parkhead foundry, rolling mill, and 
patternshops will also be rendered idle. The stoppage 
is a serious one, and is most regrettable as some 8000 
workers were employed at Parkhead on armament 
work and on important contracts for castings in 
connection with the naval and mercantile shipbuilding 
orders which are now being carried out on the Clyde. 
The Glasgow District Committee of the Amalgamated 
Engineering Union has endorsed the action of the 
men. On Tuesday, March 30th, the North-West 
Engineering Employers’ Federation, of which Beard- 
more’s recently became a member, met in Glasgow 
to consider the situation which has arisen, and it is 
understood that it was decided to ask the Employers’ 
Federation to call a meeting on the ground that the 
strike which has been called constitutes a breach of 








out head wind, and will carry 500 kilos. of mails. 
Other machines with shorter range will be built to 
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Tue British AuTOMATIC AIRCRAFT PILOT. 


HE Siemens autopilot for aircraft, described in 

our fifth article, provides a separate and com- 
pletely independent unit for the control of an aero- 
plane about each of its three principal axes. Each 
unit may act alone but in practice the motions of 
an aeroplane about its principal axes are interrelated 
in such a manner that in general the three units will 
be called into activity simultaneously. 

Consider for example an aeroplane fitted with the 
Siemens system—or some similar system making use 
of three independent control units. Let it be supposed 
that while the machine is flying on a straight and level 
course at constant speed it is struck by a horizontal 
gust of wind which deflects the aeroplane off its set 
course but which exerts no moment about either the 
longitudinal, or rolling, axis or about the transverse, 
or pitching, axis. The departure from the set course 
will be detected by the control unit associated with 
the rudder and that organ will be deflected in a 
manner causing the aeroplane to return towards the 
set course along a curved path in a horizontal plane. 
The fact however that the recovery path is curved 
implies that the wing on the inside of the curve is 
moving through the air with less speed than the out- 
side wing. Hence the lift of the inner wing will be 
less than that of the outer and as a result the aero- 
plane will tilt about the longitudinal axis. This 
induced tilt will be detected by the control unit 
associated with the ailerons and these organs will be 
operated to correct it. Further, the deflection of 
the rudder combined with the raising of one aileron 
and the lowering of the other will increase the drag 
of the aeroplane with the result that the nose will dip, 
assuming that the engine output remains constant. 
This induced dip will be detected by the control 
unit associated with the elevator and that organ will 
be operated to correct it. 

This analysis is not complete but it is sufficient to 
show that a simple departure from the set course 
cannot be corrected by isolated action on the part of 
the rudder control unit. Before such a departure is 
corrected all three units will have become active. A 
similar argument leads to the same conclusion in the 
case of a simple departure of the aeroplane from its 
desired setting about the longitudinal axis. In this 
case the primary correcting action required is a move- 
ment of the ailerons. This movement induces a yaw 
to the side on which the aileron has been lowered. 
The induced yaw will be corrected by a rudder move- 
ment and, as before, the combined aileron and rudder 
deflection will induce a dip which will be corrected 
by the elevator unit. If the initial departure to be 
corrected is a simple dip or tilt about the transverse 
axis the argument shows that the correcting action 
may be confined to a movement of the elevator 
without inducing any departure from the set course or 
any roll about the longitudinal] axis. 

The British automatic aircraft pilot, developed at 
the Royal Aircraft Establishment, Farnborough, and 
now being made, for commercial application, by 
Smith’s Aircraft Instruments, London, aims at 
simplicity by taking advantage of the tilt about the 
longitudinal axis which accompanies a _ course- 
correctional movement of the rudder. The magnitude 
of this tilt is proportional to the angular velocity of 
the aeroplane on the curved recovery path just as 
the inclination of a bicycle rounding a curve is a 
measure of the angular velocity with which the curve 
is rounded. Hence so far as departures from the set 
course are concerned the recovery path will, in accord- 
ance with the general theory of automatic control, 
assume the form of a decaying oscillation if at any 
instant the total deflection of the rudder is composed 
of two parts, one of which is proportional to the 
instantaneous angle of departure of the aeroplane 
from the set course while the other is proportional to 
the instantaneous angle of tilt exhibited by the 
machine. With this method of working a detector of 
angular departure from the set course is required 
but in place of the secondary or angular velocity 
detector there is to be substituted a device which will 
detect the angle of tilt of the aeroplane about the 
longitudinal axis. Both detectors, it will be noted, 
are angle-measuring devices. A further simplifica- 
tion therefore is opened up, namely the provision of 
a single angle-measuring detector which will respond 
both to course departure and tilt about the longi- 
tudinal axis and which will initiate a movement of 
the rudder proportional to the joint signal. 

In order to avoid confusion it should here be 
observed that in the above paragraph we have 
written as if the British automatic pilot consisted 
solely of means for governing the horizontal course 
of an aeroplane. Actually it also governs the setting 
of the machine about the transverse, or pitching, 
axis. As will presently be shown the double-function 
detector to which we have referred above is a “ free ” 





gyroscope so arranged as to respond both to course 
departure and tilt about the longitudinal axis. This 
same gyroscope is given a third function namely to 
detect pitching of the aeroplane about the trans- 
verse axis. Hence the one gyroscope serves as the 
primary and the secondary detector as regards course 
departure and as the primary detector in connection 
with pitching. In its most completely developed form 
the British automatic pilot also governs the setting 
of the machine about the longitudinal, or rolling, 
axis. The primary detector in this case is a second 
gyroscope which is in no way connected with the 
first. ‘The response of this second gyroscope to 
motion of the machine about the longitudinal axis 
initiates a correcting movement of the ailerons. The 
response of the first gyroscope to movement about the 
same axis initiates the damping component move- 
ment of the rudder. 


CouRSE CONTROL. 


In Fig. 34 we illustrate a freely mounted gyroscope 
consisting of a dise spinning within an inner gimbal 
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FIG. 34—FREELY MOUNTED GYROSCOPE 


ring A, which in turn is mounted on a transverse 
axis Y Y within an outer ring B which ring finally 
is mounted on a vertical axis Z Z within a frame C. 
This frame may be supposed fixed upright in a fore 
and aft plane within an aircraft and the normal 
setting of the axle X X may be supposed to be hori- 
zontal and in the plane of the frame. The frame 
partakes of the motion of the aeroplane. Let us 
suppose that the machine swings off its course hori- 
zontally through an angle 9. If there is no friction 
whatsoever at the journals Z Z no turning moment 
will be transmitted to the outer ring with the result 
that the disc will not partake of the motion 6 of the 
aeroplane and the frame. To the pilot it would appear 
that the gyroscope had turned about the axis ZZ 
through an angle equal to 8 but opposite in direction 
although actually it is the frame and machine which 
have turned while the gyro-axle has continued to 
point in the same direction as before. In practice 
friction cannot be completely eliminated at the 
journal Z Z. Hence when the machine turns through 
6 a small frictional turning moment in the same 
direction is applied to the outer ring and thence 
transmitted to the disc. This turning moment how- 
ever will, in accordance with the law of the gyroscope, 
induce precession of the dise about the horizontal 
transverse axis Y Y and will not cause it to turn 
about ZZ. Hence as seen in plan the gyroscope axle 
would still appear to turn relatively to the frame 
through an angle § about ZZ although in this 
case the existence of friction at the journals of the 
vertical axis would on close inspection be found to 
be causing the axle slowly to tilt about the transverse 
axis Y Y. If this precession persisted long enough 
the axle would become vertical and the gyroscope 
would cease to function in the intended manner. The 
friction at ZZ being however very small the depar- 
ture 6 will in general have been corrected long before 
this condition arises. 

The departure is corrected by causing the apparent 
angular movement § of the gyroscope relatively to 
the frame to initiate a proportional deflection of the 
rudder. As shown in the plan view Fig. 35 the outer 
gimbal ring has an arm fixed to it and this arm is 
linked to a valve D carried by the frame. When the 
frame and valve move relatively to the gyroscope 





the valve opens and admits compressed air to a servo- 
motor cylinder, the pressure being applied to one end 
or the other of the cylinder according as the depar- 
ture 9 ig to the left or right. The servo-motor 
¢eylinder, as indicated, is coupled up to the rudder bar. 

It is necessary as usual to provide a “ follow-up ”’ 
device which will ensure that the deflection of the 
rudder will at all times be proportional to @ and not 
be allowed to reach its maximum value every time the 
valve opened no matter how slightly. The follow-up 
arrangement consists, in the customary way, of 
means for inducing the servo-motor valve casing to 
follow the movement of the valve. To this end the 
frame is not mounted rigidly relatively to the body 
of the aeroplane as previously implied but is free to 
turn about a vertical axis coincident with the axis 
ZZ of the outer gimbal ring. The rudder bar is 
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Fic. 35—RUDDER CONNECTIONS 


linked as at E with the frame and as a result when the 
bar is moved by the servo-motor its movement is 
transmitted back to the frame which is turned about 
ZZ until the valve casing overtakes the movement 
of the valve. It should be noted that the mecha- 
nical co-operation of the parts implied in this descrip- 
tion of the action is rendered possible because in 
practice the angle 6 to be corrected is not allowed to 
grow beyond a small value, much smaller than the 
amount which clarity has required us to show in the 
diagram. It may also be remarked that the fact 
that the frame is mounted to turn on a vertical axis 
through Z does not invalidate our supposition that 
initially it moves with the aircraft through the angle 
0. The frame, as noted, is tied to the rudder bar by 
the links E and so long as the rudder has no move- 
ment relatively to the aeroplane body, the frame may 
be regarded as rigidly fixed to the body. 

It is obviously essential to provide some arrange- 
ment whereby the pilot may exercise manual control 
over the direction in which the gyro-axle points. 
This control is required in order that the pilot may 
set his course in the desired direction at the outset 
of a flight or change it when in flight. It is also 
required because, even with the best workmanship, 
the gyro-axle may wander away from the initial 
setting under the influence of a succession of small 
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Fic. 36—COURSE-SETTING DETAIL 


accidental forces transmitted, frictionally or other- 
wise, to the transverse axis during the course of a 
prolonged flight. From time to time therefore the 
pilot has to check the course being followed against 
the intended course as shown by his compass, and, if 
necessary, to correct the setting of the gyro-axle. 
The correction consists of causing the axle to precess 
about the vertical axis ZZ through the requisite 
angle. In accordance with gyroscopic principles this 
precession will be produced by applying a turning 
moment about the transverse axis Y Y in the appro- 
priate direction. This moment is applied as shown in 
Fig. 36 by means of a curved arm connected to the 
inner gimbal ring and to a compressed air course- 
setting valve fixed to the frame below the servo- 
motor valve and controlled manually from a hand 
cock. 
Pitcn CONTROL. 


It is clear that the gyroscope arranged as in Fig. 34 
is independently responsive not only to course depar- 
ture but also to pitching movement about the trans- 
verse axis. If the aeroplane and with it the frame 
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pitch about Y Y, or about any axis parallel with Y Y, 
the turning moment transmitted to the gyro-wheel 
will merely be that which the friction at the journals 
Y Y allows to pass from the outer to the inner gimbal 
ring. In any event this moment will cause the gyro- 
scope to precess about ZZ and not about Y Y. 
Hence as seen in elevation Fig. 37, the gyro-axle, 
when the machine pitches through an angle 8, will 
remain parallel with its previous alignment and as a 
consequence relative movement will be manifested 
between the inner-gimbal ring and the frame. This 
movement is transmitted from the inner ring to a 
small pilot valve F attached to the frame whereby 
compressed air is admitted to one end or the other 
of a power cylinder which is coupled to the elevator 
servo-motor valve. The requisite follow-up move- 
ment is transmitted back from the elevator through a 
Bowden wire connection to the servo-motor valve 
casing. 

It will be noted that the rudder servo-motor valve 
D Fig. 35 is operated directly by the gyroscope 
whereas the gyroscope is relieved of this duty in the 
case of the elevator servo-motor valve by the inter- 
position of a power relay. This difference of treat- 
ment requires a word of explanation. Any restraint 
applied to the gyroscope about the transverse axis 
Y Y produces, when the aeroplane pitches, precession 
about the vertical axis ZZ and therefore interferes 
with the course-keeping characteristic of the arrange- 
ment. Provision, as has already been noted, is made 
for the course to be corrected manually from time to 
time but in order to reduce such correction it is 
desirable to make the restraint about Y Y as low as 
possible. It is for this reason that the elevator servo- 
motor valve is operated by a power relay instead of 
directly. It might from these remarks be inferred 
that restraint about the vertical axis ZZ is of less 
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FiG. 37—-ELEVATOR CONNECTIONS 
importance than restraint about Y Y. Actually it 


is of at least equal importance. Frictional or any 
other form of resistance to freedom of movement 
about Z Z causes the gyroscope, when the aeroplane 
yaws off its course, to precess about the transverse 
axis Y Y and therfore interferes with the pitch- 
controlling characteristic of the system. Such inter- 
ference might have serious and even fatal conse- 
quences so much so that its correction cannot be left 
to the manual control of the pilot as is done in the 
case of course control. It is corrected automatically 
in a manner which will shortly become apparent. 
Since automatic means for correcting the effect of 
restraint about the vertical axis are provided it 
becomes unnecessary to complicate the mechanism 
by providing a device for relieving the gyroscope 
of the restraint imposed upon it by calling upon it to 
operate the rudder servo-motor valve D without the 
aid of a power relay. 

We have ‘now indicated the manner in which the 
one gyroscope is arranged to act as a primary detector 
of course departure and of pitching. Before describ- 
ing its action in its third capacity, namely as a 
secondary detector indicating the velocity of the 
departure from, or return to, the set course, we must 
consider a certain requirement in its behaviour when 
it is exercising its pitch-controlling function. 

Assume that on a flight starting at H Fig. 38 the 
gyro-axle is horizontal and that as the flight proceeds 
the axle remains parallel with its original alignment. 
By the operation of the elevator contro] system 
described above the aeroplane’ will be held to the 
datum established by the axle with the result that 
at J the machine will be flying at an inclination to the 
local horizontal. In order to ensure horizontal flight 
at all points it is evident that the axle must not 
remain constantly parallel with its original alignrnent 
but precess round the transverse axis Y Y at such a 
rate that it will always lie at right angles to the local 
direction of gravity. Between H and J therefore the 
total amount of ion required is 9. If v is the 
velocity of the aeroplane and ¢ is the time taken by 
it to fly from H. to J then the distance H J is vt. The 
height of the flight above the earth’s surface being 
negligible relatively to the earth’s radius r, we have 


tan @ by 9 and therefore write ¢/t=v/r. Henee the 
rate at which the axle should precess about Y Y is 
determined by the velocity of the aeroplane and the 
radius of the earth. The value of r depends upon the 
direction and the latitude of the flight. On a north- 
south flight at any point on the earth’s surface or on 
an east-west flight at the Equator r will be the full 
radius of the earth or, say, 4000 miles and therefore 
if v is, say, 200 miles an hour the required rate of pre- 
cession of the axle will be about 3 deg. per hour. On 
an east-west flight in latitude 60 deg. the precessional 
rate should be twice as fast in order to allow for the 
fact that the aeroplane is flying round a cirele of half 
the equatorial diameter. 

It is clear then that so far as control about the 
pitching axis is concerned the primitive characteristic 
of the gyroscope whereby it maintains its axle con- 
stantly aligned parallel with its original setting must 
be interfered with to an extent regulated by the 
speed, latitude and direction of the flight. The inter- 
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Fic. 38—EFFECT OF A CONSTANT PITCH DATUM 


ference required consists of causing the gyroscope to 
precess slowly about the transverse axis Y Y and in 
accordance with fundamental gyroscopic principles 
this precession will be produced by the application to 
the gyroscope of a regulated torque about the vertical 
axis ZZ. From Fig. 38 it will be noted that whatever 
be the speed, latitude or direction of the flight the 
required precession is always in the one direction, 
namely, that which will send the forward end of the 
axle downwards. 
| The means employed to apply the required pre- 
cessing torque about ZZ are sketched in Fig. 39. 
They consist first of a weight G attached to an arm 
fixed to, and in the plane of, the outer gimbal ring. 
and secondly of a lever K one end of which is linked 
to a second arm fixed to, and in the plane of, the outer 
ring, while the other end is subjected to the force of a 
spring the strength of which can be adjusted by the 
pilot. 
Consider first the effect of the weight G alone. 
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FiG. 39—PITCH DATUM PRECESSING DETAILS 


the start of the flight—H, Fig. 38—the pull of gravity 
upon it is vertically downwards as at V, Fig. 39; 
that is to say, it is parallel with ZZ and therefore 
exerts no turning moment about that axis. If the 
aeroplane continued to fly constantly parallel with its 
original alignment then some time later—J, Fig. 38— 
the pull of gravity on the weight G would be inclined 
at an angle 9 to the original direction. This pull, 
W, Fig. 39, would have two components, one of which, 
U, would exercise a turning moment about ZZ. The 
spin of the gyro-wheel being in the direction shown 
this moment would cause the gyro-axle to preceéss 
clockwise as indicated. This precession acting through 
the mechanism shown in Fig. 37 would initiate an 
elevator movement. which would cause the aeroplane 
to seek to realign itself with the gyro-axle. The axis 


movement. When it has proceeded so far 
as to pull the aeroplane round through the angle 9 
the component U vanishes, the precession of the gyro- 
wheel about Y Y ceases and the aeroplane proceeds 
to fly with its longitudinal axis realigned to the new 
datum established by the gyro-axle at the instant 
when the precession ceases. The new alignment of 
the aeroplane will clearly be coincident with the local 
horizontal direction at J. 

In practice the realignment of the axle and the 
adjustment of the aeroplane to it take place, not at 
intervals, but continuously or at least at intervals so 
short that the action is in effect continuous. Let us, 
however, continue for a moment to think of the action 
as occurring step by step at finite constant intervals 
of time ¢. If the speed v of the aeroplane is increased 
the distance H J covered in the time ¢ will increase 
and therefore the angle 9 reached at the end of the 
interval will be greater than before. Consequently 
the precessional moment exerted at J by the weight G 
and hence the precessional rate about Y Y will be 
increased. We may therefore say that the pre- 
cessional rate about Y Y will be directly proportional 
to the speed v of the aeroplane. Again let us imagine 
that the radius of the earth is shortened by a trans- 
ference of its centre from O to O’. Then at the end 
of the interval of time ¢ the angle ¢ will be 9’, which is 
greater than before. Hence at J the precessional 
moment and therefore the rate of precession will be 
increased. It follows then that the precessional rate 
will be inversely proportional to the radius of the 
earth. Combining these two results we deduce that 
the precessional velocity at all times will propor- 
tional to v/r. It therefore follows that whatever be 
the speed, latitude or direction of the flight the weight 
G will cause the gyro-axle to precess about Y Y at 
the particular rate required to preserve it constantly 
parallel with the loeal horizontal. This result is of 
much practical importance. If it did not hold good 
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FiG. 40—IMPARTING TILT TO THE GYRO-AXLE 


then a change in the speed of the aeroplane or an 
alteration in the direction of its flight—other than at 
the Equator—would necessitate some form of manual 
interference on the part of the pilot with the elements 
controlling the rate of precession. 

It will be noted that the weight G by itself pro- 
vides all that is necessary to ensure that the gyro- 
axle will precess about Y Y at the rate required to 
allow for the curvature of the earth. In general 
terms the function of this weight is to cause the 
gyro-axle to precess until the consequent realignment 
of the aeroplane, initiated by the mechanism shown in 
Fig. 37, becomes such that the weight ceases to exert 
a torque about ZZ. The axle and the aeroplane 
therefore seek the horizontal position simply because 
when the aeroplane is horizontal gravity acting 
vertically on the weight G ceases to exert a torque 
about Z Z. 

The lever K is connected to the outer gimbal ring 
in such a way that the spring at its lower end can be 
made to apply to that ring a torque about Z Z which 
will oppose the torque arising from the gravitational 
component U Fig. 39 applied by the weight G. Its 
function is in effect to modify the local direction of 
gravity with the object of causing the axle constantly 
to seek an alignment which instead of being hori- ° 
zontal is inclined to the horizontal at some angle 
controlled by the extent to which the spring at the 
lower end of the lever is adjusted. 

To clarify these remarks let us assume that when 
the axle and aeroplane are horizontal the spring is 
adjusted to apply a torque to the outer ring about 
ZZ. Under this torque the axle will about 
Y Y, its forward end rising as at A Fig. 40. As a 
result the mechanism shown in Fig. 37 will initiate 
an upward movement of the elevator which will 
induce the aeroplane to follow the axle and seek 
alignment with it as at B. The gyro-frame and there- 
fore the outer ring partake of this upward tilt with 








tan 9=vt/r. We may with sufficient accuracy replace 





ZZ and the outer gimbal ring partake of this re- 


the result that the weight G comes into action and 
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applies a counter-torque about ZZ. The precession 
of the axie will cease when the two torques become 
equal. Let us assume that at this instant the angle 
at which the aeroplane is climbing is «, that the 
inclination of the axle to the longitudinal centre line 
of the aeroplane is. 8, and that the deflection of the 
elevator is y. We will now make two adjustments. 
First let us lengthen the wires of the elevator control 
to such extent as to reduce the elevator deflection y 
to zero. With no elevator deflection the aeroplane 
will re-seek the horizontal position. Secondly as 
the aeroplane is returning to the horizontal, let us 
tilt the gyro-frame through an angle « as shown at C. 
This adjustment will cause the weight G to continue 
its counteraction to the spring torque. There will 
therefore be no fresh precession of the axle about 
Y Y and it will continue to point upwards at the 
same angle «+8 measured from the horizontal as it 
displayed at B. 

The two adjustments which we have mentioned are 
permanent and are made during the installation of 
the equipment in the aeroplane. Their net effect 
is that when the aeroplane is flying horizontally the 
gyro-axle is not aligned horizontally as previously 
assumed but is inclined to the horizontal at an angle 
a+ 8 as shown at C Fig. 40. In practice the angle « 
is quite small and the angle 8 is of the order of 
10 or 15 deg. To at least a first approximation, 





this inclination of the axle does not affect the action 
of the equipment in any respect so far considered. 
Our explanation of that action based on the assump- 
tion that the axle is horizontal still holds good, the 
only verbal modification required.being that we should 
speak of the aeroplane as seeking to align itself 
not parallel with the axle but at an inclination «+8 
to it. The inclination of the axle, as will be explained 
in the next article, has an important effect on 
the third function of the gyroscope, that of 
initiating the additional rudder deflection required 
to give a damping moment about the vertical axis of 
the aeroplane. 

The addition of the weight G for the purpose of 
applying automatically a precessing torque about the 
vertical axis ZZ is a remarkably simple expedient 
but incidentally it introduces a minor complication. 
The weight is sensitive to centrifugal or other accele- 
ration of the aeroplane and may therefore at times 
apply an unwanted torque to the gyroscope in a 
manner which would upset its intended action. To 
overcome this objectionable characteristic the weight 
G is divided into two parts which are united by a 
linkage in such a way that, while the two parts act 
jointly on the gyroscope so far as gravity is concerned, 
the effect of acceleration on one part opposes and 
nullifies that on the other. 

(T'o be continued.) 








Arch Deflections 


and Temperature 


Stresses in Curved Dams. 


By IVAN 


E. HOUK.* 


No. I. 


TEMPERATURE STRESSES IN HorRizonTaL ELEMENTS 
or ArcH Dams. 


EMPERATURE stresses in horizontal elements 
of arch dams must be computed in working out 
adequate designs ‘for such structures. Although 
temperature effects usually are combined with water 
load effects in analysing arch action by trial load 
methods, separate calculations of stresses caused by 
temperature changes often are desirable. This is 
especially true in the case of small thin dams where 
temperature effects are unusually important, and 
where final plans may be based on the application of 
the full water load to the arch elements or on a trial 
load adjustment of radial arch and cantilever deflec- 
tions at the crown section. 
The magnitude of the temperature change to be 
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considered in calculating arch stresses varies with 
the horizontal thickness of the element. Relatively 
large changes may be expected in the upper arches 
of the dam, where the concrete is only a few feet 
thick and where the upstream face, as well as the down- 
stream face, may be continuously, or at least inter- 
mittently, exposed to atmospheric temperature varia- 
tions. However, only relatively small changes may 
be expected in the lower arches, where the concrete 
is several times as thick, and where the upstream 
face may be continuously submerged by reservoir 
water. Temperature changes for design purposes are 
generally taken from a curve based on actual measure- 
ments of seasonal variations in the interior of con- 
crete dams, such as the one published in THE Encr- 
NEER for August llth, 1933. 

Since temperature stresses vary directly with 
temperature changes, stresses may be calculated 
for @ one-degree difference, and then multiplied by 
the change expected in order tc obtain the total 
temperature stresses in the element under .considera- | 
tion. Although the seasonal change in concrete 
temperature varies greatly with the depth from the 
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surface of the concrete, temperature stresses in arch 
elements are usually calculated on the assumption 
that the change is uniform throughout the element.} 

Temperature changes occur in the cantilever 
elements of arch dams, as well as in the arch elements ; 
but are much less 
important from _ the 
stress standpoint. Tem- 
perature reductions in 
the cantilever elements, 
after the radial con- 
struction joimts are 
grouted, may cause 
some vertical arching, 
accompanied by some 
transfer of load from 
the high central canti- 
levers to the relatively 
lower end cantilevers. 
Such effects may be 
appreciable and may 
even cause diagonal 
cracking of the con- 
crete in cases where 
the joints are grouted 
at temperatures too far 
above mean annual, 
or in cases where the 
joints are grouted before 
the generation and dis- 
sipation of chemical 
heat is completed. 
However, temperature 
changes in the vertical 
elements are not impor- 
tant from the stress 
standpoint if the joints 
are grouted at proper 
temperatures, inasmuch 
as the individual canti- 
lever elements prior 
to the time of grout- 
ing are free to expand 
and contract in the 
vertical direction, with- 
out appreciable side 
restraint. 

Formule for tempera- 
ture stresses in_ hori- 
zontal elements of arch 
dams may be developed 
by the usual methods 
of arch analysis. _Con- 
sidering a differential 
element, rd 9, in length, 
in the left half of a 
constant thickness, cir- 
cular arch, cut at’ the © 
crown, as shown ih 
Fig. 1, the equations for ° ~ 
the arch movements at the crown due to'a moment M, 


yn 
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element, together with a temperature change TT, 
are as follows :— 
Mrd cr 
as: 
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In the above equations the subscript, zero, is used 
to denote conditions at the crown ; E is the modulus 
of elasticity in compression and tension; E, the 
modulus of elasticity in shear; K a constant intro- 
duced to allow for non-uniform distribution of shear ; 
I the moment of inertia ; A the cross-sectional area ; 
r the radius to the centre line of the arch; 9, the 
angle measured from the crown; and c the coefficient 
of thermal expansion of concrete; 6 is the angular 
movement of the arch; Ar the radial movement ; 
and A 8 the tangential movement. 

The first terms in equations (2) and (3) give the 
movement due to bending; the second terms, the 
movement due to rib shortening; the third terms, 
the movement due to shear ; and the fourth terms, the 
movement due to temperature. The equations may 
be integrated between the limits of ¢,=0 and 9,~¢, 
to obtain the total movements at the crown, the 
symbol 9 being used to mean the angle from the crown 
to the abutment, as shown in Fig. 1 

In the ordinary case of an arch subjected to both 
water and temperature loads, the quantities M, H, 
and V in the above equations are replaced by their 
equivalent values in terms of the moment, thrust, 
and shear at the crown (M,, H,, and V,), and the 
moment, thrust, and shear due to external loads at 
the right of the point considered (M,, H,, and V, ). 
However, in this case the shear at the crown is zero, 
since the arch is symmetrical and symmetrically) 
loaded, and the moment, thrust, and shear due to 
external loads are zero, since the only loads con- 
sidered are those produced by temperature changes. 
Consequently, M may be replaced by M, +H, r vers 9), 
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H by H, cos 9, and V by H, sin 9;. If Poisson’s 


a thrust H, and a shear V, actirig on the differential | ratio is taken equal to 0-20 and K assumed to equal 





} ‘‘ Temperature Variations in Concrete Dams,” ne Ivan E. 


Houk, Western. Construction News, December 10th, 1930, pages 


601 to 608, 


1-25, the ratio K/E, may be replaced by 3/E. 
Equations similar to (1), (2), and (3) may. be 

written for the right half of the arch. Crown deflec- 

tions, obtained by integrating the two sets of formule, 
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may then be equated and solved for H,; and M., 
giving the following values :— 


eT rsin @ 
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Mj = —-—+———*——-. . . . (5) 
9 

If letters a, 6, and d are substituted for the quan- 
tities in brackets, which are all functions of the angle 
between the crown and abutment sections, the ratio 
3/12 substituted for I, ¢ being the arch thickness, and 
t substituted for A, equation (4) reduces to the 
following form : 
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If all terms of equation (6), except the r in the 
numerator, are replaced by the letter F formule 
for thrust and moment at the crown section, and 
thrust, moment, and shear at the abutment section, 
may be written as follows, the subseript a being used 
to denote conditions at the abutment :— 
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Vi=rF sin 9 . (11) 


If S, and Sq are used to designate direct stress due 
to thrust at the crown and abutment sections, 8; 
and Sj, to designate stress due to bending at the 
same positions, and 8’ to designate the average shear- 
ing stress at the abutments, stress values may be 
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computed by the following formule :— 
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Inspection of equations (6) and (12) to (16) melu- 
sive shows that temperature stresses in constant 
thickness, circular arches, for given values of ¢, E, 
and T, vary only with r/t, the ratio of the radius to 
the thickness, and 9 the angle from the crown to the 
abutment. In other words, temperature stresses m 
arches of different thickness, for given values of c, 
E, and T, are the same in all cases where r/t and ¢ 
are the same, regardless of the actual values of 
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rand. Consequently, curves may be prepared show- 
ing stresses at the extrados and intrados of the arch 
elements at the crown and abutment positions for 
different values of r/t and ¢. Probably the best 
procedure is to plot curves for the value of c and E 
commonly encountered in practice, for an assumed 
temperature change of 1 deg. Fah. Stresses due to 
other temperature changes can then be obtained by 
multiplyig the values read from the curves by the 
actual changes expected, as previously mentioned. 

Approximate effects of abutment deformations, 
based on Dr. Fredrik Vogt’s equations,§ may be 
included in the formule for crown deflections, crown 
and abutment forces, and crown and abutment 
stresses, without affecting the general relations of 
stress to 9 and r/t. However, the resulting formule 
are lengthy and need not be presented here. Anyone 
interested in the detailed equations for abutment 
yield can refer to Dr. Vogt’s original paper. Calcula- 
tions for several arches show that. allowances for such 
effects reduce the extrados and intrados stresses 
from about 4 to 20 per cent. at the crown and about 
twice as much at the abutment. The stress reduc- 
tions are least important in the case of arches having 
large central angles and large values of r/t. They 
become increasingly more important with decreasing 
values of 9 and r/t. 

Figs. 3, 4, 5, and 6 show the intrados and extrados 
stresses at the crown and abutment sections of an 
arch dam, caused by a drop in temperature of 1 deg. 

‘ah. Stresses are shown for values of 9 varying 
from 20 to 90 deg., and values of r/t varying from 
20 to 2. However, the 7/t scale is shown as reciprocal 
values, ¢/r, varying from 0-05 to 0-5, in order to keep 
the diagrams in the same form as some water load 
stress curves, previously prepared by other engineers, 
which will be referred to later. Fig. 2shows maximum 
shearing stresses at the abutment for the same 
conditions, assuming a parabolic distribution of shear 
and a maximum shearing stress equal to 3/2, the 
average shearing stress as calculated by equation (16). 

The curves in Figs. 2 to 6 inclusive were computed 
for a coefficient of thermal expansion of concrete c 
equal to 0-0000056, a modulus of elasticity of concrete 
in compression and tension E equal to 2,500,000 Ib. 
per square inch, and a Poisson’s ratio pp equal to 
0-20. Stresses for other values of c and E are directly 
proportional to the changes in ¢ and E as shown by 
equation (6). 

The stresses shown by the curves include effects 
of abutment deformations, assuming the plane of 
contact between concrete and rock to have a slope 
of 45 deg. toward the bottom of the canyon. The 
average length of the dam was assumed to be ten 
times the average width. The modulus of elasticity 
of the rock E, was assumed to be the same as for 
the concrete. Great accuracy in determining E, 
is not necessary in the case of arches having large 
central angles and large values of r/t, since the arch 
stresses are only slightly reduced by the rock defor- 
mations. Calculations for an arch having an angle 
of 60 deg. from the crown to the abutment, and a 
radius twenty times the thickness, assuming E, to 
be 5,000,000 Ib. per square inch instead of 2,500,000 Ib. 
per square inch, showed the stress reductions to be 
about 2 per cent. at the crown and about 4 per cent. 
at the abutments, only about half as much as in the 
case of the lower modulus. In other words the 
changes in stress effects due to a change in E,; are 
approximately inversely proportional to the change 
in E;. Such a result would naturally be expected 
since an increase in E, means a closer approach to 
an assumption of fixed abutments. 

The minus sign on the stress coordinates means 
tension in the case of direct stress, and forces acting 
downstream in the case of shearing stress. Stresses 
for a rise in temperature have signs opposite to those 
shown on the diagrams. The reversal in direction of 
some of the curves for the smaller values of 9 is 
easily understood when it is considered that all 
direct stresses in a straight beam, subjected to a 
temperature drop, would be tension. 

Curves showing intrados and extrados stresses at 
crown and abutment sections of constant thickness 
arches with fixed abutments, due to uniform water 
loads, were published a few years ago.|| Similar 
curves for thick arches, including effects of abutment 
deformations, were published in 1935.4 However, 
the writer has never seen data on temperature stresses 
in arch dams presented in such a manner, either with 
or without effects of abutment yield. 

_ The preparation of this material has been based on 
investigations made under the writer’s direction in 
the Denver office of the Bureau of Reclamation. 


(To be continued.) 








Moscow-Votea Canat.—A fleet of 183 ships is being 
built for the carrying of passengers and freight on the 
Moscow-Volga canal, which is to be opened shortly. 
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HE next paper read on Wednesday, March 17th, 

was one entitled ‘‘Some Special Features of 
the s.s. ‘Queen Mary,’” by Mr. S. J. Pigott, of 
which an abstract is printed on page 400. 


DISCUSSION. 


Mr. John Austin, who was associated with the 
builders in the design of the ship, said that it had to 
accomplish forty-four Atlantic crossings in a year, 
representing about 145,000 miles’ steaming, and 
probably it was that condition which had led to many 
of the special features mentioned in the paper. The 
service was such as had never before been attempted, 
and which called for reliability in all parts of 
the machinery. 

The interest of the paper would have been 
increased if the author had given information con- 
cerning fuel consumptions by the propelling 
machinery. With regard to the author’s comments 
concerning reliability and efficiency, he said that 
every effort was made to ensure that the ship was 
efficient as well as reliable, but where there was any 
doubt reliability always came first. Perhaps the 
boilers were not mentioned because they had given 
no trouble. They had worked exceptionally satis- 
factorily in service, there had been no trouble of 
any kind whatever, and they constituted a remarkable 
installation. So far as British shipbuilding was 
concerned, he believed the “‘ Queen Mary ”’ was the 
first British-built large Transatlantic liner sailing 
between the United Kingdom and the United States 
which had been fitted with water-tube boilers. When 
the ship was contemplated a committee was formed 
to discuss the matter and opinions were very divided 
as to whether or not water-tube boilers could be 
fitted. They had entirely justified their choice. 

With regard to the methods adopted to obtain 
accurate gearing or to correct the inaccuracy of 
helical angles, Mr. Austin said that the methods of 
hobbing now used were very much more perfect than 
those used many years ago; notwithstanding that 
fact, it was still impossible in every case to secure 
an accurate helical angle, no matter how much 
care was devoted to the cutting machines and the 
conditions of cutting. One might obtain the 
accurate angle in nine cases out of ten, but there 
would be the odd helix which was not bearing 
full across. In the early days of double reduction 
gearing, although the ships had passed through 
their trials satisfactorily, to the joy and pleasure 
of the shipbuilders, some of them broke down 
very shortly afterwards and finally the poor 
superintendent had to carry the baby. In view of 
such experiences Mr. Austin emphasised that every 
gear should be bearing full across before it left the 
shop; it was definitely proved that that could 
be done, and it should be done because otherwise 
there was risk of trouble after the ship was put into 
service. 

In suggesting that the author had rather laboured 
the minor defects which had occurred in the ship, 
Mr. Austin said that if they were given the same 
prominence as the proportion of the total machinery 
which they represented in the ship, they would 
have been dealt with in two lines instead of covering 
1} pages of the paper. The trouble with the main 
condensers was rather a peculiar trouble, and he 
believed it had been eliminated. 

Mr. G. M. Paterson, referring to the general 
design, said it had always been assumed that it was 
useless to attempt to defy the North Atlantic, and 
at some apparent sacrifice provision was made for 
handling fuel, water, provisions, linen, &c., in a 
twelve-hours’ stay in port. He also mentioned that 
tides had a predominant effect on sailing schedules 
on both sides of the Atlantic. 

With regard to the suggestion that “ standard ” 
conditions of bending moment should be relaxed 
somewhat in a case of such large ships, Mr. Paterson 
said he would have been very pleased to have argued 
the point. In the very early days, accepting the 
improbability of encountering a series of waves of 
“standard ’’ proportions in the North Atlantic, 
the static bending moments were calculated in waves 
half the length of the ship and one-tenth of the 
length in height. The result was approximately 60 per 
cent. of the “standard ”’ condition. The dynamics 
of a North Atlantic storm were somewhat indeter- 
minate, and in view of the inevitable static nature 
of any comparisons, that gave added confidence 
in the assumptions made. Another aspect of struc- 
tural arrangement and scantlings in a ship of that 
type was the relationship between deformation 
of the structure and noises set up in the ship when 
in a seaway. Adequate strength might be associated 
with undesirable flexibility. Partly for that reason 
only half the allowable reduction in scantling was 
accepted where high elastic limit steel was employed. 
Beam scantlings were discussed at great length, 
and from experience in the ship he was convinced 
that they were no more than necessary, although 





they were very greatly in excess perhaps of what 
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was ordinarily required. It was not sufficient 
merely to have beams that were strong enough ; 
they must also be good enough. 

It would be noticed that only three expansion 
joints were fitted, and it might be asked why there 
were any at all. It must be borne in mind, however, 
that the ship represented a very big investment, and 
it was not a structure with which one could experi- 
ment. The owners knew that they were right with 
expansion joints. The profile might suggest that a 
fourth should have been arranged further aft, but 
so far there was no evidence that it was required. 

Exercising commendable restraint, the author had 
made no reference to trouble with regard to the struc- 
ture. If 40,000 H.P. were put through each of four 
shafts there would be some reaction somewhere. 
The original intention was to make the structure, 
particularly around the wing propellers, so solid that 
the reaction would be absorbed locally, and the rest 
of the ship would be protected, but, of course, there 
was a sympathetic response from the excitation set 
up by the propeller in certain localities. The small 
extent of those tremors (he preferred to use that 
term rather than the term ‘“ vibrations”) was 
evidenced by the fact that they had been cured by 
fitting less than 110 tons of steel as stiffening in 
certain regions. That steel was not evident to any 
passenger on board. It could now be said without 
hesitation that conditions at the after end of the ship, 
where one would normally expect trouble to manifest 
itself if it occurred at all were better than in any other 
express ship of which he had experience. The ship 
was phenomenally quiet now. 

Engineer Vice-Admiral Preece (Engineer-in-Chief 
of the Fleet) offered congratulations with regard to 
the gearing, and particularly the ingenious manner 
of running it in. He pointed out that even if the 
pinion were manufactured to the same helical angle as 
the gear wheel, it would still be wrong under torque, 
with the pinion twisting. It was run in under the 
conditions it would assume in service. With regard 
to the failures, he said it was extremely difficult to 
distinguish the cause in a turbine. The three things 
which could fail were the shrouding, the blading, 
and the nozzle plates, and on opening up a turbine 
after a failure it was difficult to decide which had 
failed first. Sometimes the shrouding left the blading 
before failure occurred, and there was no doubt that 
that was the result of a species of flap—the shrouding 
became a little loose and under the terrific draught 
it started to flap, and would give way under fatigue. 
There was no doubt that the failures of blading on the 
** Queen Mary ”’ were genuine cases of blade vibra- 
tion, and were not complicated by disc vibration, a 
problem which had complicated most of the troubles 
of that kind experienced in the Navy. Some destroyers 
had run successfully throughout the war at high speeds 
—they would never travel at less than 20 knots at that 
time—but some time after the war, when they had 
been running fairly slowly, a crop of troubles had 
arisen. Undoubtedly disc vibration had caused the 
blades to fail. It was very difficult to design against 
such vibration, which was very complex, in vessels 
which had to travel at any speed between 10 knots 
and full speed. 

Admiral Preece did not quite agree that the failure 
of the nozzle plates was a manufacturing trouble, 
and suggested that it had something to do with size. 
He did not think it had much to do with temperature 
or pressure. In that connection he mentioned a 
curious collection of failures which had occurred in a 
saturated steam job, in which there was not a very 
high-pressure stage, the failures being exactly like 
that illustrated in the paper in one of the nozzle 
plates of the “ Queen Mary.” The vanes formed a 
part of the strength of the diaphragm, in that the 
centre part, which was solid, was loaded by the steam 
pressure. So that the plates were under stress. They 
had cracked before anything had hit the diaphragm. 
The cracks were all on the outlet side of the plate, 
and possibly were due to the high velocity of the 
steam. They never occurred on the inlet side, 
although the inlet side was much deeper and therefore 
much more liable to vibrate. 

Sir Westcott 8S. Abell, referring to the part of the 
paper dealing with the structural arrangements and 
calculations, said he was glad that the formula he 
had suggested was found to be useful. He had tested 
that formula, which he described as the modulus 
formula rather than the stress equation, under an 
extreme variety of conditions, and had found it to be 
the best available guide and to have an elasticity of 
application which he had not previously thought 
possible. If it could be applied to a ship of such 
extreme size as the ‘‘ Queen Mary ” as well as to cases 
of very restricted draught, such as he had examined, 
its general use was more than justified, particularly 
when checked in the manner explained in the paper. 

Mr. H. H. Clay (a member of the Institution of 
Sanitary Engineers) praised ,the sanitary arrange- 
ments on the ‘“ Queen Mary.” 

Mr. E. Potts (Lloyd’s Register) said, with regard 
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to longitudinal strength, that it might seem strange 
to those in other branches of engineering that the 
basis of that consideration was not more complicated 


than the estimation of the bending moment by we 


associated with a stress value, a method which was 
fully described to the Institution by Mr. W. John 
as early as 1874. Nevertheless, it would be recog- 
nised that a judicious use of that formula taken in 
conjunction with a suitable stress value, plus a careful 
comparison with similar ships of proved service, was 
the only practical and sound method of arriving at 
the principal scantlings. As regards the choice of 
stress values, the criterion must be previous experi- 
ence, and experience had shown that where the 
nominal stress was appreciably higher than that 


, ss L ) 
given by the formula P=5 (1 + 1000 structural 


weakness on service might be expected. 

The fact that a sister vessel was being built by 
John Brown and Co. was sufficient testimony to 
the efficiency of the “‘ Queen Mary.” 

Mr. E. W. Blocksidge remarked that much of 
the information regarding the dimensions and ton- 
nages of the “‘ Queen Mary ” and the “ Normandie,” 
published in the daily Press, shipping papers, and 
even in technical journals, had been misleading and 
unauthorised. The values given in the paper, how- 
ever, would do much to clarify the situation and 
would provide a valuable comparison for future 
consideration. Gross tonnage was not a fair and 
correct comparison for obtaining the relative sizes 
of ships, owing to the effect of “‘ exempted ” spaces 
permitted by the tonnage regulations. The paper 
showed that the load displacement of the ‘‘ Queen 
Mary ” was 77,400 tons, compared with 66,400 tons 
for the “‘ Normandie,” and with a corresponding 
difference in draught of 2-25ft.; that indicated that 
the latter was the lighter ship. If the full geometric 
freeboard, which could be calculated from the par- 
ticulars in the paper, were applied to the ‘‘ Queen 
Mary,” the load displacement would be increased 
from 77,400 to the region of 122,000 tons. The differ- 
ence between the two figures and their associated 
draughts permitted the scantlings to be reduced 
from the full-scantling ship to that of the actual 
ship at her approved subdivision draught. A com- 
parison based on load displacement could not be used 
therefore to estimate the size of the passenger ships. 
The only reasonable method was to measure all 
spaces into the gross tonnage for the purpose of 
comparison, but such a method was unnecessary and 
would serve no useful purpose. 

Mr. Blocksidge also drew attention to the standard 
of safety in the hull of the “‘ Queen Mary ” and her 
equipment, and said that in that respect, among 
others, she represented the most perfect production 
of scientific thought and investigation. The “‘ Queen 
Mary ” might indicate the limit in respect of size 
for future ships, but not in respect of speed. With 
regard to economics, he said that as ships had 
increased in size the number of crew had increased, 
but there had been a comparative reduction in the 
number of passengers—a tendency indicated by a 
table in the paper. The “ Lusitania” had carried 
2894 persons, of whom one quarter were members 
of the crew. The ‘* Queen Mary ” had accommoda- 
tion for 3180 persons, of whom two-thirds were 
passengers and one-third crew. Whether the colossal 
expenditure was justified for so limited a passenger 
accommodation in so large a ship was a matter 
for consideration by the owners in the light of 
economic operation, but the reduction of passenger 
accommodation had a very important influence on 
the facilities provided for the safety of life at sea. 

Dr. A. M. Robb said it would be possible to deal 
at length with a philosophy which took pride in 
failures as stepping stones to success, but the author’s 
frank record of minor failures was not the least 
important and valuable part of the paper. 

Dr. John Tutin said that whereas ten years ago 
the normal rudder for a twin or quadruple-screw 
ship would have been of the balanced or semi- 
balanced type, and the normal rudder for a single- 
screw ship was the unbalanced type, the position was 
rapidly becoming reversed, and the “‘ Queen Mary ”’ 
and the “ Normandie” were pioneers in the march 
of progress. It was obviously preferable to fit quite 
a heavy and powerful steering engine, which, never- 
theless, involved a negligible fuel consumption on 
service, than to be compelled to consume in the boiler- 
room the extra fuel that would be required to secure 
the same speed with a less efficient rudder. 

The ‘Queen Mary ”’ was by no means the first 
ship to experience trouble with impulse blading. 
On British and foreign naval vessels and, indeed, 
on most modern passenger steamers, the difficulty 
had been successfully overcome by using a special 
steel which had been exclusively designed for the 
purpose. In the interests of posterity, therefore, 
it was to be hoped that the author would permit the 
identification of the special steel which was used to 
replace the original blading. 

Mr. Bart 8S. Varty (Bureau Veritas, Paris) assured 
the meeting that vibrations on the ‘‘ Normandie ” 
had been eliminated entirely. He had spent a good 
deal of time in the engine-room, in the tunnel, and 
in the elastic joints, which joints had enabled the 
local pressure to be measured; it was practically 





negligible. If vibration had occurred in the ‘‘ Queen 
Mary,” he asked at what speed and at what horse- 
power it had occurred, and how it had been eliminated. 

Mr. Pigott, replying to the discussion, said he 
could have written a very long paper on the “‘ Queen 
Mary,” but in accordance with the merciful rules of 
the Institution, he had_not included in the paper as 
presented any information which had been published 
in the technical Press ; to have done so would have 
meant repetition. The turbines, boilers, and 
machinery had been dealt with fully in the Press. 

With regard to the boilers, apparently Mr. Austin 
had omitted to read the statement in the paper that 
the boilers were in perfect condition. 

The machinery troubles had been over-emphasised 
in the case of the “‘ Queen Mary,” but it was better 
to make a frank statement of such troubles as had 
occurred than to have rumours exaggerated. Con- 
siderable exaggerations of minor troubles had been 
reported from some quarters. Therefore, he had 
mentioned the failures that had occurred in order 
to dispel any idea that greater troubles had been 
experienced. 

Replying to Dr. Tutin, he said that the small 
amount of blading trouble which occurred in the 
first row of blading of each of the four high-pressure 
turbines was negligible. But the trouble was not 
due to the material. Inasmuch as the cause of the 
trouble was not known, it was thought best to change 
the material, and another but very similar material 
was used. But during a further lay-up it was found 
that some of the new material had failed from the 
same vibrational causes, and he believed that the 
strengthening of the blade sections which had since 
been effected had put matters right. 

The meeting adjourned until Thursday, March 18th. 





On Thursday morning, March 18th, the first paper 
read was ‘“‘ Note on the Chemical Intercrystalline 
Fracture of Riveted Joints in Boilers,’ by Dr. 8. F. 
Dorey, an abridgment of which appears on page 390. 


DIscussion. 


Engineer Rear-Admiral W. M. Whayman said that 
before he read the paper he had been firmly of the 
opinion that that form of failure was unknown in the 
marine world, and on the whole he thought the author 
would agree, for of the five examples mentioned in 
the paper, four related to cylindrical type boilers and 
only one to water-tube boilers, and they were all oi 
the low-pressure type. Looking up records of various 
types of water available in the United Kingdom for 
boilers in ships running around our coasts, he found 
there was no trace of silicate. That seemed to support 
the author’s argument that silicate must come from 
the introduction of something into the boiler water 
which was not originally in it. With increasing pres- 
sures it was obvious that considerably more care was 
necessary to ensure that the water was sufficiently 
pure. At the same time, in order to protect the boiler, 
there still remained the necessity for maintaining the 
alkalinity of the water to ensure freedom from corro- 
sion of the boiler material. That had been found quite 
satisfactory in many cases, and there had been no 
signs of cracking. If that policy were adopted in the 
marine world he was satisfied they would keep free 
of many of the troubles mentioned by the author. 

Dr. W. H. Hatfield said this problem was not a 
simple one, and it was perhaps not well to attribute 
the major influence to one particular cause. It was 
necessary to admit the great importance of corrosion 
fatigue phenomena. 

Mr. 8. B. Donkin, as the result of experiences which 
he described, said he had been forced into thinking 
that all seams should be welded internally, at any 
rate, as a means of preventing caustic embrittlement, 
provided, of course, that the normal water concen- 
tration was correct. 

Dr. B. C. Laws, agreeing with the author that the 
term “caustic embrittlement’? was a misnomer, 
suggested that it should be called “‘ caustic cracking ” 
or “ caustic failure.” Confusion might exist between 
the effect of caustic and excessive stress. His own 
experience of both types, however, indicated they 


sufficient soda should be used to ensure that the water 
was neutral or slightly alkaline. The important thing 
was to see that the sulphate ratio was there, and if 
it were, the results of experience had shown that 
trouble need not be feared. 

Mr. L. W. Schuster said that although much capital 
had been made of the fact that certain workers had 
failed to obtain that form of cracking experimentally, 
he himself had never, until recently, failed to obtain 
intergranular cracks, comparable with those found in 
service. In his latest experiments when he slightly 
altered the details in order to ascertain in a more 
exact manner the conditions under which his cracks 
were formed, to his profound astonishment he failed 
to get cracks in any specimen at all, and, moreover, 
not a single specimen would even break. He noticed 
a difference in the surface of the specimens, and came 
to the conclusion that some form of inhibition was 
taking place. He later discovered that Professor 
Straub had been doing work on that very point, and 
got in touch with him, and was satisfied beyond all 
doubt that traces of certain chemicals could make 
all the difference between whether an experiment 
was successful or not. The method of applying the 
stress was also likely to prove an important factor. 
One outstanding fact from all such experiments was 
that, given the correct conditions, cracking similar 
to that taking place in service was readily reproducible 
in the laboratory in a comparatively few days, whereas 
in as many years an identical phenomenon had not 
been reproduced by other means. He added that in 
steam boilers he had experienced severe intergranular 
cracking after only ten months’ service. Though 
sodium silicate might be an accelerator, much know- 
ledge had yet to be gained before the full facts in 
regard to inhibitors and accelerators were understood. 
For instance, Straub had shown that in any town 
water supply the silica content was sufficient to make 
the attack of caustic soda effective. 

Dr. Dorey, replying to the discussion, said the 
view that bad workmanship was responsible for that 
type of cracking was entirely wrong, and he said 
that advisedly. The intergranular cracking which 
he had spoken of was a definitely chemical action, 
and could only take place when the material was over- 
stressed and the necessary chemicals were in contact 
with it. He agreed with Admiral Whayman that 
naval engineers had very little experience of the 
phenomenon simply because their boiler water was 
treated in such a way that the action could not take 
place. The real point to be considered in that con- 
nection was that ships had to go all over the world 
and used very varying qualities of water, but the 
ordinary chief engineer, by years of experience, used 
a certain amount of soda for treatment of the water, 
and that, together with the fact that he was fortunate 
in most cases to have a well-built boiler, prevented 
trouble. Another question was sulphates. In 
working the ordinary Scotch boiler it was quite usual 
to use salt water feed, and that had a considerable 
amount to do with the number of failures being so few. 

With regard to punched holes and excessive stress, 
that, of course, was a question of workmanship. 
There should not be punched holes in _ boilers, 
and they would not be accepted by a classification 
society, because undoubtedly punched holes would 
lead to cracking, as also would the jagged edges of 
a rivet hole that had been quick-drilled. He agreed 
that a small bead of welding over some of the joints 
might be helpful, but he did not propose to enlarge 
upon that subject in the paper. He had not men- 
tioned the question of black oxide in the paper because 
he felt certain it would be referred to in the discus- 
sion. It was the fact, of course, that black oxide was 
always present. 

The next paper dealt with was ‘‘ The Theoretical 
and Practical Design of Thimble-tube Boilers,” 
by E. F. Spanner, of which we give the official 
summary. 

THIMBLE-TUBE BOILERS. 

In 1934 the author read a paper before the Institute of Marine 

Engineers entitled “Some Notes on Heat Transmission.” 


This paper was concerned with the practical application of 
lated h on heat transfer by forced convection 








were absolutely distinct, and he was satisfied that 
excessive work on the metal was the true cause oi 
embrittlement. When boiler steel was over-stressed, 
it did not much matter, but when that steel was 
heated to a temperature of about 200 deg. Cent., it 
became brittle under impact. There again, however, 
it did not much matter in the ordinary life of the 
boiler up to a point, because it was not subjected to 
impact until it came in for repair. He knew of 
boilers which had failed immediately they had been 
in for repair, and the records of boiler troubles in the 
Board of Trade Returns showed in surprising manner 
how many failures occurred immediately after a 
boiler had been in for repair. It was true that this 
was not proof, but it was evidence which was worth 
thinking about. One feature of caustic cracking 
which the author had omitted to mention was that 
the fracture was as black as soot, owing to the 
deposit of magnetic oxide of iron, which was abso- 
lute and conclusive proof of the action of caustic. 
Coming to the action of sodium silicate, Dr. Laws 
said that it was here for the first time that he differed 
from the author when he advised that care should be 
taken to eliminate sodium silicate in every way. 
He regarded that as an unobtainable counsel of perfec- 
tion. He agreed with the author, however, that 





to the case of water-tube steam generation, and in particular 
to thimble-tube boilers. The present notes carry the subject 
a stage further. The paper first describes experiments carried 
out with thimble tubes in order to explore the subject of 
“impulsive steam generation.”” The conclusions reached are 
that “impulsive” action plays no part in steam generation 
in thimble-tube boilers operated at normal pressures and under 
normal working conditions in marine service, but that, never- 
theless, thimble-tube boilers are of great importance. The 
paper then proceeds to illustrate how thimble-tube nests are 
designed to satisfy given requirements, and publishes for the 
first time forced convection heat transfer tables set out in a 
form which renders them of interest to all designers relying upon 
forced convection to secure heat transfer. e latter sections 
of the paper are concerned with the presentation of thimble- 
tube and water-tube boilers and water-heater designs of recent 

ducti together with the results of service in particular 





P 
cases. 


DIscussion. 


Admiral S. R. Dyke, referring to the experimerts 
which had been carried out on small glass models at 
atmospheric pressure, said there was nothing more 
dangerous than to try and draw conclusions from 
such experiments in regard to what actually happened 
in a boiler. The conditions were entirely different 
from actual boiler practice, and the Admiralty had 
been led astray for years with regard to its own large 
boilers by such tests. He inquired of the author 
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what was the relative value of the spiral baffle shown 
down the middle of the boiler, and suggested that it 
might be just as well to put in a plain cylindrical 
baffle. Commenting on the arrangement of the 
thimble tubes with the baffle to give spiral flow, 
he asked if attention had been given to the problem 
of cleaning those tubes and also to the problem of 
corrosion. It had been found in marine practice 


. that there was the risk of corrosion being set up 


with the use of baffles adjoining generator tubes. 
Giving the author another word of warning with 
regard to data on heat transfer, Admiral Dyke 
said that when the design of the Admiralty super- 
heater boiler was started, the only statistics available 
were heat transfer data obtained from boiler trials. 
On them the area of the superheater was designed, 
but the actual superheat obtained was exactly twice 
what was expected. The reason for that was that 
it was usual to take the temperature and velocity 
of the gases and calculate the heat transfer, but if 
the temperature of the gases was above a certain 
point there was radiation also, and if that was not 
taken into account there was the possibility of being 
100 per cent. out. 

Dr. S. F. Dorey said the author had described 
experiments and mentioned calculations which, in 
his own words, “dispose. very definitely of all 
claims that steam raising in thimble-tube boilers 
takes place by impulsive generation in the individual 
tubes, save perhaps in quite small sizes.’ It would, 
therefore, be surprising if he claimed any decreased 
tendency to scale formation in the tubes of a spiral 
flow boiler, due to impulsive generation. It appeared 
then that the statement that “as a result of these 
experiments direct-fired boilers to the author's 
designs are especially suitable for steam raising, using 
inditierent and even hard and dirty waters,” referred 
solely to the provision of a large plain combustion 
chamber, which was intended to compensate for the 
lack of a water baffle. The claim that the heat 
necessary for 60 per cent. of the total evaporation 
and all the sensible heat given to the feed water 
was transmitted through the plain surface of the 
combustion chamber meant that in a boiler working 
at 150 1b. per square inch and supplied with feed 
water at 130 deg. Fah., only 314 per cent. of that 
portion of the heat in the fuel which was usefully 
employed was transmitted through the thimble 
tubes. It was clear, therefore, that any improve- 
ment in the design of the thimble tubes could have 
only a small effect on the overall efficiency of a direct- 
fired boiler of the author’s design and would not 
result in any lessened tendency to scale formation 
in a waste heat boiler. 

Mr. Spanner, in his reply, said he claimed no virtue 
for the thimble-tube boiler so far as impulsive 
generation was concerned. What had been done was 
to recognise that it did not occur and to design a 
boiler to get value from thimble tubes despite that 
lack of special characteristics. A feature of the use 
of the spiral deflector was that in a waste heat job 
the gas was actually pushed right out into the tubes. 
There was no doubt about that. The temperature 
drop could not be obtained otherwise, and it was 
possible to give a temperature drop and guarantee 
the result. 

At the afternoon session on Thursday, March 18th, 
with Sir Westcott S. Abell in the chair, the following 
papers were presented and discussed together :—‘‘ On 
the Effect of Roughness on the Resistance of Ships,”’ 
by Dr.-Ing. G. Kempf, and ‘‘ Re-analysis of William 
Froude’s Experiments on Surface Friction and their 
Extension in the Light of Recent Developments,” 
by Mr. H. Lackenby. 


WILLIAM FROUDE’S EXPERIMENTS. 


This paper gives an account of some re-analysis upon the 
surface friction of planes carried out at the William Froude 
Laboratory in connection with the Post-Graduate Research 
Scholarship, which the author was awarded by the Royal Com- 
missioners for the 1851 Exhibition. William Froude’s experi- 
ments on the surface friction of varnished planes are recon- 
sidered in the light of modern knowledge on this subject, and in 

articular with a view to their conformance to an analysis on a 
ynolds’ number basis, cognisance being taken of the possible 
existence of ‘‘ mixed flow ’’ or laminar effects in the cases of the 
smaller planes. It is shown that certain ‘‘ perplexing anomalies ”’ 
mentioned by Froude in his original reports can be explained by 
introducing the above conception. The latter portion of the 
paper deals with the comparison of the above data with that of 
some of the more exhaustive tests on surface friction carried out 
by subsequent experimenters, together with a tentative exten- 
sion of Froude’s experimental range, where comparable data 
made this possible. 


RESISTANCE OF SHIPS. 


This paper does not give any theory or a recommendation to 
adopt any B gstrwacd formula as a standard for the calculation 
of frictional resistance. It contains no more than a report on 
present-day knowledge of the calculation of skin friction of 
ships, and a contribution on some new tests with surfaces of 
various roughness as may occur on ships. 

The four questions with which this paper deals are as follows : 
(1) What is the minimum frictional resistance of a plane surface 
in turbulent flow ; (2) what degree of roughness will be admissible 
for minimum frictional resistance ; (3) what kind of roughness 
has a normal ship when newly built and painted; and (4) what 
effect has fouling on the resistance of ships ? 

In discussing the effect of fouling on the resistance of ships, 
Dr. Kempf says that three kinds of fouling must be distinguished: 
the deterioration of the surface by rusting of the plating in the 
course of years; the growth of shell; and the growth of sea- 
weed. The deterioration is a process which takes place gradually 
in the course of years and affects the whole bottom of the ship. 
The equivalent sand roughness which for a normal new ship 
should be no more than 0-16mm. might be exaggerated to 
0-35mm. or more by rusting. This means an additional 
resistance up to 10 per cent. to 20 per cent. of the frictional 
resistance, i.¢., 6 per cent. to 12 per cent. of the total resistance 
of the ship. 


Fouling by growth of shell (especially Balanus) is a very 
usual roughness on ships which remain some days in a harbour 
with warm and infected water. The effect of such a roughness 
of shell growth on the resistance has been mi 
exactly at the Hamburg tank on a pontoon. The results 
show clearly that the resistance follows exactly the law 
of equivalent sand roughness. This is plausible, as the kind of 
Gagan of a piece of shell and of a grain of sand of the same 
size is very similar. 

The st of seaweed which mostly covers only a small 
strip under the water line has not yet been tested, but it seems 
from observation on ships that smooth seaweed does not affect 
the resistance very much in contradistinction to the sharp-edged 
roughness of shells. é 

It might now be said that the influence of different kinds of 
roughness on the resistance of ships is known by experiments to 
a sufficient degree for every practical purpose. 





DIscussron. 


Dr. G. 8. Baker discussed the basic ideas in Dr. 
Kempf’s paper rather than the data it gave. He 
said he was quite willing to accept the experimental 
data produced by Dr. Kempf as facts, but pointed 
to cases in the paper in which the data did not quite 
fit the author’s methods. It was stated in the paper, 
he said, that roughness worked by the projection of 
the points of the roughness through the laminal layer 
against the skin. But the theory did not account 
wholly for the measurements he had made in the course 
of his experiments. At one stage Dr. Kempf had 
questioned the experimental data, but Dr, Baker 
preferred to question the theory and to look for 
trouble there. 

After discussing the theory, he said that when it 
came to a choice between accepting the experimental 
results of William Froude or a theory in which the 
constants were fixed on the resistance in a pipe, he 
preferred William Froude’s experimental results. 

Coming to Mr. Lackenby’s paper, Dr. Baker said 
he was more concerned with the mode of extension to 
large Reynolds numbers. If one were going to extend 
Froude’s data on a Reynolds number basis, the 
method adopted in the paper (which was Mr. 
Lackenby’s own method) was the most rational that 
he had met so far. Although the resistance of several 
ships whose thrusts had been measured was from 
4 to 10 per cent. above those estimated from Froude, 
it seemed infinitely preferable to adhere to that 
method, the inaccuracy of which was limited and 
known, rather than to adopt the Continental method 
of adding 0-00055 or 0-00065 to a smooth surface 
value of about 0-002 (roughly 30 per cent.) in order 
to arrive at the frictional resistance of an average 
ship surface. 

Mr. Mark P. Payne said that from the point of view 
of one to whom the resistance of models and ships, in- 
cluding skin friction, was a daily concern, Dr. Kempf’s 
paper was very interesting. Regarding it from the 
point of view of a naval architect, however, whose 
business it was to see that his ship had no more than 
its fair burden of skin friction resistance, his feelings 
were mixed. Reference to a graph in the paper 
showing the frictional coefficients of ships and of a 
pontoon with different roughness indicated that the 
effect of roughness on freshly coated ships was so 
severe as to increase the skin friction by 50 per cent. 
or more above the ideal figure. 

There were many irregularities in a ship’s surface 
which were unavoidable, but it was astonishing to 
him that their combined effect should be rated so 
high, and, he believed, to some extent unfairly so. 
A graph given in the paper compared estimated skin 
friction resistance of ships with an ideal theoretical 
skin friction limit, which one must not suppose could 
be achieved in ordinary ship construction. 

In that connection he said that Dr. Kempf had 
deduced an additional resistance of 25 per cent. for 
painting, rivets, straps, and butts, compared 
with 15 per cent. for painting plus butts, those figures 
applying to a length of 67 m. and a speed of 12 knots. 
By difference, an increase of 10 per cent. was obtained 
for rivets and longitudinal straps combined. Mr. 
Payne asked what was the proportion due to rivets 
alone. 

Discussing the portion of Dr. Kempf’s paper con- 
cerning the effect of fouling, which was of great prac- 
tical importance he concurred fully in the suggestion 
that the frictional resistance of a ship could be 
increased thereby as much as 85 per cent. In that 
connection he recalled an experiment by the Admiralty 
about thirty years ago when a number of large 
pontoons were immersed in various positions in Ports- 
mouth Harbour. From time to time the pontoons 
were removed and after light brushing their resistance 
was carefully ascertained by R. E. Froude in the 
Haslar Tank. Many surprising results were obtained, 
and the rate. of fouling was found to depend very 
much upon the locality. Change of locality often 
proved beneficial in destroying previous growths, 
but stimulated others. As showing the effect of 
different periods of immersion in different localities, he 
said that on an exposure of 7 months the percentage 
increase of skin friction resistance was only 15; onan 
exposure of 22 months the percentage increase was 
90 ; in another case an exposure of 34 months resulted 
in @ percentage increase of 150; and in still another, 
an exposure of 9 months effected a percentage increase 
of 200. Those resistance increases represented the 
mean of tests of a number of pontoons in each case, 
and the least increment of the series was generally 
about half the greatest. The tests were part of a 
general investigation, including observations of ships, 
and it was finally considered that in the course of a 





year the skin friction might conceivably be trebled 





in amount. Subsequent experience, including speed 
trials of ships with clean and fouled bottoms, fairly 
well confirmed that for tropical waters, but in 
temperate seas the skin friction appeared to be about 
doubled in a year. That was reasonably close to 
Dr. Kempf’s estimate. 

Discussing Mr. Lackenby’s paper, Mr. Payne said 
that any review of the subject was always of interest 
and was purposeful, but it was particularly so at 
present because two months hence the method of 
estimating skin friction of ships was again due for 
consideration by a conference of tank superintendents. 
It would be of interest to see whether the last recom- 
mendation, made in 1935, to adhere to Froude’s 
constants for the present would be amended. 

Dr. E. V. Telfer said he believed that Mr. Lackenby’s 
paper was the third dealing with the same subject 
which had been chosen by the scholars of the Institu- 
tion who had obtained the 1851 Exhibition Scholar- 
ship. 

+ on the resistance of ships, he said he had 
found that after about 100 days out from dry dock 
the total resistance had increased by something like 
10 per cent. On the frictional resistance that amounted 
to about 40 per cent. But that was wholly due to 
paint deterioration, for there was not the slightest 
evidence of any fouling. 

There was a lot to be said, concluded Dr. Telfer, 
for the facts which Dr. Kempf had put forward, but he 
was not satisfied that we had yet arrived at a com- 
plete explanation of them. 

Mr. H. G. Williams expressed surprise at the small 
effect attributed to curvature, in Dr. Kempf’s paper, 
i.e., 1 or 1} per cent., on the authority of Amtsberg ; 
his own notion of the magnitude of that effect had 
hitherto been derived from a paper by von Graff, 
read before the Schiffbau Technische Gesellschaft in 
1934, in which the resistance due to curvature was 
given as about 9 per cent. However, he was prepared 
to accept the former figure. He added that he had 
succeeded in proving, to his own satisfaction, Mr. 
Lackenby’s interesting propositions. 

Mr. L. Simmons said that a certain amount of 
evidence to support figures given by Dr. Kempf had 
been obtained from glider pilots, whose machines 
were fitted with extremely smooth wings; even 
particles of dust affected their results. When an 
aerofoil was painted with carborundum powder 
having particles of an average diameter of 0-0004in., 
the drag had increased, and when carborundum 
powder having particles of 0-00lin. in diameter was 
used, the drag increased still further. He gave some 
curves which showed that with the coarser powder 
the drag was about 40 per cent. greater than that of 
the wing having the smooth surface. In the course 
of other experiments some small pips were applied 
to the surface of the aerofoil to represent rivet heads. 
The experiments indicated that the roughness effect 
depended not only upon the size of particles, but also 
upon their distribution over the surface. The aero- 
foil used did not quite represent the results that would 
be obtained from a flat plate, but they were very near. 
The results fitted in more or less with the Prandtl- 
Schlichting theory. 

Mr. John Reid said he presumed that the work 
described by Dr. Kempf was done with a view to arriv- 
ing at a formula which could be applied quickly in 
order to secure an approximation to the resistance 
of ships. Over and over again, when trying to arrive 
at a suitable method of working out the resistance of 
existing ships, he found that some very important 
factors must have been left out of the formula. The 
time had come, he felt, to arrive at some common 
denominator, and some means which could be used 
day by day with the assurance that we should not have 
next year another series of papers in which all the 
different authorities would again disagree. 

The Chairman, commenting on Mr. Reid’s remarks, 
said he had thought that we had overcome a great 
deal of our difficulty. We had not yet reached exact 
agreement, but he felt sure that Mr. Reid would 
derive benefit from a study of the phenomena, which 
we were beginning to understand. 

Dr. Kempf, replying to Dr. Baker’s criticism con- 
cerning the practice at Hamburg and Wageningen, 
said that they always calculated by Froude’s method, 
and added some constant value. In reply to Mr. 
Williams, he agreed that Dr. von Graff had given a 
greater value than was given in the paper for the 
resistance due to curvature, and there were certainly 
cases where that greater value must be allowed. 

Mr. Lackenby briefly replied, and both authors 
indicated that they would submit detailed replies 
to the discussion by means of a written communica- 
tion. The meeting was then adjourned until 
Thursday. 

(To be continued.) 
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InstiITUTION OF ELEcTRICAL ENnGingeERS.—A history 
of the Institution of Electrical Engineers is being written 
by Mr. Rollo Appleyard. A great deal of relevant material 
is already in the archives of the Institution, but it is felt 
that there must be many members of the Institution and 
others who have in their possession information, or can 
recall facts which might be of assistance to Mr. Appleyard 
in mee the work complete so far as possible. The 
Council of the Institution has requested that those who 
have such information will write to Mr. Appleyard, at the 
office of the Institution of Electrical Engineers, Savoy- 
place, London, W.C.2. 
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An Electric Discharge Stroboscopic 
Tube. 


A MERCURY vapour hot cathode electric discharge 
stroboscopic tube has been introduced by the British 
Thomson-Houston Company for use in the observance of 
recurrent phenomena on rotating and reciprocating 
objects. It is well known that recurrent movements can 
be made to appear to slow down or be arrested if they are 
illuminated with intermittent 
light flashes occurring at the 
appropriate frequency. A fan, 
coupling, gear wheel, or arma- 
ture rotating at 3000 'r.p.m. 
will appear stationary | if 
viewed by the light of 'a 
lamp giving 3000 flashes per 
minute, With suitable 
arrangements any irregularity 
occurring at different parts 
of the complete revolution 
can be noted. of 
rotation or recurrence of any 
movement can also be ascer- 
tained by using a variable 
known frequency of flash 
and by adjusting the fre- 
quency until synchronisation 
is obtained. 

If the flashing is controlled 
from any point in the device 
the occurrence of other move- 
ments relative to this point 
can be checked. An example 
of this is the timing of valve 
m isms or the noting 
of out-of-balance conditions 
at any part of a revolution 
on balancing equipment. 
With transient phenomena a 
single flash can be arranged 
that will enable a photograph 
to be taken at some pre- 
determined time during the 
transient. When a i 
device is used in any of these 
ways the definition depends 
upon the shortness of the 
duration of the light flash. 
For some time stroboscopic 
illuminants have been 
obtained with the aid of 
flicker discs or small neon 
lamps, but the presence of 
a certain amount of lag in such devices affects the 
clarity of the image. The sbsence of a thermal lag in an 
electric discharge enables devices making use of it to be 
designed to give very short flashes of light of high intensity, 
thereby providing maximum brightness and definition and 
making visual examination easy. 

The B,T.H. stroboscopic tube gives an electric discharge 




















Fig. 1— 
STROBOSCOPIC TUBE 
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voltage is 100 to 260 volts, and the operating current 
approximately 1 ampere R.M.S., depending on the duty 
cycle. The duration of the flash depends upon the 
operating circuit, but is approximately 10 microseconds, 
whilst the maximum frequency of the flash is approxi- 
mately 500 per second. 

Circuits used for operating the tube should be ed 
so that the anode current return lead to the cathode is 
taken to the shell of the screw socket. It is important 
that a switch should be inserted in the anode circuit of 
the tube and that it should not be closed until the cathode 
has been energised for approximately fifteen minutes. As 
the cathode is of the indirectly heated, heat shielded type 
and the method of operation entails the passing of high 
peak currents, unless the cathode has reached its correct 
operating temperature the tube will be damaged. 

A convenient circuit for operating the tube by the 
closure of a contact passing approximately 250 milli- 
amperes is shown in Fig. 2. The contacts can be of the 
signalling switch type or of any form that can be correlated 
with the desired portion of a mechanism. At a certain 
point of rotation of a shaft contacts can be closed, thus 
producing a flash at this point and making possible 
observation of the condition of the shaft at that particular 
point in its revolution. 

With the values shown on the diagram, Fig. 2, the circuit 
will operate at frequencies of from 0 to 3000 flashes per min., 
and there is an optimum point for the slider of the potentio- 
meter controlling the cathode potential point for each 
frequency of flash. The circuit gives one flash only, 
irrespective of the time the contacts remain closed. A 
higher frequency of flash can be obtained by reducing the 
value of the condenser, although this will reduce the 
intensity of the flash. If only a slow speed of flash is 
required, the values of the 2000 and 1250 ohm resistances 
can be increased, while keeping the ratio the same, and in 
this way the current through the operating contacts is 
reduced. Provided a high-frequency flash is A 
the supply can be taken from small H.T. batteries. If 
A.C. is not available, the cathode can be supplied from 
accumulators, but care must be taken to ensure that they 
do not discharge and cause the tube to operate on a sub- 
normal cathode voltage. 

In some cases it is useful to have the frequency of flash 
controlled by the frequency of an electrical supply and 
the circuit in this case is shown in Fig. 3. By varying the 
positions of the 100 and 5000 ohm resistance sliders, an 
optimum point of definition will be obtained, and the time 
constant of the circuit can be adjusted to avoid obtaining 
two flashes per supply cycle. As the tube acts as a rectifier, 
it gives one flash of very short duration for each complete 
cycle of the supply voltage. With two circuits of this kind 
connected with opposite polarity to the A.C. mains, the 
flashes from the two tubes can be at 180 deg. to one another 
with a variation of some 45 deg. in the relative phase 
position of the flashes. If it is required to view the two 
movements accurately, the use of a B.T.H. Neon strobo- 
scopic tube in one of the circuits enables the movements 
to be seen in different colours. 

For some laboratory work a fairly high frequency flash 
that can be readily varied is desirable, and the circuit 
shown in Fig 4 meets the case. With the standard 
mercury tube the frequency of flash ranges approximately 
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by fixing wires of the requisite diameters to the dise with 
celluloid cement which can be seen round these lines. 

It is difficult to define accurately the actual time of flash 
and the definition obtainable. The time of passing of 
current by the tube is much longer than the apparent 
resulting visual definition, but as a guide the general 
position of the 0-002in. line can be determined when it is 
travelling at a speed of approximately 2000ft. per minute, 
although small vibrations of the line at this speed could 
not be seen. All these illustrations are reproductions 
from unretouched photographs on which the 0-002in. 
and 0-005in. lines are quite visible. 








SIXTY YEARS AGO. 


Iy our issue of April 6th 1877 we reviewed the first 
edition of Professor W. Cawthorne Unwin’s newly pub- 
lished ‘‘ Elements of Machine Design,” a book which in a 
revised form is still obtainable. We commended the work 
for the “‘ extremely lucid” style in which it was written 
but argued that its title was to some extent misleading 
in so far that it confined attention to the strengths, duties 
and proportions of the elements of machines and gave no 
information as to the preparation of designs for machinery 
as a whole.... Elsewhere in the same issue we recorded 
that some interesting experiments had recently been carried 
out with electric lighting at Crewe Station under the 
superintendence of one of Dr. C. W. Siemens’ officials. 
The current was supplied by a magneto-electric machine 
worked by two locomotives stationed in a siding. An 
engine-driver reported that he had seen the light from a 
distance of 10 miles. Railway officials asserted that if 
further experiments were successful and if the cost were 
not too heavy the whole of the gas lighting for the signals, 
signal-boxes, roads and platforms would be discarded in 
favour of electric lighting.... Rural water supply, then 
as now, provided a subject of topical discussion. Each 
year, we said, we saw our low-lying lands flooded in winter 
and our rural districts reduced to conditions of drought 
in the summer. The authorities in some small centres of 
population had recently made arrangements with con- 
veniently situated larger neighbours ing 
sources of supply to provide them with water in bulk for 
redistribution from a local reservoir. Such fortunately 
placed rural communities were however few in number and 
to many small villages and towns that method of meeting 
the difficulty was not available. It was extremely im- 
portant, we said, that a systematic survey should be 
undertaken preparatory to initiating a scheme providing 
for the storage of flood waters and their utilisation in dry 
seasons. We were glad to learn that the Government had 
decided to appoint a Royal Commission to inquire into the 
situation.... In a paper read before the Institution of 
Naval Architects and reprinted in the issue we have 
named Mr. W. John a Lloyd’s surveyor discussed certain 
aspects of the stability of ships. At that time this subject 
was slowly being placed on a scientific basis but in the 
case at least of merchant ships stability was still in large 
part @ question of trial and error rather than of calcula- 
tion. Mr. John discussed one or two recent disasters, 


particularly to grain-carrying ships, in the light of curves 
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flashing light source which fulfils the above conditions, 
and enables stroboscopic work to be carried out with ease 
and precision. In the bulbous end of the tube (Fig, 1) is 
an indirectly heated cathode consuming 10 amperes at 
5 volts. Connections to this cathode and heater are made 
through a G.E.S. cap. The common connection to the 








FIGS. 2 To 4—STROBOSCOPIC TUBE CIRCUITS 


from 250 to 500 flashes per second, but the circuit is not 
very stable, and requires skilled control, The definition 
obtainable can be seen from Figs, 5 to 7. The first illus- 
tration shows a stationary 12in. white disc, and Fig. 6 the 
disc rotating at 3000 r.p.m. and photographed by the light 
of a single flash from a B.T.H. stroboscopic tube operat- 





Fics. 5 TO 7—DEGREES OF DEFINITION OBTAINED 


heater and cathode is the screwed shell to which the anode 
load circuit ig also connected, At the other end of the 
tube is a standard bayonet lamp cap, both contacts of 
which are connected to the anode. Four starting elec- 
trodes are brought out to small cylindrical caps at the side 
of the tube, which is filled with mercury vapour at low 
pressure and gives a bluish white light. The peak anode 


ing from a circuit similar to that shown in Fig. 2. In 
Fig. 7 is shown a photographof the same dise driven by a 
synchronous motor at 3000 r.p,m., and taken by the light 
of a stroboscopic tube operating from the same A.C. 
su ply as in Fig. 3. The fine radial lines on the lower 
half of the disc are respectively 0-002in., 0-005in., 0-008in., 
0-025in., and 0-050in. thick. The first two were obtained 


of metacentres and centres of buoyancy. In the discus- 
sion which followed the reading of the paper Mr. Wigham 
Richardson expressed satisfaction at the fact that one of 
Lloyd’s staff was devoting himself to the scientific study 
of ship construction. He contended that the existing rules 
of the Society encouraged the building of dangerous ships 
with low freeboards. Mr. E. J. Reed took him to task for 
this assertion. If Mr. Richardson’s ideas were carried out, 
he said, they would require ships to be made so strong that 
they could be supported without breaking on a rock at 
the centre of their length. That, in Mr. Reed’s view, was 
an impracticable idea but modern naval architects do not 
regard it in the same light. 








Rapip Castine oF ConcrRETE Pites.—An article in 
Engineering News-Record describes a rapid method by 
which a large number of reinforced concrete piles were 
recently cast in Kansas. By casting the piles in layers and 
in two operations, the first involving the odd numbered 
piles, the second the even numbered piles, forming was 
reduced to a minimum, and only a small ground area was 
required for the work. Four tiers or layers of piles were 
laid up in one stack. Only side forms were required. 
These were made of 2in. timber assembled so that the space 
between piles being cast was exactly that required for 
another pile. After the first half of the piles in a tier were 
cast, the forms remained in place for twenty-four hours. 
They were then removed and the sides of the piles well 
brushed with paraffin oil to eliminate bond when the 
adjacent pile was cast. Steel reinforcing was set and the 
intervening spaces filled with concrete making a solid 
tier of piles. After twenty-four hours a layer of tarred 
paper was placed over the first tier of piles, the forms 
reset, and the same sequence of operations repeated for the 
next tier. 
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Henry Hudson Bridge, New York. 


No 


. I. 


(Continued from page 356, March 26th.) 


ERECTION OF AROH. 


= Henry Hudson Bridge, so far as the span was 
concerned, was erected by the familiar canti- 
lever method, but with such modifications as con- 
ditions at the bridge site imposed. Further, great 
care was exercised in fabricating the arch members 
because of the type of the arch and the possible range 
of temperatures during the seasons within which final 
closure might be effected. After considerable investi- 
gation of all the circumstances likely to have a bear- 
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rib directly above the outer falsework bent, and pro- 
vision was made for staying’ the toggle bent longi- 
tudinally by eye-bar chains connected to saddles 
at the tops of the posts of the toggle bent. When four 
more panels were added by cantilevering, then the 
toggle bent posts were moved so as to tauten the 
eye-bar chains, and thus to stiffen the structure and 
to reduce the bending stresses at the skewback, 
while adding the remaining sections of that half of 
the rib structure. The two ribs of the arch were 
built outward simultaneously from each side of the 
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ing on erection, if was decided to postpone some of 
the work of fabrication until after the main piers were 
finished and the four grillages for the two arch ribs 
ewere embedded in the concrete masses of the 
anchorages. With that done, it was then practicable 
to ascertain in the field the actual span length that 
would be required between opposing grillages, and 
the steel plant could then proceed to fabricate 
accurately each arch rib, give it the proper shape 
and length to meet the span requirements. The 
length of each rib was thus found to be 846ft. for a 
span 800ft. long. With that information available, 
the arch rib sections were completely fabricated and 
assembled at theshop. The closing pieces at the crown 
of the arch were not fabricated until after the rib 
sections had been assembled at the shop, when the 
actual length of the closing piece was in each case 
found to be 2ft. 6in. The closing pieces were then 
fabricated and assembled at the shop in combination 
with their contiguous rib sections. Each end of 
every rib section was milled to assure the prescribed 
bearing, the splices being on radial lines, and at the 
shop it was found practicable to mill the entire area 
of a rib end at a single setting of the member. Every 
care was taken in setting up the sections for milling 
so as to do the work in accordance with the calculated 
bevels and angles, and when the operation was 
finished check measurements were taken to make 
sure that the work had been done with the necessary 
precision. As the sections were thus made ready 
for either of the ribs, they were assembled to form a 
rib length of 200ft., and when measurements revealed 
that the assembled sections had been accurately 
fabricated, then the splices were reamed. No matter 
how many approved sections were removed from 
one end of a 200ft. assembly, a sufficient number of 
sections was added at the opposite end to maintain 
a total length of not less than 200ft. during the 
proving operations. So close to the calculated dimen- 
sions were the fabricated arch ribs that out of the 
total length of 846ft. for each rib, the assembled steel 
overran the specified figure by less than lin., and it 
is reported that the ordinates of the curve were held 
within a total variation of }in., which was compen- 
sated for in the closing piece. : 

The erection of the arch ribs is graphically repre- 
sented by a diagram and by half-tone engravings on 
these pages and page 392. The procedure may be 
outlined briefly as follows :—With each skewback 
placed and bolted to its supporting grillage, then 
three rib sections or panels were added and canti- 
levered from the anchorage. Next, a falsework bent 
was erected beneath the position of the fourth panel, 
and that rib section was added to the structure, and 
rested upon the bent. Jacking up the bent relieved 
the pier and grillage of some of the bending load. 
The succeeding three panels were added one by one, 
and the outermost of those rib sections was suppo 
by a second falsework bent erected 190ft. away from 
the anchorage, which was made to take much of the 
load previously borne by the inner bent. At that 
stage a toggle bent was erected on the lengthening 
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THE ARCH 


river and the falsework bents, and the toggle bents 
had each two posts 50ft. apart. At the base of each 
post there were two 300-ton hydraulic jacks that 
could elevate or lower that post or column, and thus 
transfer the increasing load from point to point and 
distribute it among the various bents in order to 
relieve the skewbacks and also to align the rib 
sections to complete the riveting of the splices. The 
toggle bents were especially helpful in effecting align- 
ment during certain stages of this particular work, 








and also in bringing the opposing rib ends into their 
proper positions preliminary to the crucial closing 
operations at the crown. 

The falsework bents on the north side of the river 
were located on land, while the two southern false- 


rted | work bents were erected off-shore. In all cases the 


bents had steel cages, either on the river bed or on 
the ground, which served primarily as guides in driving 
the long H beam piles, with cast steel tips, that 
penetrated to the underlying bed rock. The piles 











MAIN TOWER AND STEEL 





varied in length from 60ft. to 135ft., and the cages 
steadied the piles below the grillages which tied the 
piles horizontally together at their tops and formed 
the immediate bases for the two columns for each bent. 
The falsework cages for the two southern bents 
weighed respectively 80 and 140 tons, and were lowered 
into their positions with the aid of a large floating 
derrick. Each of the two toggle bents used tem- 
porarily two spandrel columns as posts, which were 
first set up erect and then tilted backward to bring 
them perpendicular to the arch just before bringing 
the eye-bar chains under tension by lifting the 
posts with the jacks at their bases. 


CLOSING THE ARCH. 


When the last section of each half of each rib had 
been put in place, there was a gap between the 
opposing members of about 7in., and at that stage 
the ribs were 4}ft. below the prescribed elevation for 
the completed ribs at the crown of the arch. There- 
fore, the gap had to be widened sufficiently to permit 
the insertion of the closing pieces, about 2ft. 6in. 
wide, and to do this the adjacent ends of the half ribs 
had to be lifted 4}ft. The major part of the work called 
for was performed by two crown jacks in the case of 
each rib—one jack at the top and the other jack at 
the bottom level ofthe neighbouring rib sections. 
Part of the load incidental to raising and spreading 
the rib ends was accomplished with the aid of the 
outer falsework bent beneath each half of the twin- 
rib arch. In advance of the closing operation, the 
opposing ends of the ribs were brought into both 
transverse and vertical alignment by means of guides 
equipped with 25-ton jacks at the sides and bottom 
that could take care of any subsequently necessary 
adjustment. Slabs of steel plate of sufficient width 
and bevelled shims were employed to centre the loads 
on the jacks and to subscribe to the changing angle 
between the neighbouring rib ends as the gap was 
spread. Similarly, other steel shims and wedges were 
used to hold the ends apart whenever the crown jacks 
had to be reset for another thrust. Top and bottom 
jacks on each rib were interconnected and actuated 
by the same pump so as to assure uniform and simul- 
taneous action at both positions. Aligning pins at 
the bottom flanges of the ribs were employed to hold 
the opposing rib ends in their prescribed final rela- 
tion and to aid in closing the centre splice from top 
to bottom. 

The crown jacks on each rib exerted a pressure of 
1000 tons on that rib—equivalent to 9000 Ib. per 
square inch for each of those jacks, Falsework bents 
7-North and 7-South were operated in unison with the 
crown jacks, but their unit loads were progressively 
reduced after the crown jacks carried a loading 
of 1000 tons per rib. Also the loading of the toggle 
bents was gradually reduced to about 60 tons on each 
eye-bar chain by the end of crown jack operation. 








APPROACH VIADUCT 


A post of control at the crown of the arch was con- 
nected by telephone with the several jacking stations, 
and this made it possible to direct the interrelated 
operations of the different jacks. 

Well in advance of actual closure, plans had been 
made to carry out that work either in cool or warm 
weather; but as it turned out closure was effected 
early in the month of last July, when the thermo- 
meter registered a maximum of 90 deg. Fah. To take 
advantage of the comparatively cool hours of the 
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early forenoon, the work of jacking was begun at|as the work went forward, and a schedule was 


5 a.m. From that time onward to 11 a.m. the jack- 
ing proceeded without a hitch by gradual increments 
until the gap at the crown of each rib was sufficiently 
widened for the insertion of the closing piece. Imme- 
diately thereafter, the closing pieces and the web 
splice plates for the two ribs were put in place, and 


followed which permitted the riveting to be done 
under the most favourable conditions. The centre 
of the arch provides a clearance of 142-5ft. at mean 
high water. The Government requirements on 


navigable waterways is an under-clearance of not 
less than 135ft. at the same stage of the water. The 








ERECTION OF FIRST ARCH PANEL 


then bolted and pinned on one side. Next, the load 
was taken up by the crown jacks, and the jacks at 
falsework bents 7-North and 7-South were eased to 
bring the closing pieces into bearing, thus producing 
a fixed arch in the case of each rib. By 2.30 p.m. 
the arch was closed, and at all stages of the closing 
operations the aligning apparatus performed satis- 




















PLACING ARCH CLOSURE PIECE 


factorily. With the arch closed, the opposite side of 
the centre splice was bolted and pinned and the web 
splice plates were placed between the flange angles. 
Bents 7-North and 7-South were jacked down far 
enough to transfer the entire load of each of the arch 
ribs to its anchorage piers. The succeeding opera- 
tions consisted of removing the jacking brackets at 
the crown, the securing of the permanent flange splice 
plates, and the erection of the cross frame and the 
floor beam at that point between the two ribs. In 





erecting the arch rib sections, the splices were riveted 








ERECTION 


deeper channel, when dredged, will be beneath the 
centre of the span. 


Fioor System EREcTION. 


The construction of the floor system, which was 
started as soon as the arch was finished, was carried 
forward so as not to induce an objectionable un- 
balanced loading of the two arch ribs. The two 
travellers which had assisted in the erection of the 
ribs were brought into service where they stood near 
the crown of the arch. The south arch traveller was 


south of the centre and the viaduct on the Inwood 
Hill Park side of the river. The same viaduct 
traveller cleared away the two arch travellers succes- 
sively. The concrete slab of the sidewalk was laid 
in one pass, and the roadway concreting was done 
in three passes. 








According to Mr. W. K. Greene, one of the engi- 


OF ARCH RIBS IN MAKER'S YARD 


neers of the American Bridge Company, “ the deflec- 
tions and stresses for the Henry Hudson Bridge were 
calculated on the basis of gross areas and modulus 
of elasticity 29,000,000. Since the make-up of the 
arch ribs was very simple, it was anticipated that the 
actual deflections would be close to the calculated, 
and this conclusion was borne out by observations 
that were frequently made in the field.” 

The contract for the substructures was held by 
the Thomas Crimmins Contracting Company, and 
the contract for the superstructure, including the 





AERIAL VIEW OF COMPLETED BRIDGE 


used to erect five panels of the deck—beginning at 
the centre of the arch and moving southward—inci- 
dentally clearing away the south toggle bent. The 
north arch traveller, moved away in the opposite 
direction, erected five deck panels and dismantled 
the north toggle bent. A viaduct traveller then com- 
pleted the deck between the north viaduct and the 
five panels north of the crown of the arch, and with 





that done it finished the gap between the panels 


concrete deck, was held by the American Bridge 
Company, a subsidiary of the United States Steel 
Corporation. All steel material was supplied by the 
Carnegie-Illinois Steel Corporation, and the steel 
superstructure was fabricated and erected by the 
American Bridge Company. The consulting engineers 
on the design were Messrs. Robinson and Steinman ; 
and the consulting architect was Eymar Embury II. 
Mr. Robert Moses, Park Commissioner of NewgYork 
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City, is the directing head of the Henry Hudson 
Parkway Authority, and he was represented on the 
work by Messrs. Madigan and Hyland. 

The substructure and the superstructure of the 
bridge, under the two contracts involved, cost a 
total of 1,137,876 dollars. Outlays for the tributary 
parkway sections, which have a combined length of 
approximately 4} miles, are covered by the original 
legislative authorisation of 3,100,000 dollars. The 
entire undertaking is the direct response to the steadily 
increasing volume of motor traffic entering and leaving 
the Borough of Manhattan, and the new parkway and 
the Henry Hudson Bridge will undoubtedly help to 
relieve congestion on the crowded thoroughfares of 
the city. The Henry Hudson Bridge, with a span of 
800ft., is claimed to be the longest fixed arch span 
built to date, and it is also the longest plate girder 
arch erected so far. 








Chemical Intercrystalline Fracture 


of Riveted Joints in Boilers.* 
By S. F. DOREY. 


Durie the past twenty years much attention has been 
given by land engineers, metallurgists, and physicists to 
the question of what is known as the chemical or caustic 
embrittlement of steel. 

Many cases of cracked plating in boilers and some explo- 
sions have been attributed to chemical embrittlement, but 
the cases described in the already large literature which 
exists on the subject have been confined to land boilers 
or to apparatus used in the manufacture of caustic soda. 

The matter has not received the attention it deserves 
from those in the t of marine boilers, 
doubtless for reason that marine boilers have hitherto 
been considered to be immune from the trouble. As, 
however, a few cases have occurred in the past three years 
where the shells of marine cylindrical boilers fitted in 
vessels classed with Licyd’s Register of Shipping were 
found to be so seriously cracked that the boilers were unfit 
for further service and were condemned, it is well that 
marine engineers should be warned that their attention 
should be directed to the matter. 

The term “caustic embrittlement” is really a mis- 
nomer. The steel does not become brittle in the way that 
glass or cast iron is brittle. It remains ductile, but is 
fissured through the grain boundaries. Neither is it certain 
that the phenomenon is due to the action of pure caustic. 
Recent investigations indicate that it is probably due to 
the presence of sodium silicate in the soda and in other 
chemicals commonly used in boilers. 

Attention was first of all drawn to the matter through 
the failure of vessels used in the manufacture of caustic 
soda, and these failures were attributed to-embrittlement 
due to caustic, and the term “ caustic embrittlement ” 
was then applied to the condition. This term has passed 
into the literature on the subject, but it may be more 
accurately referred to as intercrystalline fracturing due 
to chemical action. 

Quite naturally, when the theory of caustic embrittle- 
ment of steel was first propounded, it was received with a 
good deal of scepticism, and much adverse and frequently 
biassed criticism was directed against it, but a careful 
and unbiassed examination of the evidence leaves no room 
for douUt that steel can be rendered defective by this form 
of chemical attack. 

The features of the attack in boilers are characteristic 
and well defined, and for all practical p’ are inde- 
pendent of the quality of steel emplo: in their con- 
struction. are :— : 

(1) The cracking is confined to the plating in way 
of riveted seams. The plating away from the seams is 
unaffected. Joints above and below the water level 
are equally liable to this form of cracking. 

(2) The cracking begins at rivet holes and on the 
surfaces in contact, not at the outside surfaces. 

(3) The cracking of the plating is usually accompanied 
by the breaking off or cracking of rivet points, and this 
is usually the first observable symptom. 

(4) The path of the cracks is along the grain boun- 
daries and is not transcrystalline as is the case with 
fatigue failure. 

(5) The boiler water is strongly alkaline and low in 
sulphates. 

In three cases of marine boilers to which reference has 
been made, all these characteristic features were present, 
with the exception that the water analysis in one case did 
not reveal the amount of sulphate, the quantity of water 
available, unfortunately, not being sufficient for a complete 
analysis. 

In each case attention was at first drawn to the fact 
that a number of rivet points had fallen off in the longi- 
tudinal shell joints, and on investigation it was found that 
there was evidence of cracking in the outer butt straps. 

The outer strap was then removed and the strap and 
shell plating in way were found to be extensively cracked 
on the faying surfaces, the origin of the cracks being at 
rivet holes. Samples of the defective material were then 
subjected to full investigation, which revealed that 
initially the steel was perfectly satisfactory and that the 
cracks were inte: ine. 

Although it has been definitely stated that inter- 
crystalline cracking of boiler plating at riveted joints is 
not due to excessive riveting pressure alone, evidence has 
been found in certain cases that cracks were started 
by overstressed material, due to excessive riveting pressure 
in either plates or rivets or both. This cracking, however, 
would be conducive to intercrystalline fissuring of the 
stressed material where exposed to the action of caustic. 
In one case lately other cracks were found in rivets and 
plate adjacent to the first cracks which showed no caustic 
inclusion. On examining the rivet holes the surface at 
edge of rivet hole was found to be depressed about 4/,,in., 
and cracks starting from the edge of the rivet hole were 
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found, together with cracks in the necks of the rivets, 
indicative of very excessive rivet pressure. These cracks 
were of transcrystalline character. 

Experiments carried out for Lloyd’s Register of Shipping 
on the effect of work hardening in the vicinity of rivets 
showed differences in Brinell hardness: numerals of 50 points 
between plate under rivet and plate away from rivet, 
while Izod impact tests gave for the plain plate material 
an average of 20 foot-pounds, compared with an average 
of 6 foot-pounds for plate in way of rivet holes. Experi- 
ence indicated that the most suitable riveting pressure was 
about 60 tons per square inch of rivet shank area. 


and Co., Ltd., on a riveted double butt strap joint of 
28-32-ton boiler plate and with a riveting pressure o 
81 tons per square inch of rivet section showed that 
whereas the Brinell hardness number of the shell in way of 
the rivet holes was increased by 27 per cent. above its 
original value, the Brinell hardness of the butt straps in 
way of the rivet holes was increased by 36 per cent. This 
indicates that the effect of work hardening is greater in 
the butt straps than in the shell plating, from which it 
may be inferred that embrittlement will take place more 
quickly in the straps and this is borne out in practice. 

Research into the action of caustic soda upon mild steel 
subjected to conditions of temperature and stress encoun- 
tered in boilers up to working pressures of 700 lb. per 
square inch has revealed that no attack takes place with 
concentrations normally occurring. With a 10 per cent. 
solution of caustic, however, a considerable reduction in 
the tensile breaking strength of the steel has been observed, 
with evidence of intercrystalline breakdown. 

It has not been definitely established what is the mini- 
mum alkaline concentration at which chemical inter- 
crystalline cracking may take place. Straub suggests a 
concentration equal to not less than 100 grammes per litre, 
& concentration considerably in excess of that at which a 
boiler could be normally worked. It is of interest to con- 
sider how the alkaline concentration takes . 

It is generally recognised that no matter how carefully 
a boiler may be made and caulked, fluctuations in pressure 
and. temperature cause slight opening of the seams, 
through which water enters. In the seam the water is 
evaporated and is ejected as steam, and the solid con- 
stituents are left behind, and this cycle goes on until the 
concentration point is reached at which attack on the 
steel takes . This concentration is not so quickly 
reached if there is a leak through the joint, as then the 
solid constituents of the water are deposited outside the 
joint in the way with which everyone is familiar. Trouble 
may, however, be considerably aggravated if the leak is 
stopped by external caulking, often excessively applied. 
This not only gives an opportunity for a rapid concentra- 
tion of the caustic, but overstresses the material, con- 
ditions jointly liable more quickly to initiate inter- 
crystalline breakdown. 

What appears to be an important advance in the avail- 
able knowledge of the subject has resulted from experi- 
ments carried out in the United States by Schroeder and 
Berk on the action of solutions of sodium silicate and 
sodium hydroxide at 250 deg. Cent. on steel under stress. 
These investigators were unable to obtain caustic embrittle- 
ment failure when using chemically pure caustic soda, 
but failure was rapidly attained when commercial caustic 
soda was used. Upon analysis the commercial soda was 
found to contain sodium silicate, together with the car- 
bonate and chloride of sodium, and further experiments 
showed that the carbonate and chloride had no effect, 
but that 0-64 per cent. of sodium silicate in the caustic 
soda was the reason for the rapid failure. 

An analysis of a boiler fluid which it is understood is 
largely used in the mercantile marine shows that it contains 
@ considerable quantity of sodium silicate, while analyses 
of certain other boiler fluids and compositions have indi- 
dated the presence of sodium silicate in excess of the 
0-64 per cent. mentioned above. 

The foregoing represents a very broad outline of the 
present position in the matter. No attempt has been 
made to summarise the large amount of work carried out 
in this country, America, and Germany. Soda, which 
when hydrolised by use in a boiler becomes caustic soda, 
and boiler fluids of various kinds have been used for a 
great many years in ships’ boilers, yet it is only com- 
paratively recently that definite knowledge is available 
that damage is being done, and it is probable that more 
cases of the kind will be revealed in the near future. 

It is necessary therefore that those who have the care 
of marine boilers should take particular care that nothing 
containing sodium silicate should be used in the treat- 
ment of boiler water, and that the uired alkalinity 
should be obtained from soda chemically free from sodium 
silicate. 

Further, when broken rivet heads or points are found, 
the case should be very carefully examined, since these 
may be a symptom of a grave condition, particularly in 
the case of shell seams. Broken rivet points or heads are 
not necessarily a grave matter, but they may be indica- 
tions of great importance, and as such should: not be 
lightly treated. 

There are some features in the matter which have not 
yet been fully explained. 

(1) Is the attack due to the presence of carbide around 
the boundaries of the ferrite crystals which are corroded 
by the embrittling solution, and is it analogous to the 
intercrystalline disintegration which affects certain 
austenitic steels ? 

(2) Why is it that one boiler in a vessel has been attacked 
and the shell plating rendered unfit for further service, 
and another boiler in the same ship working under the 
same conditions shows no sign of defect whatever? And 
how is it that the shell plating may be attacked while the 
combustion chamber and furnace joints, which are, of 
course, exposed to precisely the same conditions of water, 
remain intact, and vice versa ? 

This appears to point to the attack being of a highly 
selective order, and that a particular metallurgical con- 
dition of the structure is necessary before the material is 
broken down. Schroeder and Berk’s findings are that 
sodium silicate is the chemical agent in producing a very 
rapid breakdown, and it is for that reason that it is 
recommended that soda, boiler fluids, or other chemicals 
free from sodium silicate should be used when it is neces- 
sary to counteract an acid condition of the boiler water. 


Recent tests carried out for the author by John Brown | spec 


hydroxide (caustic soda) had a marked effect in reducing 
the resistance of locally stressed per spednent 

In a further paper by Sc er, Berk, and Partridge 
the experimental work indicates that chemically pure 
sodium hydroxide has little effect on reducing the uni- 
formly distributed tensile load a specimen will carry, 
but causes a marked reduction in the load-carrying ability 
if the specimen has a line of stress concentration. 

By introducing small amounts of sodium silicate into 
sodium hydroxide solutions, however, the load required 
to produce failure at 250 deg. Cent. in specimens tested 
in tension alone was considerably reduced, as also for 
imens suffering stress concentrations. 

The entire absencé of sodium silicate does not in the 


f | presence of caustic soda solve the problem, but until more 


is known on the subject and we can recommend engi- 
neers some other substance or substances, it seems pre- 
ferable to confine the recommendation to the total exclu- 
sion of sodium silicate. In the present state of knowledge, 
a new technique for boiler water treatment seems to be 
necessary, and in the meantime if soda must be used, 
only sufficient to maintain the neutral condition, i.e., 
neither acid nor alkaline, is necessary. 

That sulphates in the water prevent intercrystalline 
cracking has been fully proved by Parr and Straub, and 
the American Society of Mechanical Engineers’ Boiler 
Code Committee in 1932 recommended the following 
minimum ratios of sodium sulphate to the total alkalinity 
of the boiler water :— 

For pressures up to 150 Ib. 
For pressures between 150 Ib. 
For pressures over 250 Ib. > ws Ctok 

But it is questionable whether for the higher pressures 
the ratio is not too high, and would be productive of 
heavy calcium sulphate scale. Straub sa: are too 
high, but adds that that view is the result of laboratory 
observation only, and that investigation is ing. 

Schroeder, Berk, and Partridge state, however, that 
their experiments indicated sodium sulphate only retarded 
the failure of specimens with stress concentrations when 
the load was applied at room temperature, and point 
out that high concentrations of sodium sulphate in solu- 
tion, and a solid layer of sodium sulphate may both play 
an important part in the influence of this salt. y 
further state that at the present time it po ae desir - 
able to maintain as high a concentration of sulphate in 
the water as is compatible with satisfactory boiler opera- 
tion, since this should create conditions least favourable 
to embrittlement. The protection offered by sodium 
sulphate may not be satisfactory where the steel is sub- 
jected to repeated stress. 

An analysis of a sample of boiler water taken from a 
boiler which has recently been condemned on account of 
chemical intercrystalline cracking in way of the longi- 
tudinal joints was found to be as follows :— 

Parts per 100,000. 


sé 


and 250 lb. 2 


Total alkalinity . 126-2 (calcium 

carbonate) 
Alkalinity as carbonate pee oa 67-0 
Caustic alkalinity (caustic soda) 59-2 
Sodium sulphate ... ... «.. «- 12-1 
Sodium chloride ... 39-2 
Calcium oxide 1-0 
Bodican wilhewhe jase) 46-5 ec cene veon er 20 
Phosphate also present, butlessthan... 1-0 


It is evident that the water is of a suitable composition 
to initiate intercrystalline failure, the sulphate being low 
and caustic content high. Further, the ratio of sodium 
sulphate/total alkalinity is approximately 1/10, a con- 
dition indicative of potential danger. It is to be noted 
that the sodium silicate present is about 1-7 per cent. of 
the sodium hydroxide. 

It is known that soda of unknown composition was 
commonly used for many years before caustic embrittle- 
ment was ever spoken of, and although it may be that 
some, if not all, of the many cases of cracking frum hole 
to hole in fire-box plating which have occurred in the past 
in classed vessels were due to chemical intercrystalline 
breakdown, during the last three years Lloyd’s Register 
of Shipping has only had five definite cases of the trouble 
having assumed a dangerous aspect. One is therefore led 
to the conclusion that soda (really carbonate of soda), 
as manufactured nowadays may be different from the soda 
of many years ago, and very likely sodium silicate, 
amongst possibly other ingredients, is the cause of the 
trouble. In the present state of knowledge, one cannot 
be more definite than this. An analysis of carbonate of 
soda of thirty years ago might be a pointer. 








SuLPpHuR Recovery Processes.—Details of the progress 
made in this country and abroad in the economic recovery 
of sulphur were given by Mr. M. P. Appleby in a recent 
lecture on ‘The Recovery of Sulphur from Smelter 
Gases” before the Newcastle section of the Society of 
Chemical Industry. The process developed at Billingham 
has now reached the commercial stage, being applicable 
to metallurgical of almost any sulphur dioxide 
content, and being capable of reducing the sulphur dioxide 
content of such gases below the limit of concentration 
at which they are a nuisance. Its first stage alone can be 
employed to give concentrated sulphur dioxide for lique- 
faction and sale. An experimental pilot plant has been 
in intermittent operation at the Billingham works of 
I.C.I. for several years, and is now continuously produc- 
ing about 20 tons of SO, per day. A reduction 
plant having an output of tons of sulphur per day is 
also in production. Mr. Appleby said that two successful 
recovery processes have been developed. One of these 
(the I.C.I. process) employs as a first stage a concentra- 
tion process, followed by reduction of pure SO, to sulphur 
by means of coke. The other has been developed 
independently by Bolidens Gruvaktiebolag, of Sweden, 
and @ company was formed last year, under the title of 
Sulphur Patents, Ltd., for the joint exploitation and control 
of the two processes. It was explained that initial research 
at Billingham was directed towards evolving an 
efficient process for the concentration of the sulphur 
dioxide from the raw gases. This resolved itself into a 
search for a solution in which hur dioxide could be 
absorbed in large gp and from which it could be 
readily regenerated. The choice eventually fell on a 











These investigators found, however, that pure sodium 





specially prepared solution of basic aluminium sulphate. 
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Tue TRrans-SiperR1aAn Rartway.—tThis year the double 
tracking of the Far-Eastern Railway in the U.S.S.R. will 
be completed. 


A TUNNEL UNDER THE Maas.-—It is reported that a 
vehicular tunnel is to be co: under the river 
Maas at Rotterdam. The scheme will cost about 1} 
million pounds, 


RETIREMENT OF Mz, A. W. Harry.—The chief mech- 
anical engineer of the Great Southern Railways, Ireland, 
Mr. A. W. Harty, has retired and has been succeeded by 
boa - C. Bredin, formerly works manager at Inchicore, 
Dublin. 


Mersry Rarway.—In order to cope with the increased 
electric train service to be introduced when the Wirral 
lines of the London, Midland and Scottish Railway are 
converted to electrical working, two 750-kW rectifier sets 
are to be installed in the Birkenhead sub-station. 


Execrric Locomotives 1x U.S8.8.R.—It is reported 
that a large number of electric locomotives for express 
services are under construction in Russia. The new loco- 
motives have a tractive effort of 37,000 lb., a total weight 
of 120 tons, and are said to be le of speeds up to 
80 m.p-h. The electrified mileage in the country is just 
over 700 route miles. 


Larce Hoprrr Wacons.—A number of bogie hopper 
wagons with a capacity of 43} tons are being built for 
Imperial Chemical Industries by Charles Roberts and Co. 
These wagons are fitted with both vacuum and hand brakes 
and have two large bottom doors. With a tare weight of 
22 tons 1 ewt. 3 qr. the length between buffers is 39ft. 5in., 
the overall height of the wagons being 11ft., with a width 
of 8ft. 6in. 


LeveL CrosstnG ELIMINATION IN THE Unirep States.— 
In the United States the two hundred million dollar pro- 
gramme for the elimination of level i is bei 
rapidly carried out. Up to the present projects costing 
over fifty-eight million dollars have been completed ; 
others are in hand oustines nearly one hundred and three 
million dollars. Up to February 28th last 854 separation 
and 108 signal protection projects had been completed, 
881 separation and 309 protection projects were in hand, 
and a total of 3008 projects approved. 


THe Ratway Contarser ScuemEe.—The main line 
railways of this country are to build more of the mobile 
truck bodies which are in ble between railway 
and road vehicles. The popularity of this method of trans- 
porting goods is shown by the fact that in 1928 there were 
1574 of these containers in service, compared with the 
13,000 units now operated by the British railways. A 
large variety of types of these containers has been evolved 
by experience, one of the most ular being of the 
covered type, 14ft. by 6}ft. by 69ft., with a capacity of 
4 tons. 

STREAMLINED TRAINS IN THE UNITED Srates.—The 
Southern Pacific Railroad Company has recently put into 
service two new light-weight twelve-car streamlined trains 
on its “‘ Daylight ” service between San Francisco and Los 
Angeles, of the two trains has a coupled length of 
just over 870ft. and weighs 1,144,340 lb., or about one- 
third less than an ordinary steel riveted car train of similar 
capacity, The trains are identical and each comprises 
one combined coach, seating forty-four ; one full 
coach, seating forty-eight; six coaches, articulated in 
units of two, seating fifty passengers per body ; a tavern 
car, seating forty-two; a diner, seating forty ; a parlour 
car, seating thirty-three; and a parlour observation car, 
seating forty-one ; ora total seating capacity of 548. 


IMPROVEMENT OF ALPINE Roaps.—For the improve- 
ment of Alpine roads the Swiss Government and the 
Cantons have @ plan which will involve the 
expenditure of 78 million franes, According to The Times, 
two new roads will be constructed, one along the left bank 
of the Lake of Wallenstadt to facilitate communication 
between Zurich and Chur ; the other over the Susten Pass 
to connect Interlaken and the Hasli Valley with the 
Canton of Uri and the St. Gothard road. The road from 
the Lake of Geneva to Lucerne over the Col des Mosses, 
the Simmenthal, and the Brunig Pass will be widened 
and improved. The road over the Furka Pass will be 
modernised throughout, and the improvement of the 
one over the St. Gothard Pass will be completed. The road 
over the Julier in the Grisons, which is now open during 
the winter, is to be rebuilt. The whole scheme, which 
also includes the widening of the Great St. Bernard, 
Lukmanier, Oberalp, San Bernardino, and Fluela roads, 
is to be completed within six years. 


LocomotivE CraNk AxiEs.—Some interesting expe- 
riences in locomotive crank axle failures were mentioned in 
the discussion of a paper.read before the South American 
Centre of the Institution of Locomotive Engineers by 
Mr. E. 8. Cox. According to a note in the Railway Gazette, 
the trouble was experienced with some three-cylinder 
tank engines built in this country and sent out to South 
America. These engines had solid crank axles, which had 
a tendency to develop flaws in service. A stronger type 
of solid axle was unsuccessfully tried and ultimately all 
the engines were fitted with built-up crank axles. Two 
of these broke in rapid succession, the fracture taking 
place through the big end journal up against the web ; 
the cause in each’ case was a fatigue crack starting from 
the square keyway. It was then decided to measure the 
deflection in these axles ; a spring micrometer was used, 
and the exact distance apart of the two webs of each 
engine’s crank axle was taken on the top and bottom 
centres and the difference noted. It was found to vary 
between 3 and 40 thousandths of an inch ; the deflections 
were then graphed against the age of the axle, and it was 
found that, in general, the older the axle the higher the 
deflection. By taking into account deflection and age 
combined it was possible to decide which engines should be 
stopped first for axle changing, and when the axles were 
removed the suspicions were found to be correct in almost 
every case. After fitting the new axles the square keyways 
were replaced by giub screws and no further trouble was 


ing | munication in the Union. 


Miscellanea. 





Swiss Inpustrres Fam.—The twenty-first Swiss 
Industries Fair will be held at Basle from April 3rd to 13th. 


Gas Company’s New Presmpent.—Dr. Charles Car- 

nter, the president of the South Metropolitan. Gas 

mpany, and chairman of the South Su and the 
Commercial Gas Companies, has resigned. He will be 
sueceeded by Mr. Frank Jones. 

Coorers Hitt War Memoriat Prize anp Mepat.— 
The award of the Coopers Hill War Memorial Prize and 
Medal is to be made this year by the Institution of Elec- 
trical Engineers, and the Council has decided to invite 
members to submit for consideration @ paper on any sub- 
ject coming within the scope of Electrical Science or 
Electrical Engineering and their Applications. 

DraIninc THE SomERSET MarsHes.—At its quarterly 
meeting the Somerset County Council @ scheme 
for the drainage of the marshlands at A’ and 
Sedgemoor. The scheme would cost £1,485,000, and of 
this sum the Council is willing to provide £834,750, 
providing £650,250 was raised by the Athelney district 
drainage boards. The cost of the scheme would be spread 
over the next fifty years. 

Moisture PERMEABILITY OF SYNTHETIC RESIN 
Fivisues.—The United States National Bureau of 
Standards has recently completed a series of experimental 
investigations on the pe of synthetic resin 
finishes used on aircraft. It was found that the glyceryl 
phthalate finishes are less to moisture under 
dry conditions than are those made with a phenol formal- 
dehyde resin; under wet conditions, however, this order 
is reversed. 

TELEPHONES IN SoutH Arrica.—The South African 
Post Office Administration has prepared a five-year plan 
involving an expenditure of over four million pounds for 
the development of telephone and hic com- 
It is anticipated that two 
million pounds will be spent on new telephone connections, 
£700,000 on reconstruction, £551,000 on exchanges, 
£345,000 on trunk lines, and £530,000 on the extension of 
former telephone facilities. 

New Tuse Works on THE Cryp&.—It is announced 
that the Coltness Iron Company, Ltd., in co-operation 
with Imperial Chemical Industries, Ltd., is making 
arrangements with a view to the erection of works in the 
Clyde area for the production of non-ferrous metal tubes 
for the shipbuilding, housing, and general i ing 
trades. It is pro’ to form a new company for this 
purpose, and it is hoped that the erection of the works will 
be commenced at an early date. The anticipation is that 
employment will be given in the first instance to about 150 
men. 

A New Inpusrrmt Marermrt.—A new synthetic 
material known as “‘ Neoprene” has been developed by 
Imperial Chemical Industries, Ltd. It is said to have 
certain definite advantages over natural rubber, being 
more resistant to heat and to the deteriorating effects of 
oils. To demonstrate articles which are being made 
from “‘ Neoprene ”’ and “ Necprene ” composition for use 
in the engineering, aircraft, textile, printing, automobile, 
and other industries, an exhibition is to be held at the 
offices of the Federation of British Industries, 21, Tothill- 
street, S.W.1, from April 26th to May Ist next. 


Trx Consumption ANALysIs.—According to statistics 
issued in the March Bulletin of the International Tin 
Research and Development Council, published by the 
Hague Statistical Office, world consumption of tin in 
January, 1937, increased by 18-4 per cent. to 15,668 tons, 
against 13,237 tons in January, 1936. Activity in the 
principal tin-consuming industries is at an iably 
higher level than a year ago, world tin-plate production in 
January, 1937, being 311,000 tons, against 275,000 tons 
in January, 1936, while the output of motor vehicles has 
increased from 473,000 to 501,000. World production of 
tin in January at 13,660 tons was at practically the same 
level as in January, 1936. 

Rust-Proor Parnt.—A new product for protecting 
metal, known as “ Rust-eeter” and marketed by Thos. 
Parsons and Sons, Ltd., is unusual in that it is applied 
direct to the rusted surface, and reacts on the 
rust itself in such a way as to transform it into an essential 
part of the protective coating. It is a paint with a basis 
of chlorinated rubber, which is well known for its powers of 
resistance to acids, is and mechani processes. It 
is suitable for exposure to corrosive vapours, rain, mist, 
salt water, and other climatic conditions. The paint, 
unlike red lead, may be sprayed on as well as applied by 
brush. It sete to the touch in less than 20 min., and it is 
completely dry within twenty-four hours. 

Woop PrESERVATION.—A new method of wood pre- 
servation has beeh patented in Germany. The material 
used is a silicic acid ester of phenols, alone or in a solution 
or mixture with other substances. The moisture con- 
tained in the wood splits the ester hydrolytically into 
silicic acid hydrates and free phenols. To accelerate the 
hydrolytic action and to promote formation of hard, 
almost insoluble, compounds, the wood itself or the pre- 
servative liquid is treated with water, ammonia, or solu- 
tion of salts of alkaline-earth metals. This may be done 
before, during, or after impregnation of the wood. The 
treatment is claimed to improve physical properties of the 
wood and to make it immune against decay fungi, owing 
to the toxic action of phenol. 

Miners’ WacEs.—Fi are now available showing, 
for the year 1936, the amount of the voluntary increases 
conceded by large consumers of coal having running 
contracts, and the amount paid in increased wages to the 
miners under the terms of settlement of the wages dispute 
in January, 1936. The total of the voluntary price 
increases amounted to £2,126,260, and that of the wage 
increases to £6,084,577. For South Wales the figures 
cover a period of thirteen months, to January 31st, 
1937, and for Somerset one of nine months to September 
30th. From these figures it can be seen that the colliery 
owners have paid out in increased wages nearly three 
times as much as they have received from voluntary 






Air and Water. 





A New LicuruovusE.—It has been decided to build a 
new lighthouse on Sorel Point, in the island of Jersey. 
It will be of the unattended type and will cost over £2000 
to build and equip. 

New Passencer Moror Lixers.—Orders for two new 
10,000-ton x motor liners have been placed with 
the Caledon Shipbuilding and Engineering Company, 
Ltd., by Alfred Holt and Co., Ltd. 

British CORPORATION REGISTER.—In succession to 
Mr. Robert Clark, Mr. Gilbert Innes has been appointed 
Chairman of the British Corporation Register. Mr. George 
Workman has been appointed Vice-Chairman. 


German WatTeRwAy SeERvice.—There was recently 
inaugurated in Germany a regular all-river steamship 
freight service from Joenigsberg in East Prussia, to Breslau 
in Silesia, vid the Polish Corridor, Berlin, and Magdeburg. 


Bureau Veriras January Returns.—The Bureau 
Veritas list of maritime casualties for January, 1937, 
shows that during that month fifty-seven steamships, ten 
motorships, and one sailing ship were removed from the 
register. 

Company oF Master Marrners.—Sir Robert Burton- 
Chadwick has been elected Master of the Honourable 
Company of Master Mariners. He will take over the office 
in succession to the Duke of Windsor, who, as Prince of 
Wales, became its first Master in 1928. 


WuirrenaveN Harsour.—At an estimated cost of 
£30,000, it is proposed to improve the entrance to White- 
haven Harbour. Amongst other things, it is planned to 
improve the entrance to Queen’s Dock, fit new electrically 
operated gates and to strengthen the dock walls. 


New Artantic Recorp.—The west to east record 
crossing of the Atlantic set up by the “ Queen Mary ” 
has been broken by the French liner “ Normandie,” 
which covered the distance between the Ambrose Light, 
New York, and Bishop Rock in four days six minutes at a 
mean speed of 30-99 knots. 


ProrosepD Armorarr MERGER CANCELLED.—It is 
announced that the proposed purchase of the under- 
taking of British Marine Aircraft by the Westland Aircraft 
Company has been cancelled. The union of the two com- 
panies was part of the recently abandoned scheme for the 
merger of five British aircraft companies under one control. 
The other companies concerned in the negotiations were 
British Airc Manufacturing, General Aircraft Com- 
pany, and Aero Engines. 

Empire Friyrne Boat Disaster.—On Wednesday, 
March 24th, the Imperial Airways flying boat “ Capri- 
cornus” crashed in the Beaujolais Mountains, near 
Ouroux, in France, when on the first stage of her maiden 
flight to Alexandria from Southampton. Four of the crew 
were killed and the only passenger died later from injuries. 
Shortly before the crash a wireless message was received 
from the machine saying that it had lost its bearings in a 
snowstorm, and an attempt would be made to find Macon 
and land there. The “ Capricornus” left Southampton 
at 11.30 a.m. and the last message was received from it 
at 2.10 p.m. 

New Yorx-—Paris Arr Race.—tThe first British entry 
for the New York to Paris air race is a “‘ Clyde Clipper,” 
to be built by the Scottish Aircraft and Engineering Com- 
pany for Sir Hugo Cunliffe Owen. The machine will have 
two 750 H.P. Rolls-Royce “ Kestrel” engines, and have 
a range of 4500 miles with a speed of 230 miles an hour. 
The “ Clyde Clipper,” designed as a 14-20-seater passenger 
air liner, loads up to 19,000 lb. within its normal category 
certificate of airworthiness, and being of “ lifting fuselage ”’ 
design, it requires only a 2000 Ib. overload to give it a 
range of 4500 miles. Overloading is allowed under the 
rules of the race. The machine will thus not be presented 
with any difficulties of take-off. The pilot will not have 
to rely on dead reckoning, for by means of short and 
medium wave wireless he will be in constant touch with 
either Europe or America. 


AERIAL PHOTOGRAPHY IN CANADA.—Aerial photography 
was introduced into Canada in 1922, and since then by this 
means over 481,000 square mies of country have been 
mapped, mostly in difficult and unsettled regions. Details 
of about 700,000 square miles of the Dominion are also 
available from its collection of air photographs. Utilisa- 
tion of the information obtained from air photographs 
has greatly simplified the surveying and laying out of 
new roads. In northern Manitoba great saving has 
resulted by being able to open roads to the mines in the 
shortest and most direct way. Work is being carried out 
at the Canadian Government National Research Council 
in connection with survey research. This includes the 
completion of a radial line plotter which reduces the 
time required for the measure of detail on vertical photo- 
graphs by half. A multi-camera mount which, in oblique 
photography, reduces air survey costs to a similar extent 
is also being developed. 

PROTECTION OF TrmBER PrtEs IN SEA WaTerR.—At the 
Permanent International Association of Navization Con- 
gresses an interesting method of protecting timber piling 
in sea water was described by Messrs. G. Smith and P. 
Palen. In this method coatings of Portland cement mixed 
with arsenious oxide, sand and water are applied to the 
timber. The maximum strength is obtained when a 1 to 3 
arsenious oxide, Portland cement mixture is used, but 
since the arsenious oxide causes very rapid setting of the 
mixture, the mortar cannot be applied in the usual manner. 
A special form of cement gun’ was therefore devised in 
which arrangements are provided for the correct propor- 
tioning and feeding of the mixture. In the treatment of 
timber piles used for harbour construction the coating is 
applied to the desired thickness to the parts exposed to 
the action of the sea water by means of wire mesh rein- 
forcement fixed around the piles by galvanised nails. It 
is stated that the driving of the piles causes no deteriora- 
tion of the coating and that the piles may be driven as 
soon as the coating has thoroughly dried. The method 
can also be employed for the protection of concrete struc- 
tures against the corrosive action of sea water. 
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The Pencil Portrait presented with the present issue 
is of Sir John Snell, Chairman of the Electricity Com- 
mission, a Past-President of the Institution of Elec- 
trical Engineers, Vice-President of the Institution of 
Civil Engineers, Chairman of the Water Power 
Resources Committee of the Board of Trade, and Chair. 
man of the Committee on Electroculture of the Ministry 
of Agriculture. Between 1910-1918 Sir John was a 
partner with Preece, Cardew and Rider, and during 
that time acted as principal technical witness for H.M. 
Post Office in the National Telephone Arbitration. 
He was created Knight in 1914 and G.B.E. in 1925. 








BOREDOM. 


Ir is of industrial boredom we would speak. 
Not the boredom that is imposed upon us by the 
club button-holer, by a dull party, a dull book, 
dull music. In all those things there may be 
variety, yet it does not lift the weight of dulness 
from our wits; our minds remain flat, inactive, 
irresponsive to such stimuli as the conditions may 
offer. We suffer from acute ennui; a nervous 
condition bordering upon active irritation. We 
are on the verge of angrily snatching our button- 
hole from the pertinacious fingers, or flinging the 
book into a corner, or screaming aloud at the party. 
The boredom, industrial boredom, that is our 
present subject, is the result of doing the same thing 
over and over again for eight hours a day. Even 
though the doing calls for some measure of skill 
and attention the continual repetition gets upon 
the nerves, time becomes interminable, and a 
distaste amounting almost to nausea for the work 
in hand comes upon us. Fortunate it is that since 
repetitive work is the common lot of a very large 





percentage of humanity Nature comes to our aid. 
The work that bores us to extinction for the first 
few days gradually becomes scarcely noticeable 
routine ; we do the same jobs over and over again 
almost unaware that we are doing them. Our 
fingers work automatically and the brain is free 
to concern itself with other things. If it were 
not for this palliative, this almost dormitive, which 
Nature provides, much of the essential work of 
the world would never be done. When we visit 
a factory where large numbers of women and girls 
are employed upon repetitive work which could 
be equally well, if not better, performed by an 
automaton, we are horrified by the condition ; 
yet in the majority of cases the workers appear to 
be happy enough and if we talk to them we find 


ase that they are interested either by the work itself 


or by the skill their fingers have attained. They 
are not as completely bored as we should expect 
| rene to be. The mere act of repetition has ceased 
to prey upon them; they have probably ceased 
to be aware of it. Whether that is a good thing 
or not is another question. 

The Medical Research Council has just issued a 
report by Mr. S. Wyatt and Mr. J. N. Langdon, 


1/ which records an investigation into this subject. 
99 | It is entitled “ Fatigue and Boredom in Repetitive 


Work,” and is obtainable from H.M. Stationery 
Offices. There are many interesting observations 
in it, but on one important point it appears to 
be inconclusive. The manager who thinks prin- 
cipally of efficiency will want to know to what 
extent output is affected by a condition of boredom. 
He will not find a clear answer in this report. The 
authors, indeed, argue that matter in one of their 
sections, but the problem is so involved in other 


5| forces which modify the rate of output that it is 


impossible to say definitely that boredom does 
diminish output under factory conditions. The 
primary phenomenon cannot be isolated for 
separate examination. The conclusion, we think, 
must be that, after 4 time, boredom ceases to 
affect output to any measurable extent; a trifle 
perhaps in the more intelligent workers who are 
the greatest sufferers and quite inappreciably in 
the less intelligent, who, in the process of time, 
become unconscious automatons. Hence, the 
removal of boredom would appear to be principally 
a humanitarian objective. And it is fraught with 
difficulties. The authors very properly recognise 
that “for many individuals, a certain amount of 
boredom is an inescapable condition of modern 
factory life.’”’ Boredom in this case is assumed to 
be induced by monotonous occupation. But all 
do not suffer to an equal extent. Of 355 workers 
who were assessed we learp that 3 per cent. showed 
practically no symptoms, 33 per cent. were 
slightly affected, 38 per cent. experienced a 
moderate degree, 23 per cent. suffered severely, 
and only 3 per cent. were seldom free from boredom. 
It would appear from these figures that something 
approaching three-quarters of all the workers 
suffered no more from boredom than any pro- 
fessional or business man does in his daily work. 
That is a record with which it is difficult to find 
fault, for it must be remembered that in the 
remaining 25 per cent. there would unquestionably 
be found a fair number who were, as the saying 
goes, born bored. There are, in all ranks of society, 
many people who are constitutionally ill-adapted for 
regular occupation. Nothing that could be done 
to remove the reaction against monotony would 
be effective in their case. In a factory the rational 
course would be to refuse to employ them; to 
select only those who were of such a temper that 
monotony became a second nature to them. 
“There is not the least doubt,” say the authors, 
“that large numbers of industrial operatives 
possess more intelligence than is necessary for 
their work.” The more the intelligence, the greater 
the boredom. By employing only those of limited 
intell‘gence, as is done in some works of which we 
have knowledge, even the lowest form of repetitive 
work will be pursued year in and year out without 
any consciousness of boredom. 

That really brings us to the crux of the whole 
problem. It must be assumed that with the spread 
and development of education the standard of 
intelligence is rising. In the course of time we 
shall be faced with the fact that not 25 per cent., 
but 75 per cent. of the operatives suffer from 
boredom, and in further time there may be found 
none at all who do not hate monotonous occupa- 
tions. That will arise partly, as the authors point 
out, from a feeling in the workers that they are 
too good for the job.” Already it is being 
found that one result of liberal education is the 
reduction of skilled labour. Young mechanics 
who have educated themselves and secured 





National Certificates are discontented, let us 
say bored, at the bench; they all want black 
coat jobs. Education must have the same effect, 
pro rata, on the repetitive handicrafts; the 
workers in them will seek for more interesting, 
more creative, work. Smiall blame to them; but 
since the repetitive work has to be done it ‘must 
either be made more attractive or removed 
altogether. We doubt if means of increasing the 
attraction which the authors describe — tea 
intervals, half-hours with the gramophone, better 
working conditions—can be permanently success- 
ful. They may act very effectively for a time, 
but despite them sooner or later monotony will 
affect those who are subject to it. The only real 
alternative is the continual reduction, by 
mechanical means well within the abilities of 
engineers, of all simple manual operations. That 
that would lead to a permanent increase of 
unemployment is improbable, and from the 
humanitarian point of view it would seem to be, in 
an improving world, the better course. 


Agricultural Engineering. 


Tue value of markets for agricultural machinery 
could be estimated with fair approximation by 
means of statistics relating to agricultural possi- 
bilities if such statistics were not liable to be upset 
by variable economic factors. There is no industry 
which is more susceptible to those factors than 
agricultural engineering. They turn largely upon 
the purchasing power of the agricultural population. 
That power varies with the profit which agricul- 
turists can make out of the sale of their produce. 
For many years those profits have been low in 
many countries, in consequence chiefly of self- 
imposed restrictions that have destroyed the old 
system of normal distribution. Whilst, therefore. 
the agricultural problem is one that concerns many 
industrial activities, a satisfactory solution is to 
be found only with the aid of the engineer, 
who is thus confronted with a task of vital import- 
ance. That task can be explained by what is 
happening in France, where agriculture is still by 
far the greatest national industry and has to exist 
side by side with manufacturing industries that 
have undergone a phenomenal development since 
the war. They have received State aid which, at the 
best, can now only be curtailed by leaving to their 
fate those industries which are unable to continue 
without excessive protection. This state of things 
is not confined to France. It exists in other Con- 
tinental countries where manufacturing industries 
have been superimposed on a staple. agricultural 
industry, thus giving rise to conflicting interests 
whereby agriculture has, in general, severely 
suffered. It appears unlikely that there can be any 
return to free exchanges between mainly manu- 
facturing and mainly agricultural countries, and 
all that can be done at present is to reach some 
compromise that will protect necessary manu- 
facturing industries without bringing agriculture 
to the fringe of disaster. In France, the social 
revolution has so profoundly modified the situation 
that the whole aspect of agriculture has changed, 
to the extent that the problem of saving the 
industry has become largely one for mechanical 
engineers. Hence the agricultural machinery 
show which was held in Paris two weeks ago was 
of particular interest by reason of the general 
impression it gave that machinery makers were 
about to play an indispensable and increasingly 
important part in the resuscitation of agriculture. 

In former times French agriculture flourished 
with a big export trade. After the war trouble 
began when the industrial expansion made a heavy 
demand on rural labour, which steadily migrated 
to industrial centres. The trouble increased with 
the vicissitudes that overwhelmed all Continental 
agricultural countries, and the only means of 
escaping from disaster appeared to be a complete 
reorganisation of the industry by the State and the 
fixing of prices at a level that would leave a margin 
of profit to growers. When the Popular Front 
Government came into power the programme was 
carried still further and threatened to complete the 
disaster by social and labour reforms that imposed 
additional burdens on farmers, with higher wages 
and the prospect of a forty hours’ week. The 
labour agitation developed into general strikes 
during the harvest period, and, for the first time, 
farmers saw the danger of depending on labour and 
turned to the agricultural engineer for help. So 
far as the agricultural organisation is concerned 
there is a prospect of its settling down under con- 
ditions that tend to reduce the labour supply. At 
the same time, the Government has put a brake on 
the farmers’ efforts to obtain a higher level of prices 
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for fear that it may inflate the cost of living. The 
organisation provides for a control of production 
which will be limited to home requirements, whilst 
the farmers are assured guaranteed prices. But the 
amount of their profits will necessarily depend on 
labour costs. Moreover, the production control 
means the fixing of maximum areas for different 
crops, and growers will endeavour to get the maxi- 
mum crops off those areas by methods which, they 
hope, will be provided by the engineer. Hence new 
problems are set before the agricultural engineer 
with a view to making the most of a controlled 
production system with the least possible labour. 
The importance of this movement lies in the fact 
that, if the French organisation proves successful, it 
will almost certainly extend to other Continental 
countries which are labouring under the same 
economic difficulties. At the Paris agricultural 
machinery show makers affirmed that big farms 
were being equippped with every mechanical 
appliance and that harvester-thrashers, which 
were put to such good use during the strikes, were 
now definitely installed in farms from which they 
had previously been excluded on the ground of 
economy. The balance is now on the side 
of the machine. The field is widened for the use of 
big-capacity machines, which farmers will work for 
a fewer number of hours a year, retaining only a 
sufficient number of permanent hands to operate 
the machines and dispensing with extra labour 
during seasons of high pressure. French makers 
are still waiting to see how smaller farmers will 
adapt themselves to the new situation. There are 
more than a million of them employing paid hands, 
so that the work of adapting machinery to their 
needs is of exceptional importance. 
This phase of agricultural machinery develop- 
ment was responsible, many years ago, for the 
creation of an International Committee at Geneva 
to encourage the invention of a light universal 
type of tillage machine which could be standardised 
and sold at a low price. If it did little more this 
Committee stimulated the efforts of makers 
specialising in light power machnies to provide 
something that would meet the requirements of 
small farmers. At every machinery show in Paris 
progress is observable in these machines, particu- 
larly now that light high-speed low-consumption 
heavy oil engines are available. But under the 
new labour conditions applications of both light 
and heavy agricultural power machinery have 
become more than ever essential, and the complete 
mechanisation of farms is in sight. Some of the 
problems are, nevertheless, very difficult, though 
not insoluble, chiefly in consequence of the 


known as Queen Mary College—he was appointed 
Professor of Engineering. In that post he remained 
for twenty-six years until his retirement. 

On February 9th this year a number of Professor 
Low’s old pupils assembled in London in honour of 
his eightieth birthday but unfortunately his declining 
health prevented him from being present. The 
occasion however was remarkable for the wide circle 
of engineers represented at the gathering and for the 
sincerity of the tributes which many speakers paid 
to the memory which they retained of their old 
teacher. Although the whole of his career had been 
spent in the class room Professor Low preserved to 
the end a very practical outlook on engineering and 
never became academic. He possessed in a remarkable 
degree the true teacher’s rarest gift, the ability to 
think clearly in the first instance and then to impart 
his thoughts to others in brief and simple language. 
This characteristic is fully apparent in the books 
which he wrote, books which for more than one 
generation have been of continued value to all who 
have used them. Of those contributions to the 
literature of engineering his best known perhaps is the 
“* Manual of Machine Drawing and Design *’ which he 
wrote in conjunction with A. W. Bevis although his 
later work, ‘‘ Applied Mechanics *’ published in 1909, 
is of at least equal merit and value. His other books, 
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searcely if at all less well known and esteemed, 
included a treatise on ‘“‘Heat Engines”? and a 


in 1912. At the outbreak of the war in 1914 he was 
recalled to fill the post of Assistant Director of 
Mechanical Transport at the War Office, where he 
served until 1916, when he was transferred to the 
Ministry of Munitions as Director of Mechanical 
Transport. In 1911 the honour of C.B. had been 
conferred upon him, and in 1916 he became K.C.B. 
General Holden was elected an F.R.S. in 1895, and 
was a Lefroy Gold Medallist and a Chairman of the 
Royal Aero Club. He was a valued member of Council 
and a Vice-President of the Institution of Electrical 
Engineers, a Fellow of the Royal Aeronautical 
Society, and a Vice-President of the Royal Society of 
Arts. He took the keenest interest in all forms of 
road and rail transport and in 1905 was Chairman of 
the Royal Automobile Club, while for several years 
he served on the Board of the National Physical 
Laboratory. He gave the ‘“‘ James Forrest Lecture ” 
before the Institution of Civil Engineers in 1908, 
taking as his subject ‘‘The Road Motors of the 
Present Day and some Unsolved Problems Connected 
with Them.” In 1927 he became the President of the 
Radio Society of Great Britain. : 

In 1902 Colonel Holden invented an ingenious 
petrol motor bicycle, which was built by the Motor 
Traction Company, Ltd., of Walnut Tree Walk, 
Kennington, whose Mr. Parsons collaborated in its 
details of construction. The engine was a 3 B.H.P., 
750 r.p.m, unit with four horizontal water-cooled 
cylinders, two on either side of the machine, forming 
a double-ended single-acting cylinder open in the 
middle, but with a continuous water jacket. A full 
description of this interesting invention will be found 
in THE Enorneer of April 4th, 1902. 





ROBERT HENRY THORPE. 


Many of our readers will learn with regret of the 
sudden death in a London nursing home, on Monday, 
March 29th, of Mr. Robert Henry Thorpe, who for 
many years has been associated with the Waygood- _ 
Otis Company and was a pioneer worker in the design 
and construction of hydraulic and electric lifts. Mr. 
Thorpe, who was seventy-six years of age, served his 
apprenticeship with James Simpson and Sons, of 
London, and was articled to the late Sir Joseph 
Bazalgette, under whom he served as assistant engi- 
neer on the main drainage of Western Kent, and later 
in America on the New York West Shore scheme, and 
on the Hudson River Railway. He began his business 
as a lift engineer in London and at a later date moved 
to New York, but he rma oo _ took . 
leading in the design and installation of specia 
lifts oe underground railways and for other 
purposes, such as the lifts for the Glasgow Harbour 
Tunnel. Mr. Thorpe was a member of the Institution 
of Civil Engineers, the Smeatonian Society of Civil 
i , and the American Society of Mechanical 
Engineers. He was vice-president of the Otis Elevator 
Company of New York, and a director of Waygood- 
Otis, Ltd., of London, and Waygood-Otis (South 








extremely varied conditions under which particular 
machines may have to operate. A case in point is the 
beet harvester, which is required to work in heavy 
wet clays or hard dry soil, and which necessitates 
regular thinning and ridging of beet by machinery 
before it can be employed satisfactorily. Develop- 
ment in this direction has been hindered by thecost of 
building experimental machines. But users become 
less exacting when they find that special machines 
are indispensable to them, and the same tolerance 
may reveal itself elsewhere under pressure of 
more costly and less reliable labour. In countries 
where, as in France, agricultural conditions 
are varied and farmers have their own idio- 
syncrasies based upon generations of local expe- 
rience, problems of farm mechanism must be 
approached with an agricultural mind. 








Obituary. 
DAVID ALLAN LOW. 


Many engineers in all parts of the world will mourn 
the passing of David Allan Low, a revered teacher 
and kindly friend to those who knew him personally 
and, to a still wider circle, the bearer of a name 
familiar to them throughout the whole of their pro- 
fessional career. Professor Low died on Wednesday 
of last week March 24th at his home at Ilford, London, 
in the eighty-first year of his life. He was born at 
Dundee in February 1857 and received his general 
education at the High School and West End Academy 
of his native city. His training as an engineer covered 
a period of seven years spent in the workshops and 
drawing-office with attendance during the evenings 
at science and technical classes. Subsequently he 
studied at Owen’s College, Manchester and at Glasgow 
University. In 1877 he was awarded a Whitworth 
Scholarship. ; 

His first appointment in the teaching profession 
was as Lecturer in Engineering at Allan Glen’s 
Institution, Glasgow. Subsequently he became head- 
master of the Day Technical School for Boys at the 
People’s Palace, London and later when that Institu- 


manual entitled ‘‘ Practical Geometry and Graphics.” 
To many however his “ Pocket-Book for Mechanical 
Engineers ” will long remain a valued friend. 
Professor Low was one of the oldest members of 
the Institution of Mechanical Engineers. He joined 
that body in 1888 and until a few years ago attended 
almost every general and every summer meeting. 
Accompanied by one of his three daughters he took 
part in the Institution’s visit to Canada in 1932. He 
was also an honorary member of the Junior Institu- 
tion of Engineers. No one who knew him with his 
upright carriage, his kindly greeting and his keen 
interest in all that pertained to his profession will 
require to be told that with his death practical 
engineering and the training of those who would 
follow it have suffered a severe loss. It is some con- 
solation to remember that in his books something of 
his spirit as a great teacher survives and to know that 
in large measure that spirit has been inherited by his 
only son Mr, B. B. Low, Professor of Mathematics at 
the Military College of Science, Woolwich. 





BRIGADIER-GENERAL SIR CAPEL HOLDEN. 


By the death of Brigadier-General Sir Henry Capel 
Lofft Holden, which occurred at his home, Gifford 
House, Blackheath, on Tuesday, March 30th, at the 
age of eighty-one, the nation has lost a distinguished 
soldier, who served many years in the Royal Artillery, 
and an engineer and scientist who, during his lifetime, 
accomplished much and showed interest in all new 
developments, particularly in gunnery, mechanical 
transport, and electrical science. Henry Capel Lofft 
Holden was the eldest son of the late Dr. H. A. 
Holden, a distinguished headmaster of Uppingham 
and Durham Schools. He was born at Cheltenham in 
1856, and received his education at Ipswich School 
and the Royal Military Academy. In 1875 he joined 
the Royal Artillery and saw some service in India, 
where he stayed until 1881. For some time after- 
wards he was employed in special technical work con- 
nected with developments in electrical science and 
artillery, but in 1885 he was made Captain-Inspector 
at Woolwich. He was promoted major in 1892 and 
colonel in 1908, and during his service at the Royal 
Arsenal was Proof and Experimental Officer. In 
1899 Colonel Holden was appointed Superintendent 
of the Royal Gun and Carriage Factory, Woolwich, 


Africa), and the Rodney Foundry Company, Ltd., of 
Deptford. 








Facing Some Facts.* 





Tue fundamental duty of successful management is 
to face facts and act accordingly. Industrial and business 
ostriches that prefer to bury their heads in sand when 
trouble approaches are usually short-lived as are also their 
companies. : 

No executive can afford, to-day, to shut his eyes to 
the fact that inflation has not only begun, but is well 
under way. What we do not know as yet is where it 
will stop. : 

Inflation means higher costs for everything that you 
make and for everything that you buy. In most cases 
it has to mean proportionately higher prices for every- 
thing that you sell, That, or go out of business. 

Take as an example what has happened so recently 
in the steel industry. It is conservatively estimated that 
the higher wage rate, the shorter work week, and the 
tremendous increase in overtime pay, plus thé decreased 
efficiency which follows radical labour unions, and the 
infiltration of inflation will boost the steel wage cost 
from 25 to 29 per cent. On an annual pay roll of 
800,000,000 dollars, this means an annual cost increase 
of at least 200,000,000 dollars. This for an industry 
employing 500,000 workers. j 

Inflation did not begin with the steel per. nor 

will it stop there. Soon it will reach the farmer who has 
to pay for machinery and motor cars with wheat, hogs, 
beef, and chickens. And eventually it will penetrate 
to the pocket book of every member of the family of John 
Q. Public. 
Proportionate rises in labour cost throughout the 
entire group of our more than 40,000,000 wage earners 
would add 10,000,000,000 dollars per year to the con- 
sumers’ burden, and that without producing one additional 
pound of steel, motor car, or quart of milk, over that 
previously produced for 10,000,000,000 dollars less. 








French Trtxvision Station.—The French Ministry 
of Posts, Telegraphs, and Telephones has ordered & 
30-kW commercial television set to be installed on the 
Eiffel Tower. The set will probably be in service on & 
smaller power in July and with full power within a few 
months. It will be installed at about 1100ft. above ground 
level. 











tion developed into the East London College—now 





a position which he continued to hold until he retired 





* By J. H. Van Deventer, in the Iron Age, March 18th, 1937, 
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Technical Aspects 


of Oxy-Acetylene 


Welding. 


(Contributed. 


HE considerable progress made by the oxy- 

acetylene process during the past few years can 
be largely attributed ‘to the development of the 
technical and economic characteristics, usually 
known as welding technique, of the process. The 
problem of making a fusion weld is one that is 
capable of many solutions, accompanied by very 
varying technical and economic results. It is only 
when established technique is followed that the 
full advantages of a welding process are obtained. 
As regards oxy-acetylene welding, it is only com- 
paratively recently that the significance and import- 
ance of the manipulative methods of making welds 
have been recognised. 

For a Jong period the method of making the welds 
was left to the welder himself, with the result that 
with the considerable diversity of methods there 
was, naturally, a high degree of variation in the 
technical and economic results. As a result of 
investigations into the factors which influence weld- 
ing results, it was found that the method of making 
the weld is connected directly or indirectly with 
many factors, including some which, at first sight, 
would appear to be unrelated. 

Again, the technical characteristics of a welding 
method which covers all the factors that have an 
influence upon the technical results and thus deter- 
mines its suitability for any particular job are 








FiG. 1—-UPWARD VERTICAL WELDING 


invariably associated with the economic charac- 
teristics of the method, including all the factors which 
affect the cost of the weld, since these will influence 
the choice between methods which may give equally 
satisfactory technical results. 

As regards the oxy-acetylene welding of steel, 
the high cost and indifferent results so frequently 
obtained at the present time in many workshops 
are invariably due to the use of obsolete technique 
or the incorrect application of modern technique. 
It should be clearly understood that, for a given 
range of material thickness, there exists a method 
of welding which gives the best economic and tech- 
nical results. For every method operating instruc- 
tions giving (a) the direction and position of the 
flame and welding rod, (b) the power of the flame, 
(c) size of the welding rod, (¢) movements to be given 
to the blow-pipe and the welding rod, (e) preparation 
of the parts, &c., are available. 

For example, the development of what are described 
as “ upward vertical methods of welding,” in which 
the seam is purposely made in a vertical direction, 
represents one of the most important advances in 
oxy-acetylene welding. Described in a paper read 
at the International Welding Congress in Rome in 
1934 and subsequently introduced by the French 
Acetylene and Welding Association, after establishing 
the technique, into large works specialising in the 
manufacture of pressure vessels, &c., these methods 
have proved of outstanding merit for welds which, 
in service, have to withstand considerable stress. 

The illustration, Fig. 1, shows the longitudinal 
seam of the shell of a pressure vessel being welded 
by the method of upward vertical welding, known 
as method “ B.” Tack welds are not used and the 
edges of the plates are kept in alignment by simple 


gresses. In Fig. 2, which shows the finished welded 
seam, the absence of distortion, which is trouble- 
some and costly to correct, is noticeable. By this 
method, plates up to fin. thick can be welded without 
chamfering the edges. The technique is rapidly 
acquired and first-class results are consistently 
obtained, and, owing to the efficient utilisation of 
the available heat, economical] results are assured. 

The ends of the pressure vessel shown in Fig. 3 
are being welded by the 
upward vertical welding 
known as method “A.” 
This method, in common 
with all upward vertical 
welding, ensures a bead 
on the underside of the 
weld and strength charac- 
teristics complying with 
any specification. It is 
interesting to note that 
over two million welded 
containers for compressed 
gases have been con- 
structed by this method. 
There is yet a third varia- 
tion of the upward vertical 
welding, known as method 
“C,” whieh is used for 
plates over jin. thick. 
Test pressures of over 
400 lb. per square inch 
are used on vessels so 
welded. 

Not only are these 
methods applied to pres- 
sure vessels, but to sheet 
and plate used in general 
constructions, when low 
cost, simple preparation of 
the . freedom from distortion, and absolute 
reliability are required. Space does not 
a detailed examination of the technique of these 
important methods, but full information can be 
obtained from the Acetylene and Welding Consulting 
Bureau, Trafalgar-square, London, a Bureau which 
not only exists for supplying welding information 
of all kinds, but maintains a staff of welding engineers 
to demonstrate the methods, and a demonstration 
workshop. The services of the Bureau are available | th 








FiG. 2—THE COMPLETED SEAM 


in any part of the country and without any cost to 
firms desiring its services. 

The dissemination of welding information of an 
up-to-date character is probably the greatest need 
of the industry at the present time. A vast amount 
of data of a practical character is in existence, but 
the utilisation of such data is on a comparatively 
small scale. In spite of the great educational work 
which has been done by manufacturers of welding equip- 
ment and materials which has, at least, induced firms 
to become welding-minded, the fact that operators, 
and even some of those engaged in the training of 
welders, do not display a knowledge of and keenness 
in the development of welding technique is a serious 
obstacle to welding progress 





cotter clamps which are removed as the weld pro- 





—— 


in the non-ferrous field is by no means exploited 
advantageously, mainly because the existing tech- 
nique is unknown by the average operator. Too 
often the welding of the newer alloys becomes 
“* hit-and-miss ” welding, whereas the metallurgical 
characteristics have, as a rule, been studied and a 
definite technique laid down. For example, the 
welding of aluminium and its alloys introduces 
problems which the welder, without a knowledge 
of the technique, is usually made aware of for the 
first time by the presence of cracks in the completed 
weld. 

The welding of copper and copper alloys has 
received considerable attention in view of the 
extensive use of those metals in industry. The 
technique is exceedingly important in all cases, and 
many failures can be traced to ignorance of such 
important factors as character of the flame, method 








FiG. 39~WELDING THE SEAMS OF A PRESSURE VESSEL 


of making the weld on thin or thick material, after- 
treatment of the weld, &c. The extensive use of 
** bronze ” be to ferrous and non-ferrous meta! 
is accompanied, in many cases, by almost complete 
lack of knowledge of the technique of bronze welding, 
which ensures its use for the right type of work 
and produces joints of remarkable strength and 
reliability. A perusal of such papers as those by 
ee and Lytte, and the classic publications of 

** Office Central,” Paris, would reveal to the 
user that the technique is not so simple as the one 
he uses and that it varies for different metals and 


alloys. 
The welding of nickel and its alloys, a rapidly 
expanding application, has been considerably 


advanced by the published information of the Bureau 
for the Information on Nickel and the Acetylene 
Consulting Bureau. Nevertheless, poor results in 
the welding of Monel metal and Inconel can usually 
be traced to insufficient knowledge of the technique. 

Sufficient has been written to indicate that even 
with the abundance of welding literature which 
exists at the present time there is considerable 
scope for the dissemination of technical information 
of a practical character. In vain may one look for 
information in welding text-books for the solution 
of many common problems. For exampie, informa- 
tion on the welding of wrought iron, low-carbon 
alloy steels, medium and _ high-carbon steels, alu- 
minium alloys of the modern type, numerous copper 
alloys frequently welded, bronze welding applied 
to various metals and alloys, &c., is not readily 
available for the trained welder, whilst the untrained 
welder too often attempts to weld materials with 
the technique of which he is entirely unacquainted. 
Costly welds and many failures result. 

The characteristics of the oxy-acetylene flame are 
not sufficiently well known for industry to appreciate 
that owing to its reducing character and its technical 
and economic advantages when employed with 
modern technique, it offers a solution to numerous 
problems of repair and production. Apart from weld- 
ing, the miscellaneous uses to which the flame can 
be applied, such as heat treatment, heating for bend- 
ing and other operations, brazing, hard surfacing, 
&c., are frequently overlooked, even in workshops 
where welding is used. 

To reap the advantages of the established tech- 
nique, it is clear that the existence of a Bureau of 
information, such as that described, is essential, 
and the status of welding instruction should be 
raised so as to ensure that welders and prospective 
welders are receiving up-to-date tuition. With the 
co-operation of the firms selling equipment and 
materials for welding, the rational development of 
oxy-acetylene welding will be assured. 








New Cruiser Launcnep.—On Wednesday, March 
24th, the new cruiser of the ‘‘ Southampton” class, 
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H.M.S. “ Liverpool,” was launched at Govan. 
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Extensions at Watford Electricity Works. 


——<»—_——- 


Watford electricity supply undertaking began 
operations with a 350-kW power station in June, 
1899. Fifty-cycle single-phase current was generated 
at 2200 volts and supplied to many sub-stations in 
various parts of the town, in which the pressure was 
reduced to 200 volts for distribution. From time to 
time the area of supply was extended, with the ulti- 
mate result that the Corporation now meets the 
demands of the whole of the local government areas 
in addition to those of its own borough. On the east 
the range of supply is bounded by the area of the 
North Metropolitan Electric Power Supply Company ; 
on the north-east by that of the Luton Corporation ; 
on the north-west by the area of the Chesham Com- 
pany ; and on the south-west by that of the Colne 
Valley Electric Supply Company, which is within the 
London and Home Counties Electricity District. 

In 1922 it was docided on the recommendation of 
Mr. A. W. Barham, chief engineer and general 
manager, to build a new three-phase, 6600-volt, 
50-cycle station on a site adjoining the old station. 
New boilers and turbine plant with a capacity of 
4120 kW were installed, together with the necessary 


new switchgear and accessories and two modern 
turbo-alternators in the old building were recon- 
structed for three-phase generation and transferred 
to the new station. All these extensions and altera- 
tions were carried out by the staff under the super- 
vision of Mr. A. W. Barham. Further extensions 
were made in 1926 by the installation of a 6250-kW 
set and boiler plant, and in 1928 by a 7000-kW set 
and boilers. At this stage the total capacity of the 
plant was 21,070 kW. 

In 1931 an application was made to the Electricity 
Commissioners for their sanction to extend the plant 
by the installation of a 12,500-kW set and boilers, 
at an estimated cost of £70,000, and although some 
opposition was at first met with, the Commissioners 
were eventually convinced that the economies of the 
station were such as to justify it becoming a selected 
station to operate under the South-East England 
electricity scheme. Sanction was eventually given 
for the installation of a 15,000-kW set with a larger 
size of boiler, involving a loan of £83,000 instead of 
£70,000 for the original proposals. The coupling of 
the station to the grid necessitated the installation of 
new switchgear with a higher rupturing capacity, and 
in consequence of the recommendations of Mr. J. H. 
Rider, of Preece, Cardew and Rider, on this matter a 
loan of approximately £35,000 was sanctioned. 

The scheme of extensions evolved by Mr. A. W. 
Barham and adopted by the Electricity Committee of 
the Corporation brings the station into line with 
other selected stations of the Central Electricity 
Board and raises the possible electricity output to 
meet the increasing load demand in the area to 
36,000 kW. Since 1918 the Brush Electrical Engineer- 
ing Company has been responsible for the installation 
of six Brush-Ljungstrom turbo-generator sets. The 
first was a 1850-kW machine, the second installed a 
year later of the same capacity, the third, put into 
operation in 1922, a 4120-kW set, the fourth, put to 
work in 1926, a 6250-kW set, the fifth, installed in 
1928, a 7000-kW set, whilst the sixth, installed last 
year, is capable of developing 15,000 kW. 

Designed for a continuous maximum output of 
this amount and an economical load of 12,000 kW 
when supplied with steam at 250 lb. per square inch, 
superheated to a total temperature of 750 deg. Fah., 





PART OF THE TURBINE ROOM 


latest machine 1s also suitable without alteration for 
working with steam at 300 lb. per square inch when 
the economical load would be raised to 14,000 kW. 
The set is of similar construction to those previously 
installed and the design follows well-known Brush- 
Ljungstrom practice. There are, of course, two rotors 
and two alternators running in opposite directions, 
and the relative speed of the blades is equal to twice 
the running speed of 3000 r.p.m. The alternators, 
each with a capacity equal to half the total output, 
generate at a maximum pressure of 7000 volts. Steam 
is bled from the turbine at two points and supplied to 
surface type heaters which raise the condensate 
temperature to 200 deg. Fah. The two-flow Brush- 
Delas surface condenser has a cooling surface of 
11,000 square feet and maintains the vacuum at the 
specified value on full load when supplied with 
10,750 gallons of circulating water per minute at 
55 deg. Fah. Air and vapour are withdrawn by a two- 
stage Brush-Delas ejector. The two Drysdale circu- 
lating water pumps are driven by 73 H.P., 730 r.p.m., 
induction motors. When working in parallel each 
pump delivers 5725 gallons per minute against 30ft. 








head and when working singly 7100 gallons per 
minute against 20ft. head. Drysdale “ Pervac”’ 
vertical extraction pumps driven by 19 H.P. induction 
motors running at 1440 r.p.m. each deal with 292 
gallons per minute against a total head of 95ft. 

For cooling the alternators on the closed circuit 
system there are two Sturtevant motor-driven fans, 
each capable of delivering 21,000 cubic feet of air 
per minute against 12}in. water gauge, when running 
at 1420 r.p.m. If one fan should fail it can be cut 
out of circuit and both alternators supplied by the 
other fan when the volume of air is increased to 
30,400 cubic feet per minute against 6-6in. water 
gauge. Each fan is driven by a 100 H.P. squirrel- 
cage induction motor, which, when both fans are 
at work, delivers 66 H.P., and when operating singly 
with increased volume of air, 88 H.P. Closed air 
coolers built by the Premier Cooler and Engineering 
Company cool the air after leaving the alternators. 
The air temperature is reduced from 148 deg. to 95 deg. 
Fah. with 250 gallons of water at 80 deg. Fah. passing 
through the tubes per minute. In the event of the tem- 
perature exceeding a predetermined value, an electric 
alarm is put into operation. The motor control gear 
was supplied by George Ellison, Ltd. Low-pressure 
sluice valves are of Alley and MacLellan make. 

To accommodate the additional boiler needed for 
raising additional steam, an extension was made to 
the west end of the boiler-house. Experience gained 
with previous John Thompson vertical bent-tube 
boilers le d to the adoption of this type of steam-raising 
unit, but advantage was taken of all modern improve- 
ments, and the evaporative capacity of the new unit 
is considerably greater than that of the other boilers. 
Whereas the older units are rated at 30,000 lb. 
of steam per hour, the new boiler is rated at 80,000 Ib. 
per hour, or 100,000 lb. per hour M.C.R. Modern 
improvements have enabled a greater evaporation 
to be obtained with a given floor space. The heating 
surface of the new unit, fitted with the makers’ patented 
water stabilisation system, is 10,220 square feet. 

The combustion chamber is completely water 
cooled on the front, sides, and rear by water walls 
of the John Thompson positive-circulation type, 
having a total heating surface of 1280 square feet. 
Between the front and second banks of boiler tubes 





NEw 15,000 KW TURBO - ALTERNATOR 


superheater, which raises the steam temperature 
to 800 deg. Fah. The working pressure at the stop 
valve is 250 lb. per square inch. There is a gilled 
tube Foster economiser with a heating surface of 
3360 square feet, and an Usco plate type air heater 
with a heating surface of 1695 square feet. Adequate 
hoppers under the boiler, economiser, and air heater 
provide for the collection and disposal of flue dust, 
inacleanly manner. Arrangements are made whereby 
the economiser or air heater or both can be by- 

so that in an emergency or under low load conditions 
the boiler can be operated on natural draught provided 
by a John Thompson mild steel chimney super- 
imposed on a structure forming an integral part of 
the boiler structure. <A roof extension for the new 
unit gives ample room for the induced draught 
plant above the boiler, whilst the motors driving the 
induced draught fans are in a reasonably cool and 
clean atmosphere. Balanced draught is provided 
by Howden forced and induced draught fans, the 
latter incorporating scroll type grit arresters with 
secondary vortex cells. 

Like the older boilers in the station this new unit 
has a twin L-type stoker built by International 
Combustion, Ltd. The effective grate area is 336 
square feet. It is designed for normal operation 
under preheated forced draught conditions, but 
arrangements have been made for dispensing with 
the forced draught during periods of light load. A 
secondary air system incorporating a high-pressure 











centrifugal fan with distribution ducts and nozzles 
supplied by the International Combustion Company, 
Ltd., forms an integral part of the combustion 
system. The stoker is driven from a line shaft 
in the basement by chain drives on to four-speed 
gear units directly coupled to twin front shafts of 
the stoker. The four-speed gear constant-mesh 
units are totally enclosed, and oil-bath lubricated, and 
have a spring-loaded safety device. The air heater 
was also supplied by International Combustion, 
Ltd., and the economiser by E. Green and Co. 

A new feed pump made by Mather and Platt, Ltd., 
and drivenby a Brush 100 H.P. motor, is capable of deal- 
ing with 160,000 lb. of water per hour at a temperature 
of 200 deg. Fah. against a pressure of 300 Ib. per square 
inch at a speed of 2930 r.p.m. New impellers can be 
fitted at a later date to increase the duty to 160,000 Ib. 
and 355 lb. per square inch. The contractors for the 
steam pipes and separator were John Thompson 
Water-tube Boilers, Ltd.; for the feed pipes and 
valves, Stewarts and Lloyds, Ltd.; for the coal 
elevator, Bagshawe and Co., Ltd.; for the building, 
Smith Walker, Ltd., and for the penstock and water 
screens, Ham, Baker and Co., Ltd. 

The contract for the new 6600-volt metal-clad, 
compound-filled horizontal draw-out switchgear built 
to the specification of Preece, Cardew and Rider, in 
collaboration with Mr. A. W. Barham, was awarded 
to the Metropolitan-Vickers Electrical Company. 
It consists of seventeen units, including two ordered 
direct by the Central Electricity Board, and two 
partly equipped units, each of 500,000 kVA breaking 
capacity, necessitated by the increased capacity of 
the station, and the connection with the South-East 
section of the grid. Of the seventeen metal-clad 
units, twelve are of 800-ampere capacity, one of 
1800-ampere, and four of 3000-ampere capacity, all 
controlled from a new Metrovick control board. The 
gear is equipped with duplicate 3000-ampere bus-bars 
and oil circuit breakers, in which motor-operated 
oil-immersed, on-load bus selector switches are 
incorporated. The 800-ampere units have cross- 
jet explosion pot contacts, and all the breakers have 
manually operated racking gear and a motor-operated 
tank carriage for removing any oil tank and its oil. 
The extensions are being officially opened to-day, 








and when exhausting into a vacuum of 28-75in., this 





there is a Thompson McPhail suspended loop type 





Friday, April 2nd, by the Rt. Hon. the Earl of Derby. 
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The Magnetic Quality of Cobalt, 
Nickel, and Iron. 


THE EFFECT UPON IT OF HEAT AND ELECTRIC CURRENT. 


By T. F. WALL, DSc., 


ANY imvestigations have been carried out in 

connection with the effect on the magnetic 
permeability of iron due to heating it in the presence 
of hydrogen, and some striking results have been 
obtained for the maximum permeability measured 
after such treatment. For example, Cioffi* found 
that when iron was treated with hydrogen at tem- 
peratures between 1300 deg. Cent. and the melting 
point, a value for the maximum permeability of 
280,000 was obtained, the corresponding value of 
the magnetising force being about 0-02 oersted. 

The maximum permeability of permalloy contain- 

65 per cent. nickel has been increased from 10,000 
to 250,000 by heating to 700 deg. Cent., and cooling 
slowly in a magnetic field of 15 oersted. The maximum 
permeability has been still further increased to 
600,000 by so treating a specimen which had pre- 
viously been treated with hydrogen at 1400 deg. Cent. 
This value for the maximum permeability is the 
highest which has yet been reported for any ferro- 
magnetic material, 

So far as the writer is aware, no investigations 
have yet been recorded dealing with the effect on 
the maximum permeability of ferro-magnetic mate- 
rials when maintained at a high temperature in 
hydrogen and at the same time carrying an electric 
current at high density. In what follows a brief 
preliminary account is given of such an investigation 
for cobalt, nickel, and iron, respectively. The 
general nature of the results is found to be similar 
for all three materials, but the most striking results 
have been obtained in the case of cobalt. 

The method of carrying out the tests consists 
essentially in arranging a length of wire of the 
material in a metal cylinder provided with a glass 
window to allow the measurement of the temperature 
to be made by means of an optical pyrometer. 
Hydrogen was caused to pass slowly through the 
cylinder. The wire was arranged in the axis of the 
cylinder and projected through insulating glands at 
each end, so that an electric current could be passed 
through. By adjusting the current density, the 
temperature of the wire could be raised to the desired 
value. 

In order to find the effect of varying the current 
density a thermostatic control was provided which 
switched off the mt when the desired maximum 
temperature was reached and then switched on the 
current again when the temperature had fallen by 
about 200 deg. Cent. The time for which the current 
flowed in the wire depended upon the current density 
and the time for which the current was flowing was 
measured by means of a stop-watch for the lower 
values of the current density, and by means of 
oscillograms for the higher values. This method of 
control could only be applied in the case of cobalt, 
as this was the only one of the three metals tested 
which maintained its mechanical hardness to a 
notable degree at the temperatures involved. Both 
nickel and iron become much too soft at high tem- 
peratures to operate mechanically a temperature- 
control system. 


CoBALT. 


A wire 0-194in. diameter and about 2ft. long was 
used for these tests. The wire was in the unannealed 
state and the magnetisation curve in this “as 
received ” condition is shown in Fig. 1. The corre- 
sponding value of the maximum permeability is 
100, the magnetising force being H=40 oersted. 
In Fig. 4 is shown an X-ray spectrogram of the wire 
in this state. 

The wire was then “ flashed’ in hydrogen—that 
is to say, an alternating current of such a density 
was passed through the wire that the temperature 
was raised to 1200 deg. Cent. in about two seconds. 
The wire was then allowed to cool down slowly, after 
which the magnetisation curve shown in Fig. 1 
was obtained. It is found from this curve that the 
effect of flashing has been to raise the value of the 
maximum permeability to 340 (see also Fig. 2). 
In so far as the writer is aware, the highest value 
previously recorded for the maximum permeability 
of cobalt is 175. 

An alternating current of 50 frequency and 250 
amperes, r.m.s. value, was then passed through the 
wire, this being the value of the current necessary 
to maintain the temperature of the wire at 1200 deg. 
Cent. when hydrogen gas was passing slowly through 
the cylinder. The wire was allowed to cool down 
after intervals of heating under these conditions 
and the values of the maximum permeability 

* See W. C. Ellis and E. E. Schumacher, Metals and Alloys, 
December, 1934; also A. Kussmann, Archiv fiir Elektrotechnik, 
May, 1935. 

t See Nature, September 7th, 1935. 

} See E. G. Stoner, ‘ Magnetism and Matter.”’ 
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measured. The results so obtained are shown in 
Fig. 2. It will be seen that the value of the maximum 
permeability rapidly falls during the earlier stages 
of the treatment, but after 2} hours’ treatment the 
rate of fall of the maximum permeability becomes 
greatly reduced. 

The current was then increased to 350 amperes, 
r.m.s. value, and the thermostatic control system 
put into action. The effect on the rate of fall of the 
maximum permeability is seen in Fig. 2. It is to be 
noticed that during the earlier stages of the treat- 
ment with this increased current the rate of fall of 
the maximum permeability has become greatly 
increased as compared with the rate of fall at the end 
of the period for which the current of 250 amperes 
was operating. After about four hours’ treatment 
with 350 amperes the maximum bility 
reached a steady state. This result shows that the 
current density has a marked effect on the value of 
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FIGS. 1 TO 3—MAGNETISATION CURVES FOR COBALT 


the maximum permeability which will be obtained. 
In other words, the current produces an effect on 
the magnetic quality of the material which cannot 
be accounted for as a purely effect. 

The current was then increased to 500 amperes, 
r.m.s. value, and the effect on the value of the 
maximum permeability is shown in Fig. 2. It will 
be seen that at this stage in the treatment a con- 
siderable rise in the value of the maximum per- 
meability occurs, followed by a rapid fall. The treat- 
ment was continued with still larger values of the 
current until eventually a current of 1700 amperes, 
r.m.s. value, was reached, this being the highest 
value for the current which could conveniently be 
obtained for this purpose. It is to be noted that the 
current of 1700 amperes, r.m.s. value, corresponds 
to a current density of about 80,000 amperes per 
erty inch (peak value). 

An inspection of Fig. 2 shows that the value of the 
maximum permeability has fallen to about 25 at 
the completion of the treatment, and there is no reason 
to suppose that this value would not be still further 
reduced if the treatment were to be continued with 
still higher values of the current density. 

After the completion of about twelve hours’ 
treatment the magnetisation and demagnetisation 
curves were taken and are shown in Fig. 3. The 








magnetisation curve is also shown in Fig. 1. A 
notable feature of the magnetisation curve is that, 
for @ magnetising force of H=2000 ocersted, the 
value of the ‘ metallic induction ’—that is, 4 I— 
is only about 10,000 gauss as compared with the 
value of 16,000 gauss for the same material in the 
“as received” condition, and nearly 17,000 gauss 
for the same material in the “ flashed ”’ condition. 
From the general appearance of the magnetisation 
curve after twelve hours’ treatment as shown in 
Fig. 1, it would appear as though the saturation 
value of the metallic density would be. considerably 
lower than that of the material in the normal condi- 
tion, although it is not possible to come to any 
conclusion in this respect until tests have been made 
with very much higher values of the magnetising 
force. A notable feature of the 

curve shown in Fig. 3 is the low value of the reman- 





FIG. 4—SPECTROGRAM. OF COBALT, UNANNEALED 
ence. The small divergence between the magnetisa- 
tion curve and the demagnetisation curve is also to 
be noted. 

In Fig. 5 is shown an X-ray spectrogram of the 
wire taken after about seven hours’ treatment. Com- 
paring this with that for the same wire 
in the “ as received” condition shown in Fig. 4, it 
will be seen that the treatment has resulted in a very 
large increase of the grain size. 


NICKEL. 

An investigation of nickel wire similar to that just 
described for cobalt was intended to be made, but 
it was found that, after flashing and subsequent 
heating with alternating current, the nickel wire 
became so extremelv soft and pliable, that it was 
impossible to operate the thermostatic control in the 
way that was.easily done withthe much-harder 
cobalt wire. It was also found that the least mecha- 
nical deformation or bending of the soft nickel wire 





FIG. 5—SPECTROGRAM OF COBALT, AFTER TREATMENT 


caused the permeability to fall to a serious extent, 
and the very greatest care was necessary in handling 
the wire after treatment if the highest possible values 
of the permeability were to be measured. 

For these tests nickel wire of a high degree of purity 
was obtained in the annealed condition. The diameter 
of the wire was 0-117in., and the length used was 
about 2ft. In Fig. 6 is shown the magnetisation curve 
as obtained before any treatment was applied—that 
is, in the “as received ”’ condition. The maximum 
permeability found from this test was 190, the corre- 
sponding value of the magnetising force being H= 15. 
The wire was then “‘ flashed ’’ in air as has been pre- 
viously explained, and the corresponding magnetisa- 
tion curve is given in Fig. 6. The maximum value 
of the permeability for the wire in this state was found 
to be 650, the magnetising force then being H=2-5 
oersted. 

The wire was then heated in hydrogen by means of 
an alternating current of 145 amperes, r.m.s. value, 
this current causing the temperature to reach the 





398 


THE- ENGINEER 





Aprit 2, 1937 








value of 1200 deg. Cent. In Fig. 7 are shown the 
values of the maximum permeability obtained in this 
way and plotted as a function of the time for which 
the treatment was continued. It is to be observed 
that the curve reaches a maximum value of about 
1380, and then falls slowly; reaching an approxi- 
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Fics. 6 AND 7-MAGNETISATION CURVES FOR NICKEL 


mately steady value of 1160. As already stated, the 
wire was in an extremely soft and pliable condition 
during the treatment and the magnetic quality was 
extremely sensitive to any mechanical strain, such as 
that due to bending. In this connection, the points 


P, and P, in Fig. 7 are interesting. These were taken 


FIG. 8 TO 10-SPECTROGRAMS OF NICKEL, 
after the wire had been accidentally bent when trans- 
ferring from the heating cylinder to the testing sole- 
noid and the departure of these points from the curve 
shown gives an indication of the effect of mechanical 


strain. The treatment was continued, great care 
being taken to avoid any further mechanical strain, 
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FIGs. 11 & 12—-MAGNETISATION CURVES FOR 


and the points obtained from the subsequent tests 
are seen to lie well on the curve. 

It is interesting to note that the highest value 
previously recorded for the maximum permeability 
of nickel appears to be 1120,§ whereas the highest 
value obtained as a result of the treatment just 
described is nearly 1400. 

§ See E. G. Stoner, loc. cit. 








In Figs. 8, 9, and 10 respectively are shown X-ray 
spectrograms taken as follows :—Fig. 8 refers to the 
wire in the “as received’ condition; Fig, 9 refers 
to the wire after it had been flashed in air ; .and Fig. 10 
was taken after the treatment had been in progress 
for some time. 

A comparison of Fig. 7 with the corresponding 
Fig. 2 for cobalt shows that nickel. is much less sensi- 
tive to treatment than cobalt, in so far as the rate 
at which the maximum permeability changes. 


Tron. 


For these tests bright drawn Armco iron wire (un- 
annealed) was used of }in. diameter. The magnetisa- 
tion curve for the “‘as received”’ condition is shown in 
Fig. 11, from which it is found that the value of the 
maximum permeability is only 700. The wire was then 
heated in hydrogen by an alternating current of 
300 amperes, r.m.s, value, the temperature so 
obtained being 1200 deg. Cent. The relationship 
between the time of treatment and the corresponding 
values of the maximum permeability is shown in 
Fig. 12. It will be seen that, whilst the curve has the 
same general character as that given in Fig, 7 for 
nickel wire, the maximum permeability rises at a 
much slower rate than in the case of nickel. More- 
over, no very high values for the maximum. per- 
meability have been obtained in this way, the highest 
value being 3500. <A further curious result is seen in 
comparing the magnetisation curvés given in Fig. 11, 
in which the curve for the treated wire is seen to be 
very much higher than that for the wire in the “ as 
received ”’ condition, so long as the magnetising force 
is less than about 35 oersted. For values of the 
magnetising force which are greater than 35 oersted, 
the magnetisation curve for the treated wire lies much 
lower than that for the untreated wire. 

In Fig. 12 is also shown the curve connecting the 
values of the maximum permeability with the time of 





“aS RECEIVED’’, FLASHED AND TREATED 
treatment for the case in which the treatment was 
carried out at a temperature of 920 deg. Cent., the 
corresponding value of the alternating current in the 
wire being 110 amperes, r.m.s. value. In this case 
the curve reaches about the same crest value as the 
curve referring to the treatment at 1200 deg. Cent., 


but the time of treatment necessary to reach this 
value is much greater for the lower temperature. 
It would appear therefore that by carrying out the 
treatment at temperatures between 1200 deg. Cent. 
and the melting point of iron, some very striking 
results may be expected. This extension of the 
investigation is now in progress in the electrical 
engineering department of the University of Sheffield. 





Mercury Arc Rectifier Equipments 
at Poplar. 


Four 1000-kW mercury arc metal-cased rectifier 
equipments have recently been installed in sub- 
stations of the Poplar Borough Council electricity depart- 
ment to meet the increasing domestic and industrial load. 
They were built at the Witton works of the General Electric 
Company, and, with the exception that the equipment 
at the Tomlins-grove sub-station is started and stopped 
from the Glaucus-street power station by G.E.C. super- 
visory control apparatus, they are, generally speaking, 
identical. The starting and stopping operations of 
the other equipments at the North, High-street, and 
Farm-gate sub-stations are initiated locally by hand, 
In‘ each case the 6200-volt, three-phase, 50-cycle 
incoming supply is converted to a 460-520-volt, D.C. 
supply, feeding the station bus-bars. An auxiliary A.C. 
supply at 230 volts is obtained from an auxiliary trans- 
former connected through ‘“ Quenchol” fuses and limit- 
ing resistances to the H.T. supply, whilst the auxiliary 
D.C. supply is obtained from the D.C. side of the rectifier. 

After the initial steps, the starting and stopping opera- 
tions are entirely automatic, and the plant is protected 

inst damage due to faults that may develop in the 
plant itself or on the system to which it is connected. At 
the High-street, Farm-gate, and North sub-stations, the 
D.C. voltage can be regulated automatically or, alterna- 
tively, by means of local push buttons. At these three 
sub-stations it is therefore possible to leave the rectifiers 
unattended during periods when the load is within the 
rating of the rectifiers, Although the Tomlins-grove sub- 
station is normally run unattended and controlled from 
Glaucus-street, it is also possible to control this station by 
means of local push buttons. 

It is well known that a special feature claimed for the 
G.E.C. metal-clad rectifier is the seal used for insulating 
the anodes from the top plate. When it is necessary to 
open the rectifier for i tion, it is merely necessary 
to unscrew the top plate bolts, when the complete plate 
can be removed as @ whole and every part mes 
accessible. The seal between the top plate and tank is 
made without mercury and can fan be re-made after 
dismantling. The rectifier cylinder is exhausted to below 
0-013 mm. of mercury in two stages. A rotary pump 
driven by a small A.C. motor gives approximately 5 mm. 
of mercury and a mercury diffusion pump working on the 
same principle as an injector gives the final exhaustion. 
Between the two stages there is an interstage reservoir, 
so that the rotary pump need not operate continuously. 
The rotary vacuum pump which operates between the 
interstage reservoir and atmosphere is oil-immersed. 
Starting and stopping are automatically controlled by a 
time switch at predetermined times to run the pump for 
approximately five minutes on each occasion. 

Between the in reservoir and rotary vacuum 
pump is a mercury valve which opens automatically when 
the vacuum pump pressure is below that of the inter- 
stage reservoir and closes when the vacuum pumps shut 
down. The diffusion pump is cooled by a thermo-siphon 
cooler which does not require fans, pumps, relays, or 4 
continuous supply of fresh cooling water. For measuring 
the extremely high vacuum in the rectifier a Pirani gauge 
and super-sensitive protective relgy are used. A closed 
system of water cooling is employed for cooling the rectifier 
itself. A motor-driven centrifugal pump circulates the 
water through the rectifier, and in order that the pump 
may always run when the rectifier is on load, the pump 
motor contactor is interlocked with the main oil circuit 
breaker. To prevent the rectifier being overcooled when 
operating on light loads and to save energy, the fan is 
started and stopped by a thermostat in the water pipe 


system. 
An oil-immersed, self-cooled, on-load tap-changing 











transformer, with the tap-changing gear and interphase 


RECTIFIER AT FARM GATE 


reactor mounted with the transformer in one tank, feeds 
each rectifier. In all cases the starting of the rectifier is 
initiated by closing the oil circuit breaker. This is accom- 
plished at Tomlins-grove by the remote supervisory gear, 
which closes the auxiliary oil circuit breaker contactor, 
which energises in turn the electrically operated oil circuit 
breaker mechanism to close the breaker. At the North 
sub-station the oil circuit breaker is also closed by a local 
controller, whilst the breakers at the High-street and 
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Farm-gate sub-stations are closed by hand. When the 
circuit breaker closes it connects the 6200-volt supply to 
the rectifier transformer. The water pump of the cooling 
system then starts, the rectifier ignites, and the auxiliary 
anodes maintain the arc, the main anodes pass current to 
start up the balancer, and the high-speed D.C. breakers 
close to parallel the rectifier on to the bus-bars. 

If the voltage regulator relay is switched in the voltage 
will be increased automatically by means of the tap-chang- 
ing transformer, and power is supplied to the bus-bars. 
The oil circuit breaker at Tomlins-grove can be tripped 
at Glaucus-street by the supervisory gear, or if the station 
is being controlled locally’ by operating a hand controller 
on the D.C. switchboard, but at all the other sub-stations 
tripping is normally carried out by push buttons. When 
an oil breaker is trip the rectifier naturally closes to 
supply power to the D.C. bus-bars. An interlock on the 
oil circuit breaker causes the D.C, breakers to open. The 
operation also cuts off the supply to the balancer, which 
consequently shuts down. 

Another oil circuit breaker interlock de-energises the 
auxiliary anode contactor which o and de-energises 
the auxiliary anodes and the same interlock opens the 





Gas Engine-Driven Alternators for 
Mining Work. 


Tue engines shown in the engraving below belong to 
a series recently built for the Ashanti Goldfields Cor- 
poration by Crossley-Premier Engines, Ltd., of Sandiacre, 
which we inspected during their construction. Since they 
are designed for heavy and continuous work in a tropical 
country, and as reliability throughout long non-stop runs 
is imperative, they have features which are of particular 
importance to mining companies and to power-consuming 
industries in which it is vital that the prime movers shall 
do their job not only economically, but with the highest 
degree of dependability. 

Cuoicgk or Type. 

In the selection of internal combustion. engines for 
operation on remote sites it is essential that consideration 
be given to the degree in which the engine builder has made 


provision in the design for quickly getting at essential 
items. As an instance, the accessibility of the cam shaft 





HIGH STREET 


water pump contactor, whilst an interlock on the auxiliary 
anode contactor shuts down the fan motor, At Tomlins- 
grove the transformer tapping switch is run down to its 
minimum voltage tapping by means of an oil circuit 
breaker interlock, and by an interlock on the D.C. negative 
breaker at the other sub-stations. Finally, all other 
sapeerine resets ready for the next start. 

he equipment is fully protected against damage 
which may occur on the lant itself or on the system to 
which it is connected. The majority of the protective 
devices shut down and lock out the plant, while certain 
others, such as those dealing with‘ failure of vacuum, 
failure of diffusion pump circuit, and D.C. overload, shut 
down the plant for the duration of the fault. 

The supervisory control equipment supplied in connec- 
tion wer the Tomlins-grove sub-station comprises 
two groups of selective apparatus, each consisting of 
telephone type and rotary selectors, one at the control 
point and the other adjacent to the equipment to be con- 
trolled. The two groups of equipment are connected 
together by four pilot wires, which serve for the control 
of the sub-station apparatus, supervision of the equip- 
ment, metering and telephone communication. The 
control panel is naturally situated at Glaucus-street. 
The circuit breaker control keys form part of the mimic 

am of the power system, and give an indication of 
the circuit breakers they represent. Normally, no indicat- 

ing lamps are illuminated, but immediately a circuit 
ae changes its position, either as the pean 4 of a fault 
or a legitimate. operation, the appropriate indicating 
lamp lights and remains illuminated until the control 
key is put into agreement with the new switch position. 
All control selections and indications are checked prior 
to any operations or indications being made, the final 
control of a selected piece of switchgear being under the 
control of the master “ operate” key. The supervisory 
equipment virtually extends the ‘‘ operate” key into the 
sub-station, and gives instantaneous control of the 
selected piece of apparatus. At the control station the 
D.C, bus-bar voltage and D.C, load can be read, and while 
changes in the transformer tap positions are being made 
an indication of the D.C. bus-bar voltage is given. Tele- 
phone communication between the control station and 
sub-station is established ovex the same pilot wires 
as are used for the supervisory equipment, which serves 
for closing and opening the H.T. transformer oil circuit 
breaker and for indicating its position, for giving indica- 
tions of the close and open position of the rectifier D,C. 
breakers, for raising and lowering the transformer tap 
position, for giving D.C. bus-bar voltage and _ rectifier 
am , Mit er iving an alarm in the event 
of an automatic change position of a circuit bieaker 
and an indication of the onan The equipment installed 
is capable of performing more operations than are required 
at present, and provision has been made for the control 
of a second recti 





Sus - STATION 


and of items mounted on the cam shaft is much facilitated 
where this shaft is supported in sleeve bearings and can 
readily be lifted out. There are some modern designs in 
which the possibility of derangement is apparently dis- 
regarded. Such designs presume that no condition will 
ever arise which, if neglected, can cause trouble. This 
presumption is quite untenable, especially in the case of a 
mining power plant, and it is the clear duty of the engineer 
responsible for selecting the equipment to see that the 
most. ample provision is made for dealing, conveniently 





shows no minor order criticals, and the nearest major 
critical is far removed from the running speed and posi- 
tioned well above it. 

The cylinder block on each side of the engine is bolted 
directly to the bed-plate and forms a massive girder on to 
which are attached the breech ends and liners, the liners 
being cast, in accordance with the makers’ long-established 
practice, in one piece. The motion work is enclosed by 
oil-tight covers of flanged mild steel plate, splash guards 
being fitted inside the crank case to prevent the throwing 
of oil from the crank pin and adjacent main on to 
the liners and pistons. The case-hardened piston pins are 
bolted to the pistons, and when dismantling the piston is 
drawn out, with the connecting-rod, from the crank case 
end of the liner without breaking any water joints. Since 
there is no need to draw the connecting-rod through the 
cylinder, the design of the connecting-rod foot and crank 
pin bearing has not been hampered by any space limitation. 
An accompanying illustration shows two connecting- 
rods and their crank pin bearings. 

All bolts used throughout the engines, also the jacket 
and breech end studs, are machined from a special quality 
of heat-treated steel with an ascertained minimum 
impact test value. 

Pressure lubrication is provided for the main bearings 
and connecting-rod big end bearings, the oil draining to a 
lubricating oil tank fitted with duplex oil strainers, thus 
leaving a dry crank chamber. From this tank the force 
lubrication pump delivers the oil, through - oil cooler, to 
the crankshaft bearings an to the ing-rod 
big end bearings. The oil is thus used as a pie as well 
as a lubricant, although the bearing pressures and journal 
speeds give a low P V product. It may be mentioned that 
the design of the bed-plate is such as to render it impossibie 
for any contaminated oil which drains from the liners to 
penetrate to the lubricating oil tank, the dirty oil being 
led off to a separate receptacle. 

The attention of the builders hag long been given to the 
employment of the most satisfactory material for the 
exhaust valve heads, these being among the hottest parts 
on normal four-cycle engines. For many years the exhaust 
valve heads on all ‘‘ Premier ” engines were cooled by means 
of water brought into the spindle through a flexible connec- 
tion. With the development of special heat and corrosion- 
resisting steels it was found, after long practical experience, 
that uncooled exhaust valves forged from selected chro- 
mium steel gave entirely successful service, and the present 
engines, like all other engines, gas and oil, now built at 
Sandiacre, are fitted with exhaust valves solid forged from 
chromium steel, the valve heads and spindles being 
polished all over. Whilst. water cooling of the exhaust 
valve head has been dispensed with, thus greatly simplify- 
ing the exhaust valve details, the cast iron exhaust valve 
casing remains, of course, water-cooled. 





CONVERTIBILITY OF ENGINES. 


An important element in the design of the engines is 
the provision whereby they can be converted from to 
fuel oil. In point of fact they are designed as 2. - 
injection heavy-oil engines, and the cam shaft and cam 
shaft operating gear are of strong design, identical with 
that used on Premier direct-injection oil engives of com- 
parable capacity. If at any time circumstances should 
arise which might make it desirable to change over to oil, 
the gas engine cylinders and pistons can be replaced by oil 
engine cylinders and pistons. All that is required, further, 
is to change the admission valve casings and admission 
and exhaust lever brackets, remove the ignition 
gear, gas valves, gas manifold, gas governor valve and air 
throttle, and fit the necessary fuel pumps, fuel sprayers 
and pipes, with the corresponding cams and mening 
gear. The fuel pump brackets are actually fitted 
nently on the engines, so that beyond the changing over 
and additions already referred to all that is necessary is to 
provide the fuel oil heaters and fuel service tanks. When 
thus converted to direct-injection oil engines the output 
is the same as that obtained when operating as gas engines. 

The diameter of the oil engine is 18in., so that, 





1120 B.H.P. GAS 


and in good time, with troubles which may and do arise 
in actual field service. 


Somz Drtams or Design. 


The engines are of the vis-a-vis type, designed for a day 
and night output of 1070 B.H.P. when operating as gas 
engines, the twelve hours’ rating of edi’ agin being 
1100 B.H.P., with a short period of one hour rating of 
1210 B.H.P. Each engine has eight cylinders, 20in. dia- 
meter by 28in. stroke, running at a speed of 214 r.p.m. 
with a mean piston speed of 998-6ft. per minute. 

Since there are only four cranks, the overall length of the 
crankshaft is comparatively short and, in addition to the 
suppression of unbalanced forces which is brought about 
by the vis-a-vis arrangement, the critical speed chart 





ENGINES AND ALTERNATORS ON TEST 


working as direct-injection oil engines, the stroke/bore 
ratio is 1-55:1. With these proportions and the com- 
bustion chamber and piston design long employed on 
Premier engines, piston cooling is found to be unnecessary, 
and large numbers of oil engines of this design, with 
cylinders 18in. by 28in., are in intensive use all over the 
world. In the event, therefore, of circumstances arising 
which might make it desirable to change over the engines 
so that they may ne rio as oil engines, every element of 
the design is of established dependability and the engines 
become identical with the makers’ direct-injection vis-a-vis 
oil engines. 


ALTERNATOR DESIGN AND ARRANGEMENT. 
The A.C. generators were built by Mather and Platt, 
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Ltd., of Manchester, and they supply electricity to a three- 
phase system at 440 volts, with a periodicity of 50 cycles. 
Each alternator is designed to develop continuously an 
output of 760 kW at a power factor of 0-8, ¢.e., 950 KVA, 
and the machines are built for a low temperature rise in 
order to render them suitable for continuous operation 
under tropical conditions. Actually, the alternators are 
designed to comply with British Standard Specification 
No. 169, but as the temperature rises are 7 deg. less than 
those given in the specification the temperature rise on the 
windings is limited to 33 deg. Cent., with 38 deg. Cent. rise 
on the slip rings and exciter commutator and 58 deg. Cent. 
rise on the rotor These temperature rises are as 
measured by thermometer on any accessible parts of the 
machine after operating for six hours with full output at 
0-8 power factor. 

The rotating field members of the alternators comprise 
separate pole bodies completely laminated, bolted to a 





was selected in preference to the alternative of splitting 
the stator, so that the top half may be lifted clear for 

inspection of the rotor. By this alternative the bottom 
half of the stator remains inaccessible. Further, there are 
serious disadvantages attendant upon splitting the stator 
even of a low-tension machine, since not only must the 
windings be divided, but there are also technical objections 
to the butt joints in the stator core. 

The alternators and engine fly-wheels were designed so 
as to avoid any difficulties due to electrical resonance and 
to ensure satisfactory parallel running. Further, an elec- 
trical damping system is incorporated in the revolving 
fields to minimise the ill-effects of any irregularity which 
might occur in the running of the engines. That these 
objects have been satisfactorily achieved was clearly 
demonstrated during parallel running tests on these sets, 
when, with both engines running in parallel and sharing 
the load, first one, then two, and finally three cylinders on 

















Two CONNECTING RODS AND CRANKSHAFT 


cast steel ring, this ring being secured directly to the arms 
of the engine fly-wheel and registered in position by means 
of a spigot. The rotor windings consist of copper strip 
wound on edge and insulated between turns with a special 
quality of impregnated asbestos paper. When wound, 
each field coil is consolidated with its insulation by sub- 
jection to high temperature under heavy pressure. 

The rotating member of the alternator is not keyed to 
the shaft, but is spigoted and bolted to the fly-wheel, a 
type of mounting employed for many years past by 
Crossley-Premier Engines, Ltd. 

In view of the close proximity of the relatively large 
engine fly-wheel, the ventilating system of the alternator 
was given special attention. The ventilating air enters the 
machine at the exciter end and is induced, by means of a 
fan mounted at the fly-wheel end of the alternator, to 
flow in such a manner that every part of both stator and 








MAGNETOS AND VALVE GEAR 


rotor receives an adequate supply of cooling air. Attention 
to the design of the ventilating system is very necessary 
in machines of this type, since with the normal system of 
“natural” ventilation commonly employed for slow- 
speed alternators the presence of a large fly-wheel close 
to the windings introduces a disturbing influence which 
may, unless the requisite precautions are taken, result in 
unsatisfactory ventilation. 

Since the alternators are installed in the Tropics in an 
extremely damp and humid climate, it was considered 
desirable to provide means for ready access to all parts of 
the machine in order that thorough cleaning, re-varnishing, 
&c., may be carried out with a minimum of inconvenience. 
For this purpose the stator sole plates are made of such 
design and of sufficient length to permit the stator tobe 
moved in an axial direction so that the rotating field and 
the bore of the stator are fully accessible. To facilitate 
this axial movement a barring rack is formed in the sole 
plates, and suitable barring studs are provided on the alter- 





nator frames. Thismethod of inspecting the alternator parts 


one of the engines were cut out of action without difficulty 
due to hunting or excessive surging of load between the 
alternators. 

In service the alternators are controlled by means of an 
automatic voltage regulator, which operates on the fields 
of the exciters. The exciters are designed to have a stable 
voltage characteristic, so that the whole of the regulation 
of field strength on the alternators may be effected by 
control of the exciter fields alone. 


Test REsvutts. 


Two of these gas engine-driven alternators were erected 
for test at the Sandiacre works of Crossley-Premier 
Engines, Ltd., and were tested singly and also when 
operating with alternators in parallel. The gas was taken 
from the large Crossley bituminous producer gas plants 
which have recently been installed for test purposes at the 
Sandiacre works. Using bituminous coal having a gross 
calorific value of 13,460 B.Th.U. per pound, size jin. by 
fin. by jin., the fuel consumption with normal full load 
was, for the respective sets, as follows :— 


Set No. 1. Set No. 2. 
Fuel per hour ee 1107 1095 
Load (kW) d 115-4 770 
Load (B.H.P.) ... 1129 1120 
ait tatehs (Ibs. /kW jhr. ) age 1-428 ... 1-422 
(Ibs. | /B.H.P./hr.) 0-981 .. 0-978 
The tests were carried out by Messrs. Rhodes and 


Windeler, of Manchester, consulting engineers for the 
Ashanti Goldfields Corporation, and the unusual oppor- 
tunity thus afforded for testing large gas engine-driven 
alternators in el enabled much valuable data to be 
obtained. The final full load and parallel operation tests 
were witnessed by a large party of engineers interested in 
mining power plant. 

Since the engines we have described were constructed 
Crossley-Premier Engines, Ltd., have received a further 
contract for two similar units for the Ashanti Goldfields 
Corporation, Ltd., while in addition, Bibiani (1927), Ltd., 
an associated company of the Ashanti Goldfields, has 
ordered four identical units, all for direct coupling to 
alternators. 








InsTiTUTION oF Civit Enornerers.—tThe Institution of 
Civil Engineers held its annual dinner at the Guildhall, 
London, on March 24th, with Sir Alexander Gibb, Presi- 
dent, in the chair. The guest of honour was H.R.H. the 
Duke of Kent, and in proposing the toast of ‘* The Institu- 
tion of Civil Engineers ’’ he emphasised the value to 
civilisation of the work of engineers. Sir Alexander Gibb 
made suitable reply and continued to propose the toast of 
“The Lord Mayor, Sheriffs, and Corporation of the City 
of London,” to which the Rt. Hon. the Lord Mayor, Sir 
George T. Brdadbridge, replied. Finally, Lord Macmillan 
of Aberfeldy proposed the toast of “‘ The Guests ” in his 
own inimitable style, and Lord Snell of Plumstead made 
an equally amusing reply. 


THE ENGINEERS’ CLUB, MANCHESTER.—At the twenty- 
fourth annual meeting of members of this Club, held last 
week, Mr. George E. Bailey, of Metropolitan-Vickers 
Electrical Company, Ltd., was elected President to succeed 
Mr. Loris E. Mather, who occupied the position for the 
maximum period of two years. Mr. Mather carried out 
his duties most enthusiastically and had the satisfaction 
of seeing a net increase in the membership during his 
period in office. It is anticipated that the Club will 
continue to prosper with the improvement which has 
taken place in the local engineering industry. Mr. E. 
Royle was re-elected Honorary Treasurer; Mr. F. C. 
Hunt, Hon. Secretary, and Mr. J. Harcourt Williams, 
Chairman of Comunittee. 





Special Features of the S.S. 
** Queen Mary.’’”* 
By S. J. PIGOTT. 


Tue Cunard White Star liner “‘Queen Mary’ was 
completed almost a year ago, and on May 26th entered 
upon the regular fortnightly service between Southampton 
and New York. 

The technical Press has dealt so very fully with the 
outstanding features of this great ship that there would 
appear to be very little remaining to be recorded. How- 
ever, there are certain special features which have not 
been heretofore dealt with, and which it is considered 
are of interest to members of the Institution. 


GENERAL ARRANGEMENT. 


The condition that the cabin dining saloon must. be 
capable of accommodating all cabin passengers at a single 
sitting precluded the placing of this saloon between water- 
tight bulkheads, and thereby fixed the bulkhead deck as 
the lowest suitable position in the vessel. 

With the desired total number of passengers and the 
approximate location of the respective classes decided 
upon, the feature that cabin passengers must be accom- 
modated as far as possible in outboard or ship side rooms 
largely dictated the number of accommodation decks 
required, and thus determined the height of this vessel 
to the promenade deck. 


StRucTURAL ARRANGEMENTS AND SCANTLINGS. 


Whether boiler uptake casings and engine-room casings 
should be along the centre line, or the boiler 
uptakes should be divided with part placed nearer to 
either side of the vessel, is a matter of choice of incidental 
advantages. The more extensive vista through the 
public rooms resulting with the divided uptakes is an 
attractive feature, but for the “Queen Mary” it was 
decided that the greater advantages obtain with these 
casings undivided and arranged along the centre line. 

The greater breadth of uninterrupted strength deck 
plating, the greater space for outboard accommodation, 
and the less interrupted fore and aft passages on the 
cabin decks, are some of these advantages. 

The details of the midship section of the ‘* Queen 
Mary” are now, for the first time, made available by 
this paper, and the procedure employed in determining 
the structural scantlings is given in some detail. Explana- 





Fic. 1—S.S. “ Queen Mary” Engines No. 534, Damaged Star- 
board Outer High-Pressure Ahead Nozzle Plate. 


tion is given to justify the adopting of scantlings some- 
what in excess of Lloyd’s requirement and the extent to 
which high elastic limit steel is employed. 

The girder structure is an orthodox arrangement, with 
longitudinal strength provided by shell and deck plating 
and with heavy transverse framing and webs and with 
beams suitably pillared to resist transverse racking the 
whole provides a combination of strength and rigidity. 


SAFETY AND STEERING. 


The subdivision of the length of the structure by water- 
tight bulkheads is in excess of convention requirements, 
and side protection by wing compartments is provided 
throughout the length of the machinery spaces. The 
extensive experimental investigation to confirm the 
selected design of rudder is fully supported by the high 
order of the manwuvring quality displayed in service, 
and considerable space in the paper is given to the reason- 
ing of this special feature, including the listing of com- 
parative data. 


PROPELLING MACHINERY. 


The propelling machinery consists of four complete 
and independent sets of Parsons’ turbines and single 
reduction gearing, and is accommodated in two compart- 
ments, the sets for driving the two outer propellers being 

in the forward compartment and those for driving 
the two inner | are.Porew in the after compartment. 

Each set of turbines is comprised of a high-pressure 
turbine, a first intermediate-pressure turbine, a second 
intermediate-pressure turbine, and a low-pressure turbine 
of the divided-flow type, which receive steam from the 
water-tube boilers at a pressure of 350 Ib. per square inch, 
and finally exhaust to the condenser at 29in. Hg. on a 30in. 
barometer. 

At normal service power the high-pressure and first 
intermediate-pressure turbines run at about 1530 r.p.m., 
and the second intermediate pressure and low pressure 
at about 1030 r.p.m. The power developed in each 
turbine is transmitted through a separate pinion for each 
turbine to a main gear wheel coupled to the forward end 
of each propeller shaft, the revolutions being reduced by 
this gearing to about 180 per minute at the propellers. 
The four propellers are of the four-bladed “ solid ” type 
with diameter of 19ft. 7in. and pitch of 19ft. 2in. Each 
set of machinery was designed to develop about 40,000 
8.H.P. under normal service conditions. 

To meet emergency conditions which might arise by 
failure of any turbine part, provision is made for isolating 
the high-pressure and first intermediate-pressure turbines 
and supplying steam directly to the second intermediate- 
pressure turbine. Should it be necessary the low-pressure 
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turbine can also be by-passed, the exhaust steam from 
the second intermediate-pressure turbine being led direct 
to the condenser ; under such conditions the high-pressure 
and intermediate-pressure turbines could operate at full 
output. 

As absolute reliability of the machinery is essential 
to the fulfilment of an uninterrupted sailing schedule, 
every item of the design had to receive careful considera- 
tion. In this connection particular attention was given 
to the questions of the transverse vibration of blading and 
turbine rotors, &c., and also to the possible torsional 
oscillations of the shafting and gearing. 

Experiments were carried out on a number of the 
segments of the reaction blading by fixing rigidly and 
applying periodic impulses by means of a variable fre- 
quency electro-magnet to confirm that the natural 
frequency of vibration of blading parts would not syn- 
chronise with possible service disturbances. 

Particular care was given in the designing of the turbine 
rotors to ensure that sufficient margin exists between the 
frequency of transverse vibration and the running speed 
to avoid ‘‘ whipping ” of the turbine rotors. 

By balancing statically large rotating parts such as 
the gear wheels, muff couplings, and propellers, and 
dynamically balancing all turbine rotors and all gearing 
pinions, the smooth, quiet running of the propelling 
machinery in service was ensured. The rotors of low- 
pressure turbines, each weighing approximately 42 tons, 
were the heaviest parts subjected to dynamic balancing. 

Careful analysis of the torsional oscillation charac- 
teristics of the rotation system indicated that greater 
flexibility would obtain with the power transmitted to 
the gearing pinions by means of shafting carried through 
the hollow bore of each pinion and connected to the 
pinion by flange attachments at the end of the pinion 
remote from the respective turbines. 

With the propelling machinery as placed in the “‘ Queen 
Mary ” and with the shafting designed to the dimensions 
dictated by the rules of surveying societies, it was found, 
on analysis, that the lowest natural frequency of oscilla- 
tion oceurred at practically the revolutions corresponding 
to normal service wo . As such coincidence would 
impose stresses additional to the necessary torque load 
of the transmission of power to the propellers, a margin 
of safety was provided by increasing the size of the line 
shafting to ample amount in excess of that dictated by 
the usual rule. 

With propulsion by geared turbines a critical condition 
of torsional oscillation obtains for each mass of the rotating 
system with respective separate position of node. Accord- 
ingly, with a propelling machinery set comprising four 
turbine-driven pinions transmitting power to a single 
gear wheel, five critical frequencies are met with, and where 
a turning gear is separated by length of shafting from the 
main unit a sixth critical frequency results unless freedom 
of arrangement of the respective parts is sufficient to 
permit of “‘ tuning.” 

It was therefore considered necessary to analyse the 
system completely in order to determine the correct 
scantlings of. quill and main shafts, &c., and thus keep 
all frequencies of vibration clear of the working speeds. 

The importance of the above analysis called for the 
closest collaboration between the staffs of the Parsons 
Marine Steam Turbine Company and of the builders, and 
the details are too extensive to be embodied in a paper 
of such general nature, but it can be stated that the 
principle of the treatment is generally similar to that 
given by Dr. J. H. Smith in his paper before the Institution 
in April, 1922. 


Critical SPEEDS. 


The natural frequencies of vibration for the inner 
shafts were estimated as follows :—205, 356, 606, 895, and 
1169 vibrations per minute. 

Assuming that with the four-bladed propellers there 
are four impulses per revolution given to the shafting, 
the corresponding critical revolutions would occur at 
ap’ roximately 51, 89, 151, 224, and 292 r.p.m. 

‘or the outer shafts there is an -additional natural 
frequency resulting through the turning gear wheel 
being placed forward of the gear wheel, and the following 
are the six natural frequencies :—202, 356, 604, 818, 
895, and 1184 vibrations per minute, and the correspond- 
ing critical revolutions approximately 51, 89, 151, 204, 
224, and 296 r.p.m. 

Damage to the blades of a propeller would alter the 
uniformity of the respective sy but it is considered 
that such contingency would not produce serious torque 
variation. 

. On the steam trials records taken by means of a torsio- 
graph showed an almost complete absence of shafting 
oscillation, even at the above-mentioned estimated critical 
speeds. 











REpDvucTION GEARING. 


With an express passenger liner demanding schedule 
working from the very commencement of service, all 
parts of the machinery must be capable of doing full 
duty without a period of ‘“ running in,” and in a geared 
turbine installation the satisfactory condition of the 
gearing is an essential factor. Accordingly, special and 
unusual measures were taken with the reduction gearing 
of the ‘‘ Queen Mary "’ to meet this requirement, as here- 
after described. 

Prior to cutting the teeth on the main gear wheel, a 
cast iron blank of similar diameter to the wheel for the 
“Queen Mary ” was hobbed and the teeth gauged to con- 
firm the accuracy of the mechanism of the hobbing 
machine. 

It may be interesting to note that about three months’ 
time was required to form the teeth on each gear wheel. 
Each separate helix was machined in two cuts, and during 
the thre: weeks’ time required for each cut it was essential 
that the hobbing should continue without interruption. 

To ensure against failure of gearing which would result 
through excessive pressure on any part of the gear tooth 
surface, it is essential that the bearing of the teeth must 
be as uniform as possible over the full length of the 
toothed surface. Accuracy of the helix angle is of first 
importance, together with true alignment of the pinions 
and the gear wheel. 

With four pinions driving a single gear wheel the 
adverse effect of pitch variation is more pronounced 
than with fewer driving pinions. The improvement in 








gearing hobbing mechanism has approached perfection, 
but slight inaccuracies are yet encountered. By employing 
the creep mechanism devised by the late Sir Charles 
Parsons, the effect of such inaccuracies in the hobbing is 

minimised by ensuring that the error is spread cireum- 
ferentially rather than localised, and thes> are usually 
corrected by the honing of the tooth surface. 

Also, it is unavoidable that with the transmission 
of power torsional distortion is experienced in all pinions, 
although such distortion bg 2m be of only Ba oo 

With the assembling of the gearing for the “ Queen 
Mary ” the following iccamie-ine was inaugurated. 

The main gear wheel teeth were honed on both the 
ahead and the astern working faces to remove the super- 
ficial markings incidental to the above-mentioned creep 
mechanism arn ae eg in the gear hobbing machine. 
The wheel and four pinions were then assembled in 
the gear case, the pinion teeth being coated with thin red 
lead paint for marking. iece of leather was inserted 
between each pinion jou and bearing cover and the 
cover then tightened down on the leather to give a resist- 
ance to turning. The gearing was then rotated by employ- 
ing the usual turning gear directly attached to the gear 
wheel spindle. 

By this method mariting of all points of pressure was 
obtained on all gearing parts. Any “ high ” surface parts 
were then relieved in order to spread the 

As such gripping of the [recon journals does not 
produce torsion, @ ] was devised 
consisti of a train of multiplying gears and a 
small friction brake. With this device attached to the 
coupling end of each pinion in turn, and with the gear 
wheel driven by the above-mentioned usual turning 
gear at about 1/10 r.p.m., pressure loading on the gear 
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Surface, 41,000 sq. ft.; 2 flow, 13,780, 3 O.D. tubes x 18 W.G. 
thick x 15ft. 6in. long; four tube plates, l}in. thick. 


FIG. 2—Detail of Condenser Tube Plate. 


teeth approaching that which would obtain at normal 
service power was reproduced. By such method the 


position of any heavy bearing on the gearing teeth was 
more definitely indicated, and by “agers of this process 


of “ mar * and “ relieving” distributed 
over the full length of the tooth eaillllig surface was 
ultimately obtained. 


From the commencement of the “ Queen Mary’s” 
regular Southampton—New York service, attention was 
g ven to the gearing by skilled workmen at each “ in po 
stay_at Southampton, until the condition of the gearing 
was considered entirely satisfactory. It is of interest 
to note that after seven months’ regular service it was 
decided, after examination during the winter overhaul, 
that the four gearing sets required no attention. 


Service EXPERIENCE WITH MACHINERY. 


When the magnitude of the power installation of this 
vessel is considered and the condition that twenty-eight 
crossings of the Atlantic were made in approximately 
seven months without interruption to the p 
schedule of gy the Pond year apenas of the propelling 
machinery can ered as highly satisfactory. 
The means eames in correcting the more outstanding 
of such minor difficulties as did arise are considered of 
sufficient interest for special mention. 


TuRBINE BLADING. 


At the commencement of the maiden voyage the finding 
of a small piece of metal lodged under a valve on the 
feed-heating bled-steam system indicated possible trouble 
in the port outer high-pressure turbine, and the viewing 
at Cherbourg by the removal of a sighting door showed 
pieces of blade missing and one blade fractured 
in the first row of impulse b 

Further examination on arriv at New York eyo 
that similar conditions to a greater or less bey mercer 
in the first row of blading of each of the four high-pressure 
turbines. 

At New York the first row of blading was completely 
removed from the two turbines in which the damage was 


of greater extent, and on arrival at Southampton on the 
complet:.on of the maiden voyage the first row of blading 
was completely removed from the remaining two high- 
pressure turbines. 

Accordingly, on the second and third round voy: 
the turbines operated without blading in this row, of t 
first expansion stage. 

After most careful study of this unexpected problem, 
the opinion was formed that the failure of this i 
had resulted during the overspeed trials in the Firth of 
Clyde, through the synchronising of the frequency of 
steam jet impacts on the blading with the natural 
periodicity of vibration of this turbine blading. 

Support for this theory of coincidence of vibration 
frequency is given by the adjacent blading of lighter 
section and lower natural frequency remaining entirely 
intact. 

The blading of this first expansion of all high-pressure 
turbines was renewed with heavier and more rigid sections 
of similar material during an “in port” stay of thirteen 
days in July, and functioned satisfactorily throughout the 
successive voyages from that date until the lay up for 
winter overhaul in December. 


Matw Toursrne Nozz_es. 


Careful examination of the nozzle plates admitting 
steam to the first expansion of each high-pressure turbine 
carried out during the above-mentioned “in port” 
stay in July showed the nozzles generally in excellent 
condition, but, as a fracture had developed in a partition 
plate in the nozzle of one turbine, this nozzle was replaced 
by an available spare. 

At that time this fracture was attributed to damage 
incidental to the failure of the adjacent blading. 

Examination after subsequent voyages disclosed definite 
fractures in the nozzle plate of each of the four high- 
pressure turbines—Fig. 1. 

After most careful investigation and a series of e 
ments, it was decided that these nozzle plate failures 
originate with the process of casting the stainless steel 
partition plates in the cast steel nozzle plate frames. 

It is evident that whatever the physical or chemical 
conditions which may obtain with this practice of nozzle 
plate forming, the method is unsuitable for nozzles of the 
size required for the passage of such large quantities of 
steam. 

The original nozzle plate in each of the four high-pressure 
turbines has now been replaced by a “ built-up ” nozzle 
formed by sections machined from solid bars of stainless 
steel assembled in a holding plate of mild steel, with all 
parts joined by light welding, and there is every confidence 
that recurrence of nozzle trouble will not be experienced. 

Although above the fracture of nozzle partition plates 
is attributed to process of manufacture, it is now con- 
sidered probable that repeated heating and cooling under 
normal service conditions and the existence of vibration 
in these plates may have brought about failure through 
fatigue of the plate material. 


Matin CoNDENSERS. 


After the vessel had completed some six round voyages 
failure of a condenser tube occurred in one of the main 
c rs. 
The failure took the form of a complete cross fracture, 
and on examination it was found that the outer surface 
showed heavy scoring at positions opposite each of the 
adjacent tubes, and examination of the adjacent tubes 
showed similar scoring at positions nearest the tube which 
had fractured. 

After further voyages three other tubes in very similar 
position in the condensers developed similar trouble. 

Reference to the illustration of a main 

—Fig. 2—will show a baffle plate in the tube bank of 
either portion of each condenser; the function of this 
baffle is to separate the air-cooling sections from the main 
body of the condenser tubing. These baffles form a 
watershed, and as the tube which failed was in each case 
located immediately under the lower lip = the baffle, 
it appeared obvious that the discharge of condensate 
against the tube produced heavy erosion of the tube 
surface. 

Accordingly, tubes at this vicinity in each condenser 
are now replaced by solid bars of brass. The effect of 
such small reduction of the cooling surface is estimated as 
negligible. 

With the condensers for the sister vessel modification 
to the design will prevent recurrence of such erosion. 

The only novel feature or departure from usual practice 
in the design of the condensers was the expanding into 
the tube mat of the tubes at the water inlet end. With 
this feature, experience is generally very satisfactory. 


GENERAL. 


Various other minor repairs and replacements resulting 
from ordinary service conditions are not worthy of special 
mention. 

The boilers are in perfect condition, and the blading of 
all turbines opened up for survey appear as unused as 
when closed up after completion in the builders’ works. 








Engineering Notes from China. 
(By a Correspondent in China.) 
Shipbuilding in the Far East. 

Tue shipbuilding yards in Hong Kong have 
almost suddenly emerged from a long period of a low load 
factor into a state of considerable activity. The Taikoo 
Dockyard and Engineering Company, Ltd., the biggest 
employer of labour in the Crown Colony (if we exclude 
the total number of employees of the Government), has 
secured an order to build two vessels, each of 8000 tons, 
for the famous Blue Funnel Line. The ships flying the 
Blue Funnel house flag are said to be in every port of 
China where there is anchorage for ocean-going vessels. 

Local marine surveyors say that these ships will each 
cost rather more than £400,000. The internal combustion 
es for propulsion will be sent out from ‘“ home.” 





engin 
In the Taikoo and other local yards great. improve- 
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ments have been made in recent years in mechanisation 
on the wharves. 

The Hong Kong and Whampoa Dock Company, Ltd., 
has also benefited by the recent increase in demand for 
new ships. This shipbuilding and repairing organisation 
dates back many years earlier than its only real rival, 
owned by the ‘“ Taikoo”’ firm, known in London as 
John Swire, Ltd. During the war both concerns were 
remarkably busy, but for many years afterwards they 
had very few orders for shipbuilding. There is always a 
considerable amount of ship repairing in Hong Kong, as 
it is the terminal port for some of the big trans-Pacific 
lines, such as the Canadian Pacific Steamship Company 
Also many ships of the fleet of nearly seventy “ Taikoo’ 
vessels, forming the China Navigation Company, are 
refitted in Hong Kong, and from time to time submarines 
and other naval craft are to be seen in the docks of both 
British yards, 

The British Flag in the Far East. ; 
From the earliest days of foreign trade with China 
the British have obtained most of the shipping trade in 
the Far East. Since 1841, when Hong Kong was ceded, 
the splendid harbour attracted maritime commerce. 
those days there was no need to consider harbour engineer- 
ing problems. The enormous increase in the size of ocean 
vessels has caused the local Government to create a depart- 
ment which specialises in engineering problems connected 
with the port and its development. Sir Maurice Fitz- 
Maurice came out to Hong Kong some years ago to 
advise the Government concerning harbour improvements. 
The accommodation provided in Hong Kong at the various 
wharves and for ship repairing invariabix surprises 
visitors to the Far East. They do not expect to see such 
modern equipment. But the British shipping companies 
seem to be determined to maintain the premier position 
of the British lmes along the coast of China. For that 
purpose efficient and up-to-date ships are used, and well- 
equipped ship-repairing and engineering establishments 
are maintained in Hong Kong. 

The fact that the British Government is spending 
about £6,000,000 sterling on military works in Hong Kong 
is proof that the value of British trade with China is 
realised in Whitehall. The old type of exports from 
Britain—textiles, &c.—is being replaced by the export 
of machinery, steel bars (much of it for reinforced con- 
crete buildings), and the products of the heavy industries. 


, 


A Great Triumph of Mechanisation. 


The completion of the remarkable piece of civil 
engineering construction in Hong Kong, known as the 
Shing Mun reservoir, is notable for many reasons. The 
work was declared finished by the Governor of the Colony 
at the end of January, and was dealt with in your issues of 
November 13th, 1936, and January 22nd, 1937. 

It may be mentioned that during the construction of 
the dam a number of prominent Chinese officials visited 
the site as guests of the Hong Kong Government. The 
effect of this propaganda on behalf of engineering works 
in China can be proved by the following statement. 
During the last ten years Chinese officials have on several 
oceasions inspected the extensive waterworks in Hong 
Kong. Canton, a city of a million people, has since the 
war installed a water supply system, carried out by British 
engineers. In 1933 the water supply for Wuchow was 
finished. The Nanning supply system was arranged in 
1934. -A year later the Luchow water system scheme was 
started; and in 1936 Macao, 40 miles south of Hong Kong, 
contracted for an up-to-date waterworks, now in course 
of construction. 

All of these places contain a large population of Chinese 
citizens, who were dependent for their water supply upon 
their own individual arrangements. In all cases British 
firms have benefited by the contracts. Perhaps the most 
interesting fact is that Nanning, in the interior province 
of Kwangsi, has determined to carry out reconstruction 
work, including new waterworks. There has been a very 
great increase in all t of comraunications in that 
province, especially road construction. 


An Engineer’s Triumph. 


The Jubilee Dam at Shmg Mun is not only 
remarkable in design, but is historic for the following 
reason. During the building of this structure, which 
incorporates nearly 2,000,000 tons of rock, sand, and 
cement, and is the highest dam in the British Empire, 
mechanisation was employed wherever possible. The 
resident engineer, Mr. G. B. Gifford Hull, M. Inst. C.E., 
when planning construction works, determined to use 
machinery wherever practicable. Electric power, at 
about 0-7d., was available on the site, and motors, vary- 
ing in size from 6 H.P. to 160 H.P., were employed for 
driving air compressors, cranes, &c. In addition, there 
were locomotives and steam cranes. 

In spite of mechanisation, a labour force of 2500 was 
employed and housed on the site. The dam was com- 
pleted in five years. It is seven times the volume of a 
solid concrete dam in Hong Kong, finished in 1917, which 
took six years in construction. That dam was built 
entirely by manual labour. All the methods employed, 
but for the use of Portland cement, were primitive, and 
might have been used on waterworks in ancient Babylon. 
Mr. Hull determined to accelerate the building of the 
Shing Mun dam by placing power behind the worker. 
He deserves the credit due to an engineer who shows 
courage and enterprise. He has proved that with the most 
efficient manual labour obtainable in the world, at a price 
equivalent to about 9d. an hour, it pays to use machinery 
on @ big civil engineering job. That proof is of enorrhous 
importance:to British manufacturers of machinery. It 
should corivince the Chinese engaged in reconstruction 
works that they will save money by placing power behind 
the worker, in spite of the huge supply of muscular energy 
in China, available at a very low cost. In the present 


undeveloped condition of China, it is inevitable that civil 
engineering works will be needed in the early..stages of 
transformation of the country. 

It may interest civil engineers to know that the total 
cost of Jubilee Dem at Shing Mun was about £500,000. 
A second small dam was also needed, but the Shing Mun 
Valley:was very suitable for the formation of the reservoir 
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which will hold 3000 million gallons. The cost of the 
reservoir works out at rather less than 8d. per cubic foot 
of water storage. Curiously enough, the cost of another 
reservoir, on the island of Hong Kong, distant about 
7 miles from Shing Mun, which is on the mainland, came 
to about the same figure of 8d. per cubic foot of water 
storage. In general, it can be said that civil engineering 
works in South China can be carried out at about one- 
third of the cost of similar work in Great Britain. That is 
because labour is very cheap and most efficient. Cement 
also is now obtainable in Hong Kong at an extremely low 
figure. The geological formation of Hong Kong and other 
places in South China. enables the engineers to obtain an 
almost indefinite supply of hard granite on or near the 
site of engineering works. 


The Engineer and the Doctor in the Tropics. 


During the five years of construction of this 
giant dam at Shing Mun the writer often visited the works. 
In addition to the engineering problems, there were local 
difficulties concerning malaria and other tropical diseases 
in the district. As soon as the large labour force was 
housed near the dam, it became evident that medical 
science would be required to render the district habitable 
and to deal with sanitation, &c. At the beginning of 
the work the casualties were alarming. It has been said 
that, unless the malaria menace had been reduced, it 
would have been impossible to obtain labour for building 
the dam. 

The local prevalence of malaria, in the early days of 
Hong Kong, led to terrible casualties, and caused the 
Colony to be called ‘“‘a charnel house for troops.”’ In 
1843 as many as 24 per cent. of the British soldiers 
stationed there died between May and October. It was 
the engineer in the tropics who helped the doctor to defeat 
malaria, by draining swamps and pools where mosquitoes 
breed. In Hong Kong, the public works engineers have 
done splendid work in building clear waterways, so that 
in the cities of Victoria and Kowloon there are now very 
few mosquitoes. 

Sir Patrick Manson’s name is associated with the dis- 
covery that the mosquito carries malaria from fever- 
stricken victims to even the most robust workers. He 
practised as a doctor in Hong Kong for many years, and 
lectured to a young Chinese medical student, Dr. Sun 

Yat Sen, who subsequently became the hero of the new 
China. Since Manson’s day engineers and doctors have 
waged war on the mosquito, and now in many cities in the 
tropics there is very little malaria. 

At Shing Mun there was a Chinese village; in such 
primitive communities mosquitoes and flies flourish. The 
village had been occupied by the same clan since there was 
any history or legend concerning Shing Mun. In spite of 
generous compensation, it was necessary to use force to 
remove the inhabitants! The village was destroyed, and 
the site of it is now beneath the waters of the Shing Mun 
reservoir. 

Expert Advice in China. 

The history of water supply in Hong Kong is a 
long story of water famines and at times epidemics caused 
by an insufficient supply of pure water. The new Shing 
Mun reservoir provides 3000 million gallons of storage, 
which just about doubles the storage for the Colony. 
From the first effort made by the local Government, in 
1863, to provide a public supply until to-day, the most 
prominent experts from England have been invited to 
examine local conditions, and have designed schemes. 
In all cases the rapid increase in the population—from 
5000 in 1841 to over a million to-day—has provided un- 
expected difficulties. The action of the Hong Kong 
Government in referring technical problems to experts 
in England has been followed in recent years by the 
Chinese Government. It is essential that the difficult 
details of river conservation in all parts of China should 
be carried out at a minimum expense. That is only 
possible if expert advice is available. 

Sir Alexander Binnie. 

As the writer stood on the Jubilee Dam at 
Shing Mun and listened to Mr. W. J. E. Binnie describing 
the details of the design of the structure, his thoughts 
went back to an evening, more than thirty years ago, 
when he heard Mr. Binnie’s father, Sir Alexander Binnie, 
deliver his Presidential Address to members of the Institu- 
tion of Civil Engineers. In that address Sir Alexander 
mentioned that the industrial revolution in England was 
largely due to knowledge gained from foreigners. Those 
words are most appropriate, and should be emphasised in 
China to-day. Co-operation with foreigners is essential 
for the efficient economic and engineering development of 
the country. . 

It may be of interest to those who remember that great 
engineer, Sir Alexander Binnie, to read that not only did 
his son design the Shing Mun dam, but his grandson was 
an assistant engineer on the works during the construc- 
tion. Thus the tradition of engineering has been main- 
tained in three generations. In these times there is less 
observance of the old routine of a son following the father’s 
profession than there was in the old days. 

The Governor of Hong Kong, when he addressed the 
representative gathering at the opening ceremony at 
Shing Mun, said that the works of engineers and architects 
remain as their enduring monuments. Nothing will ever 
demolish the Jubilee Dam. It has been designed proof 
against earthquakes, for Mr. Binnie had in mind the 
failure of dams in Japan when that country suffered from 
earthquake shocks of great magnitude. 


Modern Chinese Architecture. 


An importer of Belgian steel in South China 
recently informed the writer that,he had secured a greater 
volume of business,in the first fortnight of 1937 than in 
the first six months of 1936. No doubt the increase in 
price of metals has made Chinese merchants fix orders, 
in the belief that prices will continue to rise. The demand 
for steel used in buildings in South China has, however, 
increased very much indeed in recent years. In the 
Chinese cities new buildings, involving the use of steel 
frames or reinforced concrete, are being erected. Especially 





noticeable are the new style banks, large stores, and 
impressive Government buildings. These have been in 
many cases designed by Chinese architects and engineers 
trained in Europe or America. 

Many of these buildings retain the old-style, beautiful 
curved roofs, with gay colours for tiles, &c. But the 
framework of the structure is no longer made of wood, and 
in consequence much larger buildings are to be seen. 
The “skyscraper” type which has in recent years 
appeared in Shanghai and Hong Kong does not harmonise 
with the surroundings of Chinese cities, as does the old 
style of architecture, any more than a Chinese pagoda 
would be suitable as a monument in London. It is there- 
fore a matter of congratulation to the Chinese architects 
that they have incorporated a knowledge of modern 
materials and structural engineering with the old style 
picturesque appearance of typically Chinese architecture. 
The new buildings demand a great deal of imported 
material, but they are not out of keeping with local 
traditions. 








The Beama Report. 





At the annual general meeting of the British Electrical 
and Allied Manufacturers’ Association, presided over 
by the chairman of the Council, Mr. E. 8. New, on March 
18th, the annual report and accounts were adopted and 
the results of elections of the Council were announced. 
The firms elected were Brookhirst Switchgear, Ltd., 
the Brush Electrical Engineering Company, Ltd., Hick 
Hargreaves, Ltd., the Metropolitan-Vickers Electrical 
Company, Ltd., Micanite and Insulators, Ltd., and 
Mirrlees Watson, Ltd. At the subsequent meeting of the 
new Council, Mr. J. L. Wilson was elected chairman, and 
Mr. E. S. New, vice-chairman for the session 1937-38. 

According to the report, the British electrical manu- 
facturing industry in particular enjoyed in 1936 a year of 
growing prosperity. New orders for heavy plant increased 
considerably, and the demand for smaller apparatus 
continued to improve. In the home trade, the sustained 
rise in the output of electricity necessitated substantial 
additions to the equipment of the grid, whilst improved 
building plans increased by over 10 per cent. But during 
the course of the year the prices of raw materials of the 
electrical manufacturing industry rose to new high 
levels. The rise was, however, world-wide, and by 
increasing purchasing powers overseas, reacted beneficially 
on electrical exports, which amounted to about £15,000,000, 
an increase of 6 per cent. compared with the previous 
year. They have not, however, reached their pre-slump 
level of about £20,000,000, and in view of the many 
important restrictions in foreign countries, complete 
recovery is likely to be slow. Although home trade 
is exceptionally active, the report dispels the prevalent 
impression that the productive capacity of the industry 
is so completely occupied that export orders cannot be 
executed within a normal period. 

As usual, the Empire was by far the greatest electrical 
export market for the home manufacturer. It absorbed 
about 72 per cent. of the total, compared with almost 
70 per cent. in the previous year, an increase of over 
£1,300,000. Nevertheless, the report states, it is apparent 
from the official returns of its various constituent 
countries, that a very great expansion in electrical manu- 
facturing capacity has taken place within the last few 
years. This e ion in capacity has not always been 
entirely of an economic character, but it is clear that, 
especially in the mass production lines of electrical manu- 
facture, increased capacity is a factor to be reckoned 
with, and will add to the difficulties of maintaining the 
share of the United Kingdom in Empire electrical trade. 

Another disquieting development is the abnormal 
rise in electrical imports. After being practically stationary 
in 1935, compared with 1934 they rose in 1936 to 
£4,185,390, an increase of over 20 per cent. No other 
prominent electrical manufacturing country in the world, 
the report states, imports electrical goods to an amount 
equivalent to nearly 28 per cent. of its exports, and it is 
obvious that the protection afforded by the present 
import duties to many branches of electrical manufac- 
ture is inadequate. But despite the increase in imports, 
it is gratifying to find that employment in the electrical 
industry has improved to a remarkable extent, and that 
the electrical industry is playing its part in the absorption 
of unemployed workers of other industries. The number 
of insured workers in electrical engineering, cables 
apparatus, lamp manufacture, wiring and contracting 
is 291,690, and is now the highest, and the percentage of 
insured workers unemployed the lowest, in the history 
of the industry. 

As the year 1936 brought a further increase in the 
importation of foreign electrical goods, the Association 
was actively engaged in putting before the Import Duties 
Advisory Committee statistics and arguments aimed at 
showing the need for increased protection on those classes 
where increased importation has been outstanding. 











CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





Henry Hucues anv Son, Ltd., London, have received 
contracts for navigational for the new cruiser “‘ La 
Argentina,’ launched from Vickers Yard, Barrow, recently. 
In addition, they have also received an order for ‘‘ Huson” 
dead-beat compasses for the three Argentine destroyers being 
built at Vickers Yard. The equipment for “ La ntina *” 
ineludes British Admiralty ding echo sound ‘* Huson ’ 
dead-beat filament card compasses, and a full equipment of 
hydrographic instruments, including reversing water bottles, 
insulating water bottles, vertical plankton nets, bottom 
dredgers, barographs, and thermometers, ; 
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Markets, 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The Shortage of Steel. 


Whilst the culties of the consuming trades 
in Great Brita resulting from the shortage of steel 
show no sign of passing there seems to be a prospect 
that during April easier conditions will develop on the 
Continent. In this country a number of works have 
been obliged to close down temporarily whole depart- 
ments, particularly in the re-rolling industry, which 
is suffermg severely from the scarcity of billets. In 
the House of Commons recently Mr. Runciman said that 
at the end of last year deliveries of Cartel products out- 
standing under the agreement amounted to 81,000 tons, 
and that there was also outstanding a balance of 48,000 
tons under the arrangement for the supply of additional 
semi-manufactured steel. These arrears have since 
increased, and it will probably be a long time before they 
are overtaken. One of the troubles with regard to import- 
ing Continental steel under the licensing system has been 
that the Customs naturally have to be careful that the 
weight mentioned in the licences is not exceeded. As a 
result this leads to considerable delays and expenses in 
weighing on this side. Recently one Continental supplier 
was put to the expense of weighing a consignment at an 
additional cost of 15s. per ton. Apparently this is not 
an isolated instance and naturally it does not encourage 
the Continental steel works to sell in the British market, 
particularly as they are at present able to secure 
higher prices with much less bother in foreign markets. 
It is reported that the shipping companies are disgruntled 
at the trouble of bringing steel into this country under the 
licensing system, and it is said that one line is contemplat- 
ing refusing to carry steel to London. The shortage 
has enabled Continental sellers to charge inflated prices 
in the export markets and premiums are demanded of 

5s. to 35s. and in some cases up to 60s. gold on the 
ofc tial rates. Lately, more material has been offered 
in the Continental steel market, and it is suggested that 
this improvement indicates: that by the end of April the 
worst of the scarcity will be over. It is interesting to 
note that Continental steel works are busy expanding 
their resources, and one important Belgian firm has 
purchased another works with the intention of installing 
electric furnaces for the manufacture of a complete range 
of products in Thomas and Siemens-Martin steel. The 
Treasury has announced that cut bars not exceeding 6in. 
in length, 6in. in width and ljin. in thickness, and con- 
taining not more than -030 p.c. by weight of sulphur and 
not more than -025 p.c. by weight of phosphorus are 
added to the Free List as from April Ist. This material 
is used for smelting in the production of high-grade and 
special steels, and its consumption is growing. The present 
duty of £3 per ton is tending to divert supplies from this 
country and the exemption will be of assistance to the 
makers of the special steels referred to. 


The Pig Iron Market. 


Consumers of basic pig iron have been cheered by 
the announcement of the purchase of 400,000 tons of 
Indian iron for delivery over two years, commencing from 
next June; but this quantity is not regarded as sufficient 
entirely to remedy the position. It was hoped that dealings 
with the Russian Trade Delegation now in this country 
would have been brought to completion before this, but 
it is reported that the negotiations have reached a stage 
at which the Delegation has been definitely asked to state 
how much iron it can sell and at what price. Regret is 
now expressed that the option upon a substantial quantity 
of Russian iron which expired in the autumn was not 
exercised. Negotiations are proceeding with the pig iron 
makers in other countries, but so far only limited quan- 
tities have been obtained. Business in foundry pig iron 
on the North-East Coast has been almost suspended 
during the past week or two, since the producers are dis- 
inclined to add to their commitments for any delivery. 
Reports are current of users having offered premiums over 
the ruling price, although it is said that these have had 
little influence with the makers. There is some talk of 
prohibiting the export of pig iron in order to conserve the 
whole supply for the home market, but this procedure 
seems unlikely, since for some little while no new export 
business has been entered into. The shipments which are 
now being made are against old contracts, although con- 
sidering the prevailing conditions, they amount to a good 
tonnage. In the Midlands it is becoming increasingly 
difficult to obtain even small parcels of foundry pig iron, 
and considerable anxiety is being expressed by the foun- 
dries and other users. Contracts which expire have on 
occasion been renewed, but in nearly every instance they 
have been for reduced tonnages. On the other hand, the 
makers claim that they have been able to maintain regular 
supplies to the consumers and hope to continue to be able 
to do so. It seems likely that the production of foundry 
iron in the Midlands will be increased by one or two addi- 
tional furnaces being put into operation during the next 
few weeks. In Scotland the whole of the output is going 
immediately into consumption and the makers in several 
cases are in arrears with deliveries. There seems a prob- 
ability, however, that some of the furnaces which have 
been out of commission for some time will be re-lighted 
shortly. In Lancashire most of the users are well covered 
forward, but a considerable amount of supplementary 
business is being offered, little of which finds acceptance. 


The-North-East Coast and Yorkshire. 


The situation in the finished steel market shows 
no signs of improvement and the stringency, if anything, 
is becoming worse. Manufacturers are finding it difficult 
to meet the specifications against old contracts which 
pour into the works; and. a large tonnage of new business 
is being turned down weekly. The production of joists, 
plates, and structural material is on a very heavy scale, 
but it is quite inadequate to meet the demands of the con- 
suming industries. Structural engineers, who are almost 





without exception well employed, absorb a rated propor- 
tion of the output, and the activity at the shipbuilding 
yards on the North-East Coast: has created a strong 
demand for steel. At least six weeks is required for the 
delivery of any material, but so heavily booked are the 
manufacturers that few would care to accept orders for 
execution within that period. It is anticipated that at the 
end of May there will be a substantial increase in the price 
of structural steel and any business transacted is at the 
price ruling at the time of delivery, since few works have 
anything to sell before that date. The scarcity of billets 
has resulted in much plant at the re-rolling works standing 
idle, and it is expected that shortly a scheme will be put 
into operation for controlling the supply of semis to the 
latter industry. Some at least of the scarcity. of steel 
in this country is due to arrears of Continental deliveries 
against the quota. It is almost impossible to obtain 
Continental steel either from the importers or from the 
stockholding merchants. The new release is said to be 
imminent, but little belief exists in the market. that the 
material will reach this country whilst better opportunities 
for its disposal are presented in other markets. One com- 
plaint of the Continental makers, apparently, is that the 
rigorous way in which the Customs enforce the regulations 
with regard to the import of steel into this country leads to 
excessive charges. In the Yorkshire district the steel 
works are operating at a high rate of capacity, but are 
gravely concerned at the difficulty of obtaining supplies 
of basic pig iron. This position, however, may be relieved 
after June by the arrival of additional quantities of Indian 
iron. The production of basic steel has been well main- 
tained in this district and the demand for acid steel has 
considerably increased of late. Business in stainless steel 
is only held in check by the inability of the makers to 
accept the orders offered. 


The Midlands and South Wales. 


In the Midlands there is a vast amount of work in 
hand requiring large quantities of steel, and much more is 
in prospect. The demand, therefore, seems assured at 
its present rate for a long time to come, but the inability 
of the steel industry to meet it and the uncertainty regard- 
ing future supplies is creating anxiety. Constructional 
work is being held up by the late delivery of material and 
the difficulty of placing new business. So far as joists, 
plates, and sections are concerned fresh orders have been 
reduced to small proportions, since the makers are reluc- 
tant to accept these until the position which will rule after 
the end of May is more clearly defined. It is anticipated 
that prices will be sharply advanced by then, but it remains 
to be seen whether this will bring extra material to the 
market. The re-rolling works are in a particularly bad 
situation, as their supplies of billets have seriously fallen 
off during the past month or two and some works have had 
to cease operations for varying periods. In certain cases 
they have been closed down for more than a fortnight 
owing to the lack of the necessary raw materials. This 
has caused a contraction in the market for small bars and 
strip and as a result users have in turn been greatly incon- 
venienced. The finished ironworks in the Midlands are 
well employed and although at the cheaper prices the 
request for marked bars was inclined to lag, at the present 
rate of £14 7s. 6d. the demand is greater than the works 
can satisfy. Business in Crown bars, also, has expanded 
to an extraordinary extent of late and the rise in the price 
to £11 17s. 6d. has not had the slightest effect in checking 
the demand. In South Wales conditions are as busy as 
in other districts in the country. The steel works, how- 
ever, are nervous regarding their supplies of basic and 
hematite pig iron and scrap and are adopting a cautious 
attitude with regard to additions to their commitments. 
The tin-plate works are well off for orders, although 
recently the demand has slackened somewhat. Whilst 
some inconvenience is experienced owing to the difficulty 
of obtaining sheet and tin-plate bars, most of the works 
seem fairly well covered. The effective quotations for tin- 
plates have increased sharply and may be called 24s. 
to 25s. for both home and export, although the official 
rate is unchanged at 19s. 9d. f.o.b. and 19s. 44d. f.o.t. 
respectively, 20 by 14 basis. 


Current Business. 


George Cohen, Sons and Co., Ltd., engineers and 
machinery merchants, have purchased the whole plant of 
the Park Royal Power Station owned by the Great 
Western Railway. This includes ten large Babcock and 
Wilcox boilers, of which five have been acquired for 
immediate use by a South Wales steel works; seven 
electric generating sets and a battery weighing 45 tons. 
Negotiations are proceeding between the Coltness Iron 
Company, Ltd., and Imperial Chemical Industries, Ltd., 
for the erection of a works on the Clyde for the production 
of non-ferrous metal tubes for shipbuilding, housing, and 
general engineering work. A contract for two passenger- 
cargo liners for Scandinavian routes has been placed by 
Ellermans Wilson Line with Swan, Hunter and Wigham 
Richardson, Ltd. The Stanton Ironworks Company, 
Ltd., has completed a plant for the production of spun 
pipes, 2}in. diameter in 12ft. lengths ; and within a few 
weeks will be offering spun pipes of 2in. diameter in the 
same lengths. A contract for a dredger for use at Parana 
has been awarded to Fleming and Ferguson, Ltd., Paisley. 
Subject to settlement of. certain points of detail the 
Admiralty has announced that the following contracts: 
will be awarded from the 1936 and 1937 programmes :— 
One cruiser each to Alex. Stephen and Sons, Ltd.;.Govan ; 
the Fairfield Shipbuilding and Engineeri Company, 
Ltd., Govan ; Cammell Laird and Co., Ltd., Birkenhead ; 
R. and W. Hawthorn, Leslie and Co., Ltd., Newcastle- 
upon-Tyne ; Scott’s Shi - ypeae | and E ngineering Com- 
pany, Ltd., Greenock. and W. Hawthorn, Leslie and 
Co., Ltd., and Scott's Shipbuilding and Engineering Com- 


pany, Ltd., are to supply one set of cruiser machinery,’ 





Notes and News: 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Export quotations are 


‘each. A commie valued at £75,000 for the erection of a 


new aircraft factory for Blackburn Aircraft, Ltd., Dum- 
barton, has been awarded..to, Kettlewell, Son and Co., 
Ltd., Hull. The building~will be completed in twelve 
weeks and will cover 8 acres. The Department of Overseas 
Trade announces that the following are open for tender :— 
Municipality of Paarl, South Africa: two high-lift multi- 
stage centrifugal pumps with motors, switchgear, &c. 
(South Africa, April 21st); Egyptian Ministry of Public 
Works: two electrically driven pumping stations with 
buildings, equipments, transformer station modification 
and extension, and necessary accessories; electrically 
driven pumping units, &c.; modification of existing trans- 
former stations, &c. (Cairo, April 20th and May 18th); 
New Zealand Public Works Department: two separate 
contracts for two electric motor-driven centrifugal pumps, 
complete with necessary electrical equipment, switch- 
board and control apparatus (Wellington, June Ist). 


Copper and Tin. 


The market for electrolytic copper did not 
recover from the interruption of the Easter holidays until 
mid-week and trading was on a. small scale. In some cases 
the consuming works did not re-open immediately after 
the break, as the opportunity was taken to execute repairs 
to plant. Previous to the holidays the demand was active 
and prices showed an inclination to rise rather quickly. 
There is no doubt that many consumers in this countzy, 
have covered themselves for a considerable time forward, 
but others have not taken this precaution and their require- 
ments plus the supplementary tonnages arising from the 
continual pressure to obtain supplies of manufactured 
copper create a persistent and strong demand. On the 
Continent also the market for electrolytic copper seems to 
be steadily expanding, and although it is probable that a 
good percentage of the metal is required for rearmament 
purposes, the quantities passing into ordinary commercial 
use appear to be increasing. Not unnaturally, buyers 
are less anxious to purchase far forward than of late, since 
it is expected that;the production, will show pro- 
gressive increases for the next thonth or two. A section 
of the market, however, estimates that the industrial 
demand will keep pace for a time at any rate with the high 
output. After a sharp decline prices in the London 
standard market sharply appreciated immediately before | 
the holidays and upon the resumption of business this week 
the undertone was The tin market has been 
subject to rather violent fluctuations lately and before the 
holiday break it looked as though values would continue to 
appreciate. On the resumption of business this week, how- 

ever, there was a sharp decline in prices. Probably the 
market had not settled down to normal trading and later on 
a firmer tone developed. The industrial demand for the 
metal continues good, and although American buyers, 
have not been prominent in the market, their purchases 
earlier in March resulted in heavy shipments from this 
country. Fears, however, that the stocks would» be 
reduced to a dangerously low level have been averted by 
the shipment of tin from Holland, and more is expected 
to be sent to this country shortly from the Arnhem 
smelter. The caution which American buyers have shown 
lately has somewhat surprised the market, as it is thought 
that America still requires considerable quantities of tii. 

For once in a while, however, the. Americans appear deter- 
mined not to follow their usual practice of rushing into 
the market and putting up the price against themselves. 


Lead and Spelter. 


The firm tone which chracterised the lead market 
immediately prior to Easter was fully maintamed when . 
business was resumed this week. The decline in price in 
the last week or two has not been so pronounced in lead 
as in other non-ferrous metals, probably because of the 
sustained industrial demand. At the same time, there has 
been a considerable volume of speculation in this market, 
which has caused violent fluctuations in prices. Little:< 
surplus lead has been put on the market, as practically all 
the metal arriving in this country has gone direct to con- 
suming works. It would appear, however, that the 
statistical position of late has become easier, and so far as 
can be seen this tendency is likely to continue for a time. 
At the present level of values lead cannot be described as 
cheap, and no doubt the comparatively high price is 
causing an increase in production. All the principal con- 
suming trades are taking up good quantities of the metal, 
and a feature of the position is the activity of the cable 
makers. It is also estimated that the tonnage passing into 
the manufacture of solder partly as a result of the rearma- 
ment work constitutes a record. The lead pipe and sheet 
manufacturers, if they are not quite so. busy as a few 
months ago, are certainly producing at a high rate. 
Naturally, the price of the latter products fluctuates in 
accordance with the movements of the raw material ; but 
pipes and sheets at just about £40 per ton cannot-be con- 
sidered cheap. .... The spelter market has been very 
much at the mercy of speculators lately and immediately 
before the holidays there were some violent price fluctua- 
tions. The holiday lull seems to have been extended over 
this week, and prices have moved less rapidly ; but, on the 
opening of the market prices showed a tendency to advance. 
A feature of the position is the scarcity of high-grade. 
spelter, and as the demand for this description seems to be 
developing the shortage is becoming increasingly apparent. . 
There is no scarcity of ordinary grades, although it is said: - 
that the statistical position has become tight, and, in fact, 
it is urged that the situation of lead and. spelter “has been 
reversed. The producing plants are understood to be 
working at capacity all over the world, and it is suggested 
that if the demand continues to increase tight conditions 
must certainly develop. With'the increase in price, how- - 
ever, it seems probable that the natural tendency will be 
for output ‘to expand, and in thie meantime it is likely that 
the speltermarket will attract a fair amount of speculation. 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 


Current Prices for Metals and Fuels. 


PIG IRON. 
Home. Export 
(D/d Teesside Area) 

N.E. Coast— £ s. d. £ a. d. 
Hematite Mixed Nos.* 417 @... — 
No. 1 wi 418 O. _ 

Cleveland— ak th Teesside Area) 
1. NS pee ee —_ 
No. 3G.M.B. es Sar ee 
No.4 Foundry ... .. 4 9 0... ~ 
Basic (Less 5/—rebate) ... 4 2 6 PR 
Mipianps— 
Staffs— (Delivered to sear UP ap yanueaniad 
North apes opal 6 = 
” Forge : ; 1 ; —_ -- 
Basic (Leas 5/- rebate) at se St ee = 
Northampton— 
Foundry No. 3 43 6.. a 
Forge 318 6.. — 
Derbyshire— 
No. 3 Foundry 4/6: @:.. a 
Forge... ... 4.2... — 
ScorLanp— 
Hematite, f.o.t.furnaces* 4 17 6. — 
No. 1 Foundry, ditto 410 6... —_ 
No. 3 Foundry, ditto ie ie Se — 
Basic, d/d(Lese 5/-rebate) 4 2 6... ... ca 
N.W. Coast— 418 0d/d Glasgow 
Hematite Mixed Nos.*...55 3 6 ,, Sheffield 
5 9 6 _,, Birmingham 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 

Lancs. anp YorKs.— £9. d. £s. d. 
Crown Bars ... Hl? 6.. = 
Best Bars 3 7 6.:; ~- 

MrpLanps— 

Crown Bars ... mares. —_ 
Marked Bars (Staffs. ) 3 0 0... — 
No. 3 Quality... 10 5 0.. a 
No. 4 Quality... 1015 0.. “= 

ScoTrLanp— 

Crown Bars ee RS: 1117 6 
Best... ... aa: eS: zs Tw 

N.E. Coast— 

Crown Bars ... wie IRE, 2 2s 1 6 0 
Best Bars Sas eb RR Bi css 11 10 0 
Double Best Bars OF. 8 12 0 0 

Nor?tHEeRN IRELAND AND Free StaTe— 

Crown Bars, f.0.q.... ~ { & ae — 
STEEL. 

Home. Export. 
LoNDON AND THE SouTH— £ se. d. S..@ 4. 
Angles ee pS ae ee 9 2 6 
Tees... es. C3. 10 2 6 
Joists 9 6 6.. 926 
Channels... ... ... oe Ie os. or S 
Rounds, 3in.andup ...10 5 6.. 10 2 6 
” under 3in. 912 6.. 10 0 0 
Flats, under 5in. 912 6.. 10 0 0 
Plates, jin. (basis) 915 6.. 912 6 
” fin. ... 10 0 6.. 917 6 
* jin. ... 10 5 6.. 10 2 6 
» jin. . 1010 6.. 10 7 6 
Un. % to fin. incl, 1 3 0O.. 10 15 0 
Boiler Plates, jin. 10 5 6.. 1015 0 
Nortu-East Coast— £ s. d. £ s. d. 
Angles 9 3 0.. 9 2 6 
Tees... ww 3 O... 10 2 6 
Joists... 9 3 @.. 9 2 6 
Channels... .. eT PE ee 8 
Rounds, tin. eas up ae he oe 10 2 6 
“ under 3in. 910 0O.. 10 0 0 
Plates, jin. sip 910 6.. 912 6 
» see. 915 6.. 917 6 
e fin. ... _ ve ;.. 10 2 6 
” jin. . 10 5 6... 10 7 6 
Un. % to tin. incl, 918 0.. 10 17 6 
Boiler Plates, jin. ...10 0 6.. 10 15 0 

Mripianps, aND LEEDs anp DistRicT— 

£ s. d. £6. d. 
Angles a ee a g 2 6 
Tees... oe a. Wy ce 10 2 6 
Joists... ee $2 6 
Channels... . oy me es 97 6 
Rounds, 3m.andup ...10 3 0... 10 2 6 

” under 3m. 910.0... 10 0 0 
Fiaté, 5in. and urider 910 0.. 10 6 0 
Plates, in. (basis) 913 0O.. 912 6 

re SS 918 0.. 917 6 
» tin. ... ih BHO... 10 2 6 
” PRIDE iis.) est :) ew? MR BO 00 10 7 6 
Un. %& to fin. inch «=... 928 O.. 1017 6 
Boiler Plates, jin. DO 3 6... 10 15 0 





only from associated British Steelmakers. 


STEEL (continued). 
Home. Export 
Guascow anp Districr— a £ s. d, 
Angles meh et ee 9 2 6 
Tees... $9023 as. 10 2 6 
Joists 9 3 0.. 9 2 6 
Channels... ... ... 9 8 O.. 9 7 6 
Rounds, 3in. and up 10 3 0 .. 10 2 6 
a under 3in. ‘on ee ot 10 0 0 
Flats, Sin. and under ... 910 90.. 10 0 0 
Plates, jin. (basis) 910 6.. 912 6 
” fin. ... . 915 6.. 917 6 
” fin. ... we Oo .. 10 2 6 
*» in. ... - 30 8. 10 7 6 
Un. % to jin. incl. a wr eo 10 17 6 
Boiler Plates, jin... ... 10 0 6.. 1015 0 
Sourm Wates ArEa— 2 ad. £8. da 
Angles PR ere 9 26 
Tees... - 10 3 @.. 10 2 6 
Joists Se. Oa 9 2 6 
Chess me 7) a oe ae ee 
Rounds, ain. jem. a! et ae ae 10 2 6 
” under 3in. ae Yee ees 10 0 0 
Flats, Sin. and under ... 910 0 .. 10 0 0 
Plates, jin. (basis) 933 0... 912 6 
a aes 918 0O.. 917 6 
» | ee 5 A en 10 3 6 
o frin. ... ee ee 10 7 6 
Un. jin. to fin. incl. Ta ee 10 17 6 
IRELAND—F.0.Q. BrE.rast. Rest or IRELAND. 
£ a, 4, £ s. d. 
Angles ee Ph 910 6 
Tees... ae” ee 10 10 6 
Joista ... 9 8 0 918 0 
Channels... ... ... - 13 0 915 6 
Rounds, 3in. and up Birt @ 10 10 6 
” under 3in. 8 8 0 8 8 0 
Plates, jin. (basis) 915 6 918 0 
fein. 10 0 6 10 3 0 
din. 10 5 6 10 8 0 
~ Bien. se 10 12 6 10 13 0 
Un. #in. to fin. incl. 10 5 6 10 8 0 
OTHER STEEL MATERIALS. 

Home. Export 
Sheets. £ s. d. £s.d 
11-G. to 14-G., d/d er ar O ... f.0.b. 12 10 0 
15-G. to 20-G., d/d -1315 0... ..f.ob 13 15 0 
21-G. to 24-G., d/d ner ey cg Pe eee 

25-G. to 26-G., d/d a’ ow oe ... f.o.b. 13 15 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
Australia £13 ; Irish Free State, £14 10s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 

2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 


Home. 
4-ton lots and up ... 
2-ton to 4-ton lots 
Under 2 tons 


£ 


a i | 
wae 
- 19 


s. d. 
00 
7 6 
00 


Export: India, £22 5s. c.i.f.; South Africa, £16 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.0.b.; 
Irish Free State, £17 15s. f.0.q.; General, £16 15s. f.0.b. 


Tin-plates. 


20 by 14 basis, f.o.b. Bristol Channel Ports, 22s. 6d. 


to 23s. 6d. 


Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 
Billets. £38. d. 
Basic (0-33% to 0-41%C.) ... ... 2 7 7 6 
» Medium (0- 42% to 0-60% C.) ... ... 717 6 
» Hard(0-61% 4 to 0- 85% C.)... 8 7 6 
” ” (0-86% to 0-99% C.)... 9 2 6 
- wi (206 Co amd we) -2085. ee ee 
Soft (up to 0-25% C.), 500 tons and up. aa 
Rails, Heavy, 500-ton lots, f.o.t. al . 810 0 
,» Light, f.0.t. oe .710 0 
risquaad ane. 
Tungsten Metal Powder.. 4/1} per lb. 
Ferro Tungsten a 4/0 per lb. 
Per Ton. Per Unit. 
Ferro Chrome,4p.c.to 6 p.c.carbon £2110 0 7/- 
” » 6p... to 8 pe. £21 0 0 7/- 
” , Spc. to 10 p.c. £21 0 0 i/- 
” , Specially Refined ... 
o» » Max. 2 p.c. carbon £32 10 O. 1l/- 
” ” » 1 p.c. carbon £35 15 0 1l/- 
” o + 0-50p.c.carbon £36 10 0 12/- 
” » carbon-free ... 9}d. per lb. 
Metaltic Chromium.. 2/5 per lb. 


Ferro Manganese (loose), 76 > C.. 


» Silicon, 45 p.c. to 50 p.c. 


£13 15 O home 
£12 0 0 scale 5/— p.u. 


Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


NON-FERROUS METALS. 


(Official Prices, March Siast). 





CorrER— 

WN acai, wes’, Nee £72 17 6to £73 0 0 
Three months ... £72 6 3to£72 7 6 
Electrolytic ont £78 08 Ote £79 0 0 
Best Selected inane. d/d Bir- 

mingham ; £78 15 0 
Sheets, Hot Rolled ... £108 0 06 

Home. Export. 

Tubes, Solid Drawn (basis) ... 15}d. 15jd. 

»  Brazed (basis) 15}d. 159d. 

Brass— 

Ingots, 70/30, d/d Birmingham £63 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 14d. 14d. 
»  Brazed 16d. 16d. 

Trr— 

Cash ... . £294 0 Oto £294 10 0 
Three months ... . £290 0 Oto £290 10 0 

ME Soae one's cent. ae £31 16 3to £31 12 6 

Sreurer : Cash and forward £33 12 6 

Aluminium Ingots (British) ... £100 to £105 

FUELS. 
SCOTLAND. 

LaNaRKESHIRE— Export. 
(f.0.b. oe ageneliiae eet Unscreened) 18/- to 18/6 
Hamilton El) , Fe 18/6 
Splints 20/- 

AYRSHIRE— 

(f.0.b. Ports)}—Steam 18 /- 

FiIresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam .. » ini 19/6 
Unscreened Mevigntion 18/6 to 19/- 

LorHtans— 

(f.0.b. xno aaa Prime 18/6 to 19/- 
Secondary Steam . 18/6 
ENGLAND. 

Sour YorxsHrre, Hotr— 

B.S.Y. Hards... 21/- to 21/6 
Steam Screened 18/ to 18/6 
NoRTHUMBERLAND, NEWCASTLE— 
Blyth Best BeY 20/6 
» Second... ... 19/- to 19/6 
» Best Small ... 15/6 
Unscreened 18/— to 19/- 

DouraamM— 

Foundry Coke sok bak eee) SO 06 SOS 

SHEFFIELD— Inlapd. 

Best Hand-picked Branch ... 27/6 to 29/- a 
South Yorkshire ...... ... 24/- to 26/- -— 
Seconds ... oes . 22/- to 23/- oo 
CarpirrF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large ... 25/- 
Best Seconds wittede 25/- 
Best Dry Large 25/- 
Ordinaries... 23/6 to 24/- 
Bunker Smalls 18/- to 18/6 
Cargo Smalls... 17/- to 17/6 
Dry Nuts 26/- to 28/- 
Foundry Coke 32/- to 47/6 
Furnace Coke 27/- to 28/- 
Patent Fuel ... 23/6 

Swansza— 
Anthracite Coals : 
Best Large ... roe 36/— to 40/- 
Machine-made Cobbles 41/~ to 48/6 
Nuts ii 40/- to 48/6 
Beans 27/6 to 35/- 
Peas Srey: 19/- to 24/6 
Rubbly Culm... 13/6 to 14/- 
Steam Coals : 
Large Ordinary 19/- to 25/- 





FUEL OIL. 


Inland consumption: contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 





fv +2, 75 p.c. £17 0 0 scale 6/- p.u. 
» Vanadium , 12/8 per Ib. 
” Molybdenum ae 4/9 per Ib. 
Titanium (carbone) 9d. per Ib. 
Nickel (per ton) ; £180 to £185 
Cobalt ... 7/- to 7/1 per lb, 





Ex Ocean Installation. Per Galion. 
Furnace | Oil (0-950 Kogtgies 3§d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 
Workshop Delegates. 


In creating a category of shop delegates to repre- | 


sent the men in their relations with employers the idea of 
the unions was to strengthen their control over labour by 
compelling everyone to join unions affiliated to the C.G.T. 
and to give, at the same time, a political character to the 
delegates’ functions which would be taken full advantage 
of by the extremists.” Employers believed that they had 
checkmated the move by defining the functions of dele- 
gates in the Matignan contract, and arbitrators subse- 
quently stipulated that those functions were strictly 
limited to professional interests in their own shops. But 
the manner in which the law is defied by the unions is 
causing serious concern. Delegates chosen by ballot in 
shops have no independence, jud ing at least from com- 
plaints made by the employers’ federations. It is affirmed 
that, however sneer se be the vote that elects him, 
the delegate finds himself under the control of a small com- 
mittee of workmen in the shop, who see that union instruc- 
tions are carried out. During the past week or two dele- 
gates have been acti 

the C.G.T. will not allow itself to be hampered by any 
consideration for the law. Employers have been ordered 
to discharge men, in some cases for their political opinions 
and in others because they are not members of a C.G.T. 
union. The object of the unions is to secure for them- 
selves, through the delegates, the exclusive right to choose 
men for employment. The method adopted by the dele- 
gates is to declare lightning strikes and then present 
employers with demands for the dismissals of men. This 
movement, which exceeds all legal bounds, has brought 
about a reaction amongst what to be a majority 
of the men, who object to be deprived of work by agitators. 
During strikes engineers and foremen have been roughly 
handled, and the newly formed National Federation of 


Syndicates of Engineers solemnly affirms that it will not | 
tolerate interference with the rights and authority of its | 
members and that legal action for damages will be taken 


against those responsible for any attack upon them. 
Moreover, the unions have been told that if these strikes 


are continued engineers and the technical staffs will not | 
In the | 


same way, employers’ associations say that they reserve | 


be on duty when the men desire to resume Work. 


to themselves the right to claim damages for losses sustained 


as the result of illegal strikes. The C.G.T. is therefore | 


confronted with the prospect of strikes being followed by 
the men finding themselves unable to resume work through 
the abstention of technical services and by the possibility 
of ringleaders being mulcted in damages. The situation 
is particularly serious for the Government on account of 
so many strikes taking place in the nationalised aircraft 
factories. It appears now to be on the point of undergoing 
a profound change. The Government has held its hand 
for fear of creating dangerous incidents, but arrangements 
are being made to ensure that the law is observed, and 
there are indications that extremist agitation will be 
suppressed and industrial rights and interests protected 
by the time the Paris Exhibition is in full working order. 


Social Reforms and Production. 


The usual annual reports on the condition of 
different industries during 1936 are nothing less than 
indictments of the social changes which turned a pro- 
gressive movement during the first half of the year into 


in a manner which indicates that | 


| 
j ee . 7 
| British Patent Specifications. 

| When an invention is communicated from abroad the name and 
| address of the communicator are pri in italics. 

| When an abridgment is not illustrated the Specification is 
| without drawings. 

Copies of Specifications may be obtained at the Patent Office: 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
1s. each. 

The date first given is the date 
at the end of the abridgment, is 
complete Specification. 


STEAM GENERATORS. 


460,431. March 30th, 1936.—SuperHEATERS FoR WaTER- 
TuBE Borers, Babcock and Wilcox, Ltd., Babcock House, 
Farringdon-street, London, E.C.4. 

This invention is chiefly concerned with the means used for 
supporting the superheating coils of a water-tube boiler. The 





f oerien ion ; the second date, 
date of the acceptance of the 





N°460,431 








superheater is shown at A and receives saturated steam from 
the drum B vid the tubes C. It is supported by the two headers 
| DD, which are cooled by forming of the steam-raising 
section of the boiler. The circulation of the steam can be 
followed through the pipes EE and F F. The headers D also 
| provide support for gas baffles—January 27th, 1937. 








INTERNAL COMBUSTION ENGINES. 


461,521. November 23rd, 1935.—Fur. InsecTion Pumps, 
| Scintilla Ltd., Soleure, Switzerland. 

This pump is equipped with an accumulator piston A acting 
| in opposition to a spring B. The cam-operated working piston 
| is hook at C. 

iston, and consequent! 

be regulated by the wes A 
oil inlet to the barrel is shown at E and the outlet at F. 


the capacity of the pump barrel, can 
D controlled by the governor. The 
The 





| 


e downward stroke of the accumulator | ,), 


thirty-second of an inch difference between the two diameters. 
With this construction supposing the clamping bolts should 
sien Maistly sates. he EGIVy inernys awe, femhenwete 
momen y set up in switchgear, the dimensions of the small 


N° 460,970 
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clearance gap between the machined parts will not be altered 

and the length of the path effectually prevents the ejection of 

any oil, even although there may be momentarily a slight gap 
between the rubber or other gasket and the tapered edge of the 

tank.—February 8th, 1937. 

461,203. October 1lth, 1935.—ELEecTromMaGNets For LirTinG 
AND Like Purposes, The Equipment and Engineering 
Company, Ltd., and H. B. Swift, 2 and 3, Norfolk-street, 
Strand. ine ng W.C.2. 

It is sometimes desirable that when an iron or steel article has 
been under the influence of a magnet, say, a lifting magnet or 
an electromagnetic chuck, that it should be demagnetised on 
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Fig.2 


release. The inventors consequently provide for a back flow 
of current when the magnetising circuit is opened. It is provided 
from a condenser. The magnet winding is shown at A and a 
condenser at B. With the control switch in the position showa 
in Fig. 1 the winding is energised and the condenser 

arged. When switch is thrown over, see Fig. 2, the con- 
denser discharges in the opposite direction through the winding 
and the magnet is de-energised.— February 12th, 1937. 


ELECTRICAL APPLIANCES. 


N°461,521 


one of rapid decline, with an inflation of costs and a | 
generally lower output. 





460,892. August Ist, 1935.—MorTor Srartinc REsisTaNces, 


There is little in the reports to | ne anaes 
The Expanded Me Co: y, Ltd., Burw ouse, 


show whether this unsatisfactory state of affairs may be | \ The i ] a. Burwood House 
regarded as the temporary effect of an upheaval which | NC ——?> N ton-street, Westminster, mn, 8.W.1; . H.N. 

y ; >| N N H. Hamilton, Bendale, Eltringham-road, West Hartlepool. 
may eventually settle down and leave matters as they ce SE ee od gon 






were before, although on a different plane, or whether the eimanta of 6 castes ee 


- )\ 


when they are carrying heavy 
currents and thus reducing the bulk of the starter. The motor 
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change will be permanently detrimental to all branches of | 

industrial activity. The colliery industry has suffered | a 

badly from the reforms, and the report of the Central | i Bp 

Committee of Coalowners is full of statistics intended to | 8 \ N°460,892 

show the critical condition in which the industry is now | \N N 

alleged to be placed. Between January and May the coal | NY N B 

output increased by 487,000 tons, and then, in consequence | NV N (a has Bist 3 
of the 38 h. 40 m, week underground and of other reforms, | N \ ~~ 

the production of the year compared with that of 1935 fell | — XG 

by 960,000 tons. The cost of coal at bank increased by | N WW “A 

40 per cent. Perhaps the most significant item in the | N \ YON : 
report is the statement that the absurdly small difference | N Ad S iil if itt 





of 3 per cent. between the lowest wage and the minimum | 





for professional miners, the obligation that men shall 
advance automatically in grade and that a man shall not 
be retrograded, and that wages are fixed collectively, 


instead of individually, tend to remove all incentive to 


production. 
The ‘‘ Normandie ’ Record. 


The new record set up by the ** Normandie ” is 
attributed to the propellers, which have closely engaged the 
attention of two engineers of the Compagnie Générale 
Transatlantique, Monsieur Mérot du Barré and Monsieur 
Roger Brard. At first the idea was to employ smaller 
propellers running at a higher speed, and it was with a 
three-blade propeller of this type that the big liner made 
her first record crossing at the end of May, 1935. That 


result was obtained at the expense of hull vibrations, so | 


that the problem had to be faced of preparing a new 
design of propeller. Ultimately four-bladed propellers 
with the tips bent back were produced and the 
propeller speed was reduced to 180 revolutions. This 
gave the desired effect of suppressing vibration, but 
there could be no hope of retrieving the record unless 
the speed could be increased, and a third type of 
four-bladed propeller was therefore devised combining 
characteristics of the previous desi and running 
at a maximum of 225 to 235 revolutions. Its diameter is 
15ft. 8in. The object aimed at was to give as smooth an 
action to the propeller as possible and avoid cavitation by 
removing the blades from the centre of turbulence. The 
result obtained is regarded in France as a triumph of 
propeller design, and Monsieur Mérot du Barré affirms 
that the ‘“ Normandie ”’ will be capable of handsomely 
beating her own record under more favourable conditions 


of crossing. 





| 

| fuel injection valve is marked G. The discharge of the oil takes 
| place through the port H in the piston C, which terminates in a 
tangential = J. The piston can be rotated by the rack and 
pinion gear K (see also Figs. 2 and 3). In this way the of the 
gash J can be used to throttle the discharge and the fuel will be 
injected into the cylinder at comparatively low loads by the 
nozzle in a series of puffs, none of which is sufficient to cool the 
compressed air in the cylinder seriously. When the engine has 
warmed up the throttling action is reduced and continuous 
injection takes place.— February 18th, 1937. 


SWITCHGEAR. 


460,970. August 6th, 1935.—SwrrcHGEaR aND OTHER TANKS 
SuBsecTED To INTERNAL Pressure, A. Reyrolle and Co., 
Ltd., Hebburn-on-Tyne; and T. Williams, 11, Whinney- 
field-road, Walker, Newcastle-on-Tyne. 

This invention relates to switchgear and other tanks subjected 
to internal pressure, its object bemg the construction of a tank 
in which, although the tank body and the cover or lid are readily 
separable when required, the risk of the oil or other liquid con- 
tained in the tank being partly ejected by heavy temporary 
internal ure is prevented or reduced to a minimum. The 
mouth of the tank is machined to fit with only a small clearance 
over the machined surface of a deep internal flange on the cover 
or lid and the internal edge of the mouth is tapered so that it 
makes a close joint with a gasket or packing round the adjacent 
part of the cover flange. © depth of the internal of the 
cover will vary with the size of the tank and the conditions 
under which it is to work, but as an example in a swi 
tank of, say, 18in. diameter the depth of the internal flange on 
the cover might be, say, 3in. to 4in. learance between the 





The cl 
machined surfaces can be quite small, say, for instance, one 








to be started is shown at A and is fed from the mains B. The 

resistance elements of the starter are shown at C and are cooled 

by a fan D. The fan motor is controlled by the voltage relay E 

so that when the voltage drop across the resistance has been 

reduced to a predetermined limit by the consecutive closing of 
the contacts F the fan motor is stopped and the cooling ceases.— 

February 1st, 1937. 

460,347. April 23rd, 1936.—INsuLaTED ELgctric ConpucTors, 
The British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2. 

In accordance with this invention, there is used a compound 
produced by reacting a partially or completely hydrolised poly- 
merised vinyl ester with an aldehyde, with or without a coating 
of the usual organic enamel, as an insulating coating or covering 
in the manufacture of insulated electric conductors. As a 
yaa example, 100 parts cf a polymerised vinyl acetate is 


issolved in 185 parts of glacial acetic acid. To this is added 
83 of formalin solution and 6-8 of concentrated 
sulphuric acid. Hydrolysis is carried out at 70 deg. Cent. in an 


enamelled vessel fitted with an agitator for a period of twenty 
to twenty-five hours. A test sample taken about the sixteent! 

to eighteenth hour will indicate the exact time for the hydrolysis 
and acetylisation. i of ammonia solution are 
added for neutralisation and the reaction mixture is precipitated 
as threads in water, washed and dried in a current of warm air 
(about 60 deg. Cent ). The thread-like material is dissolved in a 
suitable solvent, such, for example, as dioxane, ethylene 
dichloride, chloroform, furfural or a mixture of solvents, as for 
instance, 85 per cent. monochlorbenzene and 15 per cent. ethyl 
alcohol. Various concentrations of solution can be made and 
the material will dissolve in the solvents either at room or 
elevated temperatures. The solution is employed as a wire 
enamel for coating wire. For example, a 6 to 8 per cent. solution 
in dioxane has been employed and applied to wire with usual 
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enamelling apparatus employing a suitable wiper and 
coating on the wire in an ‘electrically heated oven. A 
film on fine co) 


least 50,000 ohms per inch at all points along its length— 
January 26th, 1937. 


TRANSMISSION OF POWER. 


460,936. March 17th, 1936.—TRaNsFoRMING a RECIPROCATING 


RECTILINEAR MOVEMENT INTO+A CrrcuLAR MOVEMENT, 
E. R. Marchou, 55, Avenue Sainte-Foy, Neuilly-sur-Seine 
Seine, France. 


This is a modification of the. simple epicycloidal linkage, 
and is said to be specially suitable for internal combustion 
engine crankshafts in the place of a simple crank. The shaft is 
On the crank pin, 
there is loosely mounted a gear w eel C, which meshes with an’ 
the face of the wheel C 
The 
connecting-rod G is' connected with this excentrie by the strap 


shown at A with a crank and crank pin B. 


internally toothed fixed ring D. 
there is mounted an excentric’B with its centre at F. 


NP460,936 





H. The resultant of the various movements is shown diagram- 
matically in Fig.-2- It will be seen that-at the beginning of 
the motive stroke of the piston, i.e., in fact, that part of the 
stroke which is the most effective since the gases are then 
most highly compressed, a rotation of the crankshaft through 
45 deg. is obtained almost without displacement of the piston. 
Consequently, the force of expansion of the gases which remain 
longer com is much better utilised. Furthermore, 
during the whole of this first part of the stroke the distance 
which separates the crank head from the vertical axis, i.¢., the 
lever arm of the torque, is mueh greater thar in the case of 
an ordinary motor, at the time whem the force exerted by the 
impelling gases is greatest.—February 8th, 1937. 


PUMPING AND BLOWING MACHINERY. 


460,489. May 27th, 1936.—CrenTRIFUGAL PUMPs AND BLOWERs, 
Escher Wyss Maschinenfabriken Aktiengesellschaft; Escher 
Wyss Platz, Ziirich, Switzerlarid. * . ; 

It is claimed that in this design of centrifugal multi-stage 
pump the Idsses in the passages from ‘one stage to another are 
materially reduced. The diffuser chambers ‘afe so proportioned 

. a | - 
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that theirefoss section decreases by at least 10>per cent, in the 
direction of flow, 80 as to inerease the velocity and check turbu- 
lence. The passages are then provided with streamlined vanes 
to guide the fluid into the next stage. It is stipulated 
that the distance # of:the vanes should not be greater than 
the radial depth of the shortest vane.—January 28th, 1937. 


MACHINE TOOLS AND SHOP APPLIANCES. 


459,901. July 26th, 1935.—Brapawis, The English Electric 
Company, Ltd., Queen’s House, 28, Kingsway, London, 
W.C.2; and G. Tilstone, Siemens Works, Stafford. 

It is pointed out in this specification that it is important in 
the erection of fittings, such as electric switches with porcelain 
bases, that the pilot holes for the fixing screws should be truly 


N°453,901 
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central with the gcréw lidle in’ the fitting. Otherwise there isa 
liability for the fitting to be split when the screw is driven home. 
So the inventor uses a bradaw! with an enlarged shank, which is a 
fit in the hole ‘in the fitting for starting ‘the screw in the base and 
consequently ensuring its centrality. The working end may also 


baking the 
0: 00036in. 
wire showed a dielectric strength of from 
1000 to 1350 volts per mil. Although there was but one coating 
on the wire, which, as will be observed, was very thin, the con- 
tinuity of the insulating film was nearly perfect, a length of 66ft. 
showing no breaks and having an insulation resistance of at 


meeting. 


MISCELLANEOUS, 


Geneva, Switzerland. 


one of which engages an axial screw-thread formed in the conica 
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conical obturator, axial movement 0! 
being obtained and controlled by rotation of the rod. 
drawing is self-explanatory.—January 18th, 1937. 


459,326. December 16th, 1935.—Wuinpb Vecocity INDICATORS, 
Chance Brothers and Co., Ltd., Glass Works, Smethwick, 
Birmingham, and L. B. H. Hallett. 

This wind indicator is intended primarily for installation 
on aerodromes to give approaching pilots a warning of the wind 

speed on the ground. A lamp A is surrounded by a reflector B, 

which projects upwardly through an angle of about 180 deg. 

a beam of light. The lamp is carried in a bowl C which is rotated 

by an electric motor D. The bowl is covered by a screen E, 

in which there are a series of slot-shaped windows F. Outside 


The 
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this screen there is another G, which has no windows, but covers 
only half the circumference. The two screens are relatively 
rotatable, but such rotation is restrained by the spiral spring H. 
Thé outer screen is furnished with Scie thenindl sine cups J. 
The’ resistance of the wind in the wind cups causes the two 
sereens to rotate one on the other so that a corresponding 
number of the windows are uncovered, and one or more rapidly 
succeeding flashes are produced, as the lamp rotates, according 
to the strength of the wind. The lamps K are merely a beacon.— 
January 6th, 1937. 


459,335. February 7th, 1936.—A TRANSLUCENT MaTERIAL 
IMPERMEABLE TO ULTRA-vIOLET Rays, Professor Dr. O. 
Ge ss, Akaretler Sokage 65, Yeni-Sehire, Ankara, 
Turkey, and A. Callo, Rémhild, Thiiringen, Germany. 

According to the invention transparent or translucent papers, 

cellulose hydrate or cellulose derivative foils, or like materials, 

are saturated with a diluted aqueous extract from pine bark 
and/or quebracho. The materials thus treated may then be 
freed from colouring and tanning constituents by washing. 

In this way, a material is obtained which is practically imper- 

meable to ultra-violet rays. It is of particular importance that 

the substances are irreversibly incorporated in the paper and 
cannot be dissolved out by water. Example: 100 c.c. of a 24 per 
cent. pine bark extract are dissolved by stirring in 10 litres of 
water. The paper to be treated is soaked in the solution for 
a short period—for instance, thirty seconds—then washed with 
water, whereupon air drying is effected. The foils produced 
accotding to the process may also be used for photographic 
purposes, and in particular as filters for photography with 
ultra-violet rays. It is also possible to provide protective 
goggles for high mountainous districts or for various trades 
with such foils.—January 6th, 1937. 








Forthcoming Engagements. 
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Secretaries of Instituti , &c., desirous of having 
notices of meetings inserted in this are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


Jasmn 








To-pay 
Jountor Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
‘The Elements of Efficient Power Transmission,” R. O. Baird. 
7.30 p.m. 
Inst. or ELecrricat ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, Victoria Embankment, W.C.2. ‘ Coin 
Mechanisms with Particular Reference to Electricity Meters,” 
J, Prince and M. Whitehead. 7 p.m. 
NortH-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—-Literary and Philosophical Soc., Neweastle-on-Tyne. ‘‘ The 
Direct Function of this Institution in Local Technical Educa- 
tion,” Dr. E. V. Telfer. 6 p.m. 
SATURDAY. APRIL 3RD. 

Inst. oF British FouNDRYMEN: LANCASHIRE BRANCH.— 
Engineers’ Club, Albert-square, Manchester. Annual general 
3.30 p.m. 

Monpay, Apri 5H. 





take the form of a gimlet and may be detachable, as shown in 
the detail sketches.—January 18th, 1937. 
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459,915. May llth, 1936.—VaLvEs witH a Conical OBTURATOR, 
Constructions d’Appareils & Gaz 8.A., 109, Route de Lyon, 


According to the present invention a valve having a conical 
obturator has a rod furnished with two serew-threaded portions, 


obturator, and has a pitch smaller than that of the other screw- 
threaded portion which screws into the valve easing, and a 
metallic bellows fluid-tightly connecting the conical obturator 
to the valve casing and adapted to prevent rotation of the 
the conical obturator 





Turspay, APRIL 6TH. 

Enarneers’ -GerMaNn »CrnoLg.—Hyde Park, Hotel. By 
courtesy of the Deutcher Verein, members of the Engineers’ 
German Circle are invited to a lecture by Dr, Conrad Matchoss, 
of Berlin, on ‘* Kultur und Technik.” 8.45 p.m. 

Inst. OF AUTOMOBILE ENGINEERS.—-Royal Soe. of Arts, 
John-street, Adelphi, W.C.2. ‘ The Silencing of Gas Noises 
for all Classes of Vehicles,’’ Wing-Commander T, R. Cave- 
Brown-Cave, 7.45 p.m. 

Inst, or ELecrrica, ENGINEERS : NorrH MipLanp Cenrre. 
Hotel Metropole, Leeds. Annual general meeting. ‘ The 
Origin of Gothic Architecture,” Prof, A. Hamilton Thompson. 

p.m, 


WEDNESDAY, APRIL 7TH, 

Inst. oF HEATING AND VENTILATING ENGINEERS.—~Inst. of 
Mechanical Engineers, Storey’s-gate, 8.W.1. “ Some Problems 
in the Heating and Ventilation of Glasshouses,”’ W. F. Bewley 
and E. 8. Shoults. 7 p.m, 


THuRspay, APRIL 8TH. 

Inst. oF Enecrrica ENGINEERS,—Savoy-place, Victoria 
Embankment, W.C.2.. * The Examination and Recording of 
the Human Electro-cardigram by Means of the Cathode Ray 
Oscillograph,’’ D. Robertson. 6 p.m, 

Inst, or MecHANICAL ENGINEERS : 
Brancu.—Engineers’ Club, Albert-square, Manchester. 
Mechanics of Gliding,”’ R. Kronfield, 7,15 p,m, 

Inst. OF MECHANICAL ENGINEERS: YORKSHIRE BRANCH. 
General meeting in conjunction with Inst. of Production 
Engineers. Afternoon visit to works of Dean, Smith and Grace, 
Ltd., or John Lund, Ltd. Technical College, Keighley. 
“Machine Tool Tests and Alignment,” Prof. Dr.-Ing. G. 
Schlesinger. 6.30 p.m. 

Inst. OF Metats: Lonpon Locat Srcrron.—Society of 
Motor Manufacturers and Traders, Ltd., 83, Pall Mall, London, 
8.W.1. Annual general meeting and open discussion. 7.30 p.m. 
Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4.. ‘Minor Mishaps: Cause and Effect,” C. H. 
Anderson. 7.30 p.m. 
Roya. AERONAUTICAL Soc.-—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. ‘ Control, Surface and Wing Stability Prob- 
lems,”’ A. G. Pugsley. 6.30 p.m. 

Fripay, APRIL 9TH. 
CHEMICAL ENGINEERING Group JOINT MEETING wiTH INsv. 
or CHEMICAL ENGINEERS.—Burlington House, W.1. ** Costing 
Problems in the Chemical Industry,” H. R. Odling. 8 p.m. 
Inst. oF MecHANICAL ENGINEERS.—Storey’s-gate, 8.W.1. 
Extra general ing. Symposium of papers on *‘ The Use of 
Steam for Process Work.” 6 p.m. 
Junior INsr. or ENGINEERS.—39, Victoria-street, 
‘ Graphs and Calculations,” A. P. Morris. 7.30 p.m. 


Norru-WEsTEeRN 
* The 





8.W.1. 


Monpbay, Aprit 127TH, 
ENGINEEkS’ GERMAN CrrcLE.—Inst. of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘“‘ Die Elektrisierung der Tiroler Alpen- 
bahnen "’ (“* The Electrification of the Tirol Alps Railways”), 
Oberbaurat Ing. Richard Wolf. 6 p.m. 

Inst. or TRANSPORT.—Inst. of Electrieal Engineers, Savoy- 
place, W.C.2. “ Recent Developments in Ocean Transport,” 
Sir Thomas Royden. 5.30 p.m. 

Turspay, Aprit 13TH. 
Encuish Crrcie, Beriin.—In Large Hall of Ingenieurhaus, 
Berlin, N.W.7. “‘ South Wales and Ships,” Professor Frederick 
Bacon, of the University College of Swansea. 5.30 p.m. 
Inst. OF MARINE ENGINEERS.—85, The Minories, E.C.3. 
“The White Combined Steam Engine,” W. A. White. 6 p.m. 


Inst. or Metrats: Swansea Locat Secrion.—-Y.M.C.A., 
Swansea. ‘* Metallic Wear,” H. W. Brownsdon. 6.30 p.m. 
Wepnespay, Apri 14TH. 
Inst. OF Structural ENGINEERS: ScorrisH BRANCH. 


129, Bath-street, Glasgow. “The Erection of Some Steel 
Bridges,” J. F. Pain. 7 p.m. 
Inst. oF TRANSPORT: MANCHESTER STUDENT AND GRADUATE 


Section.—County Library, Manchester. ‘“‘Some Aspects of 


Railway Control Organisation and its Functions,” J. 
Boustead. 6.30 p.m. 
Tuurspay, Aprit 15TH. 
Inst. oF Etecrricat. EnGinrers.--Savoy-place, W.C.2. 


““Modern Systems of Multi-Channel Telephony in Cables,” 
Colonel A. 8. Angwin. 6 p.m. 
Fripay, Aprin LétH. 

Inst. oF, MECHANICAL ENGINEERS.—-Storey’s-gate, 5.W.1. 
Informal meeting. ‘‘ The Wear of Cylinder Liners,” J..E. Hurst. 
6.30 p.m. 

Inst. or StructuraL Enoinsers.—Inst. of Civil Engineers, 
Great George-street, 8.W.1. *‘‘ Old Waterloo Bridge : Schemes 


for Reconditioning and Widening,’ R. P. Mears. 6.30 p.m. 
Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
“A Historical Review of Mine Lighting,” J. G. Garrett. 


7.30 p.m. 
TuEspay, APRIL 20TH. 
Inst. or Transport.-—Inst. of Electrical Engineers, Savoy- 
place, S.W.1. ‘ Transport Developments in 1936,” R. Bell. 
6 p.m. 
Wepnespay, Aprit 2Isr. 

Inst. or CuemicaL EncineErs.—Burlington. House, Picea- 
dilly, W.1. “ Valuation and Insurance of Chemical, Plant,’ 


H. A. 8. Gothard. 6 p.m. 
Tuurspay, APRIL 22ND. 
Inst. oF Execrrica, Enoaineers.—Savoy-place, W.C.2. 


Kelvin Lecture, ‘The Elementary Particles of Matter,” Prof. 

J. Chadwick. 6 p.m. 

Inst. or MINING AND MeEtTALLURGY.—Grosvenor House 

Park-lane, W.1. Annual’dinner. 

Roya AERONAUTICAL Soc,—Royal Soc. of Arts, John-street, 

Adelphi. W.C.2. ‘“* Power Plant Trends,” G. J. Mead. 6.30 p.m. 
1 Fripay, Aprit 23Rp. 

Junior Inst. oF ENGINEERS.—-39, Victoria-street, S.W.1. 

‘** Economics in Relation to Engineering,’ K. Willans. 7.30 p.m. 

Tvurspay, APRIL 27TH, 

Inst. or AUTOMOBILE ENGINEERS.—James Watt Memorial 

Hall, Great Charles-street, Birmingham. “‘ Light Aero-Engines, 

D. R. Pobjoy. 7.30 p.m. 

Tuurspay, Aprit 29TH, AND Fripay, Aprit 30TH. 
Iron AND Street Inst.—Inst. of Civil Engineers, Great George- 
street, S.W.1. Annual meeting. 

Fripay, Arrit. 30TH. 
Inst. oy Mrcuanica Encinegers.—Storey's-gate, S.W.1. 
** Present Tendencies in Water Turbine Machinery,” A. A. 
Fulton. 6 p.m. 
Junior Inst. of ENGINEERS.—39, Victoria-street, S.W.1. 
‘* Spanning of Openings.”’ 7.30 p.m, 


Saturpay, May Isr. 





Soc. or Enatnerrs.—Geological Soc!, Burlington House, 
Inaugural Meeting. 6 p.m. 


MANCHESTER Assoc. OF ENGINEERS.—Visit of inspection to 
the Haweswater works of the Manchester Corporation. 
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A Seven-Day Journal. 


The Employment Returns. 


THE Ministry of Labour announced on Wednesday, 
March 31st, that it was estimated that at March 
15th, 1937, the. number of insured persons, aged 
16-64, in employment in Great Britain, exclusive of 
agricultural workers, was approximately 11,242,000. 
This was 55,000 more than a month before and 553,000 
more than a year before. There was an increase in 
employment between February 22nd and March 15th 
in most of the principal industries. _The improvement 
was most marked in coal mining, the woollen and 
worsted industry, furniture making, and the distri- 
butive trades. In none of the principal industries 
was there a marked decline in employment, except 
in stone quarrying, largely owing to the bad weather. 
At March 15th, 1937, the number. of unemployed 
persons on the registers of employment exchanges 
in Great Britain was 1,359,556 wholly unemployed, 
167,677 temporarily stopped, and 73,968 normally in 
casual employment, making a total of 1,601,201. It 
should be noted, however, that it is estimated that 
by March 15th 20,000 persons had been added to the 
registers in connection with the extension of the 
scheme of unemployment assistance. The total thus 
recorded was, however, 26,644 less than the number 
on the registers at February 22nd, 1937, and 280,330 
less than a year before. In the case of about 40 per 
cent. of the total of 1,350,556 persons on the registers 
who were applying for benefit or unemployment 
allowances, the last spell of registered unemployment 
had lasted Jess.than six weeks ; for about 56 per cent. 
it had lasted less than three months ; and for about 
69 per cent. less than six months. During the three 
weeks ended March 15th, 1937, the number of vacant 
situations notified by employers to the employment 
exchanges and juvenile employment bureaux was 
190,073, while the number filled was 159,953. 
Between March 24th, 1936, and March 15th, 1937 
(51 weeks), 2,599,905 vacant sifuations were filled, 
while in the period March 26th, 1935, to March 23rd, 
1936 (52 weeks), the number filled was 2,580,410. 


New Colliery at Workington. 


WE are informed that United Steel Companies- 
Ltd., are to proceed with the sinking and equipment 
of a new colliery at Workington, opposite the com- 
panies’ iron and steel works and adjacent to the L.M.S. 
Railway. The new colliery will be well situated for 
delivery of coal to the various inland markets and 
for shipment of coal at Workington harbour and 
docks, in addition to the supply of coal for the new 
coke ovens of the companies. The development of 
the colliery for full working will take some time, 
during which a considerable amount of employment 
will be given. It is estimated that when fully 
developed the colliery should give employment to 
1500 persons. The shafts are to be sunk to a depth 
of about 600ft., and will be 21ft. in diameter. The 
first 150ft. of each shaft will be sunk through water- 
bearing sand and gravel by the freezing method, and 
will be permanently lined with cast iron and concrete, 
the remaining 450ft. will be sunk by the ordinary 
means through coal measure rocks, and will be lined 
with brickwork. From the underground shaft sidings 
four large roadways will be driven seaward for a 
distance of 1500 yards for the haulage of coal and the 
transport of men and for ventilation purposes. Coal 
will be wound in the downcast shaft only, which will 
be fitted to deal with 2000 to 2500 tons per day. It 
is intended that the colliery shall be electrically 
operated throughout, and mechanical methods of 
mining will be applied as far as possible. There are 
about 6 square miles of under-sea coal royalty, which 
it is intended to develop under this scheme. The 
Main Band Seam is known to be fully 9ft. thick and 
of good quality in this area. 


A New Admiral’s Barge. 


On Thursday, April lst, we attended trials of a 
new Commander-in-Chief’s barge which has been 
designed by Mr. H,. Scott Paine and constructed 
by the British Power Boat Company, of Hythe, 
Southampton... The boat has been designed with a 
special purpose in view, in that, we understand, one 
of her first duties will be to convey their Majesties 
the King and Queen from Westminster Bridge to 
Greenwich for the opening of the National Maritime 
Museum on April 27th.. She will carry out this duty 
as Barge of the Admiral Commander-in-Chief of the 
Nore Command, and she has already been handed 
over to her naval crew in this capacity.. The launch 
has been built to provide the dignity and appearance 
formerly associated with the 45ft. Admiral’s steam 
barge. .Her beam is 9ft.. and her normal draught 
2ft. 9in. With these dimensions her accommodation 
is much greater than.was ever provided in a steam- 
boat, the stern sheets cockpit now allotted to the 
crew being about, the same size as the Admiral’s 
accommodation in the older boats.’ The Admiral 
is now provided with a large midships cabin, and in 
defiance of tradition a large cockpit forward where 
he_can both see and be{seen on’ ceremonial occasions. 





The windscreen provided makes this position con- 
venient in all weathers, even at the boat’s full speed 
of 26 knots. Her abilities as a sea boat at this speed 
were amply demonstrated on Thursday, and on 
Monday last, April 5th, the naval crew made a non- 
stop trip in her from Southampton to Chatham. 
In spite of adverse tides and a certain amount of 
fog in the Channel, the trip was completed between 
6 a.m, and 4 p.m., making ten hours for 184 nautical 
miles, or an average speed of 18-4 knots. 


New Severn Bridge Scheme. 


At a conference of representatives of Local Autho- 
rities and industries, held at Cardiff on Wednesday, 
March 31st, it was decided to ask the Prime Minister 
and the Minister of Transport to urge the Govern- 
ment to proceed with a scheme for a new road bridge 
across the river Severn. Great importance was 
attached to the urgency of the situation, in view of the 
projected Government schemes in South Wales and 
the value of improved communications in the national 
defence schemes. A deputation will wait on the 
Prime Minister and the Minister of Transport at an 
early date. The most widely supported scheme is 
for a new road bridge to cost about £2,500,000 
between Sudbrook, on the Monmouthshire side, and 
New Passage, on the Gloucestershire side, about 
4 miles above Avonmouth and 13 miles above New- 
port. The main span of the suggested bridge would 
be of the suspension type, 1440ft. long, making it the 
largest suspension bridge in Europe. In all, there 
would be eighty-six spans. The overall length of the 
bridge would be about 24 miles, with a roadway width 
of 30ft. and two 6ft. pathways. There would be a 
clearance of 120ft. above high water. The Govern- 
ment will be asked to bear the whole of the cost. 


The Retirement of Sir Alexander Kennedy. 


On Wednesday, March 3lst, Sir Alexander M. 
Kennedy retired from the position of managing 
director of the Fairfield Shipbuilding and Engineering 
Company, Ltd., of Govan, Glasgow, which he has 
occupied since 1919. He will, however, still retain 
the chairmanship of the company, which he has so 
suecessfully guided since 1923. The board has 
appointed .Mr. George W. Barr and Mr. Robert 
Strachan as joint managing directors to succeed Sir 
Alexander Kennedy. Few men have had a longer 
and more varied experience of the. shipbuilding 
industry than Sir Alexander Kennedy, who, on 
Friday, March 19th, celebrated his sixtieth year in 
British shipbuilding. He started his career m his 
native town of Dumbarton, where he was appren- 
ticed to the firm of Archibald McMillan and Sons, 
Ltd., in whose employment he became successively 
chief draughtsman, general manager, and. director. 
In 1904 he left Dumbarton for Port Glasgow, to 
take up the position of managing director of William 
Hamilton and Co. With that firm he built many 
notable ships, and during the war period he served 
on many Government and industrial committees. 
He decided to retire in 1919, but in that year he 
accepted the post of managing director of the 
Northumberland Shipbuilding Company, Litd., of 
Howden-on-Tyne, a company which, under his 
control, rose to an important position in the industry. 
About this time Sir Alexander also became the 
managing director of the Fairfield Company, on the 
Clyde, and William Doxford and Sons, Ltd., on the 
Wear. From 1917 to 1919 he was President of the 
Clyde Shipbuilders’ Association, and in 1920 became 
the President of the Shipbuilding Employers’ Federa- 
tion. A year later he was knighted for his services to 
industry, and in 1923 he was made chairman of the 
Fairfield Company, as well as its managing director 
and the chairman of William Doxford and Sons’ 
Ltd., a position which he only resigned a year ago’ 


New Isle of Wight Ships. 


THE Southern Railway Company has placed an 
order with William Denny and Brothers, Ltd., of 
Dumbarton, for a new ferry boat, which will operate 
between Lymington and Yarmouth, on the Isle of 
Wight. It will have a length of 148ft., a beam of 36ft., 
a depth of 9ft., and a maximum loaded draught of 
5ft. 8in. The propelling machinery, the first of its 
kind for British waters, will comprise two sets of 
Voith-Schneider propellers, taking power from two 
200 B.H.P. oil engines designed to operate at 600 to 
700 r.p.m., and to drive the propellers at about 
230 r.p.m. The propellers will be bridge controlled 
and, in addition to the ordinary speed and direction 
controls, a third control lever will be fitted to give a 
purely lateral movement to the boat. The 
manceuvrability will be such that no rudders will be 
required. Electric generating sets to supply power 
for the operation of the motor car gangways and also 
the deck auxiliaries and lighting will be provided. On 
the upper deck accommodation is to be made for 
250 passengers, in two classes, while on the lower deck 
there will be room for sixteen motor cars, with direct 


gangways for loading and discharging. Denny’s are 
also building for the Southern Railway Company a 
paddle steamer to operate, on the Portsmouth-Ryde 
service, which will be practically a repeat of the 
present “‘ Sandown.” A further new Isle of Wight 
ship is one just ordered from John I. Thornycroft and 
Co., Ltd., by the Isle of Wight and South of England 
Royal Mail Steam Packet Company, Ltd., whose fleet 
is better known as the “ Red Funnel Steamers.” 
The new vessel will have a length of 195ft., with a 
breadth of 30ft. and a loaded draught of 6ft. She 
will have a designed cruising speed of about 15 knots 
and her machinery will comprise oil engines of about 
1200 B.H.P., driving two Voith-Schneider propellers. 
The propellers will be 6ft. in diameter with six blades, 
each 4ft. in length. As in the case of the ferry boat, 
a third control giving a purely lateral movement to 
the ship is to be fitted. 


A Further Clyde Naval Order. 


Ir is announced that the Admiralty has placed 
with John Brown and Co., Ltd., of Clydebank, the 
order for the construction of the new depét ship 
for submarines, which is to be built under the 1937 
programme. The ship, which will have a length of 
about 580ft., will be propelled by geared turbine 
machinery, and is understood to be a repeat order 
of H.M.S. ‘* Maidstone,’ which is now under con- 
struction at Clydebank under the 1935 programme. 
The vessel will be designed to act as the mother 
ship to about eighteen submarines, and in addition 
to carrying supplies of fuel will be equipped as a 
repair ship embodying platers’, plumbers’, and smiths’ 
shops, as well as fitting and turning shops and elec- 
trical departments for the full repair and main- 
tenance of submarine craft. The sister ship, H.M.S. 
‘“* Maidstone,” will probably be launched in the 
autumn of the present year, and the ship just ordered 
is likely to follow next year. The eight building 
berths at Clydebank will, except one, soon be fully 
oceupied. It is reported that this berth will shortly 
be required for a battleship. 

Transatlantic Air Services. 

THE proposed Transatlantic air services to be 
operated by Imperial Airways and Pan-American 
Airways have been brought a step nearer by the 
completion of an important agreement between these 
companies and Portugal. Dr. Salazar, the Portuguese 
Premier, signed an agreement at Lisbon on Saturday 
last, April 3rd, granting the companies operating 
rights for a period of twenty-five years and the use 
of the ports of Portugal, Madeira, and the Azores, 
in return for which Portugal is to share with the 
companies between | and 3 per cent. of the receipts 
from freight and passengers using the service from 
Portuguese territory. The agreement allows the 
importation of the necessary fuel and aircraft tax- 
free and other facilities. Two routes are now available 
and are likely to be used when the proposed air 
services between London and New York are started. 
The direct route is vié Ireland and Newfoundland, 
but the southern route, vid Portugal and the Azores, 
is freer from bad weather and winds m winter, and 
is generally less foggy. Until this agreement with 
Portugal had been signed, little progress could be 
made with the plans for using the southern route ; 
it is now understood that a London—Lisbon—New York 
service will start in November. 


The Clyde Industrial Troubles. 


Wut a lull has. occurred in the activities of the 
Parkhead Forge Strike Committee, labour troubles 
are spreading to different industries in the same 
area. The strikers at William Beardmore and 
Company’s Parkhead Forge, are awaiting a reply 
from the A.E.U. executive to a resolution of a mass 
meeting of local members of the Union asking for 
official support and full recognition. The Parkhead 
strikers will have to discuss fully the Union’s reply 
to their resolution, and if the strike is not officially 
recognised the men will not receive strike benefit. 
The apprentices in Clyde engineering and shipbuilding 
works now on strike amount to between 5000 and 
6000, and about fifty firms are affected following a 
mass meeting of apprentices on Tuesday last. They 
are demanding an increase of wages from the present 
apprentice rates of 8s. to 19s. a week up to 15s. 
to 30s. Some 300 apprentices from the L.N.E.R. 
works at Cowlairs, who went on strike on Saturday, 
returned to work on Monday last pending con- 
sideration of their demands, and the apprentices now 
on strike are from John Brown and Co., Ltd., Clyde- 
bank; ~D. and J. Tullis, of Kilbowie; the Albion 
Motor Works, at Scotstoun, and several other firms. 
Meanwhile, as directed by a ballot, members of 
the Scottish Vehicle Builders’ Union are to press 
for an immediate increase in wages amounting to 
ld. per hour, and an. additional 1d. per hour in the 
Aberdeen and Dundee districts as from April Ist. 
Threats of a stoppage in the Scottish coalfields to 





support the Nottinghamshire dispute are alsoreported. 
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represent a plan view of the gyroscope—with its 
axle horizontal—when the aircraft has yawed by 
an amount y off its set course. If the aeroplane rolls 
when so yawed the rolling axis U U will not be coin- 
cident with the gyro-axle as it would be if there were 
no yaw. The rolling movement j at the upper journal 
Z will have two components of which one, /, being at 
right angles to the axle, will have no effect on the 
gyroscope while the other, k, parallel with the axle, 
will, with its fellow at the lower journal Z, constitute 
a rotation of the gyro-wheel about the transverse 
diametral axis YY. This diametral rotation will 
combine with the spin of the wheel to produce a 
gyroscopic torque about the axis ZZ. Under this 
torque—if the roll and spin are in the directions shown 
—the gyroscope will precess contra-clockwise about 
ZZ. The outer ring will partake of this precession 













The Principles and Practice of 
Automatic Control. 


No. XII. 
(Continued from page 382, April 2nd.) 


THE British AUTOMATIC AIRCRAFT PILOT (continued). 


REVIOUSLY published descriptions of the 
British automatic aircraft pilot omit to discuss 
at any length the important effect on its action 
which results from the fact that the gyro-axle is 
arranged to lie normally at an inclination to the 


through the servo-motor associated with the outer 
ring. In other words, the tilt of the gyro-axle at 
the angle 8 does not destroy the action of the gyroscope 
as a detector and corrector of yawing. It is clear 
however that the truth of this statement is condi- 
tional upon the magnitude of 8. If 8 were made 





horizontal as mentioned at the end of the preceding 
article.* The object sought may be defined as 
being (4) to make the gyroscope responsive to the 
roll or bank which accompanies the movement of 
an aeroplane along a curved path in the horizontal 
plane and (6) to cause this response to modify the 
rudder deflection to such an extent and in such a 
direction that a damping moment of the correct 
magnitude and sense is added to the restoring 
moment initiated by the gyroscope in its capacity 
as a detector of angle of yaw. The roll or bank 
being, as previously noted, a measure of the angular 
velocity of the aeroplane on its curved path, the 
net rudder deflection determined in this manner will 
fulfil the fundamental conditions for the eéstablish- 
ment of a decaying oscillation of the aircraft about 
the set course in the event of its being accidentally 
disturbed from that course. 


ORIGIN OF THE DAMPING COMPONENT. 


In Fig. 41 a gyroscope is shown with the forward 
end of its axle tilted upwards at an angle 8 to the 
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Fic. 41—GYROSCOPE WITH TILTED AXLE 


horizontal. Consider the effect on the gyroscope of 
motion of the frame about the three principal axes 
Y Y, ZZ and W W separately. 

If the frame tilts about Y Y the only effect experi- 
enced by the gyroscope will be the application of a 
small frictional torque at the journals Y Y which, 
quite apart from its being small, will produce no 
motion about Y Y but a precession about a diameter 
Vv V at right angles to Y Y. Hence if the frame tilts 
about the transverse axis the gyro-axle will remain 
undisturbed so far as its inclination $8 to the hori- 
zontal is concerned. The tilt of the frame will there- 
fore result in relative motion between the frame and 
the inner gimbal ring and consequently will call 
into action the elevator operating gear just as would 
a tilt of the frame if 8 were zero. It follows there- 
fore that the inclination of the axle at the angle 8 
is without effect on the action of the gyroscope as 
a detector of pitching motion and on the accompany- 
ing initiation of a correcting elevator movement. 
It is obvious that this statement is true for any 
value of 8. Even if 8 were made 90 deg., thereby 
making the gyro-axle parallel with the axis Z Z, 
the gyroscope would still remain fully responsive to 
pitching about Y Y. 

Next if the frame yaws about Z Z the only effect 
experienced by the gyroscope will be the applica- 
tion of a small frictional torque at the journals 
ZZ which, apart from being small, will cause the 
gyroscope to precess about Y Y and not to turn 
about ZZ. Hence yawing of the frame about ZZ 
will leave the gyro-axle undisturbed in the vertical 
plane in which it and the frame originally lay. The 
yaw of the frame will therefore result in relative 
movement between the frame and the outer gimbal 
ring and will induce a correcting rudder movement 





* See a series of articles by G. R. M. Garratt published in 
The Aircraft Engineer (Supplement to Flight) in 1934 and 
1935 and two articles, also 4 Mr. Garratt, in THe ENGINEER 
for April 17th and 24th 1936. See also a paper “ Aeroplane 
Stability and the Automatic Pilot’? by F. W. Meredith and 
P. A. Cooke read before the Royal Aeronautical Society on 


90 deg. the gyro-axle would be brought into coinci- 


with the result that the response of the gyroscope 


dence with Z Z, the axis of yaw, in which alignment 
the gyroscope would lose completely its power of 
response to yawing. The magnitude of that response 
—as measured by the relative movement between the 
frame and the outer gimbal ring, which accompanies 
@ given amount of yaw—is a maximum when the 


to the yaw y——and therefore the rudder deflection 
applied to correct the yaw—will be diminished. 


It 


axle is at right angles to Z Z, that is when 8 is zero, 
and decreases down to the vanishing point as 8 is 
increased towards 90 deg. As the response diminishes 
so does the deflection of the rudder which it initiates. 
It follows therefore that the restoring moment 
applied by the rudder to correct a given departure 
from the set course varies with the magnitude of 
the inclination $8 and will vary from instant to 
instant in service if 8 is not constant. 

Finally consider the effect on the gyroscope, with 
its axle tilted, when the frame rolls about W W. 
Even in the entire absence of friction or other restraint 
at the journals Z Z and Y Y the rolling motion will be 
transmitted to the inner gimbal ring. [If the roll is, 
as shown, to starboard the motion communicated to 
the near journal Y will be downward as at f. This 
motion may be resolved into two components one g 
at right angles to the gyro-axle, and therefore without 
effect on the gyroscope, and the other h parallel with 
the axle. The component A together with its fellow 
at the other end of the axis Y Y are equivalent to a 
rotation of the gyro-wheel about a diametral axis 
V V and, as we know from the fundamental principle 
of the gyroscope explained in the fifth article, this 
rotation about V V will combine with the spin of the 
wheel on its axle to produce a gyroscopic torque 
acting to precess the wheel and inner ring about Y Y. 
If the roll is to starboard and the spin is in the direc- 
tion shown the precession will take place in the clock- 
wise sense. It will therefore act to reduce 8 and hence 
to increase the response of the gyroscope to a given 
amount of yaw. If the roll is to port the preces- 
sion will increase $8 and therefore diminish the 


nse. 
From this analysis it will be seen that the effect 
of tilting the axle is to modify the deflection of the 
rudder as determined by the extent of the departure 
from the set course, the degree of the modification 
being determined by the amount of rolling accompany- 
ing the departure. In other words the tilting of the 
axle couples up the yawing and the rolling of the aero- 
plane in such a way as to make them jointly effec- 
tive in determining the rudder deflection. In fine 
the gyroscope in the British automatic pilot combines 
in itself the function of the magnetic compass and the 
constrained gyroscope found in the Siemens auto- 
pilot while the tilting of the axis effects the same 
result as that of the levers which in the autopilot 
are used to add the signals of the magnetic compass 
and the constrained gyroscope together. 

It is not to be supposed that in the above remarks 
we have embodied a complete explanation of the 
manner in which the damping component of the rudder 
deflection is originated in the British automatic 
pilot. A complete explanation would require us to 
discuss the general theory of the stability of aircraft, 
a subject far too extensive and complex to introduce 
in these articles as a digression from their main 
theme. Some of the additional factors which we would 
be called upon to discuss in a full treatment of the 
subject are more or less obvious. For example it 
would be necessary to consider the implication of the 
fact that the precession about Y Y which the tilted 
gyroscope experiences when the aircraft rolls about 
W W has another effect besides modifying the response 
to yawing. This precession involves a movement of 
the inner ring relatively to the frame and must there- 
fore call into action the elevator operating mechanism. 
It may therefore be argued that the tilting of the axle 
for the purpose of introducing a damping component 
into the rudder deflection results in the simultaneous 
introduction of an elevator movement which may 
induce an up-and-down oscillation of the nose of the 
aeroplane while a departure from the set course is 
being corrected. 

Another, perhaps less obvious, consideration which 
a complete treatment would have to include is the 
fact that the tilting of the axle is merely an addi- 
tional means of making the roll about W W modify 
the response of the gyroscope to yaw about Z Z. 
The roll would modify the response to yaw even if 
6 were zero. It is quite true that if 6 is zero a pure 
roll about W W will have no effect on the gyroscope. 
If however the aircraft is yawed when the roll occurs 
the roll will have an effect on the gyroscope which 
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Fic. 42—PLAN VIEW OF GYROSCOPE 


is not difficult to show that the extent to which the 
roll diminishes the response to yaw can be regulated 
by tilting the axle to some angle 8 out of the hori- 
zontal. 

It will now be realised that the effect represented 
by, and described in connection with, Fig. 41 must 
have added to it the effect represented by Fig. 42. 
Calling them A and B respectively we can readily 
see that under effect A a roll to starboard increases 
the response of the gyroscope to a given yaw while 
under effect B the same roll will decrease the response 
to the same yaw. The actual response will there- 
fore be determined by the difference between the 
two effects. Neither effect, it may be added, is 
sufficient by itself to apply at all times a correctly 
directed damping component. The correctness 
of the action depends upon the extent to which 
the two effects alternately over-ride one another. 


AILERON CONTROL. 


For a number of purposes it may be sufficient to 
control an aeroplane automatically as regards course 
departure and pitching in which case the single gyro- 
scopic unit of the British automatic pilot described 
above will provide all that is necessary. For certain 
uses however, notably for the purposes of aerial 
photography, it is desirable to control the movement 
of the aeroplane with respect to the third, or rolling, 
axis. For this purpose the British automatic pilot 
employs a separate unit, embodying a second and 
completely independent gyroscope, which is con- 
nected through a servo-motor to the ailerons. 

‘An apparent objection to the addition of this 
aileron control unit may be at once noticed. If 
it-is completely efficient it will eliminate the possibility 
of rolling. If the aeroplane cannot roll the damping 
action of the rudder control described above cannot 
occur, for if there is no rolling the aeroplane will 
of necessity be compelled to execute flat, unbanked 
turns. In spite of this fact the rudder damping 
moment mechanism which we have described is 
fitted in practice even when the ailerons are auto- 
matically controlled. It is found that it still can be 
made to contribute a useful amount of damping 
to any yawing motion. The reason for this fact is 
no doubt to be traced to a small lack of complete 
efficiency on the part of the aileron control unit. 
The aileron control cannot act until at least some 
small degree of rolling has occurred and while it is 
occurring the rudder damping moment mechanism 
has an opportunity of making its presence felt. 

The aileron control mechanism is shown in diagram- 
matic form in Fig. 43. It makes use of a gyroscope 
spinning on an athwartship horizontal axis, the axle 
being supported within an inner gimbal ring A 
mounted to turn about a vertical axis within an 
outer ring B. This outer ring is in turn mounted 
on a horizontal, fore-and-aft axis inside a third ring 
C which finally is carried on a collinear fore-and-aft 
axis by a frame D fixed to the aeroplane structure. 
For the moment we may consider the ring C as being 
fixed relatively to the frame D and therefore relatively 
to the aircraft. The freedom of the ring C to turn 
is provided for a subsidiary purpose which will be 
mentioned later. ; 
Granted complete freedom from all restraint 
at the ring axes, a gyroscope mounted in this manner 
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will modify the response to the yaw. Let Fig. 42 





will maintain its axle pointing in its original direction 
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no matter how the aeroplane may yaw about its 
vertical axis, pitch about its transverse axis or roll 
about its longitudinal axis. The third named 
characteristic is that in which we are particularly, 
interested for if the gyroscope is insensitive to rolling 
relative movement will occur between it and the 
frame D—or the ring C—when the aeroplane rolls 
and this relative movement may be used to initiate 
a corrective movement of the ailerons. If the ring 
B is vertical to begin with, it will, on the supposition 
made, remain vertical when the aircraft rolls. Hence 
the aileron-operating device might consist of a servo- 
motor controlled by a valve the easing of which 
was fixed to the frame D—or ring C-—while the valve 
inside the casing was coupled to the outer ring B. 
While the valve remained stationary with the ring 
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FiG. 43—AILERON CONTROL DETAILS 


B the casing would then move relatively to the valve 
as the aeroplane rolled. 

In practice friction cannot be wholly eliminated 
at the ring axes. In addition the fact that the 
relative movement between the rings B and C is 
to be employed to operate a valve implies the applica- 
tion of further restraint to the freedom of the gyro- 
scope about its longitudinal axis. In practice there- 
fore the arrangement indicated above might act 
satisfactorily for a short time after the device had 
been set going but very soon the small precessions 
produced by the existence of restraint at the ring 
axes would build up to an extent sufficient to destroy 
satisfactory operation of the control. For instance 
the existence of restraint at the vertical axis of the 
inner ring would result in the application of a small 
torque to the gyro-wheel every time the aeroplane 
yawed. This torque would induce precession of the 
gyroscope and its rings about the longitudinal axis 
with the result that the vertical alignment of the 
ring B on which we are relying to provide the datum 
from which to measure rolling would be lost. Again 
restraint at the longitudinal axis of the outer ring 
would, each time the aeroplane rolled, cause the gyro- 
scope to precess about the vertical axis. The gyro- 
scope while so precessed would become responsive 
to pitching and might soon lose its ability to maintain 
the ring B vertical. 

To overcome these upsetting effects the British 
automatic pilot aileron unit makes use of a weight 
E fixed to the lowest point of the outer gimbal 
ring and a compressed air system whereby a precess- 
ing moment is automatically applied to the outer 
ring. The action of this arrangement can best be 
followed if we suppose that the ring B for some 
reason has departed from the vertical datum which 
we desire it to preserve. The weight E will then 
apply a gravitational torque about the longitudinal 
axis of the ring B with the result that the gyro-wheel 
will precess about the vertical axis of the inner ring 
A. This ring is coupled to a valve F mounted on a 
bracket attached to the outer ring and controlling 
the admission of air to a cylinder G which is mounted 
on the same bracket. The piston of this cylinder is 
coupled to the ring C in such a way that when air 
is admitted to G the reaction on C is transmitted 
back to the outer ring B as a moment acting to turn 
it about the longitudinal axis. The couplings are 
such that the moment thus applied opposes and 
ultimately balances the gravitational moment about 
the same axis applied by the weight E. 

When the state of balance is reached the ring B 
will lie at some inclination to the vertical, and the 
ring A will have precessed out of its original align- 
ment at right angles to B but as the gravitational 





moment about the longitudinal axis has been counter- 
acted no further precession of the gyro-wheel about 
the vertical axis will occur. From this configuration 
the system has now to be restored to that which it 
originally possessed namely one in which the ring B 
is vertical and the ring A is at right angles to B. 
The requisite restoring action is supplied by the 
effect of a small spring H which engages with the 
tail end of the rod of the valve F. When the ring 
A precesses as mentioned above the spring H applies 
to the valve rod and thence back to the ring a force 
opposing the precession. Hence when, the state of 
balance to which we have referred is reached the 
sole moment in action on the gyroscope is that applied 
to the inner ring by the spring H. Under the action 
of this moment the gyroscope precesses about the 
longitudinal axis in the direction required to eliminate 
the departure from the vertical which the ring B 
was originally assumed to possess. As B returns 
towards the vertical the gravitational moment of 
the weight E falls off whereas the moment applied 
by the eylinder G remains fully effective. Hence 
as B returns to the vertical the balance between the 
two moments is destroyed. The net moment in action 
about the longitudinal axis is such as to precess the 
gyro-wheel and inner ring about the vertical axis 
in the direction required to restore the inner ring to 
alignment at right angles with the outer ring. The 
movements of the two rings continue until B is 
vertical and A is at right angles to B. In that con- 
figuration the weight E has no moment about the 
longitudinal axis and the valve F cuts off the supply 
of air to the cylinder G and opens it to exhaust. 

It will therefore be seen that the arrangement is 
such that if the ring B departs from any cause from 
the vertical forces are called into action which restore 
it to the vertical. The arrangement may at first 
sight appear to be unduly complicated and to consist 
of adding to the gyroscope a certain detail—the 
weight E—the effect of which has to be counter- 
acted by the addition of another detail—the cylinder 
G. Any doubt as to the rationality of this procedure 
can readily be dispelled by studying the action of 
the device from an alternative standpoint. We have 
considered it above as being primarily a gyroscope 
with certain details added to it. We may equally 
well consider it as consisting primarily of a pendulum 
—the bob being the weight E—with certain gyro- 
scopic and other details attached to it. As a means 
of defining the vertical in a ship or aeroplane a 
pendulum is satisfactory only so long as the body 
in which it is mounted no acceleration in 
the direction in which the pendulum is free to swing. 
In particular the pendulum will give a false reading 
of the vertical if the ship or aeroplane executes a 
turn in its course. The centrifugal force acting on 
the bob will cause the pendulum to seek a position 
of rest which is inclined to the true vertical at an 
angle proportional to the centripetal acceleration. 

In the British automatic pilot aileron unit the 
pendulum consists of the weight E and the outer 
ring B and its axis of oscillation is the longitudinal 
axis on which B is mounted. The gyroscope and its 


associated additions are such that the centrifugal 
moment which would otherwise cause a_ ballistic 
deflection of the pendulum during a turn is counter- 
acted by the opposing moment about the longitudinal 
axis which is called into being by the action of the 
cylinder G. In this light the spring H is seen to be 
an addition required to restore the gyroscope to its 
original configuration after the turn has been com- 
pleted and the centrifugal force on the bob has 
disappeared. It is obvious that if the ballistic deflec- 
tion is to be zero an exact relationship must exist 
between the moment of the centrifugal force about 
the longitudinal axis and the counter moment about 
the same axis applied by the cylinder G. If the 
air pressure is invariable the second-named moment 
is constant whereas the first-named moment will 
vary with the angular velocity and radius of the turn. 
It follows therefore that the device can ensure a 
flat turn only at one particular speed of the aeroplane. 
At other speeds the ring B will depart during a turn 
from the true vertical. _The device can be tuned to 
ensure a flat turn at any specific speed by means of 
an adjustment which is provided for varying the 
length of the pendulum or in other words the distance 
of the bob E beneath the longitudinal axis. 

The ring B being maintained constantly vertical 
both on straight courses and on turns, the control 
of the ailerons can be initiated from the movement 
of the ring C relatively to B which accompanies a 
bank or roll. The detection of this relative movement 
is effected as shown in Fig. 43 by means of.a sensitive 
relay valve and cylinder J which is coupled up to 
the servo-motor valve K. These two valves are 
similar respectively to the corresponding details 
illustrated in Fig. 37 ante in connection with the 
elevator operating gear. Their object is the same 
namely to relieve the outer gimbal ring B of the 
restraint to which it would be subjected if it were 
called upon to operate the valve K directly. The 
valve K controls the admission of air to a servo-motor 
cylinder which is coupled up to the ailerons. The 
follow-up movement required to make the aileron 
deflection strictly proportional to the angle of roll 
or bank signalled by the gyroscopic detector is 
obtained by mounting J and K on the third ring C. 
This ring as previously noted is not fixed rigidly 
relatively to the frame D but is free to turn about an 
axis collinear with the longitudinal axis of the gimbal 
ring B. The deflection of the ailerons is transmitted 
back to the ring C with the result that the valve 
casings are induced to follow the movements of their 
valves in the usual manner. 

It will be observed that the aileron control unit 
results in a deflection of the ailerons proportional 
to the angle of roll or bank signalled by the detector 
and that no component aileron movement propor- 
tional to the velocity of rolling is added to the 
primary deflection. This omission is permissible 
because the natural or inherent resistance of an 
aeroplane to rolling, unlike its natural resistance 
to yawing, is very high and by itself supplies an 
adequate amount of damping. 





(To be continued.) 








Vaal River Development Scheme. 


By our South African Correspondent. 


HE idea of utilising the waters of the Vaal River 
for a great irrigation scheme in the Hartz River 
valley dates back nearly sixty years to the time when 
the discovery of peculiar topographical features 
a scheme for diverting the Vaal River 
water into the Hartz River valley at a point near Four- 
teen Streams, in the Cape Province (see map). The 
discovery is attributed to Mr. and Cecil Rhodes. 
Below Fourteen Streams the Vaal River drops 250ft. 
in 30 miles, and again below Barkly West down to the 
infall of the Hartz River, in a distance of 25 miles it 
drops over 260ft., the whole fall from above Fourteen 
Streams to the infall of the Hartz River, over a distance 
of 100 miles, being about 580ft. As contrasted with 
this, the Hartz River, which takes a more direct 
course, has a fall of only 400ft. from Brussels Siding, 
13 miles south of Vryburg, to the infall, a distance of 
115 miles along the river. The consequence is that 
Brussels, which is 66 miles from Fourteen Streams 
northwards along the railway line, lies 180ft. lower 
than the Vaal River at Fourteen Streams, and the 
valley of the Hartz River opposite Fourteen Streams 
is about 450ft. lower than the Vaal. The valley of 
the Hartz is separated from the valley of the Vaal 
by a very low watershed, which has a neck close to 
Fourteen Streams at a level of only 27ft. above the 
bed of the Vaal, 4 miles above Fourteen Streams. 


THE First Surveys. 


In the years 1881-82 surveys were undertaken by 
the Cape Government and a scheme was designed for 
taking out a canal from above Fourteen Streams to 
irrigate land in the Hartz River valley, but it was not 
proceeded with. From time to time the scheme was 
referred to and surveys were again undertaken in 
1898 and 1905, the latter by the Transvaal Irrigation 
Department. In 1906 Mr. Gordon, then Director of 





Irrigation in the Cape Colony, made a lengthy report 
in which he declared that he did not know, nor did 
he think they were likely to discover, another tract 
in the Colony in which even 100,000 acres could be 
placed under irrigation in one fairly complete block 
at any reasonable outlay. Nothing, however, was 
done before Union, when unnatural divisions of the 
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COURSES OF VAAL AND HARTZ RIVERS 


river systems were swept away and a comprehensive 
survey of the whole of the Vaal and Orange rivers was 
made possible. 

In 1921 reconnaissance parties began work on the 
Vaal River. The investigations up to 1923 dealt 
with the Vaal Rhenoster scheme, particularly in 
connection with the national storage site near the 
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junction of the Vaal and Wilge rivers, the results of 
the surveys proving this to be a particularly good site. 
In 1925 the lower Vaal-Hartz area was investigated, 
and preliminary investigations into the soils of that 
area were also made. Work was renewed again on the 
reconnaissance of the Vaal-Hartz area in 1929, 
coupled with aerial photography. During the next 
two years more detailed surveys were made, coupled 
with soil surveys of a more exact and detailed nature 
than had previously been carried out. There was 
therefore considerable information at the disposal 
of the Irrigation Department when the Cabinet 
further considered the matter and decided to recom- 
mend that the scheme be proceeded with. 
Consideration of the run-off and of the tributaries 
in the upper reaches of the Vaal, the Klip, and the 
Wilge, and of the small amount of silt, coupled with 





valley. The Rand Water Board will contribute 
£520,000 towards the cost of the works. 

The drainage area above the dam is approximately 
15,000 square miles, and gauging indicates that the 
mean annual run-off at the dam site is approximately 
2,000,000 acre-feet, and that the mean of the eight 
driest. successive years is approximately 1,000,000 
acre-feet. 

It was decided that the most economical size of 
dam, taking into account evaporation and other 
losses, would be one impounding approximately 
800,000 acre-feet, which, taking into account the 
inflow from tributaries below the dam, would suffice 
for the irrigation of 100,000 acres in the Hartz River 
valley. With relatively minor additions to the crest of 
the dam the capacity can be increased to 1,800,000 acre- 


bands of conglomerates, somewhat weathered on 
the surface, but very solid at a comparatively shallow 
depth from the ‘surface. In the river section a 
* gully’? was encountered in which the rock was 
somewhat crushed and broken, which necessitated a 
considerable amount of excavation. The earth 
embankment is founded on what is known as the 
** Karroo Series ’’; drilling disclosed that the under- 
lying sandstone was at a considerable depth, so, as 
the depth of water against the embankment would 
not ‘be great, it was decided not to build a reinforced 
concrete core wall, but to rely on providing a 
sufficiently long length of travel to prevent any 
damage being done by percolating water. 
Construction began in 1934, the first eighteen 
months being occupied mainly with the erection 





feet. Silt in the waters of the Vaal and Wilge rivers. 


of accommodation for the staff and workmen, 

















FIRING SHOT DRILL WHEN BORING FOR FOUNDATIONS 


others of an engineering nature and the broad national 
advantage of having copserved water as far up any 
river as possible, forced’ the Department to the con- 
clusion that the site which had been chosen for the 
storage dam, some 14 miles below the confluence of 
the Vaal and Wilge rivers, was one of outstanding 
national importance. A further consideration in 
favour of the site was that the gold industry had 
developed prospects of a much wider and more 
immediate expansion than had ever been expected, 
and as a result the Rand Water Board was contem- 
plating the construction of an additional storage dam, 
in order to meet the anticipated demand for water 
at a site proposed by Mr. Hurley in 1904. Here was 
an immediate need to be met from the Vaal River, 
and the desirability of combining it with a national 
scheme to improve the whole length of the river, 





when in flood, amounts to approximately 0; 25 percent. 
by weight, so that it will be very many years before 
it becomes necessary to restore storage capacity 
lost from this cause. 

The works consist of a concrete dam across the 
river with an earth embankment thrown across a 
“nek” or shallow valley on the right flank and 
separated from the main dam by a small rise, which 
is above H.F.L. The concrete dam is of the over- 
spill gravity type and the section is such that the full 
supply, level can be raised 8ft. by raising the concrete 
wall and a further 10ft. by means of gates when silt- 
ing makes this necessary. Experiments are at present 
being carried out in order to determine the best 
shape and position of “steps” on the down- 
stream slope, the purpose of which is to break 





CONCRETE MIXING STATION 

erection of plant, opening up quarries and various 
other preparatory work incidental to the start of a 
big job. The main feature of the work so far has 
been the dewatering of the river section, excavation 
for foundations in this section, and bringing up of 
the dam wall above normal low water level. 
Photographs illustrating the work are reproduced 
herewith and on page 420. The low flow depth 
of water in the river at the site was approxi 
mately 25ft. at the deepest portion, and from 
borings it was known that the rock was overlain 
by silt, sand, and gravel. It was decided that the 
best way of dealing with the situation was to construct 
a cofferdam above and another below the site, and a 
diversion channel to take the river flow. As will be 
seen from the plan, an island in the river a short 





up the . sheet of falling water. The leading 


distance upstream from the actual site facilitated 








CONCRETING MAIN DAM 


which would have to be built sooner or later, was 
obvious, especially as a dam at the site proposed by 
the Rand Water Board would be completely sub- 
merged by the proposed national dam. Among 
advantages of the site is the fact that the bulk of the 
water comes from the upper reaches, and.as the main 
block of land to be. irrigated lies 360 miles lower 
down, this length at least of an uncertain river is 
converted into a perennial one; also the site is 
cheaper per unit of storage than others considered, 
and has a natural spillway by means of which the 
capacity can at a later date be increased. The 
immediate expenditure provides for a storage dam 
below the Wilge River infall and the irrigation scheme 
inthe Hartz Rivervalley. The cost of the whole scheme 
is estimated at about £4,000,000, of which £900,000 
is estimated to be required for the Vaalbank dam. 


VAALBANK Dam. 


The Vaalbank dam is about 62 miles by road, 
almost due south of Johannesburg. Stored water 
from the dam will be let down the Vaal River for a 
distance of approximately 360 miles to a point about 
3 miles from Warrenton, where a weir is being built 
to divert water to irrigate land in the Hartz River 





particulars of the concrete dam are as follows :— 


Concrete Dam. 
Crest level . Ae . w. RL.'4850 
— flood level. R.L. 4860 
face . Vertical 


fn a face Batter 0-7 to 1 


Maximum height above lowest foun- 


dation level Approximately 160ft. 
Maximum height above river bed 

level... ae A prerimetely 135ft, 
Length along crest nis 1 


t. 
Approximate quantity of concrete... 220,000 cubic yards 
Earth Embankment. 


Crest level... ... pg lg 
Upstream slo to 
Downstream os 24 to 1 with berms 
Crest width bei Ai 20ft. 
Length along crest ... 4500ft. 
Approximate qeanttty of earth in 

embankment . 300,000 cubic yards 


An area of 39,900 acres will be submerged at 
F.S.L. and approximately 55,000 acres at H.F.L. 
The estimated cost of the dam, including purchase 
of the farms in the submerged area, is £900,000. 

The concrete dam is founded on what is known 
geologically as the “‘ Witwatersrand Series,” and is 
the same formation as that which is being worked 
on the Rand. The rock is a quartzite with small 


CONCRETING APRON 


this ; a light concrete dam was built across the main 
channel from the right bank of the river to the island, 
and the diversion channel was formed by putting in 
a concrete wall from the end of the island and excava- 
ting the river bank. The lower cofferdam, which 
was in deep water, was built by dumping rock from 
both sides of the river so that, when the dumps met, by 
putting a blanket of earth on the downstream slope, 
a rock-fill dam was formed. In spite of the silt and 
gravel forming the river bed, once the pool had been 
dewatered the leakage through the cofferdam was 
negligible, and was dealt with by a 6in. centrifugal 
pump run intermittently. The diversion channel 
was designed to take approximately 12,000 cusecs. 
When dewatering of the pool was completed the 
work of cleaning the river bed and preparing the 
foundations was carried on night and day. The 
foundations opened up’very well, except in the case 
of the “gully” mentioned above. In accordance 
with the usual practice of the Irrigation Depart- 
ment, a cut-off trench ‘was channelled in the rock on 
the upstream face, and grout holes were drilled in this 
at approximately 10ft. intervals, every fifth hole 
being drilled to 650ft. depth by a shot drill and the 
intermediates put down by compressed air wagon 








ApriL 9, 1937 


THE ENGINEER 





411 








drills to a depth of 20ft. These holes were all grouted. 
A row of wagon drill holes was also put down about 
15ft. from the upstream face, and holes have been 
also drilled and grouted wherever it appeared 
necessary. No special provision is made for drainage 
of the structure as it is considered that the precau- 
tions mentioned above are sufficient to prevent any 
dangerous uplift; further, a certain amount of 
uplift was assumed in designing the dam. Concreting 
was started at the end of July, 1935, and by October 
31st, 1935, 48,000 cubic yards had been placed, making 
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the work safe against floods and completing the river 
section to low-flow water level. As at October 3lst, 
1936, the following work had been done :— 


Foundation excavation 150,000 cubic yards 
Concrete placed... 145,000 cubic yards 


The concrete is of 1:3:6 mix. Quartzite rock 
for crushing is obtained from a quarry opened up 
for the purpose within $ mile of the crushing station, 
and sand is obtained from the river and supplied by 
small contractors, the maximum distance it is 
conveyed by lorries being approximately 12 miles. 
Cement is of South African manufacture. 


OuTLET VALVES. 


The design of the outlet valves, which are of a 
new type, was carried out by the Irrigation Depart- 
ment, and they were fabricated in Johannesburg 
under the direction of the Department. At the time 
of writing eight valves have been installed in the 
concrete wall, each 5lin. in diameter. There will 
be twenty-seven altogether, rising in tiers at intervals 
of 1Oft., of which twenty-four are being constructed 
for the Irrigation Department and three for the Rand 


£1, 4870 
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Ve station, which is approximately 25 
miles from the works. Alternating current is trans- 
mitted at 22,000 volts and at the works is transformed 
down to 2000, 500, and 220 volts, the latter being 
for camp and works lighting purposes. Compressed 
air is supplied by two C.P.T. two-stage and one 
Gardner Denver two-stage compressors, each with 
an output of 600 cubic feet per minute at 100 lb. 


Each compressor is driven by a 100 H.P. motor. 
As well as these, two Sullivan oil engine-driven, 
two-stage, portable compressors of 320 cubic feet 





PLAN AND SECTIONS OF THE VAALBANK DAM j 


capacity are used at remote points where it is not 
convenient to extend the regular electric power 
lines. 


CRUSHING PLANT AND CABLEWAYS. 


Rock from the quarry comes up an inclined hauiage 
and is then taken along a down gradient to the crush- 
ing station, tipped into bins above the crushers and, 
when crushed, is discharged into bins and thence by 
belt conveyors to storage bins above the concrete 
mixers. The crushing plant consists of two 10in. 
and one 8in. McCully gyratory crushers, and one 
36in. by 23in. jaw crusher has been installed for 
breaking down large product from the quarry to 8in. 
size. Mixing of concrete is done at the mixing station, 
which is equipped with three 1 cubic yard tilting 
mixers. Bins for stone, sand, and cement are pro- 
vided above each mixer, and these materials are 
measured in adjustable vertical measuring boxes. 
To charge a mixer a system of levers is arranged, 
operated by a compressed air cylinder, so that the 
contents of each set of measuring boxes are simul- 
taneously discharged into the mixer, water being 


Ground 
level 
” 





SECTION OF EARTH EMBANKMENT 


Water Board with a view to the possible erection of 
a hydro-electric plant. The lower level valves 
already completed are 25ft. above the low-flow level 
of the river. The uppermost valves will be 25ft. 
from the top of the wall. Heavy rains over the 
catchment area during the week prior to November 
12th, 1936, resulted in a moderate flood of 50,000 
cusecs reaching the dam. Although the dam was not 
nearly completed, only half the concrete having been 
placed, 36,000 acre-feet of water was caught, of which 
27,000 acre-feet was above outlet level, and, therefore, 
available for use. On November 12th the flow was 
at the rate of 6,000,000 gallons a minute, and over- 
topped the partially completed dam, and on the 
following day a volume of water, estimated at 
18,000,000 gallons a minute passed downstream over 
the dam and through the valves. 


Sources oF POWER. 


On large works carried out by the Irrigation 
Department it has been found most economical and 
satisfactory to use electrical power to drive all 
machinery, and when power is not available from any 
outside sources, to erect a central power station on 
each job. In the case of the Vaalbank dam it was 
possible to come to an arrangement with the Victoria 
Falls Company for a supply to be obtained from its 





admitted by a separate control. The placing of 
concrete is done by means of the cableways and 
bottom dump buckets. One cableway is of the fixed 
type, and was available from a job previously com- 
pleted. Details are :— 


Span ... 1900ft. 

Loe 21) sirsiteys 12,000 lb. 
Hoisting speed ... 300ft. per minute 
Travelling speed 1200ft. per minute 


With this cableway it is necessary to trip the bucket 
by hand. The second cableway is of the luffing type, 
the span, load, and hoisting speeds being approxi- 
mately the same as above, but the bucket is tripped 
by the cableway operator from the control room. 
Both cableways are operated by 180 H.P. motors, 
and both are supplied with current at 2000 volts. The 
two cableways can comfortably place 9000 cubic 
yards of concrete per month, working a 50-hour 
week. The buckets are not unhooked at any stage of 
operation, but are loaded from movable hoppers, 
which are charged by side dump trucks running 
between the mixers and the hoppers. This method 
of working has proved very satisfactory. At the 
peak concrete placing period, concrete was being 
placed at the rate of over 20,000 cubic yards per 
month, working double shifts. A small auxiliary 
mixing plant was set up in the river bed to concrete 





the apron, which could not be reached by the cable- 
ways. 


THe EartH EMBANKMENT. 


In the construction of the earth embankment 
power shovels will load material from the borrow pits 
into 1 cubic yard contractor’s wagons, trains of which 
will be taken to the bank by light locomotives on 
24in. gauge track. The material will be spread in 
layers by “ bull-dozers ” on caterpillar tractors, and 
will be compacted by “ sheepsfoot ” rollers drawn by 
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CROSS SECTION OF DAM WALL. 
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tractors. Layers before rolling are not to exceed 6in. 
in depth, and are to be wet by sprinkling with water. 
It is also proposed to try the effect of inundating 
portions of the embankment, as the work progresses, 
by throwing up small ridges so as to form shallow 
dams which will be filled with water and allowed to 
stand. Up to date of writing the wall of the dam 
has reached a height of 60ft. above low river flow 
level. 

@ Not the least progress at the dam is to be seen in 








UPPER COFFERDAM 


the village which accommodates the engineers and 
labourers. 


LABOUR. 


At peak period when two shifts were being worked 
some 700 Europeans and 350 native labourers were 
employed. In pursuance of the Government policy 
of employing white labour, the ecmmon labour con- 
sists of single Europeans, who must be passed as 
medically fit before being taken on. The rate of pay 
is 2s. per day plus a bonus of Is. 6d. a day, which 
rises to ls. 9d. after six months, and 2s. after twelve 
months’ service. In addition to the cash wage and 
bonus, all labourers are provided with free food, 
accommodation, and medical attention by the Irri- 





gation Department, so that the cost of each labourer 
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to the works may be taken at approximately 
day. 


6s. per 


DIVERSION WEIR. 


At the diversion weir above Fourteen Streams (and 
Warrington) work was finished before the recent 
floods started. The lake above the weir, which 
extends for more than 20 miles up the Vaal River 
and has a capacity of 30,000 acre-feet, was filled 
very rapidly and on November 20th, 1936, 2ft. 6in. 
of water was running over the crest of the completed 
weir. The work on the canals has progressed so far 
that water can now be led through the first 20 miles 
of the canal to the experimental station in the Hartz 
River valley. 

The site of the diversion weir is about 4 miles above 
the railway bridge at Fourteen Streams. The weir 
is 37ft. high above the river bed and 2380ft. long at 
the crest, and is provided with headgates to the canal 
and overflow gates for releasing water down the river. 
The long lake created above extends up to the foot 
of the rapids near Christiana, and the height of the 
weir has been sufficiently low so that the afflua 
during high flood will not have appreciable effect 
on the township of Christiana. The head capacity of 
the canal is designed for 1000 cusecs. At a distance 
of 12 miles from the weir it passes through the neck 
in the ridge separating the Vaal River from the 
Hartz River valley in a cutting with a maximum 
depth of 28ft. After passing through the neck the 
canal can quickly command the bulk of the irrigable 
land by hugging the foot of the escarpment on the 
eastern side of the valley. The provisional estima- 
ted cost of the diversion weir and canal system is 
£2,600,000. 

The water will be taken from the weir pool at 
midstream to avoid silt. It will be led off along the 
main canals, about 100 miles of concrete-lined water- 
ways through distributing canals, 120 miles in length, 
and finally by a tertiary network of 500 miles of 
canals actually supplying the ground. No other 
irrigation scheme in South Africa has been concrete 
lined to such an extent. Cheaper cement and more 
efficient machinery have made this advance possible. 
One of the tunnels, 4500ft. in length, will be the 
longest in South Africa. Most of the excavation 
work, including nearly all the first 15 miles from the 
weir, has been through rock. The policy is to use 
machinery for this heavy task, while the final trim- 
ming is done by hand. Altogether, there will be 
200,000 cubic yards of concrete lining used on the 
canals. 

In addition to the particular irrigation scheme 





to be carried out by Government as described above, 
it is anticipated that considerable private develop- 
ment will take place along the river, encouraged 
by the more permanent character of the flow. The 
extent of such development to-day is disappointingly 
small, largely owing to lack of water during critical 
periods of the year. It is provided that every riparian 
owner, from the storage dam to the diversion weir, 
is entitled to take one-fifth’ of a cusec in respect of 
every mile of water frontage. For this he will have 
to apply to Government for a permit, which, however, 
he can claim as a right. Industrial and other uses 
are also placed on a permit basis. 

To meet the requirements of the important mining, 
municipal, and industrial development of the Wit- 
watersrand and surrounding area, an agreement 
has been entered into with the Rand Water Board 
whereby, in return for the contribution of £520,000, 
Government undertakes to keep the Board’s barrage 
at Vereeniging practically full and to reserve a 
certain amount of storage in the reservoir for the 
requirements of the Rand Water Board. The quantity 
of water involved is relatively small, and the bulk 
of the stored water will be available for irrigation 
and other development. 

The permit system ends at the diversion weir. 
In order to protect the rights of riparian owners 
below the diversion weir down to the Orange River, 
it is provided by Parliament that sufficient water 
must be passed at the diversion weir to enable 
owners, as well as the Kimberley Municipality, to 
abstract such water as they are entitled to abstract ; 
further, the Kimberley weir in the Vaal River is 
to be kept practically full, and, in addition, a flush 
of 1000 cusecs for twenty-four hours must be passed 
down on demand once in every three-monthly period. 
There is a safeguarding provision in the Act that 
water is not to be extracted by diversion at the 
weir into the Government canal until the foregoing 
conditions have been met. As Government is closely 
interested in the Douglas Irrigation Settlement near 
the end of the Vaal River, it is highly probable that 
even larger quantities than are contemplated in the 
Act will actually be passed beyond the diversion 
weir for the benefit of lower riparian owners. 

The whole of the works—dam, weir, and irrigation 
scheme—have been designed and are being carried 
out departmentally by the Irrigation Department 
under Mr. A. D. Lewis, M.A., M. Inst. C.E., Director 
of Irrigation. Mr. K. R. Shand, A.M. Inst. C.E., 
is the Chief Construction Engineer, and Mr. L. A. 
MacKenzie, B.Sc., A.M. Inst.C.E., is the Resident 
Engineer. 








Institution of Naval Architects. 


No. 


III. 


(Continued from page 386, April 2nd.) 


"IVHE chair was taken at the evening session on 

Thursday, March 18th, by Sir Westcott Abell, 
when the first paper read was “ Results of Experi- 
ments on Model Screw Propellers with Wide Blades,” 
by R. W. L. Gawn. It is summarised as follows. 


PROPELLERS WITH WIDE BLADES. 


The paper deals with the results of twenty propellers, each 
of three blades and elliptic outline, of pitch ratio from 0-8 
to 1-4, and dise area ratio from 0-7 to 1-1. The results are 
considered in relation to those for twelve in number three-bladed 
propellers of elliptic outline, given in R. E. Froude’s 1908 
I.N.A. paper, which cover a similar range of pitch ratio, but 
only 0-3 to 0-525 dise area ratio. The range of disc area ratio 
is greatly extended as d with other published results. 

A new “ blade factor ’’ curve and a new efficiency correction 
curve are given, which replace and greatly extend Froude’s 
1908 curves. Froude’s formula for thrust applies to the new 
results fairly well, but certain qualifications are proposed, 
including modification to dise area ratio and pitch factors to 
suit modern propellers. ° 

A comparison of the experimental results has been made with 
calculations based on the vortex theory of screw propellers. 

The results of model tests of five warship propellers are 
compared with the new methodical series results. The results 
are shown in the form of non-dimensional thrust coefficients 
and torque coefficients recommended by the Tank Super- 
intendents’ Conft for international adoption. 








Discussion. 


Mr. 8. V. Goodall (R.C.N.C.) said the results of 
screw experiments published by Mr. R. E. Froude 
in his paper read before the Institution in 1908 
which had been in greatest use by the Admiralty 
were those dealing with propellers having three 
blades of elliptical outline. Mr. Froude’s experi- 
ments with such screws went as far as blades having 
a width of 9-7 times the radius of the propeller. 
That appeared to be sufficient to cover not only 
the propellers of that day, but future developments 
for a good many years. The adoption of the fast- 
running turbine, however, brought with it screws 
of greater blade-width ratio, and as powers increased 
the necessity for a large area to avoid cavitation on 
a diameter which had to be small to obviate 


excessively high tip speeds was another factor in 
the increase of blade width. A check to this develop- 
ment came when the geared turbine was introduced, 
but in warships speeds and powers were such that 





the blade-width ratio of the propellers fitted had for 
many years been beyond the maximum used by 
Froude in his experiments. It was a tribute to the 
work done by Froude that his data had been used 
by extrapolation without much error, but the results 
of speed trials when analysed had shown that in 
general higher efficiencies had been realised with 
serews of high blade-width ratio than would be 
expected from Froude’s data, this being particularly 
so when low-pitch ratio was associated with high 
blade-width ratio. The need to extend Froude’s 
data in the manner described by the author had been 
felt at the Admiralty for very many years, but it 
was not until the completion of the new tank at 
Haslar that these experiments could be undertaken, 
since the one tank was in constant use for work which 
had to receive priority. It was satisfactory to have 
the data given by the author available for a more 
accurate estimate of speed and power. It was hoped 
that at some future date it would be possible to carry 
out experiments in the new tanks with larger screws, 
and then it would not be necessary to extrapolate 
for blade thickness as had to be done now. 

Continuing, Mr. Goodall referred to the section 
of the paper dealing with the application of the 
vortex theory and said he was disappointed, though 
not surprised, to find that it was so far adrift with 
warship propellers, though fairly reliable for air 
screws. Some elaboration of the present theory 
appeared to be called for, and he commended that 
thought to students aspiring for the Wakeham 
Prize in the hope that they might find a mathematical 
treatment which was in agreement with experiment. 
Finally, he said that after a lapse of nearly thirty 
years it was a matter of satisfaction to the Admiralty 
once again to have been able to publish the results 
of experimental work done primarily in connection 
with warship problems, but which might be of assist- 
ance to those dealing with the problem of high speeds 
in merchant ships. 

Dr.-Ing. G. Kempf said it would be a great advan- 
tage to get information for a greater blade thickness, 
and added that it would also be of interest to study 
the influence of the diameter of the boss. He had 
been concerned with some experiments of that 


nature and some interesting results had been obtained. 
There was an increase of efficiency with increasing 
blade area in model experiments, and he was quite 
sure that it could be transferred to the ship’s screw 
without any correction. Continuing, he said that 
in Germany recently the attempt had been made to 
get information by a special trial with a twin-screw 
vessel running astern, as proposed by the Japanese. 
A 10,000 H.P. vessel was chartered, having twin 
screws with brackets, and a special screw was put 
on the starboard shaft. A special measuring wheel 
was made use of and the ship was run astern for some 
hours up to 14 knots. In that way it was possible 
to ascertain accurately the revolutions of both 
propellers and also to measure the propulsion at 
different loads. He suggested that the time had 
come when there should be co-operation between 
those working on such matters experimentally to 
ascertain the results of scale effect and to apply to 
ships some of the results which had been obtained 
with model propellers. 

Mr. M. P. Payne said it might have occurred to 
some to wonder why it was considered necessary to 
extend the series to such a large disc area ratio 
as 1-1 in view of the accumulated speed trial results. 
The reason was that it was suspected with good 
grounds that the efficiency loss at large disc area 
ratios was greater in the extrapolated curves in use 
prior to the new experiments than was apparent 
from routine model tests and speed trial analysis. 
In the upshot, the results had proved that the time 
devoted to the work was justified, and a glance at 
curves given in the paper indicated how difficult 
and hazardous any extrapolation beyond 0-525 
disc area ratio—the previous upper limit of the 
three bladed elliptical propeller results—would be. 
Further, the work had laid down the appropriate 
factors for disc area ratio and analysis pitch ratio 
for propellers of present-day proportions. The 
vortex theory analysis wae attempted primarily 
in the hope that it might help to throw some light 
on a propeller in cavitating conditions. It was 
clear, however, that further development of the 
mathematical theory was necessary before its useful- 
ness in this respect could be tested. 

Dr. E. V. Telfer said he had to confess that in his 
own mercantile practice he did not use the R. E. 
Froude model for the simple reason that it did not 
represent ordinary mercantile practice. He suggested 
that it would be necessary to return to a better under- 
standing of the significance of effective pitch because 
as progress was made in the ability to use the correct 
vortex theory, in practice it would be necessary to 
consider the effects of pitch on each element and see 
what the contribution of each element was to the 
total in obtaining the effective pitch of the whole 
propeller. Some work had already been done in that 
direction. 

Mr. L. C. Burrill, on behalf of propeller designers, 
thanked the Admiralty for having published the 
information contained in the paper. The most 
interesting part of it to him personally was the 
portion dealing with the application of the vortex 
theory, and he said it would be interesting to know 
why the calculations made by what might be called 
the Glauert method gave a thrust which was too 
high. In making the calculations it was obvious 
that it was in the lift coefficient that the discrepancy 
arose. Speaking of blade interference he expressed 
the view that the real theory of the screw propeller 
would only be arrived at when it was possible to 
replace the actual propeller by a theoretical pro- 
peller which had the necessary distribution of 
periodicity from root to tip and which took into 
account the influence of the change of that periodicity 
from root to tip. 

Mr. W. Hamilton Martin said that in high-speed 
ships the smoothness of operation was a very 
important question, and he suggested that tests 
from that point of view should be gone into more 
fully on the large scale. 

The author, in his reply to the discussion, said 
the variation of blade thickness and diameter of 
boss, mentioned by Dr. Kempf, was not dealt with 
directly in the paper except in one diagram. Perhaps 
further variations might be tried in the series of 
propellers which were to be investigated under the 
Director of Naval Construction. As to the efficiency 
of wide blades, on the evidence existing there was no 
reason to suppose that ship propellers with wide 
blades were more efficient than the model, judging by 
speed trial analysis. There, again, the further 
experiments to be carried out under the Director 
of Naval Construction might be instructive. 


The next paper was “‘ The Effect of Shape of Bow 
on Ship Resistance: Part I,” by A. Emerson, which 
is summarised below :— 


SHAPE OF BOW AND SHIP RESISTANCE. 

The paper gives an accéunt of experiments made at the 
William Froude Laboratory as the first part of a research on 
the effect of bow changes, forming part of the Programme of 
Research approved by the Advisory Committee for the William 
Froude Laboratory. 

Six modei hulls of the same fulness and dimensions, each 
having the same after-body, but with different bow contours 
and water lines, have been made and tested. The general 

thod of h and a description of the experiments are 








given, with the results of the resistance experiments, and with 
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the results obtained with two of the extreme models when 
self propelled. It is concluded that for this type of ship the 
re. of the fore-shoulder is more important than the shape of 
the bow. 


DISCUSSION. 


Dr.-Ing. G. Kempf said that the influence of 
different bows extended to the rear end of the ship, 
and he was wondering if it would be possible at 
Teddington to look for the structure of the flow at the 
rear end. With a single screw there would not be any 
great differences, but with a twin screw there would 
be rather greater. differences, because the structure 
set up by the bow in the one case was quite different 
from that set up by a different type of bow. 

Mr. M. P. Payne said that whilst the type 
of vessel which the author had dealt with was 
very different from the warship types with which 
they were most concerned at Haslar, the general con- 
clusions in the paper were in accordance with those 
arrived at in connection with warship types. The 
need for easy shoulders: on the curves of areas, if 
interference effects were to be avoided, even at low 
speeds, was rightly stressed. To him, however, the 
most interesting part of the paper was the comparison 
of the various types of section. Captain Eggert, in 
the ‘‘ Transactions ’’ of the American Society of 
Naval Architects and Marine Engineers in 1935, 
found that the form resistance of a model was pre- 
ponderantly in the upper forward half of the fore- 
body, the resistance of the lower half of the fore- 
body being relatively small. A full bow compressed 
the first half wave length considerably, and it was 
within the water line region between the bow and 
where the first wave crest intersected the static water 
line that maximum pressures occurred and where the 
major portion of the form resistance could be expected. 
That was due to the fact that not only were the pres- 
sure increases greatest, but the transverse com- 
ponents of the areas exposed to those pressures were 
also greatest. Ocular demonstration of that effect 
was provided in a routine test of an unusually bluff 
model with a full bow line tested in the Haslar tank 
only that week. In that case the waves created by 
the model were foreshortened to such an extent that 
they broke at the crest, a most unusual phenomenon 
in their model experiments. The circumstance that 
the screw performance and, in particular, wake and 
hull efficiency were so little affected by the forebody 
modifications was not surprising in view of the fact 
that the wh6le of the afterbody was unaltered. Taking 
the figures in the paper as they stood, it would appear 
that the smaller quasi-propulsive coefficient with the 
cut-away bow offset the favourable resistance of 
that model over the small range of speed for which it 
was an advantage at deep draught, so that the fuller 
entrance was a disadvantage all along the line. 

Mr. John Reid said he was pleased the author had 
stated early in the paper that it was not possible to 
deal completely with the results of the changes, since 
alteration in bow contour and water-line must affect 
directional stability and rough weather behaviour. 
That showed that the author was keeping close to 
practical politics in ship design, and he was probably 
endeavouring to keep in sight, perhaps, the getting out 
some day a design based upon his own data. It was 
to be hoped that if he did so he would go to sea in it, 
and find out whether he had been 100 per cent. correct 
in his diagnosis. Some people had to do that to-day, 
and perhaps obtained some surprising results which 
were got round in somewhat devious ways. It was 
an interesting fact that as soon as one began to play 
with the bow of a ship it was mecessary to alter the 
ship’s structure over the whole entrance, and Mr. 
Payne had referred to the importance of a reasonable 
shoulder. It was one of the curiosities of the Isher- 
wood design that the shoulder was very prominent, 
and he had not learned that that had caused 
a defect in seaworthiness or in speed relative to the 
power involved. 

Referring to the experiments described in the paper, 
Mr. Reid said he could hardly agree that for the ships 
in question the propeller was typical, nor were the 
revolutions what he would expect in a comparatively 
coarse vessel for speeds between 10 and 11 knots, 
and that must to some extent have affected, if it did 
not prejudice, the conclusion at the end of the paper 
that ‘it is well known that for ships somewhat finer 
and faster, the ending of the forebody is responsible 
for the difference between good and average perform- 
ance.”’ No doubt with that type of ship it was neces- 
sary to make a large number of ballast voyages, but 
under present conditions with these rather full cargo 
boats, ballast voyages had assumed almost equal 
importance with that of loaded voyages, because if 
they could not go out light they could not get their 
load to bring home. Therefore it was necessary for 
that type of ship in the ballast condition to make 
the journey as fast as possible and with reasonable 
consideration for fuel consumption. When that was 
kept in mind the form of the entrance became dis- 
tinctly more important than it might otherwise be 
considered, and from some points of view it might 
almost be better to go back to the old type of bow 
which was simple and cheap and gave very little 
trouble. 

Mr. J. H. Narbeth said that in his experience in 
trying to make the entrance as fine as possible, the 
shape of the shoulder had always been a bugbear, 
and it had always been impossible to get it down to 
such an easy curve as he would have liked. Some 





mathematical check was wanted and the facilities 
now available in the tank experimental work were 
extremely valuable in that connection. 

Dr. E. V. Telfer, referring to the probable validity 
of the tests deseribed in the paper for comparative 
purposes, said a great deal had been heard of turbul- 
ence, and when making experiments on the effect of 
bow shape it was necessary to take every precaution 
to ensure that every model was turbulent. Comment- 
ing on the author’s tests in connection with ballast 
results and even-keel resistance in the ballast con- 
dition, Dr. Telfer said he had analysed a number of 
experiments on the influence of trim, and found it 
easy to correlate the trimmed results with the even- 
keel results and had found this very useful in design- 
ing ships for the ballast condition. He had always 
found the raked stem had less resistance than the 
unraked stem in the ballast condition and sometimes 
it had better performance. 

The author briefly replied to the discussion. 


On Friday morning, March 19th, Sir Charles 
Sanders presided during the discussion of papers, the 
first of which dealt with ‘“‘ A Law of Hydrostatics and 
its Influence on the Shapes of Sailing Yachts,” and 
was contributed by Engineer Rear-Admiral Alfred 
Turner, R.N. (Ret.). 


HatTcHuways. 


It was followed by one on “ Hatchways,” by Mr. 
J. G. Buchanan, which opens with an account of the 
development in the methods of constructing and 
closing hatchway openings, and continues with an 
examination of the possibilities of trouble occurring 
in the various elements of the hatch structure, 
together with suggestions as to how possible defi- 
ciencies may be overcome. An exhaustive search 
was made by the author through all the reports of 
the Board of Trade Official Inquiries into lost vessels 
since 1918 until 1936, and those which had reference 
to hatch failure are considered and commented upon. 
A reference is made to self-trimming colliers with their 
large area hatchways, and also to tankers with their 
small secure hatchways. Designers are at the moment 
busy trying to improve all the various components of 
the orthodox arrangements, and also to a large extent 
planning steel covers which will eliminate the use of 
tarpaulins. Many of these designs are described in 
detail and some criticisms on outstanding points are 
presented. 

Discussion. 


Mr. J. Foster King (British Corporation Registry) 
said that the obvious cure for the problem of big 
hatchways was not to have them. One would think 
that the proper thing to do was to split the hatchways 
and provide a centre bulkhead. The owners pointed 
out that they had to get their cargoes out by means of 
grabs; but Mr. Foster King urged that the grabs 
should be made to work in two hatchways. 

The main practical point in the paper was a more or 
less inferred criticism of wooden covers. But there was 
no question about the adequacy of wood covers; a 
wood cover, when new, was twice as strong as the 
beams which supported it. One frequently heard of 
covers being stove in; but Mr. Foster King did not 
think anyone had ever heard of a case in which the 
covers, when in position, were stove in by the sea, 
and, indeed, he believed it was physically impossible. 
But trouble occurred by reason of the use of cleats 
which would not hold wedges, or wedges which would 
not stay in the cleats. Such difficulties were easily 
remedied, and he differed from the view that there 
had not been the same advance in respect of hatch- 
ways as in other matters on board ship. To hold 
wooden hatchway covers of large area in position by 
sheets of canvas was utterly indefensible. The author 
had said that wood covers should be capable of being 
held in position independently of the tarpaulins ; and 
Mr. Foster King suggested that that should be a 
requirement of the Board of Trade. It was doubtful 
whether it would be profitable to provide steel covers 
in the ordinary way if the people concerned would 
spend about half the cost on the improvement of the 
conditions of securing wood covers. Tarpaulins could 
be held by bolts always in the same position, and the 
bolts could probably be turned out for 6d. plain and 
ls. with brass bushes. 

Mr. A. Scott Younger said that the question which 
occurred most insistently to one after reading the 
paper was why there had been so much delay in 
improving hatch covers, especially in view of the sub- 
stantial improvements made to other parts of vessels, 
and even tothe hatch coamings themselves. The 
answer lay in the fact that the standard method of 
fitting wooden covers with tarpaulins had been 
sanctified by long usage and had on the whole given 
satisfaction, partly on account of its extreme 
simplicity. Development usually proceeded from the 
simple to the complex. In the course of years the 
simple form became and remained standardised and 
altered only in scale, the various units becoming larger 
and larger until the point was reached at which another 
forward step became necessary. That was the position 
reached to-day. He ventured to suggest that the 
ultimate solution was a steel hatch cover, the full 
width of the hatch opening and extending in a fore- 
and-aft direction the distance between the hatch 
beams, which would be about 10ft. if an intermediate 
beam were omitted. Such covers would be heavy 





and must be lifted by the winches. Their size would 
be limited only by the space available for stowage. 
They could be screwed or wedged down on gasket 
joints and made thoroughly water-tight. It was 
hardly to be expected that such a large forward step 
should be taken right away, and probably a simple 
replacement of wooden covers with steel would form 
an intermediate step. 

Mr. Harry Cocks expressed surprise at the inference 
that the old wood cover, subject to the provision of 
satisfactory lashings, was a satisfactory job, and said 
he did not believe that many people would agree. 
The bearing ends would rot and split and corners 
would come off, and the rough handling which 
the covers received on the decks, constituted a 
weakness and a danger. He described a reinforced 
wood cover, having a simple band or shoe on the end 
and a vertical plate between the sections. He did 
not believe that the steel cover was a practical pro- 
position for ordinary cargo ships, apart from certain 
very limitéd types. He had heard of steel covers 
being stove in and having to be opened by means of 
acetylene burners, and of their being strained, leaking 
and sweating heavily. 

Dr. John Tutin said there were very good reasons 
why steel hatch covers would eventually be fitted as 
standard on ships. It seemed incredible that we had 
continued to build steel ships for so long, had cut 
very large holes in their decks, filled in those holes 
with pieces of wood, and covered them with pieces of 
cloth. The list of casualties in the paper illustrated 
very forcibly the vulnerability of the ordinary wood 
covers and tarpaulins. Nevertheless, it was doubtful 
whether one-half of one per cent. of the cargo ships 
under construction in this country were being fitted 
with steel covers, and so far as he knew there were no 
self-trimming colliers which were being so fitted, 
although a number of such vessels were on the stocks. 
Thus, there was at least plenty of scope for expansion 
in the steel hatch cover industry, and it was quite 
possible that before the next spring meeting of the 
Institution a much larger proportion of ships would 
be using steel covers. It might be thought that there 
was not sufficient economic incentive to use steel 
covers. On the other hand, under the 1932 Con- 
vention Freeboard Rules it would appear that for 
vessels over 300ft. long fitted with steel hatch covers 
a claim for a reduction in freeboard could be legally 
maintained. If so, that would provide a much- 
needed economic incentive to the shipowner. He 
asked what proportion of the extra draught for oil 
tankers should be allowed for cargo vessels with 
water-tight steel hatch covers, in accordance with 
the provisions of Paragraph 109 of the 1932 Rules. 

Mr. J. M. Murray said the author had described 
minutely the incidental disadvantages of the statutory 
type of hatchway. But that type possessed no features 
which were inherently prejudicial to the safety and 
seaworthiness of a ship. If due care and attention 
were given to the upkeep and maintenance of hatch- 
ways there was no reason why the defects listed by 
the author should arise. The list of casualties given 
was impressive, but in many cases the loss of the ships 
was only attributed to failure of hatch covers, and 
the actual cause was not known with certainty. It 
would have put the matter more in its proper perspec- 
tive if the author had given comparative figures of 
losses due to other reasons during the period covered. 

It would be foolish to argue, however, that there 
was no room for improvement of the present type of 
hatch cover, and the multiplicity of types described 
in the paper indicated that the problem admitted of 
a wide solution. Some of the solutions seemed only 
approximate, and others might almost be described 
as irrational. A list of the objections inherent in some 
of the types described would be as formidable as 
that given in the paper with regard to the orthodox 
type. Some were too heavy, some too complicated, 
some could be made water-tight only with extieme 
difficulty, many were difficult to close, and some 
equally difficult to open. Desiderata for hatch covers 
were security, simplicity, lightness, and water- 
tightness. Many of the covers described possessed 
one or more of those attributes ; those having them 
all should be assured of widespread adoption. 

Mr. E. F. Spanner said he was a great believer in 
wooden hatch covers, particularly because in a great 
many small ships—which were exposed to far more 
serious risks than large ships—it was impossible to fit 
steel hatch covers. 

Mr. E. W. Blocksidge (Lloyd’s Register) expressed 
himself in entire agreement with Mr. Foster King, 
and said that if the British Corporation Registry and 
Lloyd’s Register were in line with one another, pre- 
sumably none could be against them. Modern 
facilities were being provided at the various ports, 
he continued, for speeding up the loading and un- 
loading of vessels, and the trend of modern ship 
design to meet the requirements of shipowners and 
port authorities was to. provide large hatchways. 
Such hatchways were th most vulnerable openings 
to the attack by heavy seas. 

The underlying principle of the load line regulations 
was to ensure that ships were strong enough and would 
have sufficient free side or height of platform and 
reserve buoyancy when fully loaded to give the neces- 
sary protection to the crew and passengers. To 
maintain that reserve buoyancy it was required that 
all openings into the hull structure and superstruc- 
tures must be fitted with efficient closing appliances. 
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After discussing the requirements for obtaining the 
full advantage of the tonnage and load line regula- 
tions, Mr. Blocksidge said that wooden hatch covers, 
as usually fitted, were prevented from moving by 
means of the tarpaulins and wedges secured in cleats 
against an iron batten, and by lashings over the tar- 
paulins. The statutory requirements regarding those 
lashings were very conflicting and the regulations 
needed clarifying. Some owners considered that the 
constant use of wire lashings had a damaging effect 
on the efficiency of the tarpaulin to last from one 
annual survey to another. It should not be the func- 
tion of the tarpaulin to keep the hatches in position. 
Other effective means, such as channels or locking 
bars, should be fitted for that purpose, and the 
tarpaulin could then be used as a water-tight cover, 
thus completing, with lashings or securing bars, an 
efficient arrangement for protecting the openings into 
the cargo and bunker es. 

The number of fittings and the amount of material 
renewed on the occasions of the freeboard annual or 
renewal surveys, particularly on ships carrying timber 
deck cargoes, must be somewhat disconcerting to the 
owner, and must give him cause to reflect whether 
:¢ would not pay in the long run to fit a more efficient 
hatchway covering. Oil tankers were fitted with 
steel water-tight covers to all hatchways, and, con- 
sequently, the amount of renewals required at 
periodical surveys was a mere trifle. But the con- 
ditions of loading and discharging the cargo of a 
tanker were entirely different from those applying 
to an ordinary cargo ship which was dealt with under 
derricks, coal tips or grabs, from which came so much 
of the damage to hatchway coamings and rest bars. 
From that point of view one anticipated some diffi- 
culty in making the hatchway water-tight when large 
steel covers were fitted in place of the ordinary wood 
hatches. 

With regard to the author’s summary of the Board 
of Trade official inquiries into the loss of ships since 
1918, he suggested that it would have been more 
helpful to a solution of the problem if that summary 
had been limited to casualties which had occurred 
since 1932, when the Convention Load Line Regula- 
tions were in operation. 

Although it had been stated that British shipowners 
were being throttled out of existence by the volume 
of present-day legislation, statutory rules and regula- 
tions, and although the present regulations were 
effective to secure the necessary supports to the 
hatch covers, Mr. Blocksidge suggested that the 
stiffness of the end coamings of all hatchways in the 
forward well of full-scantling ships carrying ordinary 
and timber deck cargoes might be increased, and that 
wood hatches should not be permitted in hatchways 
situated in the wells of the freeboard or raised quarter 
decks of ordinary and timber deck cargo-carrying 
ships, unless some provision were made for effectively 
securing them in position independently of the 
tarpaulins. 

Mr. W. E. Forster said that from the discussion 
an outsider might be inclined to think that the 
average cargo boat went to sea in an unseaworthy 
condition with the cognisance of the owners. It seemed 
that no one present at the meeting had been on 
board a vessel which had completed loading at, say, 
midnight, when two or three thousand bolts on steel 
hatch covers had to be attended to, and when there 
was @ carpenter on deck and three or four engineers 
below to get the vessel to sea. 

The Chairman (Sir Charles Sanders) said that the 
statement in the paper that prior to the Freeboard 
Tables of 1885 there were no statutory rules for the 
construction of hatchways might lead people to think 
that the 1885 Tables of Freeboard were statutory 
rules. Those tables were used as a guide by surveyors 
as to whether the load line marks were where they 
ought to be, and the load line placed on the sides of 
ships was really a shipowner’s mark. There was 
nothing statutory about it until 1890 ; before that it 
was applied voluntarily by shipowners. 

At the last Load Line Committee inquiry. more 
than half the witnesses were mariners. When they 
were asked about steel covers they said they had no 
experience of them, and the ordinary seamen would 
not like them, for they were used to handling the 
others, and they managed very well. So that although 
the Committee had had it in mind to go further than 
they did, there was no evidence to justify so doing. 
Until shipowners and their officers agreed upon some 
method of steel hatches, we should not get very much 
further. The Board of Trade could not legislate 
beyond what the industry deemed to be absolutely 
necessary, unless there were some upheaval which 
made it necessary for the Government to step in. 
It was far safer to go to sea nowadays than to cross 
the road, and that state of affairs was brought about 
largely by the considerations which the Institution 
had brought before shipowners and shipbuilders. 

In the absence of the author, who was in New York, 
the reply to the discussion was deferred. 


(To be continued.) 








Frencu Train Disaster.—On Tuesday, March 30th, 
when. the Paris-Hendaye express was travelling at a high 
speed near Dax, 30 miles from Bayonne, four coaches left 
the rails and fell over the embankment into the river 
Adour. One person was killed and forty-five injured. 
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ArcH DEFLECTIONS AT CROWN CANTILEVERS OF 
CuRVED CONCRETE Dams. 


RCH deflections at crown cantilevers of curved 
concrete dams must be calculated in trial load 
analyses of such structures. If trial load adjustments 
of arch and cantilever deflections are made at several 
cantilever elements, deflections of arch elements 
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must be computed at several points along the arches 
as well as at the crown section. Since the portions 
of the radial water loads carried by the arch elements 
usually vary between the crown and abutment 
sections, calculations of arch deflections for use in 
such analyses must be made by general formule. 
However, if the distribu- 
tion of water load between 
arch and cantilever ele- 
ments is assumed to be 
constant between the crown 
and abutment sections to 
each elevation analysed, 
and the adjustment of 
deflections made at the 
crown cantilever only, Pro- 
fessor William Cain’s special 
formule for radial crown 
deflections due to tempera- 
ture and uniform radial 
loads will be found useful(1). 

Assumptions of uniform 
water load distribution and 
adjustments of radial de- 
flections at the crown sec- 
tion are usually sufficient 
in the design of thin arch 
dams less than 100ft. high, 
situated in narrow, V- 
shaped canyons. Such 
methods of investigation 
are also feasible in the case 
of preliminary, alternative 
designs for higher and 
thicker dams, situated at 
symmetrical sites. In fact, 
several large andimportant 
dams have been designed 
and built on the basis of 
such analyses. The 372ft. 
Pacoima dam near Los 
Angeles, California, the 
highest dam in the world 
at the time of its comple- 
tion in 1928, may be men- 
tioned as an example. So 
far as is known to the 
writer, such dams are 
carrying their loads satis- 
factorily. However, inview 
of the more accurate 
information regarding the 
distribution of load in 
arch dams secured during 
the last ten years, it is 
believed that plans for 
any important dam more 
than J00ft. high, developed 
on the basis of a deflection 
adjustment at the crown 
section, should be checked by a detailed trial load 
adjustment at several additional cantilever sections 
before beginning construction, even though the 
canyon profile may be comparatively narrow and 
wholly symmetrical (2). 

Professor Cain’s formule for radial crown deflec- 
tions were developed for a constant thickness, circular 
arch, under a uniform temperature load or carrying 


77700 


Yr 


Coefficient Cs 


30 


“THE ENGINEER” 











a uniform radial load applied at the arch centre line, 
If the formula for radial load deflections is modified 
so as to apply to radial water pressures at the 
upstream face of the dam instead of the arch centre 
line, the equations are as follows :— 
Water load deflection, Apt eet . (1) 


Temperature deflection Ay=c r T C (2) 


In these equations P is the normal water pressure 
at the extrados; Ry, the radius of the extrados ; 
7, the radius of the centre line; E, the modulus of 
elusticity in compression and tension; ¢, the arch 
thickness; c, the coefficient of thermal expansion ; 
and T, the temperature change. C is a coefficient 
including various relations of r, t, and 9, 9 being 
the angle between the crown and abutment. Fig. 7 
shows the various quantities for the left half of a 
typical arch element. 

If shear effects are neglected, values of C are 
determined by the equation 


= (g—sin ¢) (1—cos 9) 
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When shear effects are included C is replaced by 
Cs, whose value is given by the equation 
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VALUES OF Cy IN FORMULAS FOR CROWN DEFLECTIONS OF CONSTANT THICKNESS, 
CIRCULAR ARCHES — UNIFORM RADIAL AND TEMPERATURE LOADS 


Fic. 8 


In the above equations, Cain’s K?, K being the 
radius of gyration, has been replaced by its equi- 
valent value for a rectangular cross section, ¢*#/12. 
Cain’s factor 2-88, which appears in the shear terms, 
has also been replaced by 3-00. The modulus of 
elasticity in shear, E;, is equal to E divided by 
2(1+p), where p is Poisson’s ratio. If p is taken 
equal to 0-20, and a constant, 1-25, introduced to 
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allow for the non-uniform distribution of shear, the 
factor 2-88 becomes 3-00. 

Effects of abutment deformations are not included 
in the above formule. Considerations of such 
deformations, although usually desirable, are not 
necessary in the design of thin arch dams, less than 
100ft. high. Rock movements at the foundations 
and abutments of arch dams of such size are relatively 
small. Furthermore, trial load analyses of arch 
dams of different sizes, with and without considera- 
tions of abutment deformations, show that the 
omission of such movements is on the side of safety 
from the standpoint of maximum stresses in both 
arch and cantilever elements. Considerations of 
rock movements are not necessary in preliminary 
analyses of major structures, inasmuch as such 
refinements may be accurately evaluated in the final 
studies. Consequently, the omission of abutment 
deformations in the preceding formule does not 
impair the usefulness of the equations. 

Inspection of equations (3) and (4) shows that the 
coefficient C in equations (1) and (2), either excluding 
or including shear effects, varies only with the ratio 
t/r and functions of 9, the angle between the crown 
and abutment sections. In other words, values of 
C, or Cs, will be the same for all arches where t/r 
and 9 are the same, regardless of the absolute 
values of tand r. Consequently, diagrams showing 
values of C, or C;, for different values of t/r and 9, 
may be prepared for use in trial load adjustments 
of radial deflections at the crown sections of arch 
dams. This eliminates the necessity for making the 
lengthy calculations involved in solving equations 
(3) or (4) each time a different t/r or 9 is considered. 

As a general rule, shear deflections are of minor 
importance in the case of long, thin arches. Con- 
sequently, they may safely be neglected in analysing 
the upper elements of most arch dams. However, 
shear deflections may equal, or even exceed, moment 
and thrust deflections in the case of short, thick 
arches. Consequently, they can seldom safely be 
ignored in analysing the lower elements of such 
structures. Since equation (4), which includes 
shear effects, is applicable in all cases, it should be 
used in preparing diagrams for design purposes. 

Fig. 8 shows a diagram, based on equation (4), 
which will be found useful in any arch dam study, 
even though final dimensions of the adopted design 
may need to be checked by more detailed trial load 
analyses, including adjustments at several cantilever 
sections. Values of C, may be read from the diagram 
for any half central angle between 20 deg. and 90 deg., 
and for any ratio of thickness to radius between 
0 and 0-70. Values of radial crown deflections due 


For this condition the radial temperature deflection 
at the crown is in a downstream direction and is 
added to the radial water load deflection in bringing 
the arch and cantilever deflections into agreement 
at the crown section. Of course, temperature changes 
occur in the cantilever elements as well as in the 
arch elements. However, such changes need not be 
considered in trial load adjustments of deflections, 
since they cause no appreciable horizontal movements 
in a radial direction. 

The preparation of this article has been based 
on work done in the Denver office of the Bureau of 
Reclamation. Bureau of Reclamation dams are 
designed under the general direction of J. L. Savage, 
chief designing engineer. All engineering and con- 
struction activities of the Bureau are under the general 
supervision of R. F. Walter, chief engineer, with 
headquarters at Denver, Colorado, and all activities 
of the Bureau are under the supervision of John C. 
Page, Acting Commissioner, with headquarters at 
Washington, D.C. 


1 “The Circular Arch Under Normal Loads,” by William 
Cain, “ Trans.,”’ Am. Soc. C.E., Vol. LXXXV, 1922, pages 233 
to 283. 

2 “Trial Load Analyses of Curved Concrete Dams,” by Ivan 
E. Houk, Tue Encrneer, July 5th and 12th, 1935. 








The Battersea Park Railway 
Accident. 


Ow April 2nd, at 8.5 a.m., the 7.31 a.m. electric 
train from Coulsdon North to Victoria ran into the 
rear of the 7.30 a.m. electric train from London 
Bridge to Victoria (vid Tulse Hill), which was running 
late and waiting at the up signal leading into Battersea 
Park Station, some 300 yards away. Ten persons 
were killed or have since died from their injuries, 
including the guard of the stationary train, and a 
number of passengers were injured. 

The accident took place between Clapham Junction 
and Battersea Park stations, at a veritable network 
of Southern Railway lines. Fortunately, these, being 
at different levels, were not, in the main, affected, 
although considerable. dislocation of traffic on the 
Central Section followed for some hours, and London 


W. London Junction 
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to temperature and reservoir water loads can then 
be easily calculated by equations (1) and (2), using 
appropriate values of the modulus of elasticity in | 
direct stress, E, in equation (1), and the coefficient | 
of thermal expansion c in equation (2). 

Laboratory tests of concrete materials used in | 
building several Bureau of Reclamation dams in 
western United States show that the coefficient 
of thermal expansion usually varies between 
0-0000040 and 0-0000060 in the case of concrete 
mixes ordinarily used in such construction. Con- 
sequently, an average value of 0-0000050 for c 
seems appropriate for use in trial load analyses of 
arch dams where more definite data are not available. 
The Bureau of Reclamation’s laboratory tests also 
show that tke instantaneous modulus of elasticity 
in tension and compression usually varies between 
34 and 5} million pounds per square inch for such 
mixes, depending on the kind of aggregate used, 
and that the sustained modulus of elasticity, where 
the concrete is under continuous load for several 
months or a year, is about one-half the instantaneous 
modulus. Consequently, average values of 2 or 
2} million pounds per square inch for E seem appro- 
priate for use in cases where laboratory determina- 
tions have not been made for the actual materials 
to be used in the construction. Laboratory measure- 
ments of lateral deformations in the tests mentioned 
above gave values of Poisson’s ratio wp, varying 
between 0-15 and 0-22, averaging about 0-18. 
The concrete mixes varied from about 1: 24:3 
to 1:3:6, by weight, and involved the use of 
maximum aggregate sizes varying from jin. to 9in. 

Small dams, which may be loaded to full depth 
in a few hours, and unloaded a few hours later, 
sometimes deform in accordance with the instan- 
taneous modulus of elasticity. However, since 
most dams, large or small, are sometimes subjected 
to full*load continuously for several months, it seems 
better to use the sustained modulus of elasticity 
in calculating arch deflections. Since temperatures 
in the interior of concrete dams change slowly, in 
accordance with seasonal changes in air and water 
at the downstream and upstream faces of the dam, 
temperature deflections should always be calculated 
on the basis of the sustained modulus. 


The temperature deflection is in an upstream 
direction when T represents a rise in concrete tem- 
perature, and in a downstream direction when T 
represents a drop in concrete temperature. Since 
the expansion caused by a rise in concrete tempera- 
ture works against the water load at the upstream 
face of the dam, while a contraction caused by a 
drop in concrete temperature works with the water 
load, the latter condition is the one usually con- 
sidered in stress studies for the design of arch dams. 
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LINES AND SIGNALS AT SITE OF ACCIDENT 


Bridge Station was used for the Eastbourne, Hastings, 
Portsmouth, and Brighton lines. 

The collision occurred on the down side of Battersea 
Park Station on the up local line running on the 
Loughedge Viaduct, some 30ft. above road level, 
almost immediately above Russell-street, a turning 
off Queen’s-road, and near where the main (old London 
and South-Western) line to Waterloo Stationis crossed. 
On either side of the site of the accident there are four 
tracks carried ona broad viaduct, but where the collision 
took place there are two sets of parallel bridges. The 
up and down suburban and the down Brighton lines are 
carried on the bridges on the right-hand side (facing 
Victoria Station), and the up Brighton line is carried 
on the other. The brick viaducts have low parapets, 
and the bridges have high latticed sides. The 
arrangement of the tracks and signals is shown in 
the accompanying diagram, and the approximate 
position of the standing train is indicated. After 
the accident all four lines were blocked by wreckage, 
and it was not until 5.30 p.m., just beford the opening 
of the rush period, that normal working on all lines 
could be resumed. 

Considerable damage was done to the rolling stock 
of both trains. The coaches had wooden bodies with 
steel underframes. The two rear coaches of the 
standing train and the front coach of the moving 
train received the worst damage. Owing to the 
cramped conditions of the permanent way and the 
height of the viaduct, considerable difficulty was 
experienced in extracting and removing the dead 
and injured. As the metal work of the coaches fell 
on the live rails (there being one conductor rail 
carrying the propulsion current, as the running rails 
carry the return current) there was momentary 
arcing, but the traction current was automatically 
cut off by the opening of the circuit breakers in the 





This section has not yet been equipped with colour 
light signalling, and semaphore signalling with lock- 
and-block is in use. 

The inquest was opened on April 6th, and after 
formal proceedings had taken place was adjourned. 
Lieut.-Colonel A. H. L. Mount opened the Ministry 
of Transport inquiry on the following day, and until 
it is completed it will not be possible to state the 
cause or causes leading to the accident. 

From accounts given by passengers in the Coulsdot 
train, it would appear that the brakes were not 
applied until almost immediately before the impact 
of the collision. According to reports, the driver of 
that train is stated to have said that the previous 
signal was passed in the “ off” position. It may be 
assumed, however, that before reaching the point 
where the accident occurred the driver should have 
been able to see that the signal ahead was in the 
“on” position, and that he would be gradually 
braking his train to bring it to a stand at the signal. 
It was raining at the time, and visibility may not have 
been of the best, but the signal in question is mounted 
on a bridge with a clear background, and can be seen 
from some distance. The line is on a curve, and the 
high girder sides of the bridge at the rear of the 
stationary train may have prevented the driver 
seeing the latter until an emergency application of the 
brakes became necessary to stop the train short of 
the obstruction. The Westinghouse brake is standard 
equipment on the electric rolling stock of the Southern 
Railway, and, as far as at present known, there seems 
no reason to think that the brakes were in any way 
failing in their purpose. 

The possibility that the previous up signal was 
improperly passed or for some reason had failed to 
show the “on” position, will no doubt be investi- 
gated during the official inquiry. 

As so frequently has been the case, this is another 
instance when the late running of a train has led up 
to an accident, and where the advocates of an auto- 
matic train contro] system will point to a means 
whereby such accidents can be eliminated. Before 
knowing the whole of the circumstances, however, a 
clear case for the latter equipment cannot be estab- 
lished—assuming that the signal in the rear had 
operated improperly—but a system employing means 
for checking the speed of a train travelling at too high 
a speed when approaching a signal in the “on” 
position would have provided an additional safe- 
guard, and so prevented the accident. This arrange- 
ment would have made an automatic application of 
the brakes and drawn the driver’s attention in time 
to make a full application, assuming, of course, that 
there had been a failure of the track apparatus at 
the previous signal in the rear. 

On the other hand, had the standard arrangement 
of colour light signalling, as adopted by the Southern 
Railway, been in force, and had the driver inadvert- 
ently passed the signal in the rear at danger, there 
would have been no further equipment than existed 
at the time of the accident to prevent the collision. 
Unlike the railways of the London Passenger Trans- 
port Board and certain other surface railways at 
home and abroad, the Southern Railway has not 
adopted train-stop mechanisms working in conjunc- 
tion with the electric signals. This feature definitely 
assures that if a driver passes a signal at danger the 
train-stop arm on the track engages with the trip 
cock on the front of the train, and the train is stopped 
by an emergency application of the brakes. The 
master controller on the Southern electric trains is 
fitted with a deadman’s handle, which, when released, 
applies full application to the brakes. 

The rival claims of timber versus steel bodies are 
sure to be reviewed, but in this particular case it 
would appear that the use of timber bodies caused 
the results of the accident to be more localised than 
might have been the case with steel bodies. Had the 
coaches been of all-steel construction, it is possible 
that, being more rigid, more coaches would have 
been derailed, with the additional danger of over- 
toppling from the viaduct to the ground below. 
Serious though the accident was, with its list of killed 
and injured, it is miraculous that there was not a 
longer list, when the number of passengers travelling 
in both trains is taken into consideration. 

On Wednesday at the opening of the Ministry of 
Transport Inquiry, Colonel Mount intimated that 
part of the evidence might have to be taken in 
private ‘‘owing to the complicated technical con- 
siderations affecting the signalling system.” 








PULP MILL ADDITIONS IN CANADA. 


INVOLVING an expenditure of about 400,000 dollars, 
two large additions to the pulp mills of the Howard 
Smith Paper Mills at Cornwall, Ontario, are being con- 
structed. Excavation for the addition to the sulphite 
mill has already started, and it is expected that it will be 
completed and in operation by the middle of April, while 
expansion of the soda pulp mill will be started in the near 
future. The two additions will increase pulp production 
by more than one-third and bring the total daily output 
up to 210 tons. The expansion to the sulphite mill, in 
which a new digester and acid recovery tanks are to be 
installed, will increase the output of the plant from 77 tens 
to 110 tons per day. In the soda mill the expansion will 
increase the output from 70 to 100 tons per day. Upon 
the completion of the additions necessary alterations to 
the present boiler-house, including the installation of new 








sub-station. 


stokers, will be made. 
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The ‘‘ Temperature-Total-Heat-Entropy ” 
Chart. 


ITS APPLICATION TO THE NOZZLE FLOW OF A GAS HAVING VARIABLE SPECIFIC HEATS 
By GEORGE G. McDONALD, B.Sc., A.M.I.N.A. 


INTRODUCTION. 


HE problem of determining the temperature and 
pressure at the throat and at the outlet of a con- 
vergent divergent nozzle in which a high tempera- 
ture gas is expanding is of practical interest, as it 
arises in the design of nozzles for certain types of 
internal combustion turbine. 

If the problem be approached algebraically, it 
will be found that the equations can only be solved 
by trial and error. The difficulties presented by the 
algebraic solution are due, of course, to the variation 
with absolute temperature of the specific heats of the 
gas—a variation the effects of which assume import- 
ance at high temperatures. 

The purpose of the present note is to show how an 
exact solution may be obtained graphically by a 
simple adaptation of the T-H-® chart, which was 
originally devised by Professor W. J. Goudie for the 
thermo-dynamical analysis of internal combustion 
engine cycles. The range of application of this very 
useful diagram is thus widened. 

As the theory of the graphical method is fully dealt 
with in the original papers,* only a brief description 
together with an outline of the construction and use 
of the chart in its new form need be given. 


DESCRIPTION OF THE CHART. 


Fig. 1 shows the chart as arranged for the solution 
of problems in the nozzle flow of high-temperature 
gas. The chart comprises five scales, together with 
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three fixed curves and one movable curve. A B, the 
basic scale, is a uniform scale of absolute ternperature, 
with zero at A. BC is a uniform scale of total heat 
(enthalpy), with zero at B. AC is the curve of total 
heat which connects A B with BC. The “ reference 
pressure curve” DE connects the uniform scale of 
entropy change AF, with the absolute temperature 
scale AB and the logarithmic scale of “ absolute 
pressure ratio”? GH. The curve DE commences at 
the arbitrarily chosen point D in A B. 

The curves AI and A’C’ and the scale BI are 
additions to those given in the original form of the 
diagram. A’C’ is simply the curve A C traced in ink 
upon a sheet of celluloid in order that it may be moved 
to the left, A” moving on F A produced, and C’ on 
C B, so that for every position of A’C’ the distances 
CC’ and AA’ remain equal. BI is a uniform scale 
of a heat quantity “‘the heat equivalent of the 
acoustic velocity energy ’’ with zero at B. The scale 
BI is identical with the scale BC, except that it is 
laid off to the left mstead of to the right. The curve 
Al connects AB with BI. The curves AC and AT 
enable the temperature at the throat to be deter- 
mined exactly. 


CONSTRUCTION OF THE CHART. 


tt is convenient to construct the chart taking the 
pound moleculef as the unit of mass. The gas in 
practice consists of a mixture of the constituents 
CO,, CO, N,, O,, HO, &c., that result from the com- 
bustion of a fuel in a definite quantity of air. The 
chemical composition of the fuel and the amount of 
air used are known so that the weights w,, w,, &c., 
of the constituents present in unit mass of gas can 
be calculated. If the molecular weights, m,, m,.. ., 
&c., molecular specific heats C,,=a,+6, T+c¢, T?, 


Cp Ca ee, &c., are known for the constituents, 


then the molecular weight m, the gas constant R, 
and the molecular specific heats Cp=a+bT-+cT?; 


Cp=Cr +2 for the mixture can be determined from 


the following equations, in which T, R, and J repre- 
sent the absolute temperature (deg. Cent.), universal 





ad ‘Treia) LES., Vol. 60 (1916-17), p. 288 et seg.; ibid, 
Vol. 68 (1924-25), p. 644, et seg.; ibid, Vol. 72 (1928-29), p. 440, 


et seg.; Brit. Assoc. (1928) Meeting, Section G 
+ m pounds. 





gas constant (2780 foot-pounds per pound molecule, 
deg. Cent.), and Joules mechanical equivalent of 


heat (1400 foot-pounds per C.H.U.) respectively. 
i, fw 
m= w/X (“) BE RE + f° 
R=Bin.... >; . (2) 
a= wa; Se ak ce a ce . (3) 
Cp=at+bT+cT?. .. .. (4) 
Y ¥ R 


also the ratio y of the specific heats at temperature 
T is 

Mersomes PRON 
J (a+bT+cT?) © 

The three curves A C, D E, and A I are constructed 
by taking a series of values of the absolute tempera- 
ture, calculating for each temperature the quantities 
total heat, entropy change, and heat equivalent of 
acoustic velocity energy, and plotting the results to 
the various scales whose units have been chosen 
beforehand to suit the temperature range and finished 
dimensions of the chart. A’C’ is traced upon a sheet 
of celluloid from the curve A C already drawn. The 
procedure will be made clear by considering the point 
J on the absolute temperature scale (Fig. 1). Let the 
absolute temperature at this point be T°. 

The total heat at T° will be represented to scale 
by the ordinate J K, K being a point in the total heat 
curve AC. The value of J K in heat units (C.H.U. 
per pound molecule) is 

T 

[J K]= | Cy d T= (a +B) rigors OL: .:42) 

The entropy change between the arbitrarily chosen 
lower limit of absolute temperature D and T° is 
represented to scale by the ordinate J L, L being a 
point in the reference pressure curve DE. The lower 
limit of temperature may be taken at, say, 200 deg. 
Cent., and the value of J L in entropy units (C.H.U. 
per pound molecule, deg. Cent.) is then 


=|" c,47 =~ (a+8) tog (2,) 
iv L)= | 9°? _ (a J loge 200. 
+b (T—200)+$¢ !T*—(200)*} . . (8) 
The heat equivalent of the acoustic velocity energy 
of the gas at T° is represented by the ordinate J M, 
the point M lying in the acoustic velocity energy 
curve AI. JM im heat units (C.H.U. per pound 
ence | is obtained from. 
yRT_ j a R } 
(J Ml=35- 2a > \'Ty~@poT+eTs/ a7 
A being the velocity of sound in the gas at T deg. 
Cent. abs. 
The logarithmically divided scale GH of absolute 
pressure ratio, which is used in conjunction with the 


y=Cy/C=14 (6) 
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eurve D E may now be constructed. The unit used is 
the same as that adopted for the entropy scale A F. 
The distance x, (Fig. 2) between the divisions 1 and 2 
in the pressure ratio scale is given by 


= loge 2=1-377 po ae en 


This distance is stepped off to the left from the point G, 
z, beimg measured from the entropy scale AF. 
Similarly z,, the distance between 1 and 3 on the 


absolute pressure ratio scale, is given by x=% loge 3 


=2-182, antl so on. The various subdivisions and 
the other main divisions 4, 5, &c., can be filled in by 
proportion from an ordinary slide rule seale. 

The entropy scale is not required when using the 
chart, but it is necessary for the construction of the 
curve D E and the scale GH. 

The foregoing set of curves refers to a certain ratio 
of fuel to combustion air. If other ratios are to be 
provided for, then a similar set of curves must be 
plotted for each. For the practical design of gas 
nozzles, however, one set of curves drawn for a mean 
ratio would in all probability be sufficient. The 
pressure ratio scale G H remains the same for all fuels 
and all fuel to air ratios. 


Use oF THE CHART. 


The operation of the chart will be demonstrated by 
taking the ideal case of the adiabatic unresisted flow 





of W (lb./sec.) of gas frorn an initial temperature 
T, (° C. abs.) and initial pressure p; (lb./ft.? abs.) to 
a final pressure po. It is required to determine the 
necessary cross sectional areas a; and dp» (ft.*) at the 
nozzle throat and outlet respectively. 

The steps in the solution are outlined in Fig. 3. 
A piece of tracing paper is pinned over the chart and 
the following lines are drawn upon it :— 

Through the point T; on the absolute temperature 
seale representing the initial temperature T; a hori- 
zontal line is drawn to cut the total heat and reference 
pressure curves in the points N and O respectively. 
The known ratio p;/po is next marked at the point P 
in the pressure ratio scale GH. The distance 
G P (=z) is then laid off along OT; from O to Q. 
A vertical line from Q to cut the reference pressure 
curve in R, and a horizontal line from R to cut the 
total heat curve in S and the absolute temperature 
axis in T, are then drawn. T, is the absolute tem- 
perature at the nozzle outlet. 

The curve A’ C’ is then moved to the left to pass 
through the point T;, and its point of intersection 'T 
with the acoustic energy curve AI is noted. A hori- 
zontal is drawn through T to cut the absolute tem- 
perature axis in T;, the total heat curve in U, and the 
reference pressure curve in V respectively. A vertical 
is drawn from V to cut T; O in W, and other verticals 
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are drawn from 8, U, and N to cut the total heat axis 
in X, Y, and Z respectively. T; is the absolute 
temperature of the gas at the throat of the nozzle, 
and the intercepts B Z, BY, and BX represent hy, 
hy, and ho, the ideal total heats per pound molecule 
of gas at nozzle inlet, throat, and outlet respectively. 
The distance O W (=y) is stepped off between the 
points G and A, in the pressure ratio scale and gives 
the ratio of inlet to throat absolute pressure, 4/7. 
The throat pressure 7; (Ib./ft.? abs.) is then found 

from 

nd ty Sept REA rR aetite oo 
The densities 9; and pp (lb./ft.*) of the gas at throat 
and outlet respectively are obtained from the 
characteristic equation for any gas. 

p= p/R T; ots oom . (12) 
and 

Po=Po/RT, . . . « (18) 
also the ideal velocities V; and V, (ft./sec.) at throat 
and outlet are given by 


Vi~ (2ga(“=™)\" , ohh gy 
and 
Vo={2g5(“—**) |! met ime 


and the necessary areas aq and dg (ft.”) at throat and 
outlet to pass W lb. of gas per second are found from 


ap=W/et Ve cig als . re DA (16) 
and 

Bate We loa Me aries ocstyome kbd 

CoNCLUSION. 


The foregoing example illustrates how simply the 
graphical system determines the temperature and 
pressure at the two sections of a nozzle dealing with 
high-temperature gas. The design of the nozzle is 
then completed by the few simple ecleuations out- 
lined. 

The chart method, it may be mentioned in con- 
clusion, can also be applied with equal facility not 
only to the general case of polytropic expansive flow 
(i.e., the case in which the gas undergoes frictional 
reheat and increase of entropy in its passage through 
the nozzle), but also to the case of polytropic ‘‘ com 
pressive ”’ flow such as occurs in the reversed nozzle 
or “‘ diffuser.” 








New L.M.S. Srarions.—The London, Midland and 
Scottish Railway has a new station, to be named Bowker 
Vale, in course of construction between Heaton Park and 
Crumpshall on the Manchester and Bury electrified line. 
This company is also building a new station, West Allerton, 
between the Mossley Hill and Allerton stations, in the 
Liverpool district. 
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Railcars for Western Australia. 


annie pnanercntinineme 


NE of the most modern means of transport is the oil- 

engined railcar, and although so recently developed, 
the latest designs show very considerable progress, As 
shown in the illustrations accompanying this article, the 
modern railear has certain very important advantages 
over even the origina} models built by the same makers. 
In this case the manufacturers are Sir W. G. Armstrong, 
Whitworth and Co. (Engineers), Ltd., and they are now 
shipping an order to the Western Australian Government 
Railways. The order consists of six complete chassis, 
consisting of bogies, power plant, &c., on one of which a 
complete body built by the Park Royal Coach Works, Ltd., 
has been erected. With the remaining five chassis com- 
plete sets of metal fittings have been provided, consisting 
of steel body framing, panels, insulation, windows, seats, 
&c., with which bodies of the same design will be built 
in Australia with local labour and material. In addition, 
a spare engine generator set will be provided, so that by 
changing over the units all cars can be kept in use during 
engine overhaul periods. The cars have been completed 
to the requirements of Mr. G. W. R. Broadfoot, chief 
mechanical engineer of the railway, and a railway officer 
who has come to this country to make a special study of 
oil engine traction has been present during the whole con- 
struction of the cars. His presence has enabled the 
designers to keep in close touch with the future working 
conditions of the vehicles. 

The compact power unit, which is short enough to be 
mounted across the frame, is a notable improvement in 
these cars. Actually, the main design of the Amstrong- 
Saurer 140 B.H.P. engine has, we are informed, not called 
for any modification as a result of the experience gained 
with it in service, but small improvements have been 
incorporated. The engine is directly bolted to a Laurence 
Scott generator, and the unit is mounted on a sub- 
frame as on previous Armstrong-Whitworth vehicles. It 
will be recalled that this sub-frame incorporates an 
aperiodic mounting for the engine set, and rollers on which 
the whole unit can be rolled out of the car sideways. The 
sub-frame in addition to this function provides a means for 
transporting the engine and for testing it without the use 
of a test bed. It is expected that these engine sets will be 
overhauled at some central workshop and sent out to the 
various points on which the railcars are working, so that 
they may be changed on site without withdrawing the 
vehicle from service. We understand that this policy 
has been carried out very satisfactorily on other railways, 
one case in particular being the Central Provinces Railway 
operated by the G.I.P., where the location of the railcar is 
actually 130 miles from the nearest workshop. 

The engines are equipped with a new form of governor 
which the manufacturers have developed from their past 
experience to meet the conditions of railway service. 

The transmission is the well-known A B E system, which 
has been still further simplified by the elimination of the 
battery-charging system. Instead a C.A.V. Bosch lighting 
and starting set is mounted on the main power equipment, 
the generator being driven from an extension of the main 
generator shaft by multiple ‘‘V” belts. It charges a 
24-volt battery placed under the car. From this system 
current is derived for interior lighting of the coach, and its 
trailer, headlights, tail lights, &c., and also for the control 


the exhauster speed for quick brake release. Returning 
through the idling position to the first notch the field 
contactor is closed, and a small tractive effort for inching 
delivered at the wheels, Subsequent notches bring into 
operation the appropriate speed solenoids on the engine 
control and give the driver a choice of power outputs. 
No change after the initial making of the field circuit is 
made in the electrical transmission system, which is auto- 
matically self-regulating to changes of vehicle speed, and 
provides thereby automatic acceleration. 

Close to each driving position is a small instrument 
board which carries a vacuum gauge and three tell-tale 
lights, one for the battery charge, one for the water level, 
and the third for the oil pressure. A speedometer is fitted 





ONE OF THE CHASSIS 


on each of these instrument panels. There are no elec- 
trical meters since none are required in the driving of the 
car, and if tests are required it is better to employ the 
workshop meters, which are not continuously subject to 
the vibration of a travelling vehicle. 

The braking is by vacuum in conformity with the 
standards of the Western Australian Railway. A con- 
solidated brake Reavell type exhauster is mounted on 
the power unit and driven by multiple “ V ” belts from 
the crankshaft. Renewable brake blocks are used 
mounted in cast steel shoes. A spring-loaded friction 
plate retains the brake blocks in alignment with the 
wheel, and holds the blocks clear of the wheels when the 





solenoids and excitation of the main generator. As on 





ROLLING THE ENGINE GENERATOR SET INTO POSITION 


the previous sets, the characteristics of the generator and 
motor are so matched as to give tractive efforts closely 
corresponding to the constant H.P. curve over the speed 
range of the vehicle. The transmission contains no main 
circuit contactors and the only interruption of current 
which takes place is that of the separate field of the main 
generator when power is cut off. From the maintenance 
point of view, there is therefore only one small contactor 
in the system. A simple electro-magnetic reverser is 
located under the car close to the traction motor. 

The driver’s controllers include a reverse control operated 
by the usual removable key, interlocked with which is 
the master controller incorporating the dead-man’s handle. 
The main control handle can be moved backwards against 
a spring load to speed up the engine and thereby increase 





brakes are in the “ off” position. The final worm drive 





is the type used on other Armstrong-Whitworth vehicles, 
torque reaction in this case being taken by a radial arm 
shackled with Silentbloc bushes to the adjacent main cross 
member of the bogie. 

Grease lubrication is employed throughout the chassis 
and Tecalemit nipples are in the most con- 
venient positions. Brake cross shafts, &c., on the main 
frame as well as on the bogie have their greasing points 
brought to the outside for ready access. 

Isothermos axle-boxes are employed, those at the 
engine end being of larger size than those on the trailing 
bogie. This difference in size is, however, made up 
by the axle-box guides, which are bolted between the 
plates of the box girder side frames, allowing the bogie 








Arrangements have been made in the design of these 
cars to render them suitable for stopping at halts other 
than stations, and they have been equipped with folding 
footsteps (Ross system) to enable passengers to mount 


the car from ground level. These steps would infringe 
the loading gauge while the car was in motion, so they 
have been designed to fold up. They are operated by a 
vacuum cylinder from the brake service on the car, and 
very neat operating valves have been incorporated 
in the driver’s brake valves with which they are inter- 
locked, so that the steps can only be lowered when the 
brake is on. 

Water for passenger requirements is carried in a tank 
on the end frame and is delivered to the points of supply 
by J. Stone and Co.’s water-raising apparatus, the com- 
pressor of which is mounted on the underframe close to 
the water tank, while the pressure control switch and 
emergency press button are mounted in one of the 
lavatories. 

The underframe consists of two main longitudinal 
members placed outside the wheels. As is customary 











UNITS ON TEST AT THE WORKS 


in Armstrong-Whitworth vehicles, they are of fabricated 
lattice girder type. In the design of the underframe 
and of the bogies consideration has been given to loading 
gauges other than that of the Western Australian Govern- 
ment Railways, and the chassis is therefore of interest 
to any railway which operates 3ft. 6in. or metre-gauge 
lines. Fabricated stretchers spacing the main frame 
members are arranged at intervals. Each of them is 
arranged to perform some function, such as the carrying 
of the water tank, support for the traction motor, mounting 
for the brake cylinders, &e. Standard centre couplers 
are employed enabling the railcars to be coupled to existing 
stock. Special trailers of lighter construction than the 
normal coaching stock are, however, being built in 
Australia for use with the cars. 

The bogies follow previous Armstrong-Whitworth 
designs in using box girder side frames which permit the 
placing of the laminated bearer springs between the sides 
of the box girder. The frame members of the two bogies 
are identical, but the springing is arranged to cater for 
the heavier weight of the engine at one end. The fabricated 
bogie bolsters are swung and mounted on nests of helical 

rings, the side bearings taking the form of spherical- 
headed buttons, which are renewable. The bearer springs 
are fitted with india rubber auxiliary springs housed within 
the lower channel of the box girder side frames. India 
rubber stops are fitted inside the bogie side frames to 
limit the swing of the bolster. The bogie brake gear is 
of singularly straightforward design and much complica- 
tion has been eliminated by judicious use of compression 
members, which are tubular in form with eye pieces 
welded in. 

The frame of the coachwork consists of special patented 
metal sections, electrically welded where possible, but 
riveted wherever there is the possibility of replacement 
or repairs being necessary. The floor bearers consist of 
two channels fitted back to back and electrically welded 
together. They are secured to the pillars with gusset 
plates. The whole framing is treated with non-corrosive 
paint to prevent rust. 

The roof is supported on mild steel angles which are 
laid in pairs on the steel distance pieces, allowing an 
air space throughout the roof between inner and outer 
linings. The exterior panelling is steel lined on the inner 
side with asbestos sheet, the interior panels being of Piy- 
wood. The partition between the driver’s compartment 
and the engine-room is insulated with Insulwood, and 
panelled with Plymax. Closely fitting gas-tight decors 
are formed in this partition to give increased access to 
the power equipment. The floors are covered with Insul- 
wood, on which the linoleum is laid. 

The illustrations show one of the engine generator 
sets about to be rolled into the engine-room and one of 
the chassis on test. The relative positions of the various 
components will be clear from the latter picture, which 
also shows the folding footsteps. In the former picture 
is shown the position of the auxiliary generator and 
exhauster, both of which are mounted on the unit. The 
engine control solenoids will be noticed mounted directly 
on the oil servo governor mechanism. On the far side 
a piece of angle iron is being used as a temporary rail 
for the rollers, whereas on the side nearer the observer 
the rail has been removed to show the arrangement of 
rollers and jackscrews in the subframe, 











frames to be the same at both ends of the car. 
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Steel Foundry Crane. 





Iy connection with our articles on the Scunthorpe steel 
works, Craven Brothers Crane Division, Ltd., of Lough- 
borough, has sent us the accompanying drawing and 
the following details with regard to steel foundry ladle 
cranes the firm has supplied to the Appleby-Frodingham 
Steel Company, Ltd. The crane carries two crabs and 
has a span of 30ft. 7}in. The main crab runs on rails 
mounted on the top flanges of the crane girders. This 
crab is capable of lifting 80 tons at 9ft. a minute. A 
150 H.P. motor is the driving unit here. The smaller, 
auxiliary crab, lifting only 20 tons, is much faster than 
the main crab. The auxiliary lift is 27ft. 6in. a minute 
and requires a 60 H.P. motor. With a full load the crane 





a chequered steel plate platform running along one side 
of the crane. The girder structure carries the control 
cage, which is built in three stages. Starting at the bottom 
the first stage accommodates the operator and, of course, 
the master controls. Since this part of the cage is exposed 
to considerable temperatures, it is completely heat 
insulated. The sliding windows which are provided on 
three sides of the cage are fitted with safety glass, again 
proof against heat. The second stage houses the contactor 
gears, and the third holds the resistances. As can be 
expected, the wiring of such a crane requires adequate 
protection, and it has been found necessary to use heavy 
fireproof asbestos braided cable. The conductors carrying 
the current across the crane are of tee-bar construction, 
and from them gravity type shoe collectors receive the 
eurrent for the crab. The same type of collector is 
used for taking the current from the main conductors. 
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ARRANGEMENT OF TWO- CRAB 


requires a 60 H.P. motor to enable it to travel at 136ft. 
a minute. The main cross-traverse speed with a full load 
is 80ft. a minute. Here a 40 H.P. motor is used. The 
main load is handled by an anchor type hook fitted with 
a Timken thrust bearing. At either end of the lifting beam 
there are two pulleys which accommodate the twelve falls 
of steel wire rope necessary to carry the maximum load 
of 80 tons. The auxiliary crab runs on the inside bottom 
flanges of the crane girders, Also, inside the framework 
of the crane, is the main travel motor with its driving 
shaft connecting it through reduction gears, to the travel 
wheels. There are eight of these travel wheels mounted 
in bearings in the four cast steel carriages. For smoothness 
in travel the carriages are compensated, allowing for 
unevenness in the track. The brakes are of the Craven 
clip type, having heavy cast iron pivoted shoes shod with 
bonded asbestos brake lining. The brakes are released 
by long-stroke solenoids. Accidents due to overwinding 
or overlowering are prevented by Craven quick-action, 
totally enclosed limit switches on each hoisting motion. 
Access to the main crab and the travel motor is gained from 
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It is interesting to note that three of these Craven cranes 
are now operating on the same track at this particular 
steel works. 








SIXTY YEARS AGO. 





“THe Story of H.M.S. Tourmaline” detailed in a 
leading article in our issue of April 13th, 1877, provided, 
so we maintained, a striking additional instance of the 
inefficient conditions prevailing in the engine-rooms of her 
Majesty’s ships. Mishap had followed mishap and in some 
cases, as in that of the ‘ Thunderer,” mishaps had become 
catastrophes so much so that the First Lord of the 
Admiralty, Mr. Ward Hunt, had apparently given up as 
vain the task of explaining away the successive failures 
of engines in men-of-war. The ‘“ Tourmaline” was a 
composite screw corvette of 1864 tons burthen and 1972 





indicated horse-power. She was commissioned in October, 





MAIN CRAB OF STEEL FOUNDRY CRANE 





1876, and was ordered to the West African Coast station. 
On trial off Sheerness there was trouble with a hot bearing. 
The bearing was patched up with white metal but off Deal 
it again gave trouble. Next the tank in connection with 
the hotwell gave way, distilled water could not be obtained 
for the boilers and sea water had to be used instead. Very 
soon the boilers started to prime and the engines stopped 
dead. They were re-started with difficulty but the trunk 
of the after cylinder gave way. The spare trunk was fitted 
but the vacuum failed. On examination it was found that 
several hundred of the condenser tubes had started out of 
the tube plates. Five days were spent in the Bay of 
Biscay making the necessary repairs, the ship in the mean- 
time being kept going on the high-pressure cylinder only. 
Next the low-pressure slide valve gave trouble, six sets 
of liners being used up, each set lasting only about a day. 
The pistons gave constant trouble. New springs were 
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STEEL FOUNDRY CRANE 


fitted in the low-pressure cylinder but they had to be taken 
out because when they were in place it was found that the 
engine would not turn round. The screw was of the lifting 
type but it was so badly fitted that before it could be 
raised or lowered the thrust block had to be slackened. 
Four hours were required to get the screw up or down. 
Next the helical pump employed for circulating water 
through the condenser developed a defect as a result of 
absence of lubricating means and was responsible for a 
noise which could be heard throughout the whole ship. 
On arrival at her destination it was found that the cross- 
head guides had lost a quarter of an inch by wear, that 
the back trunk guide was cracked and that the piston-rod 
glands once they had been removed could not be replaced 
in their boxes. Finally worry, fatigue and want of rest 
drove the chief engineer to attempt suicide. He was 
saved for a time from the consequences of his rash action 
but, deprived of rest by the noise in the engine-room, he 
died in a few days of exhaustion and anxiety. We with- 
held the names of the makers of the ship’s engines and 
boilers, but we made it clear that they were not necessarily 
to be blamed for this series of mishaps. We recognised 
that in all probability they had been compelled to comply 
with almost impossible conditions and in particular had 
been forced to fit their engines into a space totally inade- 
quate to accommodate the machinery, 








Inpian- Rattway CONFERENCE ASSsOCIATION.—Sir 
Maurice W. Brayshaw has been elected President of the 
Indian Railway Conference Association for the coming 
year. 

Inp1an Rattways Routine Stock ProcrammMEe.—The 
1937-38 budget of the Indian railways provides a sum of 
over seventy-one lakhs of rupees for the completion of 
rolling stock programmes previously sanctioned. It is 
estimated that more than 234 lakhs will be expended on 
new work. Under the programme twenty-four broad, 
ten metre-gauge, and three narrow-gauge locomotives are 
to be built. New coaching stock will include 345 broad, 
307 metre, and 38 narrow-gauge vehicles, and over 2850 
goods vehicles of various types are to be built. 


Weicat Lirtinc.—Machinery is reducing the demand 
for muscular giants in industry. But the need for heavy 
manual work still persists in many industries, and fre- 
quently demands great skill and strength from the workers. 
Skill in such work is probably quite as important as 
strength, and the Home Office has now published a new 
Safety Pamphlet (H.M.S.O., 1s. 3d.), in which it seeks to 
make this skill more widespread and at the same time to 
warn factory workers against incurring dangerous risks 
of overstrain. The pamphlet analyses the chief causes of 
accidents and points the way to better weight-lifting 
methods. Concrete examples are drawn from special 
industries, such as woollen and worsted, jute and flax, 
docks, tin-plate, bricks and tanning. The influence of 
other factors such as food, temperature, and ventilation, 
is also referred to briefly. Four instances of statutory pro- 
hibitions on weight lifting are summarised in an appendix. 





The pamphlet is illustrated. 
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Rail and Road. 


New Curinese Rartway Bripce.—It is expected that 
the Chungcheng bridge, being built at Nanchang in China, 
will be ready for service in January, 1938. The new bridge, 
which is over 3560ft. long, will permit through traffic 
between the Chekiang-Kiangsi and the Nanchang- 
Kiukiang Railways. 


Tue G.W.R. STREAMLINED Raricar.—The G.W. Railway 
Company informs us that the streamlined railcar No. 18, 
designed to take a tail load of either passenger or goods 
vehicles up to 60 tons in weigh and of performing light 
shunting, was introduced imentally on Monday, 
April 5th, on the Lambourn v ley branch line. 


G.W.R. ImproveMEnts.—A further scheme of improve- 
ments is to be carried out by the Great Western Rail- 
way Company at the Park agen London, Goods Station 
to cater for increasing traffic. In the last four years the 
number of factories and works in the area served by this 
station has increased from 300 to more than 500, and 
many firms already established have extended their 
premises. 


Tue New Wanpsworts Brivcr.—On April 19th the 
present Wandsworth Bridge, which has been open for 
sixty-two years, will be closed. Demolition work will 
immediately begin in tion for the new bridge, 
which is to be built at a cost of £310,000. The new bridge 
will be of steel with three spans, the centre one being 
283ft. It will be 60ft. wide with a 40ft. carriageway in 


the centre. 


An AtrereD ‘ Lorp NeEtson” Locomotive.—The 
Southern Railway Company’s four-cylinder 4-6—0 express 
engine “‘ Lord Howe,” of the ‘‘ Lord Nelson ”’ class, has 
been fitted with an enlarged boiler with a raised topped 
fire-box, The addition of a combustion chamber which 
extends into the boiler barrel has increased the heating 
surface area and volume of the fire-box. In working order 
the “ Lord Howe” now weighs 85 tons 12 cwt., as com- 
pared with 84 tons 16 cwt. with its original boiler. 


RE-ALIGNMENT OF L.N.E.R. Linz.—The London and 
North-Eastern Railway Company intends to re-align its 
main line between Manchester and Marylebone at 
Quainton-road, near Aylesbury, where it joins the old 
Metropolitan and Great Central joint line to London. The 
speed restriction of 25 m.p.h. which is at present imposed, 
on express trains at this junction, will be removed when 
the work is completed. The alteration will result in a 
saving of two minutes in the timing of express trains. 


L.M.S. Locomotive Buitpinc ProgRamMe.—Under 
its annual renewal programme the London, Midland and 
Scottish Railway Company plans to build eighty-five new 
steam locomotives. Apart from the five 4-6-2 engines to 
be built for the new high-speed express service between 
London and Glasgow, already announced, the new loco- 
motives will comprise fifteen standard six-coupled freight 
engines, 0-6-0 type, and sixty-five standard passenger 
tank engines of the 2-6-2 wheel arrangement, for sub- 
urban services. 


Lonpon Street Works ProcramMMe.—During the 
next six months about 1,900,000 square yards of carriage- 
way in the London traffic area will be resurfaced. Among 
the works to be begun is the reconstruction of Wandsworth 
Bridge and its approaches. The provision of non-skid 
surfaces is being continued on a number of roads, notably 
in Holborn, where a length of 1} miles is being dealt with. 
The Surrey County Council is continuing work on the con- 
struction of dual carriageways on the Kingston By-pass 
for a length of some two miles and on the Sutton By-pass 
for about one mile. 


Raitway Returns, 1936.—A preliminary statement 

containing particulars of the financial accounts 
and statistical returns of the railways of Great Britain 
for the year 1936, compared with the years 1934 
and 1935, has been issued by the Minister of T: 
In addition to totals for Great Britain, the statement 
shows separately the figures for the four amalgamated 
companies constituted under the Railways Act, 1921. 
The gross receipts from railway working duri the 
year 1936 amounted to approximately £164,000,000 
and the expenditure to £130,600,000, leaving net 
receipts amounting to £33,400,000, compared with 
£30,300,000 in 1935 and £28,800,000 in 1934. The 
net revenue from all sources for the year was approxi- 
mately £36,500,000, compared with £33,700,000 and 
£32,300,000 in 1935 and 1934 respectively. The approxi- 
mate number of nger journeys (inclusive of those 
taken by season ticket holders) in 1936 was 1,256,639,000, 
compared with 1,231,157,433 and 1,199,961,976 in 1935 
and 1934 respectively, while the total tonnage of goods 
and mineral traffic conveyed in 1936 was approximately 
280,798,000, compared with 270,877,672 and 270,020,828 
in the two preceding years. 


REINFORCED CONORETE SLEEPERS.—At the annual 
convention of the American Railway Engineering Associa- 
tion a report was given on a number of reinforced concrete 
= rs installed on the Elgin, Joliet, and Eastern Rail- 

at Whiting, Ind., in May, 1912. The first of the 
failed sleepers, two in number, were removed from the 
track on July 5th, 1930, because the concrete at rail joints 
had been battered and broken down. A few other sleepers 
were removed in 1931 and in 1933, while the bulk of them 
were taken from the track on May 12th, 1936, because the 
connecting or reinforcing rods which held the two concrete 
blocks together were so rusted that there was danger of 
the track spreading. The rail fastenings were badly 
rusted. Summing up the condition of the sleepers as 
removed, and the service obtained from them, the Com- 
mittee reported :—‘‘ We were unable to see any difference 
in the wear and service of the differently constructed 
ties, as all of the ties were in practically the same con- 
dition when removed from the track. The concrete was 
worn or cut so that the rail was riding on the reinforcing 
rods. In general, the Bates ties gave very good service. 
We had no trouble in keeping the track in good line and 
surface. The traffic over the track including the ties was 
very heavy, but the average speed was confined to between 
15 and 20 m.p.h.” 





Miscellanea. 


Tue SeARcH For Ow In Great Britain.—In its search 
for oil in this country, the D’Arcy Exploration Company 
is shortly to begin boring operations at Kingsclere, Hamp- 
shire. It is also reported that the Anglo-American Oil 
Company is to sink a test well near Hellingly, Sussex. 


Frencu Coat Inpustry IN 1936.—The annual survey 
of the French coal industry was recently presented at the 
general meeting of the Comité Central des Houilléres de 
France. During 1936 the total coal production was 
46,147,000 tons, and imports amounted to 20,892,000 tons 
and exports 1,333,000 tons. 


American Macutye Toot Propuctrion.—According to 
recently issued figures by the United States Bureau of 
Census on the machine tool industry of the United States, 
the total value of machine tools produced in that country 
during 1935 was over 85 million dollars. The number 
employed in the industry d the year was 28,186, and 
wages amounted to over 37 mailiion dallas. 


Post Orrick Bumprve ProcRamMMe.—tIn a recent 
speech Sir Walter er Assistant Postmaster- 
General, said that the Post building for 
this year involved an expenditure of two ES pounda: 
This money was not to be spent on the central areas alone, 
but in the construction of some hundreds of small auto- 
matic exchanges in villages throughout the country. 

Accipents in Coat Mines.—During the four weeks 
ended March 6th last there were eighty fatal accidents in 
the coal mines of this country. Of these accidents, ten 
occurred on the surface. The underground fatalities and 
the number of lives lost were attributed as follows :— 
Falls of ground, thirty-six ; haulage accidents, eighteen ; 
explosions, eight ; other causes, eight. 

New Britisx CoLLrery.—It is reported that it has been 
decided to sink and equip a new colliery at Workington 
to work the coalfield, under the sea, which lies to the west 
of the area occupied by the Workington branch of the 
United Steel Companies. The colliery will be entirely 
electrically operated and the shafts will be sunk to a depth 
of about 600ft. and equipped es deal with two to two and 
a-half thousand tons of coal a week 


COLLEGE Wieihatdis:-Sprcking at the National 
Union of Students recently, Dr. H. Schofield, the 
of Loughborough College, said that most of the workshops 
in the engineering departments of colleges and universities 
were museums full of obsolescent plant given by manu- 
facturers who no longer had any use for it. He added that 
a college workshop should be so equipped that the very 
latest technique could be demonstrated in it. 


Warer Power Resources or CanaDa.—The Dominion 
Water and Power Bureau of the Department of Mines 
and Resources of Canada has recently issued its annual 
review of the Dominion’s water power resources. In pre- 
paring this report all existing stream flow and power data 
available from federal, provincial, and private sources have 
been systematically collated, analysed, and co-ordinated, 
with a view to presenting a dependable estimate of avail- 
able power based upon uniform methods of computation 
and arrangement. The results of these studies indicate 
available water power totalling 20,347,400 H.P. under 
conditions of ordinary minimum flow and 33,617,000 H.P. 
ordinarily available for six months of the year. The total 
turbine installation is at present 7,945,590 H.P. 


TEMPORARY COMMISSIONS IN THE RoyaL ENGINEERS.— 
The War Office is inviting applications from qualified 
engineers for a number of temporary regular commissions 
in the Royal Engineers. These commissions are to be 
granted for a period of five years, after which a very 
limited number of permanent commissions may be granted 
to specially selected officers. The initial appointment will 
be in the rank of second lieutenant with promotion to 
lieutenant after three years’ service. A gratuity of £250 
is payable on completion of five years’ service to those 
officers not selected for promotion to t commis- 
sions, and an outfit allowance of £50 is payable on appoint- 
ment. The candidates must hold certain tions and 
be between the ages of twenty-one and twenty-seven on 
August 29th, 1937. 

An InrTeRNATIONAL ExecrricaL Compretrttion.—The 
Association des Ingénieurs Electriciens Sortis de l'Institut 
Electrotechnique Montefiore has issued an announcement 
relating to the George Montefiore Endowment, instituted 
by the late George Montefiore. A prize, consisting of the 
accumulated interest on a capital of 150,000f., is offered 
every three years in an international competition for the 
best original work on scientific advancement and 
in technical gaged of electricity. Such works may 
be in French or English. The amount available for the 
prize in 1938 is 18,000f., but the j jury may, at their discre- 
tion, award only @ part of this sum, the remainder being 
added to the prize in the next triennial competition. The 
last date for the receipt of works for the 1938 competition 
is April 30th, 1938. Particulars as to conditions are obtain- 
able from the Secretary of the Association, Rue St. Gilles, 
31, Liége. 

Anopisine Atummyium AtLoys.—A note in Jron Age 
gives particulars of an improvement in the process of 
anodisi eo eee ee at Sop we 
work result in a better coating, developed by R. W. 

Buzzard, metallurgist at the National Bureau of Standards, 
Wi - Some of the aluminium alloys, of the type 
known as duralumin, are subject to corrosive attack in 
the salty air of sea coast locations. It was found that 
protection against this attack can be obtained by using 

the alloy as the anode in an electrolytic bath, conaieting 
of a solution of chromic acid. By this reaction an oxide 
coating is formed on the anode, in contrast to the metal 
deposit produced on the cathode in electro-plating. Mr, 

Buzzard found that a definite succession or cycle of volt- 
ages was required to produce the best coating in 3 per 
cent. chromic acid solution. This cycle necessitated dis- 

continuous operation of the bath. Marked improvement 
was obtained by increasing the chromic acid content from 
3 per cent., the usual concentration, to 5 or 10 per cent. 

The coatings produced were superior in their corrosion 
resistance and the conditions of operation were simplified, 





so that continuous operation was possible. 






Air and Water. 


A New Evrorean Are Service.—A regular non-stop 
air service between Brussels and Prague has been inau- 
gurated. 

Deats or Sir Jonn LuscomBe.—We regret to note the 
death of Sir John Luscombe, which took place on Satur- 
day, April 3rd. He had been five times the Chairman of 
Lloyd’s and was Chairman of Lloyd’s Register in 1921-22. 


Biacxroot Arrport.—The Blackpool Town Council 
has decided to have the municipal airport moved from 
Stanley Park to Squires Gate, where land has been 
acquired. The estimated cost of the removal is £18,000. 


Tue Frencn Paris-Toxyo Fuicur.—The French 
airmen Pissavy and Cornet, who abandoned their attempt 
to fly from Paris to bog ae have returned to Paris, having 
~ from Saigon in Indo-China in the record time of 

hours. 


Attantic Ar Szrvices.—The e3 ins oonry Government 


has signed an agreement nate l Airways and 
Pan-American Airways its for —- -five 
years and the use of the j ports Pottagal, Madoire . and 
the Azores for their proposed Transatlantic air services. 
Royat Am Force.—With rg" formation of 
No. 149 (Bomber) Squadron at on April 12th 


and No. 37 (Bomber) ——, a Feltwell on April 26th 
the number of new bomber formed under the 
expansion scheme will be thirty-one. Up to the present 
fifty-two squadrons have been formed under the scheme, 
the others including ten fighter units, five for general 
reconnaissance, two of flying boats, one of torpedo bombers, 
and three for the Auxiliary Air Force. 


New American Wirxp Tunnet.—The United States 
Government has placed a contract valued at about 
1,000,000 dollars for the construction of a high-pressure 
wind tunnel for aeronautical experimental work. The 
tunnel will be 380ft. long with a diameter varying from 
19ft. to 54ft. at its widest point. A wind velocity of 
200 miles an hour will be created within the tunnel by a 
30ft. diameter multi-blade propeller, driven by an 
8000 H.P. electric motor. About 2000 tons of steel will 
be used for the tunnel, which will be built up by welding 
steel plates of varying thicknesses remietaess: fin. and 2in. 

Rariway Arr Servicrs.—Railway air services operating 
between the Midlands, South Wales, ‘the South and West 
of England are to begin on May 10th—two weeks earlier 
than last year. Three machines will be used to maintain 
ten services operating over two routes, one from North 
to South and the other from South Wales to the West of 
England, a distance of 1386 miles daily. The services on 
the North to South _——. will operate between Liverpool 
and Brighton airport, vid Bi Bristol, South- 
ampton, and Ryde. The South Wales and West Country 
routes will operate between Bristol and Plymouth, calling 
at Cardiff and at Exeter as from June Ist, when the new 
airport is to be opened. 

TELEPHONE SysTEMS oN Surps.—The vessel at present 
known as “ No. 552,” sister ship to the “Queen Mary,” 
is to be equipped with a comprehensive telephone system 
now being manufactured at the Coventry works of the 
General Electric Company. The “Queen Mary’s” 
system, is manually operated, and controls 585 lines, 
for the ship’s passengers and other service requirements. 
The system is also employed for public address p 
Two other vessels in course of construction also to be 
equipped with G.E.C. telephone systems are the ss. 
“*Stratheven ”’ and the ss. “‘ Strathallan.” Passengers’ 
requirements on board these P. & O. boats will be met by 
400-line switchboards serving lines to telephones in cabins 
and many other situations. 


American Arm Trarric ry 1936.—The United States 
Bureau of Air Commerce has recently issued a statistical 
report on that country’s air lines 1936. During 
the year 1,147,969 passengers and. 8,250,010 Ib. of express 
goods were carried. Of the year’s aircraft production, 
1637 machines were for home civil use, 858 for military 
purposes, and 511 machines for export. Causes of acci- 
dents were attributed as follows :—Personal errors, 
37-5 per cent.; power plant failures, 3-57 per cent.; 
aeroplane failures, 25 per cent.; weather, 10-71 per cent.; 
airport and terrain, 14-29 per cent.; undetermined, 
doubtful, and other causes accounted for the remainder 
of the accidents. During the year there were five fatal 
accidents, in which nineteen passengers and thirteen 
members of crews lost their lives. 

New Macsines ror Impertat Arways.—Work is 
rapidly proceeding on twelve new four-engined 42-seater 
air liners being built for Imperial Airways by Sir W. G. 
Armstrong, Whitworth Aircraft, Ltd. They are all-metal 
high-wing monoplanes, with a wing span of 123ft. and 
fitted with retractable unde . The new machines 
will be known as the ‘“ Ensign ” class. Power is supplied 
by four Siddeley “Tiger IX” geared and moderately 
supercharged radial fourteen-cylinder engines. They 
are rated at 790 H.P. at 2375 r.p.m. at 6500ft., and will 
give a maximum of 810 H.P. at 2450 r.p.m. at 6400ft. 
It is estimated the new machines will be capable of a top 
speed of over 200 miles an hour, and their cruising 
will be about 160 miles an hour. Fully laden, they will 
weigh over 20 tons, and have a range of 500 miles against 
a 40 miles an hour head wind. 


SuGGESTED Tiaencnteban or Jarrow.—A report has 
been drawn up by Mr. J. 8. Weir, the borough engineer of 
Jarrow, dealing with the establishment at Jarrow of a 
naval yard and naval base, and the development of Jarrow 
Slake for commercial purposes. The report says that, 
considering the large amount of naval work for the next 
five years, it is not difficult to put forward practical schemes 
to allow Jarrow actively to assist with some of this work. 
If Palmer’s shipyard had not been closed, and purchased 
by National Shipbuilders’ Security, Ltd., the present 
demand for ships, both naval and merchant, would have 
resulted in all the berths being occupied. The yard could 
be opened within a few weeks, and could be completely 
Teopéned with all necessary machinery before the end of 
the year. If Jarrow Slake, it is stated, were developed as a 
naval base, and for commercial purposes, it would make a 





complete unit in the Jarrow area for peace or war time, 
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ROAD DESIGN AND ROAD ACCIDENTS. 


At the end of last week there was issued by the 
Ministry of Transport a report upon 100,000 road 
accidents, involving personal injury to road users, 
which occurred during the months April to Sep- 
tember last year. By the issue of this report 
information has for the first time become available 
as to the incidence of accidents involving injury as 
well as of those involving death. The conclusions 
to be drawn from these statistics are much those 
which were to be expected. It is interesting to find 
it confirmed that accidents are of a less serious 
character in built-up areas than in those not built 
up. In the first-mentioned areas 23-3 per cent. of 
accidents resulted in death and in the second 
38 per cent. This result can probably be accounted 
for by the relatively lower speeds in built-up areas 
and may therefore prove to be a strong argument 
in favour of the 30 m.p.h. limit. Out of the 2469 
fatalities it is not surprising to find that as many 
as 1498 occurred in built-up areas where the traffic 
is denser and the opportunities for accident much 
more frequent. Of the whole 100,000 accidents, 
76,851 occurred in built-up areas. The statistics 
confirm that a large proportion of accidents happen 
at road junctions, and in built-up areas no less 
than 47-4 per cent. of all accidents occur at such 
places ; whilst out of all of the accidents investi- 
gated, 42 per cent. occurred at road junctions and 
51 per cent. on straight roads with good sight lines. 

As the object of collecting these accident statistics 
is that of finding some means of reducing the toll 
of the road, the most interesting tables should be 
those devoted to the causes of the accidents. But 
we have before criticised the statistics on the 
grounds that the causes are not sufficiently well 
enumerated. It is an unfortunate thing that it 
does not seem to have been recognised that road 
design, even on straight stretches, may have an 
important influence upon the likelihood of an 





| socident occurring. In consequence the causes 
enumerated in the statistics are almost all con- 
cerned with some fault committed by a road user, 
usually without reference to the influence of the 
road lay-out. Hence there is a difficulty in assess- 
ing the part which faulty design of the roads plays 
in making accidents more frequent. It is, however, 
possible to obtain some indication of this effect, 
and enough to prove its importance, by arranging 
the enumerated causes of accidents under three 
headings. Taking the accidents the causes for 
which are ascribed to drivers, there can be placed 
in the first group such reasons as skidding, swerving, 
pulling up suddenly, losing control, reversing 
negligently, or opening « door without due care. 
Such causes are not matters of opinion, but of fact, 
and there can be no argument about them. They 
account for about 23 per cent. of all accidents. 
Only under the heading skidding can road con- 
ditions be held to blame. In another group, 
accounting for about 15 per cent. of all accidents, 
can be placed causes such as inattentiveness and 
excessive speed. Whether such factors really 
were the causes of the accidents is clearly a matter 
of opinion and not fact, and the decision to classify 


7 | accidents under this head may sometimes even be 


influenced by prejudice. Moreover, in the absence 
of any other obvious cause, either of these two is 
most likely to be chosen, since it may be held in 
the cases of most accidents that they would not 
have occurred if the speed had been less or the 
attention more closely concentrated. But, though 
some at least of the accidents and possibly all were 
correctly ascribed to these causes, we suggest that 
most of the drivers concerned did not knowingly 
commit the faults of which they were accused and 
that it is quite probable that road conditions were 
such as to give them a false impression of security : 
that in fact the road design may have been partially 
and perhaps wholly to blame. In the last of the 
three groups and by far the largest can be placed 
such causes as misjudgment of clearance, distance, 
or speed, errors in overtaking or in turning from 
one road into another, failure to signal or to observe 
signals, or to stop at pedestrian crossings, &c. 
Such causes are matters largely of fact. But in 
nearly every case it will be found that intelligent 
road design could have prevented the opportunity 
for the fault to be committed. Thus many of the 
“ misjudgment ”’ accidents could not have occurred 
if the roads had been in duplicate; errors in 
turning from one road to another could be elimi- 
nated by careful road lay-out or by the use of 
“roundabouts ”’ or clover-leaf crossings, and few 
of the accidents at pedestrian crossings would have 
occurred had the crossings been more clearly visible 
to the drivers concerned. This group accounts for 
about 50 per cent. of all accidents. It will be seen, 
therefore, that road conditions may have a bearing 
upon the incidence of as many as 77 per cent. of all 
accidents and that the influence of road design is 
not so small as a first investigation of the statistics 
would imply. 

It is, we think, unfortunate that in compiling 
these statistics the Ministry and the police have 
not availed themselves of the services of trained 
road engineers, whose knowledge would enable 
them to determine what effect, if any, road design 
at the site had upon any accident. For if such 
engineers were to issue reports in conjunction with 
the police the statistics could be made of much 
greater value for the purpose of demonstrating 
how the lay-out of roads could be improved to 
bring about a reduction of the number of accidents. 
For it is our conviction that a very great deal could 
be done to reduce the toll of the road if serious 
attention were given to the possibility of designing 
roads in such a way that opportunities for accidents 
were much decreased. It is, we are convinced, of 
very little use merely to rail against human nature 
and to claim the necessity of regimenting road users 
by rules and regulations into decent behaviour. 
No road user desires to cause an accident. No 
road user is purposely careless. All must realise 
that however careful they intended to be, there 
have been occasions when they have been at fault 
and have only been saved from injury by the care 
and consideration of others. Human beings are so 
constituted that they cannot always be keyed up 
to the maximum degree of attention, nor are they 
so formed that their judgment is always perfect. 
Drivers of vehicles should not be condemned as 
careless because 3455 accidents were due to mis- 
judgment of clearance, or distance, but 
rather should they be congratulated that the 
number is so few in relation to the many millions 
of opportunities for such misjudgments that must 
have occurred between April and September. The 





key to the reduction of road accidents, we suggest, 


lies in a frank recognition of the human psychology 
of road users. If human nature is accepted to be 
what it has proved to be, road engineers can set 
about designing the roads in a way that will 
allow for human failings. Holding such views, 
therefore, we are glad to understand that, 
despite the lack of reference to the influence 
of road design in the Ministry’s statistics, 
the actions of the Ministry on taking over the 
arterial roads are likely to approach all that the 
engineer could desire. Action, we believe, is to be 
taken at once to improve or rebuild the main 
roads at those places proved to be dangerous, and 
this action is not to be allowed to wait upon the 
detailed survey of the whole of the arterial roads 
which the Ministry plans to undertake as soon as 
possible. Would that similar action in the great 
urban areas could be as conveniently and rapidly 
undertaken ! 


Engineers and Public Affairs. 


In Gilbert’s day it could be said with exactness 
that everyone was born a little liberal or a little 
conservative. Things -have changed from that 
Arcadian simplicity. There are now not two 
parties, but several, and political predilections 
are no longer established in utero. This change is 
reflected in the daily political papers which find 
it ever more difficult to steer a level course amongst 
divergent views. Indeed, one may observe in 
even the most rigid a tendency to yaw, which is 
only corrected by a more or less obvious applica- 
tion of the helm. Moreover, there is added to the 
domestic complications a closer attention, 
engendered by the circumstances, to the internal 
politics of other, particularly neighbouring, 
countries. But, as important as it is that John 
Citizen should follow the greater political issues 
of the world at large, it is, we suggest, of at least 
equal importance that he should examine the 
economic and social events that are taking place 
in other nations. They may be regarded as experi- 
ments or demonstrations from which he may | 
deduce with reasonable accuracy the results which 
would accrue were the same internal economics 
pursued in his own land. Notable amongst the 
nations which have embarked upon an industrial 
and social reorganisation is our neighbour, France. 
In that country we are fortunate enough to have 
a representative who has been for many years 
resident in Paris, and was for a long time an 
industrial engineer himself. He writes not only 
with an intimate acquaintance with French 
mentality, but with an expert knowledge of 
business and industrial matters. We have no 
hesitation, therefore, in advising our readers 
who are studying the movement of industrial and 
economic events in France to follow his letter, 
entitled ‘‘ French Engineering Notes,” which 
appears weekly upon our penultimate page. 

On several occasions our correspondent has 
discussed the repercussion of Monsieur . Blum’s 
policy upon the professional and management 
sides of engineering, and in our issue of March 26th 
opened his Notes with these words : “The strange 
situation in which engineers find themselves in 
conflicts between men and employers convinces 
them that nothing can be done to protect their 
interests except by bringing all their partial 
organisations into one national federation.” He 
goes on to describe the formation of the National 
Federation of Engineers’ Syndicates. Here it is 
necessary to note carefully that the Syndicates 
referred to have nothing or very little in common 
with the Employers’ Federations of this country. 
It is amongst the primary functions of the latter 
to conduct negotiations with the trades unions, 
whereas the principal purpose of the Syndicates 
in France is to keep an eye upon the interests 
of professional engineers. ‘The new National 
Federation of Engineers’ Syndicates,’ wrote 
our correspondent, “‘ comprises the great majority 
of engineers with degrees, and its objects are to 
deal with all questions affecting engineers, whether 
of general, legal, economic, or social interest ; 
define the attitude to be adopted by affiliated 
syndicates, with regard to those questions, and 
represent the Syndicates in all cases where the 
interests of engineers are involved, particularly 
at conciliation and arbitration proceedings.”’ 
Lest it should be not quite obvious we ought to 
stress the fact that for many years Syndicates 
for engineers have existed in France, and have 
served a useful purpose. The present Federation 
effects an amalgamation of these Syndicates in 
order that there may be united action with regard 
to the many problems which have arisen from the 





introduction of industrial conditions of an almost 
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revolutionary character. It may be of interest 
to summarise the objects at which the Syndi- 
cates aim. They are as _ follows :—(1) To 
establish a liaison between the associated bodies 
for consideration in common of all questions 
touching the general and professional interests 
of French engineering, it being understood that 
the said bodies preserve their autonomy and their 
entire liberty of action in all that concerns their 
specific and corporate activities; (2) within the 
defined limits, to co-ordinate means of action 
and, generally, to take appropriate measures to 
facilitate the exercise of their duties and their 
rights by the associated bodies, and to undertake 
the defence of their collective interests; (3) to 
take action, especially in connection with public 
affairs, to ensure that the interests of the associated 
bodies (intimately connected with those of the 
country) are equitably represented in national 
and international affairs, and in all activities 
of the economic and social order which are of 
particular interest to engineers as a whole. 

. | Engineers in this country are wholly without 
any association which looks after their general 
interests. The greater institutions do a little 
for their own members, but conjoint action is 
only possible through an ineffective organisation 
called the Engineering Joint Council, which is 
probably unknown, even by name, to 90 per cent. 
of the engineers of the United Kingdom. It has 
little or no power and no funds. Various attempts, 
which need not be particularised here, have 


either by affiliation, federation, or by the kind 
of physical union which a common building would 
provide. Every one of these attempts has failed, 
and at the present moment it is not only impossible 
for the united engineers of the Kingdom to speak 
with a single authoritative voice, but it is difficult 
for even a few of them to do so. It is submitted 
that the position which the science and technology 
of engineering and its allies occupy in national 
affairs makes it desirable that machinery for 
ensuring united action should exist, first, for the 
benefit of a great profession and industry, and, 
secondly, for the protection, advancement, and 
improvement of the status of that profession and 
industry. We suggest that a body completely 
representative, endowed with executive powers, 
and provided with funds sufficient for the prosecu- 
tion of acts which would benefit the nation and 
the Art of Engineering, should be created. In 
America, in France, in Germany, confederations 
of engineering institutions already exist. They 
are provided with ample funds by contributions, 
direct or indirect, from the members of engineer- 
ing and allied institutions; watch over the 
interests of engineers in the legislature and public 
affairs; issue publications which may benefit 
engineers ; organise and make arrangements for 
conferences; and in other diverse ways enable 
engineers to express themselves with a single 
voice upon matters of common interest. We 
cannot but feel that the time has come when a 
similar organisation is required for British 





been made to bring the technical societies together, 


engineers. 
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Principles of Road Engineering. By H. J. Coins 
and C. A. Hart. London: Edward Arnold and 
Co. Price 50s. 


Tuts book is a remarkable survey of almost every 
facet of road construction, lay-out, survey, repair, and 
administration, and to judge from the length of 
bibliography must have entailed upon the authors a 
very large amount of reading and selection. Despite 
its 644 pages, the authors have found it necessary in 
many of the chapters to limit themselves to state- 
ments as concise as the particular subject will allow. 
But as the convenient system of placing a biblio- 
graphy at the end of each chapter has been adopted, 
those who require a fuller treatment are readily 
enabled to expand the information. 

The authors have arranged their book in as 
systematic manner as possible. Indeed, so much 
information have they packed between its covers that 
the task would have been impossible without the 
adoption of so logical a treatment. As arranged and 
illuminated by a fifteen-page subject index, the work 
constitutes a most valuable survey, of interest to 
every person concerned with the road, however 
limited his personal specialised scope. The book is, 
in fact, encyclopedic in treatment and deals with 
practically every problem of road design in the space 
of 608 pages, exclusive of preface, contents, and 
indices. Logically enough, it opens with a short 
historical survey which includes descriptions of the 
manner in which the Roman roads were con- 
structed, of the very ‘‘ doubtful ’’ methods of “ main- 
tenance” adopted for several centuries thereafter, 
of Telford’s and Macadam’s roads, and of present-day 
roads. The importance of relating the construction 
of the roads to the vehicles which used them and the 
lay-out of the roads to their strategic or economic 
purpose is not forgotten, and mention is made of 
various self-propelled carriages. The history of the 
financial side is dealt with and modern road adminis- 
tration and finance discussed and illustrated by means 
of statistical tables. The next five chapters all deal 
with highway problems, the first two being concerned 
with the movement of traffic on the roads in its 
relations with speed and safety. Here the authors 
implicitly adopt the principle so often in the past 
neglected by Governments, that roads should be 
built to suit the traffic which uses them’ and not that 
which requires the traffic to be regulated and restricted 
in accordance with the state of the roads. Clearly it 
follows from this principle that arterial highways 
suitable for high-speed traffic should be provided, and 
the authors show various modern designs in which 
this desideratum can be secured and, in addition, the 
roads made safer for all road users than those now in 
existence. They are, in fact, in at least partial agree- 
ment with the contention, so frequently expressed in 
THe ENGINEER, that highway engineers, given a free 
hand, could build such roads in this country that acci- 
dents could only occur as a result of gross negligence. 
No opportunity for a mere human failure of judgment 
to result in a disastrous accident need be allowed in a 
properly designed road. The remaining three chapters 
of the group of five are concerned with construction 


and maintenance, economic considerations, and the 
ideals of route location. In the first of these the 
characteristics of foundations and the various means 
of surfacing are considered. Particular attention is 
given to the various faults, such as slipperiness and 
currugations, &c., to which the surface is liable. The 
next chapter is largely financial, but it is interesting 
to note that the discussion is not confined to the 
economies of actual road building, but that the effect 
of tractive resistance, gradients, &c., on the actual 
vehicles using the road also comes in for consideration. 
The last chapter of the group is interesting as illus- 
trating how the ideal straight route between the two 
points to be connected is influenced by the various 
factors, topographical and geological, such as hills, 
rivers liable to flood, unsuitable foundation materials, 
and the possible movement of earth and rocks. 
Chapters VIII, IX, and X are all devoted to surveying 
in preparation for the production of drawings and 
plans. The information is much that is to be found 
in any book dealing with surveying, but provides 
information as to the special requirements of road 
survey work. It is interesting to note that photo- 
graphic surveying, both from the ground and the 
air, has not been neglected, and the particular 
advantages of the latter in new countries and for 
bringing out-of-date maps up-to-date in built-up 
areas are pointed out. The following chapters deal 
in some detail with such important details of road 
design as curves, for which transitions are recom- 
mended, whether they are vertical or horizontal, and 
the design and setting out of superelevation. At the 
beginning of Chapter XIII the authors state: “In 
recent years it has been realised more and more that 
the cause of the traffic congestion problem lies in the 
lay-out of road junctions and crossings. Badly planned 
junctions have often been found to reduce the 
efficiency of the intersecting streets by as much as 
50 or even 60 per cent. of their maximum theoretical 
traffic capacity.” That provides an excuse, if one is 
needed, for the authors to devote twenty-six pages 
to a discussion of the various types of junctions and 
their lay-out for the best results. The survey con- 
cludes with some illustrations of American clover-leaf 
crossings and the chapter continues to discuss various 
details of urban street design, such as refuges, 
pedestrian crossings, and traffic signals. 

Chapters XIV to XVI inclusive are concerned with 
various matters in connection with actual con- 
structional work, the headings being Earthworks, 
Drainage, the Foundation Ground. The next chapter 
discusses concrete roads and the following one road 
surfaces. Here it is interesting to see that the require- 
ments of cycle tracks and footpaths are not neglected. 
The last two chapters include some discussion of the 
legal matters in respect of roads, the first being con- 
cerned with estate roads and the ways in which they 
can become highways, and the second with the 
powers and duties of highway authorities. 

It will be seen that the authors cover an immense 
amount of ground, and they are to be congratulated 
on the manner in which the great mass of information 


down ”’ and collected in a single volume. The book 
contains very numerous tables, diagrams, and photo- 
graphic and other illustrations. 





Heating and Air Conditioning of Buildings, By 
Faser and Ket. London: The Architectural 
Press. 1936. Price 25s. 

Tus book has been developed from a number of 

articles published in the Architects’ Journal, which 

have been collected and amplified to give a compre- 
hensive survey of the whole subject. 

The writers do not claim to have dealt exhaustively 
with the subject, but the ground is covered fully, and 
typical examples are worked out -which, with the 
number of tables given, make the book of value to the 
heating engineer. Unlike most technical books, the 
matter is given interestingly, so that the non-technical 
reader will be able to follow it with ease. 

The necessity for heating and the methods to be 
used to ascertain the losses from buildings to be made 
good by the heating installation are described in the 
early chapters. The authors are to be commended 
on drawing attention to the fact that losses through 
flat roofs are much more than is commonly allowed. 
The chapter on the time lag and heating-up period 
for different methods of supplying heat to buildings 
puts these controversial matters in a new way which 
should clarify the position considerably, once heating 
engineers have had time to digest the information 
given. After the discussion of principles in this 
chapter, a full description of the various methods of 
heating naturally follows, with particulars of the 
different methods to meet the requirements of build- 
ings having various uses and periods of occupancy. 

The losses due to inefficient combustion are not 
fully understood by many heating engineers, so that 
the chapter dealing with boilers and combustion, 
which describes the factors controlling efficiency 
concisely and clearly, should prove useful. 

The equipment to be installed in various classes 

and sizes of buildings is discussed. Here boilers 
and the methods of firing them, including oil, solid 
fuel, and gas, steam boilers and calorifiers, direct 
heating boilers, and electrical thermal storage plant, 
giving the advantages of the various alternatives for 
the particular purpose, are described with a compari- 
son of the running costs. In this connection, par- 
ticularly, the authors have no false ideas of the cost 
of heating buildings electrically, either by direct units 
or electrical thermal storage. The reasons are dis- 
cussed why it is unlikely that the cost of electricity 
will come down, and attention is drawn to the limit- 
ing factor of the size of available generating plant. 
Since the potential heating load in this country is 
so much greater than the power and lighting load, 
the supply of off-peak current at a low price can 
continue only so long as the number of installations 
employing electrical thermal storage is relatively low. 
Methods for sizing pipes for different arrangements 
of piping for both heating and hot water service are 
discussed, and useful tables are given. The arrange- 
ment of piping most suitable for gravity systems is 
shown in diagrammatic sketches, and also similar 
arrangements more suitable for accelerated systems. 
In certain cases, the gravity systems are not well 
adapted to conversion, but we do not agree with the 
authors’ statement that no effect is felt on the local 
radiator circuits when a pump is added. 
Similarly, the methods of providing hot water 
service for domestic use are described, and particulars 
are given of the methods of sizing the more usual 
circuits. In neither case is the matter dealt with 
exhaustively, but sufficient information is provided 
to enable the principles involved to be understood. 
One chapter deals with the comparative costs of 
various heating installations, both from the point of 
view of first cost and running cost. This chapter is 
of interest as giving a comparison, but in view of the 
upward trend of prices at the present day, the figures 
given for initial costs must not be taken as absolute. 
The running costs are analysed in detail, showing how 
the various factors affect the total. The figures 
illustrate that for certain classes of work, particularly 
where the heating period is a comparatively short 
one, the higher-priced fuels, such as gas and oil, are 
comparable with the cheaper solid fuels. 
The authors discuss the need for air conditioning, 
and show that for a number of types of buildings, the 
cost of installing refrigeration is well worth while. 
They make it clear that while a certain amount of 
cooling can be obtained by air washing, fully con- 
ditioned air is only obtained by refrigeration. They 
give examples as to the method of calculating the 
cooling load and sufficient particulars to enable the 
necessary information to be obtained. They also give 
the comparative costs of various installations. 
The final chapter presents particulars of combined 
electrical generating sets with heating and hot water 
supply plants. Installations of this sort are frequently 
found in large institutions, and the authors show that 
the cost of current obtained in this way is lower than 
that usually obtainable from the power supply 
companies. They also deal with points to be 
watched in the design of the combined systems, so as 
to avoid a waste of exhaust steam at times when the 
thermal demand is less than the electrical demand. 

The book is a valuable addition to literature dealing 

with the subject of heating and ventilation. It is 

clearly written and well illustrated, and should be in 
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Obituary. 


SIR WILLIAM BERRY. 


THE Royal Corps of Naval Constructors has again 
suffered a severe loss by the death, on Monday, 
April 5th, of Sir William Berry, who, after a dis- 
tinguished career, retired in 1930 from the post of 
Director of Naval Construction. Sir William, who 
was only seventy-two years of age, was in good health 
until quite recently, but he died suddenly after alight- 
ing from his car at Sutton on Monday afternoon. He 
was born at Sheerness in 1865 and was educated at 
the Sheerness School and at the Royal Naval College 
at Greenwich. In 1887 he joined the Royal Corps 
of Naval Constructors, which had only some four 
years earlier been founded by Sir William White. 
From 1887 until 1900 he served as Assistant Con- 
structor at Chatham and at the Admiralty, and as 
Constructor at Devonport and at the Admiralty 
from 1900 until 1906. The following year he was 
appointed Chief Constructor at Multa, where he 
remained until about 1912. About this time the name 





WILLIAM BERRY 


of Mr. Berry was freely mentioned as a possible 
successor to Sir Philip Watts, who at that time was 
retiring from the office of Director of Naval Con- 
struction. Sir Philip was, however, followed by Sir 
Eustace Tennyson d’Eyncourt, who was then chief 
designer at the Elswick works of Armstrongs. For 
some time the services of Sir Philip Watts were 
retained in an advisory capacity, and Mr. Berry 
returned from Malta to become Senior Assistant 
Director of Naval Construction, a post which in 1917 
was changed to that of Director of Warship Con- 
struction. With Sir Eustace d’Eyncourt, Mr. Berry 
was responsible for the very large output of naval 
tonnage for which the constructive department of the 
Admiralty was responsible during the war period. 
In recognition of his services Mr. Berry was made 
C.B. in 1917 and was knighted K.C.B. in 1924, two 
years after he succeeded Sir Eustace d’Eyncourt as 
Director of Naval Construction. This appointment 
gave general satisfaction to the Royal Corps of Naval 
Constructors, and Sir William held it with distinction 
until his retirement in 1930. The ships for which he 
was personally responsible during his term of office 
included the cruisers of the “‘ London” class, the 
replacement destroyers of the “ Acasta”’ class, and 
some submarines of the “‘ Odin ”’ class, besides which 
he was primarily concerned with the design of several 
smaller vessels and also the large floating dock for 
the Singapore naval base. Sir William was a Vice- 
President of the Institution of Naval Architects, and 
gave valued service both on the Council and on 
various committees, by which his experience was 
greatly appreciated. He was Second Master of the 
Worshipful Company of Shipwrights, and in that 
capacity he was a guest at the recent dinner of the 
Institution of Naval Architects. After the death of 
the late Sir Archibald Denny, Sir William Berry took 
over the work of the Shipwrights Company connected 
with the award of National Certificates, a movement 
in which he was to the last greatly interested. Sir 
William combined with his ability as a naval con- 
structor a cheerfulness of disposition and charm of 
manner which made him popular even in non-technical 
circles, and his sudden death comparatively soon 
after his retirement will be lamented by many friends. 








Frenca Liner Reconsrructep.—The ‘‘ De Grasse,” 
the old flagship of the Compagnie Générale Transatlantique, 
has been reconditioned and converted from a one-class 
to a three-class ship. On May 27th she will re-enter 


Letters to the Editor. 
(We do not hold ourselves responsible for the opini 
correspondents.) 


THE COMPRESSION IGNITION AERO-ENGINE. 


Smm,—With reference to the articles on the above 
subject appearing in your issue of February 26th, in 
estimating the value of the compression ignition engine 
for civil aviation, the cost of the fuel is relatively unim- 
portant in relation to the value of the payload. The com- 
pression ignition engine starts off at a disadvantage due 
to its greater weight. Whether or not its lower fuel con- 
sumption will compensate for this, depends upon the 
range of the aircraft. 

In a paper which I read before the Chambres Syndicales 
des Industries Aéronautiques during the Fifteenth Salon 
de |’Aéronautique, it was shown that the range at which 
equality in the weight of engine, tanks, and fuel is reached 
can be expressed by the formula :— 


a W,—W, 
T= 0-693 (cs—¢,) 


of our 





Where 
T=range in hours ; 
w,=weight of compression ignition engine, lb. per 
horse-power ; 
w= weight of gasoline engine, lb. per horse-power ; 
¢,=consumption of compression ignition engine, 
Ib. per brake horse-power ; 
¢,=consumption of gasoline engine, lb. per brake 
horse-power. 
In Fig. 1 attached, curves based on this formula are 
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0-63 of take-off power. 
10 per cent. of fuel weight. 
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Time = 67603 (c,—2,) 

Fic. 1—Curves Showing Flying Time Necessary for Equal Total 
Weight of Engine, Fuel and Fuel Tanks of Engines of 
Different Specific Weight and Consumption. 


shown for varying differences in specific weights and 
specific consumptions of engines. 

The following calculations show the relative values of 
the fuel for compression ignition engines against that for 
°87 and 100 octane gasoline engines :— 


A. Engine Data. 




















| 87 100 | Com- 
Engine --+| Octane} octane! pres- 
| sion 
|ignition 
Specific weight of engine, on take-| 1-15 | 1-05 | 1-50 
off power, lb. per H.P. 
Specific cruising consumption, lb.) 0-460) 0-420) 0-355 
per B.H.P. hour 
Weight of fuel tanks and lubricat-| 9-4 | 9-7 |10-5 
ing oil and tanks, per cent. of fuel 
Specific gravity of fuel vis veel 0°750| 0-715) 0-850 
| 








B. Comparison Bet 1 87 Octane and Compression Ignition 
Engines. 

Let 

T H P=Take-off B.H.P.; 

CH P=cruising B.H.P. 

=0-6 TH P (i.e., load factor =60 per cent.) ; 

S=cruising speed, m.p.h.; 

R=range in hours ; 

V=value of payload, pence per ton mile ; 

C=cost of 87 octane gasoline, pence per gallon. 
Then, weight difference of engines for flight of R hours 


i _ 0-584 CH PxR.S 
() 2240 
Weight difference of fuel, oil and tanks, for flight of 
R hours 


ton miles 





(2) _0-101CH Px R?.8 
2240 

Volumetric difference of fuel used for flight of R hours 

(3) . =0:0196 CH P . R gallons 

Value of payload difference 


ton miles 





the regular Transatlantic service. 








V.CHP.R.S 
= ——.——_ (0-101 R—0-584 
(4) 2240 nts 
Total value 
=Value of payload difference + value of 
fuel saved 
=(4)-+(3)xC 


0-101 R—0O-584 
2240 
+0-0196 C pence | 


Now, fuel consumption of compression ignition engined 
aircraft for flight of R hours 
_CHPxR 
272330 
.’. Value of compression ignition engine fuel in compari- 
son with 87 octane gasoline 

( 
6 
=8 V (0-00107 R—0-00616) 
+0-469 C pence per gallon. 
C. Comparison Between 100 Octane and Compression 
Ignition Engines. 

Using the same method as under B, and engine data 
under A :— 

Value of compression ignit’ on engine fuel in comparison 
with 100 octane gasoline 

=8 V (0-000757 R—0-008) 
+0-404 C pence per gallon. 

The curves in Fig. 2 show the allowable cost of gas- 

oil for a compression ignition engined aircraft to permit 


=CHP.R {s.v.( 


(6) gallons 
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Fic. 2—Curve Showing Allowable Cost of Gasoil for C.I.-Engined 
Aircraft to Permit Same Fuel Cost for (A) 87 Octane Gasoline 
Engines ; (B) 100 Octane Gasoline Engines. 


of the same fuel cost for the same machine fitted with 
87 and 100 octane engines. In this case, the following are 
assumed :— 
Cruising speed 
Value of payload 
Cost of 87 octane gasoline 
Cost of 100 octane gasoline 


i 


160 m.p.h. 

43 pence per ton mile 
15 pence per gallon 
31 pence per gallon 


From these curves it will be seen that on present-day 
prices the compression ignition engine can only compete 
with the 87 octane gasoline engine on a six-hour range, 
and with the 100 octane gasoline engine on a ten-hour 
range. This practically limits the sphere of usefulness of 
the compression ignition aero-engine to aircraft intended 
for trans-oceanic flights, unless the other advantages 
of this type of engine enumerated in your previous articles 
justify its development on other than purely economic 
grounds. 

Amongst the advantages of the compression ignition 
engine must be included the elimination of the compli- 
cated automatic carburettor and/or exhaust gas analyser, 
either or both of which are essential to obtain the required 
fuel economy with gasoline engines used for long range 
flights at varying altitudes. 

There is one other important point which has been over- 
looked in most of the recent discussions on this subject, 
and this is that whereas the future development of the 
gasoline engine can only be gained at the cost of fuels 
technically more difficult to produce, development of the 
compression ignition engine should make it less selective 
in its fuel requirements. 


E. L. Bass. 
London, E.C.3, April 2nd. 








Rattway Accipents.—In addition to the accident on 
the Southern Railway at Battersea, a report of which 
appears on another page, three other accidents have 
occurred in this country during the past few days. On 
Saturday, April 3rd, a London and North-Eastern Rail- 
way train had just left Stratford for Ponders End when 
one of its carriage doors flew open and struck a passing 
train bound for Liverpool-street. The door was torn off 
and three people were cut by flying glass. On Sunday, 
April 4th, at 5 a,m., two Southern Railway ballast trains 
collided just outside Pol Hill Junction, near Sevenoaks. 
One platelayer was slightly hurt and both lines were 
blocked for some hours. On the same day an empty 
Southern Railway electric train was being driven into the 
Ebury Bridge sidings near Victoria Station when it collided 
with a shunting engine. The driver of the electric train 
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was killed. 
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The Petersen Coil. 


HE Petersen coil about to be installed on the 
Central Electricity Board’s 33-kV Rotherham- 
Doncaster line and the Lincolnshire ring is a well- 
known piece of apparatus designed to increase the 
continuity of supply. Many engineers understand 
its objects and principle of operation, but in 


this country, where the neutrals of electricity 
supply systems are usually solidly earthed or 
earthed through a resistance, it has not until 


recently claimed much attention. Points in favour 
of solid earthing are the absence of substantial 
excess voltage due to an arc to earth, and there can 
be no rise of star point potential when an earth fault 
occurs. Theinsulation of transformers can therefore be 
graded and their cost reduced. On the other hand, 
with a solidly earthed neutral earth faults become 
short circuits which lead to interruptions of supply. 
By earthing the neutral through a resistance the 
magnitude of the current can be limited, but the 
line must still be isolated when an earth fault occurs. 

With a Petersen coil the arc is suppressed and the 
supply current is not necessarily interrupted. As 








FiG. 1—PETERSEN COIL AT HAYLE SUB-STATION 


temporary earth faults on overhead lines constitute 
the majority of faults, the Petersen coil may be the 
means of considerably improving the continuity 
of service, as in most cases these faults are reduced 
to short * kicks ’’ which pass unnoticed. Although 
the coil has met with widespread use in Germany 
and elsewhere, the usual British system of earthing 
and the use in scme cases of transformers with graded 
insulation have precluded its adoption in this country. 
The first British concern to put it to a practical test 
seems to have been Edmundsons’ Electricity Cor- 
poration, which installed an experimental coil at 
Andover in 1934. Since then coils have been built 
by the A.E.G. Electric Company for use by the 
Western Electric Supply Company, the East Anglian 
Electric Supply Company, the Cornwall Electric 
Power Company, the Great Yarmouth Corporation, 
and the Norwich Corporation. 

In Figs. 1 and 2 we are able to give, through the 
courtesy of Edmundsons’ Electricity Corporation, 
views of Petersen coils at the Hayle and Liskeard sub- 
stations of the Cornwall Electric Power Company. 
The former is rated at 33 kV, 7-5 amperes, and the 
latter, to be seen in the centre of the illustration, at 
11 kV, 8 amperes. Abroad, the coil is said to be used 
on over 1000 systems, comprising about 200,000 
miles of overhead high-tension lines and under- 
ground cables. Apart from this country relatively 
few high-tension lines in Europe are without it. 

The action of the Petersen coil may be explained 
briefly by saying that the charging current in the 
fault leads the line to neutral voltage of the faulty 
phase by 90 deg., while the Petersen coil, which is 
almost a pure inductance, gives a current lagging 
by the same amount, with the result that the fault 
current is neutralised. To enable the inductance 
ot the coil to be adjusted to suit the system, it is 
provided with tappings as shown in Fig. 3, where the 
fine wire winding is merely for auxiliary purposes, 
such as the operation of indicating or signalling 
devices. The coil is built on similar lines to an auto- 
transformer, although there are gaps in the core 
to increase the reactance and to limit the maximum 
oscillating voltage across the tuned circuit composed 
of the coil and the three line capacities. 

Dr. P. F. Stritzl, chief engineer in this country to the 
A.E.G. Electric Company, deals in his book on “ The 
Protection of Electrical Plant’ with the Petersen 


coil in considerable detail, and compares its use with 


are compared, the conditions assumed being those 
of a typical 33-kV network extending to a total 


insulated system. In the event of a fault to earth 
on an unprotected line with insulated neutral, the 
fault, which may be in the nature of a solid contact 
or, more frequently, an arc carries a leading current 
composed of two charging currents of the healthy 
conductors, #.e.: 
Tre= 2 nif x Ce x Var, 
and Iyo= 2 wif x Cy x Vay, 


where f denotes the frequency, Cz and Cy the capacit- 
ance to earth of each conductor, and Vp, and Vary 


distance of 100 miles. In the case of solid earthing the 
current through the fault depends upon the distance 
from the supply end, and is assumed to be 600 amperes 


lagging behind the voltage of the faulty phase. An 
earth resistance reduces the fault current, but at the 
same time displaces the current vector considerably, 
whilst in the case of a fully insulated neutral the 
current leads by nearly 90 deg. and may amount 
to possibly 50 amperes, With a Petersen coil the 
residual watt current will not exceed 5 amperes. 
The duration of the are is determined by the fault 
current and the conditions prevailing between the 
are terminals. 

On an unprotected system the voltage across 
the are (as shown in the curve I, Fig. 6) rises to twice 
the normal voltage (curve II) during the first cycle, 
but a Petersen coil suppresses the voltage to a small 
residual value (curve III), and thus prevents restrik- 











the acting line voltages, each equal in magnitude to 
Vph, the phase voltage x V3. 
The resulting fault current : 


At 
Ig=Ino+ Lyo=2 % f X (4/3) Cyn x (V3) Von, 
if sufficiently large maintains an are to earth, and 
serious damage may be done before the fault is 
isolated. But if a Petersen coil be inserted between 
the star point of a transformer or alternator winding 
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FiG. 3—PETERSEN COIL CONNECTIONS 


and earth (Fig. 4) of such inductance L, that the 
lagging current in the circuit composed of the phase 
winding B the coil and the fault 

=Ipi=Vpa/(2 = f x Lp) 

is equal to the leading earth current Ig, the resulting 
current through the fault will, apart from the small 
watt component due to the ohmic resistance of the 
circuit, be nil, owing to the fact that the phase of 
Ini is 180 deg. out of phase with respect to Ip. No 
arc can be maintained and a single phase earth 
fault does not cause interruption of service if 


In Fig. 5 the effects of various methods of earthing 








solid earthing, earthing through a resistance, and the 


* « Vectorial summation. 


FiG. 2—PETERSEN COIL AT LISKEARD SUB - STATION 

















ing. After extinction of the arc, current continues 
to oscillate in the circuit composed of the coil induct- 
ance and line capacitance with the natural frequency 
of the circuit. The natural oscillation decreases 
gradually, while the voltage between the faulty 
phase and earth shows a simultaneous slow increase 
back to normal. At the same time, the potential 
of the two healthy phases also returns to normal. 
The majority of earth faults are therefore reduced to 
a short “kick.” When, as relatively rarely occurs, 
a solid contact is established between one phase 
and earth, as when a conductor is broken, the 
Petersen coil as used in Germany permits the continued 
operation of the system until the faulty section 
can be isolated for repair. Much damage is said to 
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FIGS. 4 AND 5—ALTERNATIVE EARTHING SYSTEMS 


have been averted by the use of these coils, and in 
some cases men making contact with a conductor 
under full voltage owe their lives to its compensating 
action. The coil is also claimed greatly to reduce 
telephone interference. 

When out of tune to the extént of 10 to 25 per 
cent., the coil is still effective, the lower value 
referring to the highest voltages and the higher to 
medium voltages. It is most effective when the 
inductance and earth capacitance of the network 
protected combine to produce a natural frequency 
equal to the normal frequency. Thus, that which 
is otherwise viewed with alarm in high-tension practice 
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is deliberately aimed at, namely, an oscillatory 
cireuit of the widest possible range that embraces 
the entire network and is just in resonance with the 
network’s working frequency. As the voltage to 
earth of the neutral point of the network caused 
by unsymmetrical line capacitances or by external 
influences, need not necessarily be zero, the possibility 
of deleterious resonance occurring cannot be denied, 
and ways and means must be provided of preventing 
the development of dangerous over-voltage due to 
resonance, 

Actually, the magnitude of this over-voltage 
is confined to narrow limits by the selection of a 
suitable iron saturation point. The theory of the 
method has been dealt with by Professor J. Bier- 
manns, and is discussed at length in Dr. Stritzl’s 
book, but it will suffice to say here that although 
the inductance varied in this way avoids the occur- 
rence of over-voltage it does not, it is claimed, alter 
it sufficiently, even during the usual fluctuations of the 
network voltage, to jeopardise the arc-extinguishing 
effect. The induetance does not change by more than 
- 5 per cent., a figure of no significance in service at 
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Fic. 6—-ARC VOLTAGES 


the maximum saturation of about 15,000 gauss and 
voltage fluctuations of + 10 per cent. 

Just as in this country the Petersen coil is now 
gaining favour, so is it in America. Experience with 
several installations in U.S.A. has shown that the 
coil provides an effective means of obtaining a marked 
improvement in service continuity on overhead 
transmission lines, and that the improvement can 
be obtained at very low cost. According to an 
article on.the application of the Petersen coil by Mr. 
Kk. M. Hunter, appearing in a recent issue of The 
General Electric Review, the cost of the coil is insignifi- 
cant when compared with the protection it provides. 
On most systems the cost is less than £20 per mile of 
protected line, and the more extensive the system the 
lower the cost becomes. Althoughmost of the American 
high-voltage systems are solidly earthed, there are 
many that are still being operated with an insulated 
earth. When trouble from earth faults on an isolated 
neutral system become too widespread, it was in 
some cases the practice to divide the system into 
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FiG. 7—AUXILIARY CONNECTIONS 


sections and to operate eacii as a unit. But obviously, 
this does not remove the trouble. It merely confines 
the disturbance to a smaller area. A Petersex coil 
in each of the areas will, howeyer, remove much of 
the trouble without interrupting the service. It seems 
unlikely, Mr. Hunter states, that these coils will be 
applied to any great extent to existing American 
systems of 115 kV or higher. These systems are now 
well committed to a policy of solidly earthing the 
neutral, and on some of them there are many trans- 
formers with graded insulation which must be solidly 
earthed. The same applies to the 132-kV British 
grid lines. 

As regards the application of Petersen coils to 
cables, Mr. Hunter, in common with other engineers, 
contends that since a cable failure means permanent 
damage, there is little point in using these coils in 
this connection; but Dr. Stritzl holds a totally 
different view. Here, he says, still more than on 
overhead lines, there is a tendency for earth faults 


to develop into a short circuit between phases, resulting 
in the absence of rapid isolation in the burning out 
of a considerable length of cable. Moreover, earth 
currents due to high cable capacitance are extremely 
heavy in underground feeders. By the action 
of the coil the current through an earth fault is 
reduced to a fraction of the usual values, but in 
contrast to transient faults in overhead networks the 
residual fault current will not disappear. The fault 
need not, however, be isolated at once, but may be 
allowed to remain for a time, the duration being 
dependent on the value of the residual current and 
the type of cable. 

Cables with separate metal sheaths over each con- 
ductor are said to permit the residual earth current 
to persist for one hour or more before developing 
into a multi-phase short circuit, a gain which is con- 
sidered to be valuable, as it allows the switching 
operations for the isolation of the faulty section to 
be carried out without undue hurry. Although, 
on account of the heavy earth currents, the cost 
of Petersen coils for underground cable feeders or 
networks is considerable, they are said to be meeting 
with appreciable application on the Continent, par- 
ticularly on cables for the highest voltages. The 
Berlin system is by far the largest underground 
system on which Petersen coils are used, but there 
are other systems on which they are applied with 
equal success. Whilst on overhead systems the 
tuning of the coil need not be very accurate, in 
view of the high capacity current in the case of cables, 
it is essential to reduce the fault current to a minimum. 
A special instrument, known as the Compensometer, 





‘has therefore been developed for indicating the 
| amount of under or over-compensation at any time. 
| It measures the line impedance directly and takes 
| into account the variation of capacity due to switching 
| operations and other causes. The use of this instru- 
|ment is particularly advantageous where a number 
of Petersen coils are connected to one network, since 
each coil can be tuned to give full compensation 
| in co-operation with the others. On very extensive 
| overhead systems the use of a compensometer is 
also desirable, as in this case the potential between 
the neutral and earth would be substantially 
influenced by the capacitance of the three phases 
being unbalanced. 

In the absence of a Petersen coil high steep-fronted 
surges may be caused on a system with insulated 
neutral by an intermittent arc to earth. If the 
neutral is solidly earthed substantial excess voltages 
are avoided, but every single earth fault short 
circuits one phase of the system, and the short circuit 
threatens to spread quickly to the other phases. 
In both cases the faulty line section must be cleared 
as rapidly as possible by an earth leakage 
relay. Even on systems protected by Petersen 
coils earth relays are desirable if only to indicate 
in which section an earth fault has occurred. 

As Mr. Hunter says in the article to which we have 
previously alluded, the Petersen coil should not 
be regarded as a substitute for earth relays, 
but rather as a means of making it unnecessary to 
trip the line on the occurrence of conductor to earth 
faults of a purely temporary nature. If, for financial 
reasons, a choice must be made between a coil and 
earth relays, then it would appear wise to buy the 
coil first, because most earth faults are temporary 
and consequently the coil will give more protection. 
On a system at present without an earthed neytral 
the coil will remove the majority of single phase to 
earth flash-overs without a line interruption. Arcing 
earths and the resulting insulator flash-overs and 
apparatus failures in remote sections of the system 
during earth faults will be eliminated. 

Six years’ operating record of the Petersen coils 
on the system of the Consumers’ Power Company 
in U.S.A. shows that 70 per cent. of the faults were 
removed without service imterruption. The coil 
removes single phase to earth flash-overs irrespective 
of whether they are the result of transient over- 
voltages caused by lightning or switching surges or by 
objects which accidentally connect the conductors 
together. A coil on the Central Maine Power Com- 
pany’s system operated fifty-four times in the first 
15 months of service. Many of the faults were in the 
winter season and were caused by wind, sleet, trees, 
&c. The coil limits the earth fault to a few amperes, 
which minimises the ionisation of the air around the 
insulators and extinguishes the are quickly. Both 
these effects reduce the tendency of the are to spread 
and involve other phases. 

When short-circuit currents are not cleared 
promptly much damage to line conductors and 
insulators may result, but by limiting the fault 
current to a few amperes and extinguishing arcs 
within a few cycles, damage to the equipment is 
minimised. The relatively few operations of oil 
circuit breakers is also beneficial in the way of reduc- 
ing maintenance. The neutrals of all transformers in 
the protected area must, however, be insulated for 
leg voltage, and this includes all parts of the system 
which are metallically connected to the coil. As 
the coil permits the system neutral to shift to leg 
voltage above earth during earth faults, all equip- 
ment connected between line and earth, such as 
lightning arresters, must be capable of withstanding 
line-to-line voltage. 

On the Central Maine Power Company’s installa- 





tion one coil protects 560 miles of 33-kV line, but 





there are practical considerations which sometimes 
make it desirable to use more than one coil. There 
is always a possibility that an extensive system 
may become divided into sections and be operated 
as individual units for at least limited periods. With 
only one coil this would leave all but one of the sections 
without protection, while the section with the coil 
in service may not be properly protected because 
the coil may be considerably out of tune. It is 
therefore desirable to provide a coil for each section 
with sufficient capacity to handle that section alone. 
A coil and a section can then be switched as a unit, 
and there is no necessity for any changes in the 
tuning of other coils remaining in service. The 
exact location of the coil in the system is 
usually dictated by the location of transformers. 
Tests in America have shown that successful arc 
extinction was obtained with the coil adjusted so 
that there was a predominance of leading current 
in the fault and also with a greater predominance 
of lagging current. 

The first installation of a Petersen coil ‘x America 
was in 1922 on a 93-mile section of the Alabama 
Power Company’s 44-kV system. In the previous 
year there were forty-three interruptions with a 
total duration of 230 minutes and eighty-two thunder- 
storms. With the coil in use in 1922 the number of 
interruptions was reduced to seven, with a total 
duration of 14 minutes, notwithstanding that there 
were five more thunderstorms. The coil was kept 
in service for about six years, with a good record. 
At the end of that time the system outgrew its 
capacity. Some time later it was removed to the 
Georgia Power Company’s system, where it is still 
in use. The second installation, consisting of two 
coils on a 275-mile section of the Consumers’ Power 
Company’s 140-kV system.,was made in 1931. 
Operating experience during the years following 
with these coils shows that 71 per cent. of the faults 
on this system were cleared without a line interrup- 
tion. During this period a total of 242 faults oceurred 
as the result of lightning, sleet, and other causes, 
and of these faults 171 were removed without operat- 
ing an oil circuit breaker. The third installation 
was made in July, 1935, on the 560-mile 33-kV 
system of the Central Maine Power Company, and 
has since operated fifty-four times without a service 
interruption and has cleared all faults which were 
not the result of permanent damage to the system 
insulation. 

Besides clearing earth faults, simultaneous flash- 
overs. of line insulators at different sections of this 
system during earth faults have been considerably 
reduced. A fourth Petersen coil installation was 
made on the 33-kV system of the Public Service 
Company of Indiana during the latter part of 1936, 
and a fifth on the 100-kV system of the Public 
Service Company of Colorado in the early part 
of the present year. To prevent the coil resonating 
with the system during normal switching operations 
and to protect the coil from transient abnormal 
voltages which may be transmit.ed to it through 
the power transformer, these American coils are 
provided with Thyrite arresters or Thyrite resistances 
without gaps. 

In addition to the secondary of the current trans- 
former (C T, Fig. 7) at the earthed end of the Petersen 
coil for operating alarm and recording devices, 
other equipment is sometimes provided in America 
for short circuiting the coil and solidly earthing 
the neutral in the event of a permanent earth fault. 
The alarm circuit may consist of a self-resetting 
instantaneous over-current relay having two e-ec- 
trically separate circuit-closing contacts, one arranged 
to ring an alarm when the coil operates, and the 
other to energise a time-delay relay which, when 
it picks up, closes a short-circuiting switch across 
the coil. As this relay has sufficient time delay to 
permit the coil to remove temporary faults, it only 
operates when a permanent fault occurs. A recording 
ammeter may be used to make a permanent record 
of each coil operation. 








Mr. B. B. Low.—In our obituary notice of Professor 
David Allan Low in last week’s issue we referred to his 
son, Mr. B. B. Low, as being the Professor of Mathematics 
at the Military College of Science, Woolwich. Mr. Low 
in actual fact is Lecturer in Mechanical Engineering at the 
College. We were misled by the fact that he is the author 
of a well-known book, Low’s ‘“‘ Mathematics.” 

British InsutaTED CaBLEs, Lrp.—An interesting 
ceremony took place in Liverpool on April 2nd, when, 
at the annual meeting of British Insulated Cables, Ltd., 
the shareholders presented for the custody of the board 
a portrait of Mr. George H. Nisbett, M.Eng., the managing 
director of the company, painted by Sir William Llewellyn, 
President of the Royal Academy. In accepting the 
portrait, Sir Alexander Roger, chairman of the company, 
paid a high tribute to Mr. Nisbett’s services to the com- 
pany during the last forty-three years. It was through his 
initiative that British Copper Refiners, Ltd., was estab- 
lished in Prescot for the production, by the fire-refining 
process, of British Empire copper for electrical and other 
purposes. Mr. Nisbett also took an active part in the 
inception and working of the Cable Makers’ Association. 
His influence in cable design has been widely felt, and in 
the development of high-voltage transmission of electricity 
he has borne a conspicuous share. In connection with the 
various schemes for the welfare of the company’s em- 
ployees—educational, thrift, pensions, convalescent home, 
&c.—he has wholeheartedly identified himself. 
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Beyer-Garratt Locomotive: High- 
Speed Record. 


We reproduce herewith two views of the new express 
passenger Beyer-Garratt locomotive, Twelve of these 
engines have been constructed by the Société Franco-Belge 
de Matérial de Chemin de Fer of Raismes (Nord), France, 
in close collaboration with Beyer, Peacock and Co., Ltd., 
of Manchester, for the Algerian Railways. The last two 
of this series of twelve engines, four more of which are, 
we are given to understand, shortly to be ordered by the 
Algerian Railways, were, by arrangement lent to the 
Nord Railway of France, for special tests, one locomo- 
tive being converted for oil burning. 

The tests began with a series of runs with heavy trains 
in the Lille district, and between Paris and the Belgian 
frontier. On Tuesday, March 23rd, it was decided, how- 
ever, by the Nord Railway to test the suitability of these 
large locomotives for continuous high-speed running in 
heavy passenger service. For this purpose the non-stop 
12.15 p.m. train from Paris (Nord) to Calais was selected, 
as providing a run of over 184 miles at an average scheduled 
speed of over 60 m.p.h. - With the addition of a dynamo- 
meter car, this train was hauled at an average speed of 
62-5 m.p.h., and accomplished the journey well within 
the scheduled time. Although it was decided to make a 
precautionary stop of 8 min. for water at Amiens, the 
train arrived at Calais 2 min. before time. The average 
speed from Paris to Amiens was exactly 60 m.p.h., a note- 
worthy feature of the run being the consistently high 
speeds which were maintained on the _ gradients. 
From Amiens to Calais the average speed maintained was 
64-5 m.p.h., the distance being 104 miles. Over the whole 
run the speed averaged 62-5 m.p.h. This Beyer-Garratt 
articulated locomotive fitted with Cossart valve gear 
and electrical reverse gear, designed for working in 
both directions, is the first of the type designed for high- 
speed service. 

We may add that the train with the dynamometer car 
weighed 454 tons, and that the locomotive was driven by 
an Algerian driver who had previous experience with 
this type of engine, with a Nord driver acting as a pilot. 
The boiler was fired with briquettes, and there seemed 
no difficulty in maintaining a boiler pressure of round VIEW IN LOCOMOTIVE CAB 
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about 285 lb. per square inch, with superheats up to 


75 m.p-h, was recorded, corresponding to a draw-bar 
horse-power of 3000. We hope in a succeeding article to 
refer in more detail to this fine performance, and to some 
of the special features of construction. Meanwhile, it 
may be stated that the same locomotive is to undergo 
still further tests on heavy traffic duty, up till April 20th, 
when it will be shipped to Algiers from Dunkirk. Shortly 
after that date it is expected to begin the tests on the oil- 
burning locomotive. 

The following are the principal dimensions and par- 
tioulers of the locomotive : — 





Cylinders (4) : Diameter 490 mm. 19}in. 
stroke 660 mm. 26in. 
Coupled wheels, diameter 1800 mm. 5ft. llin. 
Boiler pressure. . ve 20 kg. per 284 Ib. per 
sq. cm. sq. inch 
Heating surface— 
Tubes (inside) . 239-19 sq. m. 2574 sq. ft. 
Fire-box 20-47 of 230, 
Total a . 259-66 . 2794 
Superheater (outside) 90-60 26 975 
Total . 350- 26 3769, 
Grate area ‘ - «| 5°408q. m. 58 sq. ft. 
Tractive effort at 75 Sper cent, 
Bas i 26,410 kg. 58,102 Ib. 


18 tons 4 ewt. 
212 tons 12 ewt. 
6600 gallons 
10 tons 16 ewt. 


18-5 tonnes 
216 tonnes 
30 cu. m. 
11 tonnes 


Maximum axleload ..._. 
Total weight in ween order 
Water capacity 

Coal capacity ... 











An Inter-Cylinder Reheating 
Marine Installation. 


N a Journal note of April 2nd we referred to the recent 
successful trials of the cargo steamer “‘ Lancaster 
Castle,”’ the second of two sister ships built by Sir James 
Laing and Sons, Ltd., of Sunderland, and engined by the 
North-Eastern Marine Engineering Company, Ltd., of 
Wallsend and Sunderland, for the service of James 
Chambers and Co., of Liverpool. In the following article 
we give some further particulars of the hull and machinery 
of these interesting tramp steamers. 

The ‘“ Lowther Castle’ and the “ Lancaster Castle ” 
were constructed to combine an already successful type 
of hull with modern triple-expansion steam engines, 
incorporating the inter-cylinder reheating system recently 
developed by the engine builders. 


Tue Ho... 


The principal hull dimensions and particulars are as 
follows :—Overall length, 454ft. 3in.; extreme breadth, 
57ft. 3in.; draught, 24ft. 8}in.; deadweight carrying 
capacity, 9250 tons; designed service speed, 10} knots. 
The vessel is constructed on the open shelter deck principle 
with a top gallant forecastle, and there are five large 





750 deg. Fah. On a rise following St. Denis a speed of 


Sir James Laing and Sons, Ltd., collaborated in the 
research work which led up to the production of this 
successful model, but the ‘‘ Lowther Castle ” was the first 
vessel to be built at Deptford since 1930, and it was perhaps 
fitting that in reopening recently the firm’s Deptford yard 
at Sunderland, the first vessel to be completed should mark 





an important step forward in efficiency and economy of 
operation. 
THe Macutinery DEsIGN. 

The machinery herewith described is, we are informed, 
the result of many years’ development and trying out of 
the various components under service conditions at sea, 
and the present installation, all of which is covered by 
patents, embodies the results of all the firm’s previous 
work. Up to the present time the usual initial steam con- 
ditions in marine reciprocating triple-expansion steam 
engine practice have been a pressure of about 220 lb. per 
square inch, and a temperature of about 600 deg. Fah. 
These conditions compared with saturated steam give a 
heat consumption economy which varies with the type of 
engine, but, in general, may be taken as some 15 per cent. 
With this degree of superheat no condensation occurs 
during expansion in the H.P. cylinder. The steam becomes 
wet, however, during expansion in the M.P. cylinder, and 
wetter still in the L.P. cylinder. It may be noted that the 
greater portion of the economy of superheated steam 
in usual practice arises from a reduction in condensation 
in the system. 

In the ‘‘ North-Eastern”’ reheater engine, herewith 
illustrated, the H.P. steam conditions are about the same 
as given above, but before admission to the M.P. cylinder 
the steam is reheated by an amount which ensures its 
remaining dry throughout expansion in the M.P. and L.P. 
cylinders. The amount of reheat for this purpose varies, 
but will usually lie between 140 deg. and 200 deg. Fah. 





hatches giving clear holds. The crew are housed in the 









in heat consumption is in excess of the theoretical economy, 
and the same circumstance is found in the relation between 
the reheater engine and the superheated engine. The 
discrepancy between theory and practice is due, it is 
suggested, to not making sufficient allowance for the 
deleterious effect of wetness on the efficiency of the cycle. 





Fic. 3—COMPONENT PARTS OF REHEATER 


The builders recall the fact that this new reheater marine 
engine, by its complete elimination of cylinder condensa- 
tion, completes the line of development started by James 
Watt some 150 years ago, when by his great invention of 
the separate condenser he greatly reduced cylinder con- 
densation. 

The following table shows the approximate steam dry- 
ness conditions at admission and exhaust for the three types 
of engines :— 








| | 
| Saturated | — Superheated 
steam. | and 
| Teheated. 
H.P.: Admission 2’per cent.| 200 deg. | 200 deg. 
we wet superheat | superheat 
Exhaust 6 percent. | 85deg. | 86 deg. 
wet | superheat superheat 
M.P.: Admission ...| 6 percent. | 85deg. | 240 deg. 
wet superheat | superheat 
Exhaust a 9 percent. | 2 percent. | 125 deg. 
wet } wet | superheat 
L.P.: Admission ...| 9 percent. | 2 percent. | 125 deg. 
wet wet | superheat 
Exhaust 12 per cent. | 5 per cent. | deg. 
wet wet superheat 


THe Mar ENGINE. 


In the accompanying engravings, Figs. 1 and‘2, we 
illustrate the main engine, which has the foilowing 





As mentioned above, the superheated engine shows 








FIG. 1 


poop, the accommodation being in accordance with the 
latest Board of Trade recommendations. 

The hull is framed on the Isherwood combination 
framing system to plans approved by Sir Joseph W. 
Isherwood and Co., Ltd., but is of a special design, 
which is now becoming well known to shipowners 
as the result of the performances of vessels built by 
Joseph L. Thompson and Sons, Ltd., since 1935. 


—REHEATER ENGINE FOR CARGO SHIP 











an economy in heat consumption of about 15 per cent. over 
the saturated engine. Performance figures indicate that 
the reheated engine has an economy of not less than 10 per 
cent. over the superheated engine ; and experience to date 
would tend to indicate that the overall economy in a 
marine installation may well be as high as 15 per cent., as 
expressed in fuel consumption per horse-power per hour. 
In the case of the superheated engine the actual economy 


FIG. 2—ENGINE SHOWING REHEATER 


cylinder dimensions :—H.P. cylinder, 23in. diameter ; 





MOUNTING 


M.P. cylinder, 38in. diameter; L.P. cylinder, 66in. dia- 
meter; stroke, 45in. 


Both high and middle-pressure cylinders are furnished 
with “‘ North-Eastern *’ Poppet valves, which have proved 
highly satisfactory over many years for superheated steam, 
owing to the absence of sliding surfaces which are exposed 
to the high-temperature steam. 
exhaust valves are fitted. 


Separate steam and 
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The L.P: ¢ylinder is provided with a special type of 
balanced valve and all the valves are actuated by Stephen- 
son link motion. 

As will be seen from Fig. |, the L.P. cylinder is placed 
in the middle of the engine, having the H.P. to forward 
and the M.P. to aft. This arrangement renders the 
valve gear very accessible, while the heavier line of parts 
is between the two lighter lines, thereby giving the engine 
a very good running balance. The reheater is mounted 
directly on the back of the cylinders, as shown in Fig. 2, the 
component parts of the heater being illustrated in Fig. 3. 

The steam from boilers enters the tubes of the reheater 
at a temperature of about 750 deg. Fah. and passes through 
the tubes. It leaves at a temperature of about 600 deg. 
Fah. and is admitted to the H.P. cylinder at this tem- 
perature. The H.P. exhaust passes round the outside of 
the tubes and receives its reheat from the H.P. steam 


- _ Triat REsvuuts. 
During the recent trials of the ** Lancaster Castle ” the 
machinery worked with noticeable smoothness and an 


average speed of 12 knots was recorded under ballast con- 
ditions with a reserve of power. 


‘*“ Lowther Castle,” has recently completed her maiden 


voyage to the River Plate in ballast trim, a distance of 
6000 to 7000 miles, and she averaged 10-7 knots on an 
average daily consumption of 14 tons of North Country 
coal. 
cargo steamers will be awaited with interest. 


Further service results of these two interesting 








The sister ship, the | 
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Fic. 4—BACK OF MAIN BOILER 





inside the tubes. The special materials which are used for 
the various parts and the lubrication arrangements are 
all in accordance with the North-Eastern Company’s 
experience with superheated installations. The running 
gear of the engine is designed in accordance with usual 
practice and does not call for special comment. 


Marin AnD Avuxittary Borers. 


There are two main boilers, cach with a length of 
15ft. 6in., and a diameter of 12ft., designed for a working 
pressure of 220 lb. per square inch, with a final steam 
temperature of 775 deg. Fah. Fig. 4 shows the back of 
one of the boilers and illustrates the arrangement of super- 
heater headers. The design of the superheater and the 
combustion chamber is shown in drawing Fig. 5. The 
superheater is of the firm’s patented combustion chamber 
type. 

The boilers are specially proportioned to suit the super- 
heater design, it being necessary with this particular type 
of superheater and for the working temperatures to design 
the boilers and superheaters in combination. It may be 
noted from Fig. 5 that the headers are on the boiler back— 
that is, in the engine-room—and that smoke tubes are free 
of elements and are accessible for expanding at both ends 
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FiG. 5-SUPERHEATER AND COMBUSTION CHAMBER 


without disturbing the superheater. The elements 
are self-draining. An auxiliary boiler, 12ft. 6in. diameter, 
1lft. 6in. long, is installed, and is designed for the same 
pressure as the main boilers, 220 lb. per square inch. It 
can be used for circulating steam through the main super- 
heaters when raising steam in the main boilers. 

The main boilers are provided with coal-burning grates 
and are fitted with Howden’s forced draught system with 
air heaters in the uptakes. 

All the auxiliary machinery is designed to work on 
superheated steam, a desuperheater being fitted in the 
auxiliary steam line to control under certain conditions 
auxiliary steam temperature. 

The auxiliary machinery is generally similar to that 
fitted in modern superheated installations. 


New Change-Pole Switches. 


For varying the speed of two and three-phase change- 
pole motors which do not demand more than 30 amperes 
at voltages up to 550, the British Thomson-Houston 
Company has introduced a range of air-break, drum-type, 
change-pole switches, which, when used with appropriate 
starters, are particularly suitable for motors driving 
machine tools. When the switches are employed for 
varying the stator tappings of four separate windings, 
@ maximum of four speeds can be obtained. The switch 
is invariably used in conjunction with a separate circuit 
breaker, contactor, or other starter, and to ensure that 
the circuit is never made or broken on the change-pole 
switch contacts, it is electrically interlocked with the 
starting device. The switch is operated by a lever engag- 
ing in notches at the “ off”? and each running position. 

































CHANGE-POLE SWITCH 


By depressing the lever it is disengaged with the notch 
and is then free to be moved to any position whilst, at 
the same time, the interlocking contacts in the base of 
the switch are opened, thus automatically interrupting 
the circuit and avoiding any possibility of attempting to 
change the speed whilst the motor is at work. The switch 
is also used for motors coupled to pumps which are 
required to run at from two to four different speeds. One 
of the advantages of this method of speed control is, of 
course, that no power is wasted in resistances. 








BRITISH STANDARDS INSTITUTION. 





All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. 


FUSION WELDED STEEL AIR RECEIVERS. 


No. 487. This specification was first issued in 1933, 
and recently a review was undertaken to ascertain whether 
any amendments were necessary to bring it into line with 
present-day practice. This review indicated that the 
specification had in general proved satisfactory in practice, 
and that no important changes were necessary. e 
principal amendments which are incorporated im vhe revised 
issue are in connection with the requirements relating 
to welding rods and to the tests for the general soundness 
of the weld metal. 


AIR FLOW MEASUREMENT. 


No. 726—1937. For some years past the British Com- 
pressed Air Society has published a pamphlet outlining a 
method by which the free air delivered by a compressor 
should be determined. In order to secure wider recog- 
nition of the method it was submitted to the British 
Standards Institution with a view to its adoption as a 
British standard. A committee was appointed to consider 
the question, and the results of its labours have been 
embodied in the above-named specification. The speci- 
fication describes in full the lay-out of the pipe line, a 
feature of which is the use of a perforated plate to secure 
uniform flow, as a result of which the length of the pipe 
line has been appreciably reduced from that which would 
be necessary without it. The measurement of the flow is 
determined from the pressure drop across a nozzle inserted 
in the air stream. A detailed description of the measure- 
ments and calculations necessary to determine the free 
air delivered by a compressor is given. The derivation 
of the formula used for calculating the quantity of air 
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Electric Welding Installation and 
Organisation in Shipyards.* 


By Monsieur W. L. FAERMAN. 








INTRODUCTORY. 


THE continuous progress of electric welding in ship- 
yards since its introduction into industry some ten years 
ago and its present-day development call for the solution 
of the new problem of a rational equipment of this service 
and of its incorporation in the existing organisation of a 
shipyard. The following notes outline what has been done 
in this direction at the Penhoét shipyard at St. Nazaire, 
France, for the application of welding to the construction 
of the largest mercantile and naval ships, both as regards 
their hull and their machinery. The technical and 
economic advantages of the solutions adopted having been 
checked by most satisfactory performance over a period 
of five years, it was thought that a description might on 
this account be of general interest. 

The Penhoét shipyard employs on the average about 
5000 workmen, of whom three-fifths are engaged on hull 
and the remainder on machinery and boiler construction. 

The intermittent use of are welding goes up to the build- 
ing of the ‘‘ Ile de France,”’ and by the end of 1930, when 
the welding service was organised, the yard had about a 
dozen portable welding sets and a corresponding number 
of works-trained welders. By the end of 1936 the welders 
and erector welders numbered about 300, and the steady 
progress can be gathered from an examination of Table 
No. I 


TaBiE I.—Progress in Arc Welding at the Penhoét Shipyard. 


Number of welders Yearly consumption of 


Year. (erectors wae oe - 
excluded). Electrodes. | Energy )kWh). 
1931 40 560,000 120,000 
1932 60 860,000 190,000 
1933 65 910,000 190,000 
1934 100 1,560,000 280,000 
1935 150 3,030,000 625,000 
1936 200 3,700,000 665,000 


WELDING CURRENT AND ITs DisTRIBUTION. 


Nature of the Current.—The current used for welding 
is direct current. The Classification Societies and other 
authorities, without actually specifying the use of direct 
current, are strongly in favour of it. This, besides minor 
technical considerations, was decisive in its choice. 

General Principles of the Central Distribution of Low- 
tension Welding Current.—The particular interest of the 
installation lies in the existence of a low-tension welding 
network which conveys current to about nine-tenths of 
the welders, shown in Fig. 1. Four central converting 
stations, three fixed and one transportable, convert 
5000-volt A.C. by means of several multiple constant- 
tension sets to low-tension D.C. Portable welding resist- 
ances are tee-ed off the network for each welder. 

A comparison of the capital and working costs of a 
restricted outlay for a hundred welders, working on berths 
Nos. 2, 4, and 5, and on the outfitting quays, showed that 
the initial outlay would not differ much in the case of a 
central welding plant, or of portable individual generating 
sets connected to the normal tension current network. 
The upkeep and running costs were, however, decidedly 
in favour of a central plant. 

At the time (1931) when the first welding central 
station at Penhoét was built, the only other similar 
installation on the Continent worked at a constant tension 
of about 60-70 volts, corresponding to the open circuit 
tension of individual welding sets. Ohmic resistances 
were used for regulation by the welders, and the arc was 
easily struck and ma‘ntained under these conditions for 
any position of welding work. 

An alternative proposition was to distribute current at 
a considerably lower voltage, say, 40-45 volts, and to 
provide reactance resistances for each welder to help him 
to strike and to maintain a stable arc during the successive 
short circuits when welding. The evident advantage of 
this latter scheme is a further economy in running cost, 
the cost of the current being lowered in the proportion 
of roughly 6 to 4. 

This suggestion was finally agreed upon, and the Penhoét 
shipyard was the first at that date to install a distribution 
of welding current under a constant tension of 40 volts. 
Although a number of similar equipments were installed 
afterwards in French shipyards, the Penhoét plant is still 
the most important of them. 

The progressive growth of this equipment can be 
summarised as follows :— 

Station No. 1, with four generating sets of 2000 amperes 
each, was built first, as well as the network around berths 
Nos. 2, 4, and 5, and along the outfitting quays. Next 
followed the electrification of the 1000ft. berth No. 1, 
together with station No. 2 with two identical generating 
sets. The last step was the building of station No. 3 with 
two similar sets, and of the transportable station No. 4, 
designed to be run on a railway wagon with a 4000-ampere 
set, and the electrification of berth No. 6 and of a portion 
of the boiler shop. The transportable station can reinforce 
the output to the quays or to berths Nos. 1 or 6, or can be 
used as an independent station anywhere. 

The total output of welding current of some 20,000 
amperes is considered sufficient to cover an eventual 
increase of 30 to 40 per cent. in the actual number of 
welders. 

It might be mentioned that the yard also has some forty 
individual portable welding sets for work in places where 
no L.T. welding current is available. 


ELEecTRIcCAL PrincipLes or THE L.T. CURRENT 
DISTRIBUTION. 
7. Fig. 2 represents the general electrical scheme of the 
central welding station (L.T. panels) which receive their 
H.T. alternating current supply from a 5000-volt A.C. 
feeder, the L.T. welding current being conveyed to the 











and the values assigned to the constants are explained in 
an appendix. 


* Spring meetings of the Institution of Naval Architects, 
March 19th, 1937. 
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shipyard network, This network consists of bare copper 
bars around the berths, along the quays, and in the work- 
shops, and is connected to the main bus-bars of the 
stations by means of buried armoured feeders. From 
Figs. 1 and 2 it can be seen that some or all of the central 
converting stations can be, if needed, interconnected for 
running in parallel on the berths network. The networks 
along the quays and in the boiler shop are, in view of their 
particular location, independent of the berths network. 
Generating Sets.—Each of the eight 2000-ampere 

















Coupling in Parallel of Sets and Stations.—In order 
that any two or more generating sets belonging to the same 
station may be run in parallel, the economic importance 
of which is self-evident, it is essential that, on the one 
hand, the tension of the coupled sets should be the same, 
and that, on the other hand, their over-compounding, ‘.e., 
the variation of the tension due to fluctuations of the 
welding current, should be simultaneous and the same for 
all sets considered. 

The desired variations in the tension of a single dynamo 
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———- Distributing copper bars. 
Underground armour-clad feeders. 
Sectioning device on bars. 
Central converting station No. 1 (8000 amperes). 
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Central converting station No. 2 (4000 amperes). 
Central converting station No. 3 (4000 amperes). 


C2 
C3 
C4= Transportable station No. 4 (4000 amperes). 


Fic. 1-—Penhoét Shipyard at St. Nazaire, France, General Layout of Welding Low-tension Current Network. 


fixed sets is driven by an A.C. motor (500 volts, 50 cycles) 
at 1450 r.p.m. The generator, with compound winding, is 
capable of delivering 2000 amperes at 70 per cent. rating, 
but can be overloaded for a short time to the extent of 
20 per cent. The overall efficiency ranges from 60 per cent. 
at a quarter load to 80 per cent. at full load. In normal 
conditions of running the tension is 40 volts at no load 
and 45 volts at fullload. The initial tension can by simple 
adjustment be raised to 50 and even 60 volts, the full- 
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c= Equaliser bus-bar. 

e=Stabilising control bus-bar. 

p= Positive over-compounding contro! bus-bar. 
n= Negative over-compounding control bus-bar. 


Fic. 2——Penhoét Shipyard at St. Nazaire, France, General Electrical Scheme of Welding Stations : 


load tension reaching correspondingly 55 or 65 volts. The 
tension is gradually raised with increasing load to com- 
pensate for the line drop, with the object of minimising 
the fluctuations of tension due to variations in the load. 
The regulation of the tension of each set is obtained by 
means of a special high-speed tension regulator. These 
regulators fulfil, however, as explained below, a second 
purpose, namely, that of maintaining on the same level 
the tension of sets belonging to the same station and run- 
ning in parallel. Their action in fulfilling this particular 
function will be briefly described. 





are obtained by an increase or a decrease of the number of 
resistances in its shunt winding as a result of rotational 
oscillations of the regulator. These oscillations are con- 
trolled in two ways. Any change in tension of the welding 
network connected to the regulator by pilot wires tends to 
create a compensating variation in the dynamo tension. 
The pilot wires are generally connected to a point in the 
network, which is assumed to be at the centre of gravity 





of consumption of the welding current. At this point the 


Converting Station 1 


A=ammeter. 
V= Voltmeter. 
S=Shunt. 

I= Switch. 


Inv. = Change-over switch. 
D=Circuit breaker. 
Ra= Additional resistance. 
Re= Field rheostat. 


tension is maintained constant. The regulator is. also 
connected to the shunt on the main panel through which 
passes the total current generated. An increase of this 
current tends to rotate the oscillating part of the regulator 
in such a way that the dynamo tension is increased, or 
vice versd, in the case of a diminution of the current. 

The regulators being finally connected also to the over- 
compounding bars on the panel, their action where two 
dynamos run in parallel is as follows :—Should a difference 
of tension between dynamos exist, not only will the effect 





be counteracted by the regulator, but the differential 
current due to the difference in the potentials on the shunts 
will tend, acting through the regulator, to equalise the 
tension of the d " 

This method of regulation has worked very smoothly 
and in a quite satisfactory manner since 1931, when the 
first central station, equipped with four sets, was brought 
into service. 

It was thought that two stations thus equipped 
could be also run in parallel provided that their initial 
tensions could be adjusted so as to secure a definite 
difference in tensions depending on the drop in the inter- 
connector. As this drop depends on the current circulating 
in the network, it was thought that under stable conditions 
of work the necessary adjustment could be made without 
any automatic devices, simply by lowering or increasing 
the tension of, say, station No. | on telephonic call from 
station No. 2. 

This scheme worked fairly well in the case of these two 
stations, but notwithstanding the competence and good- 
will of the operating staff, safety trips sometimes operated, 
so on further inquiry into the matter it was decided to 
equip the stations with automatic regulation for their 
running in parallel. 

The simplified scheme of this device, limited to the 
two stations No. 1 and 2 only, is represented on the left- 
hand side of Fig. 3. Suppose, as really was the case, that 
station No. 2 requires supplementary current for the net- 
work along berth No. 1. The tension regulators of station 
No. 2 are, as stated before, connected to the network by 
pilot wires. An additional automatic current regulator 
is connected to the dynamos of this station through a 
shunt on the negative bar and the equaliser bus-bar. 

The tension regulators of the dynamos of station No. | 
are now controlled not by pilot wires, but by the current 
regulator of station No. 2 in such a way that an increase 
of output of station No. 2 will result in a transfer of current 
from station No. 1.. The device is regulated and timed in 
such a way that momentary overloads on the local network 
(berth No. 1) will be met by a momentary overloading of 
station No. 2, whereas a longer overload puts the current 
regulator into action, and subsequently station No. 1. The 
general scheme of Fig. 1 shows how the automatic control 
can be applied to all the stations of the yard. The control 
has operated for several months in a most satisfactory 
manner. 

On Fig. 4 are shown typical kW loading diagrams of 
stations Nos. 1 and 2 when working in parallel. 

following observations can be made to complete 
the above description. 

(a) The motors of the three fixed stations run on 
500-volt A.C., and transformers of 5000-500-volt are 
provided in each station for this purpose. The motor 
of the transportable station No. 4 runs straight off the 





Converting Station 4 (Wagon) 





of the over-compounding which accentuates this difference 


5000-volt supply, without transformer. 
(6) The tension and current regulators of this latter 





+ 


Swain Sc 


Rr= Regulation rheostat. 

Rt= High-speed tension regulator. 

Rs= High-speed current regulator. 

Re= Reverse current cut-out (same for stations | and 2). 


Low-tension Panels. 


station are somewhat different to the others. The first 
is not required to control parallel running with other 
dynamos. The second tends to lower the tension of 
station No. 4 when its output is over a certain limit. 
In this way a difference between the tension of the next 
interconnected station is created, resulting in a transfer of 
current towards station No. 4, shown in Fig. 3 to the right. 

(c) The stations are not earthed, but all return current 
is brought back to the generators, thus avoiding stray 
currents. 

(d) As can be gathered from Fig. 2, the boiler-shop 
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forms a separate network, and a separate generating 
set is provided to supply it. The quays’ network is also 
separated from the other network, but can be supplied 
with current by any one, or several, of the sets of station 
No. 1. The welding shop can be connected either on 
the berths or on the quays’ networks. This explains the 
particular features of the L.T. panel of station No. 1. 
Feeders and Distribution Bars.—Underground armour- 
clad feeder cables serve for the connection of the 
stations to the networks, and for the interconnection 
of networks. Fig. 5 represents a sectional view showing 
on the left how the distribution bars for the berths, quays, 
and shops are supported, and on the right how the primary 
welding resistances are connected to the bars was 
taken to minimise contact losses, and no trouble has been 
experienced on this account. As mentioned above, bars 
and feeders are run for both poles. However, when the 
construction of a ship on berth is sufficiently advanced 
a direct return connection is made by means of a couple 
of cables of ample cross section. The same provision is 
made when a ship afloat is fitted out alongside the quays. 
In this way only one trailing cable (of the opposite; pole) 
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controlling Station 1, 







appeared that even in this case fluctuations do not exceed 
$ volt. When the stations are not coupled in parallel 
fluctuations of about 1 volt can occur—see Fig. 6. 

It is considered that this rate of fluctuation in‘ the 
welding tension guarantees a most satisfactory stability 
of are intensity, especially with the use of reactance 
welding resistances. 

This subject has been dwelt upon because the import- 
ance of stability of tension and are intensity for good 
welding cannot be over-estimeted. Although it is true 
that lowering the initial tension in the network accentuates 
the influence of the fluctuations of tension upon the 
intensity of the arc, the results stated above give, in 
the author’s opinion, ample justification of the methods 
of distribution of the welding current at the Penhoét 
shipyard. 


Economic REsuLTs. 


Load Factor.—Load factor of a multiple welding set, 
as defined by the quotient of the maximum output supplied 
momentarily to all welders over the arithmetical sum of the 
maximum outputs required per welder, depends, on the 


Station 4 transportable. 
ETWORK 
go 





2-4-5 NETWORK Quays 








\ 





CONTROL 
WIRES TO 
Re AT STATION 1 


———~ ere. ST | 
































Swain Sc. 


Fic. 3—High-speed Tension and Current Regulator for Coupling Stations in Parallel, Electrical Scheme™( for Lettering see Fig. 2) 


is run from the bars to the welders. This reduces by 
half the number of cables and the resulting entanglement 
on board. 


WELDING RESISTANCES. 


As stated above, the tension at the welding stations 
could be fixed at as low a level as 40-45 volts because 
of the use of reactances for the regulation of the individual 
welders circuits. The welder is connected to the main 
line by means of a couple of these resistances. The first 
is placed directly over the bars, as shown on Fig. 5, 
and although portable it is not required to be frequently 
shifted. It is joined by a trailing cable of sufficient length 
to the secondary resistance box. The latter is placed 
close to the welder, and serves to adjust the current 
intensity. Another short length of flexible cable forms 
connection to the electrode holder. The weight.of the 
primary resistance box is about 70 kilos., and that of 
the secondary is 50 kilos., thus allowing easy transport. 
Erector welder resistances are of simplified and lighter 
construction. In the latest types adjustment of the 
<urrent is continuous by means of a rotating handle 
fixed on the secondary box. Ammeters are provided on 
all secondary boxes. The construction of these resist- 
ances is particularly strong and waterproof. They 
proved, in practice, to be quite reliable, and inexpensive 
in upkeep. 

Inductance coils are provided in both primary and 
secondary boxes. The induced contra E.M.F. increases 
the momentary tension at the striking of the arc and acts 
as a damping influence during the frequent fusion short 
circuits. For the same reason greater instantaneous 
variations can be allowed in the tension of the individual 
welding circuits without affecting the stability of the 
are or without any adverse influence on the welding. 


STaBILITy OF TENSION IN WELDING CrRcurITs. 


The cross sections of the feeders and distributing 
bars were calculated by applying Kirchhoff’s law to 
separate portions of the network and corresponding 
stations (quays supply from station No. 1, network around 
berths Nos. 2, 4, and 5 from the same station, network 
around berth No. 1 from station No. 2, &c.) in such a 
way that under the greatest load the drop in tension in 
the remotest point of the network should be well under 
8 volts. 

With an initial tension at the stations of 40 volts and 
over-compounding to the extent of 5 volts, the lowest 
tension available at the remotest point of the network 
would be in any case over 37 volts, and .it has been 
definitely ascertained that under these conditions and 
with the type of electrodes used an arc could be easily 
struck and maintained in any position of the welding job 
—flat, vertical, or overhead. Practically it came to the 
provision of some 0-7 square millimetre of copper per 
ampere at maximum load. 

The regulation of the over-compounding by pilot wire 
control from the assumed C.G. of the welding current 
load results in perfect stability of the tension at this 
point, and in the area around at a level depending on 
the drop in tension from the station to this area. en 
the welding load varies in magnitude or distribution, this 
is not perfectly true, but as a result of investigations made 
on several occasions it appears that under normal condi- 
tions of welding the fluctuations are very small. The 


tension fluctuates naturally more at points most remote 
from the pilot connection, but from measurements made 
when stations Nos. 1 and 2 were running in parallel it 


one hand, on the continuity of the work of the individual 
welder, and, on the other hand, on the possible coincidence 
of simultaneous welding by operators working in a dis- 
continuous manner. With the increase in the number of 
welders per set the load factor tends to the same value as 
the continuity rate of deposit of the average welder. 

From analysis of wattmeter graphs made on several 
occasions it was ascertained that for welders occupied on 
the “ Normandie ”’ the theoretical maximum output per 
welder ranged from 100 to 130 amperes, and the average 
aap output from 24 to 32 amperes, the load factor 

ing thus about 0-24. In the case of a ship with more 
important welding jobs the corresponding figures were 
160 and 44 amperes respectively, resulting in a load factor 
of about 0-28. In both cases the load factor was prac- 
tically equal to the continuity rate of deposit. 

An increase in the relative importance of erector welders 
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with current from the stations is 14 kWh. The price of 
current was 29 centimes in the first instance, and 27-5 in 
the latter. For 200 welders (erectors excluded) the yearly 
expenses for electric current would be in a relation of 
1 to 0-57, when comparing the individual sets and the 
stations. The relation would be about | to 0-74 if the 
stations were to distribute welding current at 60 volts. 

The only comments these figures require are that they 
are not based on assumed efficiency and continuity rates, 
based on estimates or on laboratory tests, but they result 
from actual commercial records in the yard. 

Upkeep and Overhead Costs.—Both individual sets 
and central station sets must be supplied with lubricating 
oil, brushes must be changed, motors and dynamos over- 
hauled and repaired from time to time. Attendance is 
required at the central stations, and welding reactances 
need periodical overhaul and repair. An examination of 
costs under this heading disclosed a relation of 1 to 0:4 of 
yearly expenses, in labour and materials, per welder when 
using an individual set, or when tee-ed off the low-tension 
network, The economic advantages of centralised distri- 
bution of welding current have thus been confirmed in this 


respect also. 
CoMPLEMENTARY WELDING INSTALLATIONS. 


Automatic Welding with carbon or metallic arc has 
not yet found important applications in shipbuilding 
because of a difficulty in obtaining high mechanical 
qualities in manually deposited welds. Absence of serial 
production in shipbuilding is another difficulty in the way 
of its application, but research work seems to indicate 
that the first objection might perhaps be overcome some 
day. 

) eee Welding, both spot and butt welding, is used 
extensively for light sheet work, such as ventilation ducts 
and partition bulkheads, and for outfitting accessories, 
such as stanchions. It was recognised that satisfactory 
results in spot welding of austenitic steels and light alloys 
can be achieved only with machinery specially designed to 
meet these cases, whereas for ordinary steel sheets, black 
or galvanised, machines of a simpler construction, less 
complicated in operation and requiring less skilled opera- 
tion, can safely be employed. 

Oxy-cutting is now admitted in France for the prepara- 
tion of joints, even for high-tension weldable steel plates. 
Oxy-cutting machines, both automatic and semi-auto- 
matic, are giving in this respect continual service. They 
are considered to be a necessary complement for the 
rational utilisation of arc welding in shipbuilding, but 
much has yet to be done to reduce expenses when oxy- 
cutting is done with relatively expensive dissolved gas. 

Welding Skids.—The importance of effectively 
fastening the job, particularly in the case of plating and 
sections, is well known; hence, having regard also to the 
advantage of pre-welding relatively large panels, such as 
water-tight bulkheads, extensive and appropriate welding 
skids are necessary. Cast iron grids, as used for ship 
forgings, are very convenient for lighter work executed 
in the shop. Along the berths built-up welding tables were 

vided covering a total surface of about 4000 square 
eet. They are raised above ground level so that overhead 
welding is possible from below. 


Sunpry Weupers’ Ourrits, HyGiENE, AND SAFETY 
MEASURES. 

Only a few words need be said on these subjects. 
A simple type of electrode holder is the best, but measures 
must be taken to prevent short-circuiting when the holder 
is left on thesteel plating. Forthe same reason all welding 
resistances are fitted with circuit breakers. 

Welders are disinclined to make use of helmets. Light 
protecting screens in plywood with scientifically manu- 
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Fic. 4—Kilowatt Loading Graphs of Stations 1 and 2, Coupled in Parallel on Berth 1. 


lowers the load factor, their work being of a very inter- 
mittent character. The momentary peaks of the total 
output of the station might reach some 130 to 150 per cent. 
of the average value. 

The above analysis justified the choice of a load factor 
of 0-30, upon which was based the powering of the welding 
outlay. This figure well represents the normal conditions 
of welding in a shipyard. 

Cost of Welding Current.—The following cost figures 
resulting from yearly records can be quoted. The average 
daily consumption of electric energy (for a working day of 
eight hours) of an individual welding set’ of modern con- 
struction (motor running on 440-volt D.C.) is about 





24 kWh. ‘The corresponding figure per welder supplied 





factured glass are best. Ordinary workmen’s overalls 
supplied by the yard are sufficient for all work except 
overhead welding, when protective leather armlets up to 
the shoulder are used for the right arm. The use of leather 
gloves is almost universal. Furthermore, the eyes of those 
working near the welder must be protected by the use of 
green-shaded goggles, especially when welding is done in 
a closed-up space, as is frequently the case on board. Next, 
welders must be protected from obnoxious fumes in closed 
places by proper ventilation. The best arrangement is to 
draw the welding fumes directly from where they are 
generated. About 150 small portable fans, of 600 cubic 
metres hourly capacity, with 100mm. diameter flexible 
rubber piping, are used for this purpose. Moreover, 
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respirator masks are used by welders when working on 
galvanised sheets. When these precautions are taken no 
serious accidents due to welding need be feared. 

Fire Danger——The extension of are welding in ship- 
building undoubtedly increases fire risks because of the 
high temperatures and molten metal, and because of the 
multiplication: of electric wires and cables of various 
description. No hard-and-fast rules can be laid down in 
this respect, but common sense will ensure that such 
measures of security are taken against the outbreak and 
spread of fire as may seem reasonable in each case. 


ORGANISATION OF THE WELDING SERVICE. 


General.—The welding service of the yard is respon- 
sible for the use of this procedure from the very beginning. 
This service approves all drawings, whether of hull or 
machinery, in all cases involving the use of arc welding. 
The welding shop executes all arc welding jobs in the yard. 
Operators from this shop are lent to various services to 
satisfy their requirements. A schedule showing where 
welding will have to be done is drafted weekly in accord- 
ance with requests received to avoid overlapping. Although 
most of the welding is done outside the welding shop 
itself, uniform technical control is thus secured. The 
welding service is further responsible for training, the 
technical control of all welded work, research, lay-out 
of welding plant and equipment, and its normal upkeep. 
The centralisation of all technical responsibilities in regard 
to welding assures uniformity in its application to every- 
day work. Actually welding has modified shipbuilding 
practice in more ways than one, and some measure of 
co-ordination is certainly necessary to ensure success. 

Training of Welders.—Practically all ‘welders (and 
erector welders) are trained in the welding school, 
which has been specially organised for this purpose at 
the shipyard. The school training lasts about six weeks, 
and is eminently practical. A detailed programme of 
training is established and closely followed. Most of the 
pupils are recruited from the skilled younger men in the 
yard, platers, shipwrights, &c. After successful tests 
during the last week of the training at school, the beginners 
carry on with productive work for several months in the 
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welding shop under close supervision, before being 
employed for work on ships. They are submitted during 
all the time they are employed as welders to periodical 
tests. If these tests are satisfactory the operators are 
promoted to a higher category of pay, but if poor results 
have been obtained they are reduced in pay, or even 
struck off. 

Control and Inspection.—Practically all constructional 
welding is controlled at present by testing the skill 
of the welder, checking the quality of electrodes, and by 
close supervision of the welding process itself, so as to 
ensure the right current intensity, sequence of operations, 
&e. 

Inspection of the finished job is in almost all cases 
a visual one to check appearance and dimensions, good 
penetration (when there is access to the backside of the 
joint), and absence of undercutting, &c. Radiographic 
examination is a helpful adjunct when important work 
is in hand. The importance of this latter method is fully 
recognised, and it is frequently made use of for such hull 
items as water-tight bulkheads of exceptional importance, 
deck butt joints, &c., and naturally also in the case of 
welded pressure vessels, when all joints are examined by 
means of X-rays. Occasionally, samples cut from con- 
structional elements are submitted to tests to destruction 
to prove that the quality of welding made in situ is not 
inferior to the results anticipated. 

The importance of a well-trained workshop staff, 
conscious of their professional duties, cannot be over- 
estimated in this connection. As a matter of fact, unless 
an army of inspectors and surveyors be continually 
present on the spot the soundness of the welding cannot 
be guaranteed if the operatives themselves fail to show a 
proper appreciation of their work. 

Close collaboration between the welding staff and 
other trades, which ensures the preparation and the 
assembly of elements to be welded together, is most 
re Slog particularly for hull erection work, where a 
definite sequence of assembly must be strictly followed 
in order to avoid distortion or dangerous residual stresses. 

Laboratory.—The importance of mechanical testing 
in connection with the training and controlling of welders, 
the acceptance of electrodes, occasional checking of the 
weldability of parent metal, &c., can be plainly seen from 
the foregoing. Moreover, research work, complementary 
to routine testing, cannot be avoided if rational use of 
welding is aimed at. A special laboratory was installed 
for these purposes. : 

LABORATORY—EQUIPMENT. 

The experimental laboratory of the welding service is 
equipped with the following testing machines :— 

One 50-ton Amsler universal machine, for tension, 
compression, and bending, type 50 SZBDA 223. 


One 50-ton Amsler machine, for tension and com- 
pression, type 20 SZD 57. 

The cylinders of the two machines are arranged for 
fatigue tests up to 25 and 12 tons respectively. These 
tests are made by means of an Amsler Pulsometer type 
P. 134, common to the two. A special arrangement is 
also provided for Erichsen punching tests of thin sheets. 

One Charpy pendular dynamometer of 75 kilos. and 
one Amsler 30 kilos. dynamometer are used for impact 
tests. 

One bending machine is specially designed for bending 
tests of welded samples in accordance with Continental 
practice. 

Various instruments for hardness testing, macro and 
micrography of metals, extensometers for stress and 
strain readings, &c., are also provided. 

For X-ray examination of macro-structure a Philips 
“Super Metalix 180” set is used. Its maximum tension 
is 180 kV, and its maximum current 6 mA. This set is 
mounted on automobile wheels, and is provided with 
eye bolts for easy lifting. A special starter enables the 
operator to control the high-frequency tube from a safe 
distance. 

The corrosion laboratory forms an independent section 
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and is equipped for full corrosion research of welding 
and protective coverings of steel and light alloys. 

Accelerated corrosion tests, conducted in standard sea 
water, in sprayed mist, &c., are made as a general rule 
when the welding of special steels or light alloys is under- 
taken. All test samples are prepared in the machine tool 
shop of the laboratory. Close co-operation between 
the laboratory and the executive service is required if 
research work is to be made immediately beneficial to 
practice. For this reason the laboratory forms an integral 
part of the welding service. 

CONCLUSIONS. 

(1) A centralised distribution of low-tension welding 
current, as realised at the Penhoét shipyard, presents, 
when the extent of welding warrants its installation, the 
following advantages in comparison with the use of 
individual welding sets :—(a) Economy in the. running 
and upkeep costs, (6) greater facilities for setting up the 
welding plant on > 

(2) Perfect stability in the tension and intensity of the 
are can be obtained. 

(3) In these respects a low tension of 40-45 volts, 
together with the use of reactance welding resistances, 
is of a particular interest. 

(4) When several stations are installed their automatic 
running in parallel permits.a much smaller total kilo- 
wattage of plant to be installed depending on the load 
factor, which under normal yard conditions is about 0-30. 

(5) For the rational application of welding to the 
different services of a shipyard, an independent welding 
service responsible for the material as well as for the 
executive part of the welding has advantages over the 
distribution of welding squads between these different 
services. A cohesion in welding activity is thus obtained. 

The name of Mr. Pinczon, consulting chief engineer 
to the Penhoét shipyard, who fixed the fundamental 
principles of the preliminary scheme, and was responsible 
for the realisation of the first part of the scheme, must be 
specially mentioned, The author’s thanks are due to 
the directors of the Penhoét shipyard for their kind per- 
mission to publish the foregoing description. Acknow- 
ledgments are also due to the Compagnie Electro- 
Mécanique of Paris, and Brown, Boveri and Co., of Baden, 
Switzerland, makers of the electrical equipment, for their 
assistance in the preparation of some parts of the present 


paper. 








South African Engineering Notes. 
(By our South African Correspondent.) 
Carr Town, March 14th. 
Derailments on S.A.R. 


As a result of the numerous derailments which 
have taken place on the South African Railways in 
recent months, a board was appointed to investigate 
the Vlakteplaats disaster on December 2lst, when eight 





persons were killed and many injured. The finding of 


the board has now been given, and is to the effect that 
excessive speed was the cause. The report states that 
the damaged engine and rolling stock were examined by 
the technical members of the board, and they were 
unable to find any defect which it was considered could 
have caused the derailment. There was also no evidence 
that the track was not in’ @ satisfactory condition. 
Theoretically, the overturning speed of the engine on 
this bend was 45 m.p.h., and a test train has taken the 
bend in a normal manner at 34 m.p.h. The board recom- 
mends that in future suitable mstruments be fitted to 
the cabs of engines working passenger trains to indicate 
clearly to drivers the speed at which they are travelling. 
Apart from the finding of the board, it appears to be 
established that the train was trying to make up lost 
time. In some, at least, of the other recent derailments, 
the facts seem to point to high speeds. The train services 
had, previous to the accident,’ been ~considerably 
accelerated. 
First Electric Trains on the Rand. 

The first electric trains on the Rand (Witwaters- 
rand) were run simultaneously on the Germiston—Wattles 
and Germiston—Alberton sections on March I5th, The 
operations over these lines, which are 54 and 4} miles 
in extent, mark the completion of the first stage of the 
task of electrifying the railway system of the Rand, 
involving a total of 126 route miles. The Johannesburg— 
Springs line will be partially operated by electricity 
early in May. It is not yet known when the West Rand 
will be ready for electric running. It is expected that 
the entire electrification scheme (which was embarked 
upon in 1935) will be completed according to schedule 
at the end of the present year at a cost of roughly 
£1,000,000. The scheme. is one of the most. important 
yet undertaken in South Africa, and is being carried out 
by the Railway Administration. It was considered 
essential in order to enable the railways to keep pace 
with the increased traffic resulting from the phenomenal 
mining, industrial, and commercial expansion on the, Rand. 


Big Harbour Scheme. 


Official sanction has just been given to the new 
Table Bay harbour scheme, which has been under dis- 
cussion for the last two years.. The scheme includes the 
construction of three deep-water berths on the inner side 
of the New Basin almost immediately. The work is 
estimated to cost £2,250,000. The Cabinet also adopted 
the remainder of the Craig scheme providing for a deep- 
water basin, 16,000ft. long and 2000ft. wide, with a graving 
dock over 1000ft. long on the side, running towards the 
land end of the bay. To ensure expedition the Govern- 
ment will adopt a course which it’ has never hitherto 
followed. The work will be given out to private contractors 
instead of being done by the Government’s own depart- 
ments. Hitherto, all South Africa’s harbours have been 
built by Government engineers with Government equip- 
ment, and the work now being carried out in Table Bay 
is being done by the Government. The recent visit to 
Cape Town of the head of one of the largest British 
dredging and dock-building concerns is now believed to 
be connected with the Table Bay scheme. 

The Cabinet has sanctioned also. sufficient quayage 
along the foreshore to enable a retaining wall to be carried 
from the end of the last three berths to Woodstock 
Beach, so that practically the whole of the reclamation 
for the great basin can be carried out in one section. It 
is estimated that this reclamation, which will provide 
363 acres of new land, will take four years to complete. 
In considerably less time, however, sufficient land will 
have been reclaimed to enable the town-planning experts 
to lay out gardens, avenues, and business sites well to 
seaward of where the pier now stands, and for a new railway 
goods depdt costing £10,000,000 to be laid out further 
towards Woodstock Beach. The complete Craig plan 
will cost about £5,000,000, to which has been added 
£1,000,000 for the goods depét. The expenditure of the 
£2,250,000 now sanctioned will be apportioned as follows : 
Three new berths, E, F, and G, £800,000 ; shifting mole, 
£325,000; reclamation, £1,000,000; retaining wall, 
£15,000; other expenditure, £110,000. Preparatory 
work for the first section of the berth E is already in 
hand. It is planned to build the quay wall for the three 
berths simultaneously to save time. 

As soon as the wall of the third berth is completed 
a retaining wall will be run from its end to a point beyond 
the Woodstock baths to join up with the end of the random 
block mole. The section of the existing random block 
mole from its base near the pier to the point where it 
turns at right angles well out in the Bay towards the 
docks will be picked up and relaid in the direction of 
Woodstock Beach. 

Less than two years ago there was 40ft. of water 
where D berth is now. To-day, there is a quay 900ft. 
long and 200ft. wide, rising 70ft. from the sea bottom ; 
90,000 tons of concrete forming a massive wall, 40ft. 
thick at its base and 11}ft. wide at the top, hold in place 
700,000 tons of sand and rubble dumped imside by the 
dredgers to reclaim from the sea. The first block was 
lowered on July 2nd, and on February 22nd, 1936, the 
6024th (and last) block in the 1124ft. wall was laid. The 
remarkable speed with which this quay was constructed 
was mainly due to the inventive genius of the Chief 
Advisory Engineer for the Union Harbours, Mr. J. F. 

ig, who evolved a scheme for laying blocks from a 
floating platform instead of from shore cranes, and con- 
verted the old dredger “ Labrus” to his own designs 
for this p . The result has revolutionised ‘quay 
building. D is the third of the deep-water quays to be 
finished within the two years. 


All-welded Motor Coasters. 


It is now possible to give some details of the 
four all-welded motor coasters which are to be built by 
Zenith Engineers, Ltd., Durban, for the Port St. Johns 
Marble Company. They will be 127ft. in length overall, 
120ft. in length at the water line, 24ft. in breadth, and 8ft. 
in depth amidships. The first of the series is to be named 
“* Osprey .” and will be the first ocean-going ship 
and the first all-welded deep-sea vessel to be built in 





South Africa. Several novel features are’ bemg incor- 
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porated in the design of the ‘‘ Osprey Crag ’’ to make her 
suitable for her trade, the carrying of limestone from 
Port St. Johns to Durban, mainly for the steel works at 
Pretoria. As it is not intended to carry cargo on the 
return trip four ballast tanks of a total capacity of 138 tons 
are to be provided, and as the average load will be only 
150 tons, she will be nearly as heavy in ballast as loaded. 
There will be six bulkheads, and imported hull plates are 
to be used for the construction of the vessel as the British 
Corporation Register requires that the plates should be 
manufactured under their supervision in England or 
on the Continent. The propelling machinery will consist 
of two 132 H.P. C.I. engines which are to be imported 
from England. The owners and builders are receiving 
every encouragement and assistance from the Govern- 
ment, and this may be the beginning of a successful new 
industry for Port Natal. It is understood that the owners 
will wait to see how the ‘‘ Osprey Crag ’’ behaves in service 
before proceeding with the construction of her three 
sisters. 


Ironworks to Restart. 


The ironworks at Newcastle, Natal, are to 
restart after being idle since 1932. The Union Steel 
Corporation of Vereeniging—in which the Pretoria Iron 
and Steel Works have an interest—has agreed to begin 
the manufacture of ferro-manganese for export, and the 
Pretoria Iron and Steel Corporation has agreed to provide 
the necessary technical staff to recondition the plant. 
As soon as the plant has been reconditioned operations 
will begin, and an output of between 40,000 and 50,000 
tons is anticipated. The South African Railways has 
come to the assistance of Newcastle—which has been 
hard hit by the closing of the works—by reducing the 
rate on ferro-manganese from Newcastle to Durban from 
over £3 10s. a ton to 10s. 6d. a ton. The price of ferro- 
manganese is now high enough to enable it to be manu- 
factured at a profit in this country. The restarting of the 
industry will assist the by-product works in the Wasch- 
bank Valley by providing a big outlet for its coke. Durban 
is already the Union port for the shipment of manganese, 
and has ample facilities for dealing with the large tonnage 
of over 300,000 which is expected to be shipped. A new 
deep-water berth is already well advanced in construction, 
and to expedite the work the dredger “ Silurus ” and two 
steam hoppers are working overtime. The shipment of 
ferro-manganese should commence before the end of the 
year. 


New Floating Dock. 


Specifications for a new floating dock for Durban 
are now being drawn up in England. When they are 
completed tenders for the construction of the dock will 
be ealled for by the Union Government. The present 
dock, which has been in use since 1903, was condemned 
as unsafe and withdrawn from active service on January 
6th. It is now being used as a platform for making the 
huge cement caissons for the new deep-water berth in 
Durban Harbour. When this work is completed the dock 
will probably be sold for breaking up. 


Namaqualand Mines to Reopen. 


Namaqualand copper mines, closed for ten 
years, will soon be working again if negotiations between 
the Union Government and an American company are 
successful. The reports that such negotiations were in 
progress have just been confirmed by Mr. L. P. van Zyl 
Ham, Union Secretary for Mines. He stated that his 
department was very sympathetic towards the project 
for reopening the mines, and he had every hope the negotia- 
tions would be successful. He said no more detailed 
statement could be made at present as the negotiations 
were still in p The scheme to reopen the mines 
is stated to be due to the armaments rush overseas and 
the consequent rise in the price of copper to over £50. 
Copper miming was stopped in Namaqualand when the 
price dropped below £57 a ton, the lowest paying margin 
for that area at that time. With more modern machinery 
and better methods of ore extraction, the production 
cost can be decreased materially and the mines could 
once more be made to pay. The Government’s share in 
the development of the mines will be the provision of 
better harbour and shipping facilities at Port Nolloth, 
and the improvement of the private railway line from the 
copper fields to Port Nolloth. N ualand was the 
first corner of South Africa to yield mineral wealth. 
The Dutch Governor, Simon van der Stel, made an 
expedition from the Cape and found rich veins of ore on 
the Krantzes, just behind where the town of Springbok 
stands now. Even a century ago the metal was mined 
and shipped to Europe. Sir James Alexander was the 
first in the field. He mined ore at Kodas and Numees, 
lonely spots in the wild tangle of mountains in the last 
great bend of the Orange River. The ore was carted by 
ox-wagon and floated on barges to the mouth of the 
river. Eighty years ago the Cape Town firm of Phillips 
and King opened up the Springbok mine which, for 
decades, was the most important in the country. The 
company found immensely rich lodes at Spektakel and 
Springbokfontein. Prince, Collinson and Co. opened up 
a payable proposition at Concordia, and by the second 
year were producing 2000 tons a year. For over fifty years 
the eopper belt flourished. During the Great War the 
output rose to £500,000 a year. The Namaqua Copper 
Company, running the Concordia mine, paid 400 per 
cent. in dividends in forty years. With the ending of 
the war metal prices slumped. The mines closed, although 
the ore in them was richer than in most mines worked 
elsewhere in the world ; working expenses were too great. 
The Concordia mine opened again in 1922, and worked for 
eight years on a reduced scale. But the American crash 
came and in July, 1931, the crushing of ore came to an 
end, Great quantities of high-grade ore, however, remain 
there, and it is known that other deposits equally rich 
exist. The American company has been investigating 
the possibilities for a considerable time, and it is evident 
that they consider the prospects satisfactory. There 
appears to be confidence that the negotiations will be 
successful, and that the days may return when 3-.- 





Europeans and 2000 natives had a payroll of £165,000 
per year. 


National Roads Scheme. 


By the end of the Union’s financial year 1940-41, 
there will be 5396 miles of national roads completed under 
the xgis of the National Roads Board called into being 
by the Government, at a cost of £11,000,000. Of this 
sum, about £8,500,000 will be expended on the actual 
construction of the roads, and £2,170,000 will account 
for the interest and redemption on Provincial and 
Divisional Council loans. Motorists travelling from 
Johannesburg to Durban will, by the end of 1940, have 
a magnificent 400-mile stretch of bitumenised road. 
From Cape Town to Durban and George to Beit Bridge, 
the border of Southern Rhodesia, distances of 1125 and 
1113 miles respectively will run highways which, though 
they may have gravel surfaces for the most part, will 
probably be rendered dustproof, if experiments now being 
conducted are successful. Bitumenous surfaces will 
account for about 1000 miles of roadway in the four pro- 
vinces. Gravel roads will total about 5000 miles, the 
greatest stretches being in the Cape—2900 miles. In the 
Transvaal there will be 1055 miles, in Natal 558, and in 
the Free State 699. 

Rhodesia Railways’ Surplus. 

Mr. H. Chapman, General Manager of the 
Rhodesian Railways, states that he will be disappointed 
if at the end of the financial year the total net operating 
revenue is below £2,250,000, and expects to finish up the 
year with a surplus of £500,000. He hopes it will be 
£600,000. He anticipates increased traffic in copper 
chrome ore, and asbestos, while there is a greater volume 
of trade in Southern Rhodesia and economic conditions 
generally are favourable. Mr. Chapman also states 
that schemes are under consideration for increasing 
facilities at Beira port, and it was proposed to construct 
two new berths and further transit sheds at an expendi- 
ture of about £1,000,000. Improvements will also be 
made in the near future at Salisbury and Gwelo, while 
the extension of the use of railears on branch lines will 
have to be kept in view. 


Aircraft for Union Defence. 


In the Union Parliament, Mr. O. Pirow, Minister 
of Defence, stated the other day that the Union had 
bought from the British Government one hundred 
Hawker “* Hartebeest ” planes at £200 each. These planes 
were excellent for training purposes, and without equal 
in Africa. It was only because Britain was rearming on 
a vast scale and had new and faster machines that they 
were regarded as obsolescent. The Union was also building 
one hundred ‘‘ Hartebeest ’’ planes for itself, but would 
have to buy the engines—Rolls-Royce. In addition, the 
Union was obtaining three Hawker ‘“ Hurricanes”’ (or 
‘* Spitfires’) at a cost of £9000 each. These machines 
are low-wing, single-seater monoplanes_ with Rolls-Royce 
“Merlin” motors, enclosed cockpit, retractable under- 
carriage, and landing flaps to reduce their phenomenal 
speed to a safe margin for landing. The figures of their 
performance are secret. The Union has at present no 
planes of a speed of more than 150 m.p.h., and now they 
will have interceptor planes with a speed of 300 m.p.h. 
The Minister further stated that of £100,000 provided 
for the artillery fund, £37,000 was required for anti-tank 
guns, which could shoot through practically the strongest 
armour plate. A further amount of £72,000 was required 
for Bren guns, which many of the regiments in the country 
lacked ; £19,000 was required for the purchase of plants 
and equipment for aircraft and other workshops. At 
the present time 850 young fellows were being trained as 
aircraft artisans. It was the intention to build classrooms 
for them at Roberts Heights, and their own workshops. 
The Minister will make a full statement about the whole 
defence policy at the Budget debate when it comes on. 


Additional Electrical Plant for Durban. 


An order for £250,000 worth of plant for exten- 
sions to the Congella power station (Durban) has been 
placed by the Electricity Supply Commission. The order 
includes a 33,000-kW turbo-alternator set and two new 
boilers. The plant is to be delivered before the end of the 
year and is expected to be in service for the peak require- 
ments of 1938. The order was placed urgently owing to the 
phenomenal increase in Durban’s consumption of elec- 
tricity. From 15,500,000 units in 1928 the number of 
units jumped to 131,000,000 im 1934, to 150,000,000 in 
1935, and to 170,000,000 last year. In 1941 it is planned 
to add yet again to the plant by installing two more 
sets at a cost of £500,000. This will involve the com- 
plete rebuilding of the power station. 


Ammunition Factory. 


The Union Government has entered into a con- 
tract with Imperial Chemical Industries for the erection 
of an ammunition factory at Pretoria. The erection of the 
factory will cost the Union approximately £150,000, and 
it will probably be completed by July, 1938. The factory 
will be owned and operated by the Government. The 
Government has also appointed a board to investigate 
the possibility of manufacture of warlike stores in South 
Africa, and increasing the output of clothing and other 
necessities at present manufactured in the Union in the 
event of war. Mr. P. Frank, delegate director and chief 
engineer of Imperial Chemical Industries, has recently 
visited South Africa in connection with this scheme. 


Industrial Expansion. 


The great industrial expansion which has taken 
place in the Union is referred to by the Chief Inspector 
of Factories in dealing with ‘“‘The Administration of 
Industrial Laws.” He says that the development of the 
manufacturing industries of the Union continued on 
unprecedented scale throughout 1935, and new records 
were created both in regard to number of factories in 
operation and their output. The remarkable expansion 
on the Rand was the outstanding feature. The number of 





plans for new factories submitted for this area was more 
than double the total received from all other parts of 
the Union; 765 new factories were registered duri 
the year. The net increase, however, was 121, the differ- 
ence being accounted for by cancellations of certificates 
no longer required by numerous small establishments 
which were closed down or no longer liable for registra- 
tion. Moreover, in several industries, amalgamation of 
interests was which resulted in absorption of 
small concerns and concentration of operations in larger 
premises. 








INSTITUTION OF LOCOMOTIVE ENGINEERS. 


THE annual dinner of the Institution of Locomotive 
Engineers was held at the Trocadero on April Ist, with 
Mr. W. A. Stanier, the President, in the chair. Many will 
remember the time, it does not seem so very long ago, 
when the dinner was a small affair, held generally in the 
old Engineers’ Club in Coventry-street. It has now 
reached such dimensions that the capacity of the usual 
room at the Trocadero was taxed to the limit, and a special 
arrangement of the tables had to take the place of the 
customary separate system. There were, we understood, 
about 450 diners, which may be as an indication, 
not only of the growth of the Institution, now with a 
membership of 1660, but of the popularity of the dinner 
itself, always one of the pleasantest annual functions. 
Mr. Stanier was supported on his left by Sir Ralph 
Wedgwood, chief general manager, L. and N.E.R., lately 
returned from India with him, and on his right by Sir 
Josiah Stamp, chairman of the L.M.S., and Mr. Holland- 
Martin, chairman of the Southern Railway. Many other 
notable railway men, including Monsieur Lancrenon, 
of the Nord, and Dr. Wagner, of the Reichsbahn, were also 
at the top table. Lt.-Col. E. Kitson Clark, to whom there 
fell, happily, the duty of proposing the toast of “ The 
Guests,” had a task which came easily to a speaker of so 
much charm and experience. Mr. Holland-Martin replied 
quite briefly in a pleasantly reminiscent speech, and then 
Sir Josiah Stamp gave the toast of ‘‘ The Institution ” with 
the wit and shrewdness which one expects from him. The 
acknowledgment was made by the President, who spoke 
with pride of the growth of the Institution and of his 
personal efforts to induce young men to practise speaking 
and writing clearly by submitting papers and taking part 
in discussions. After the excellent work of the Secretary 
and of the Dinner Committee, under Mr. Clayton, had been 
properly recognised, a space was cleared and a cabaret 
brought the evening to a close. 








LAUNCHES AND TRIAL TRIPS. 


Srrana, motor tankship ; built by Harland and Wolff, Ltd., 
to the order of Anglo-Saxon Petroleum Company, Ltd.; dimen- 
sions, length 425ft., breadth 54ft. 3in., depth 31ft. Engines, six- 
cylinder four-stroke airless injection ; trial trip, March 10th. 

FELLDENE, steamship ; built by William Gray and Co., 
Ltd., to the order of Felldene Shipping Company, Ltd.; dimen- 
sions, length 398ft. 5in., breadth 33ft. 2in., depth 26ft. 10in. 
Engines, triple-expansion, 2lin., 33}in., and 58in. diameter by 
42in. stroke ; pressure, 200 Ib. per square inch; constructed 
by Central Marine Engine Works ; trial trip, March 25th. 


Recent Lion, motorship; built by Swan, Hunter and 
Wigham Richardson, to the order of C. T. Bowring and Co., 
Ltd.; dimensions, length 485ft., breadth 66ft. 6in., depth 35ft.; 
to carry 13,000 tons. Engines, ten-cylinder, four-stroke, single- 
acting, 4000 I.H.P. at 90 r.p.m.; constructed by J. G. Kincaid 
and Co., Ltd.; trial trip, March 25th. 


Roxsurex Castiz, motorship ; built by Harland and Wolff, 
Ltd., to the order of Union Castle Steamship Company, Ltd.; 
dimensions, length 474ft., breadth 63ft., depth 37ft.; gross 
tonnage, 7850. Engines, two-stroke, double-acting; launch, 
March 25th. 

ApvLA, motor tank ship ; built by Blythswood Shipbuilding 
Company, Ltd., to the order of Anglo-Saxon Petroleum Com- 
pany, Ltd.; dimensions, length 460ft., breadth 59ft., depth 34ft.; 
to carry 12,100 tons. Engines, eight-cylinder, four-stroke, single- 
acting, 650mm. by 1400 mm.; constructed by J. G. Kincaid 
and Co., Ltd.; trial trip, March 30th. 


DuNKELD, motorship ; built by Barclay, Curle and Co., Ltd., 
to the order of Lomond ae ey Ltd.; dimensions, 
length 431ft. 6in., breadth 55ft., depth, 37ft. 6in.; to carry 9200 
Engines, three-cylinder, opposed piston ; launch, April 





tons. 
2nd. 





CATALOGUES. 


Preson, Ltd., Coalville, Leicester.—Leaflets on ‘‘ Pegson ”’ 
rammers and rippers. 

GitpertT GitkEs AND Gorpon, Ltd., Kendal.—Particulars 
of the “ G.G.G.” self-priming pump. 

BLACKSTONE AND Co., Ltd., Stamford.—Catalogues of the 
‘* B.P.V.” and spring-injection type oil engines. 

Rosert Boxy, Ltd., Bury St. Edmunds.—Booklet 
M.B.D, 315, on plant for maltings, breweries, and distilleries. 

H. anp T. Danxs (NETHERTON), Ltd., Netherton, Dudley.— 
Brochure on “ Super-Economic ”’ boilers for stoker, hand, or 
oil firing. 

Hacksrivce Exnecrric Construction Company, Ltd., 
Walton-on-Thames.—A new publication on on-load tap-changing 
equipment. 

BupEnserG Gavucre Company, Ltd., Broadheath, near 
Manchester.—Catalogue Section 23, on ‘‘ Orbit ’’ and ‘‘ Ambit’’ 
tachometers. 

InTERNATIONAL Combustion, Ltd., Aldwych House, Aldwych, 
W.C.2.—A brochure dealing with the ‘‘ Hardinge”’ conical 
ball mill for industrial grinding. 

British Oxycen Company, Ltd., Thames House, Millbank, 
8.W.1.—The first of a new series of technical information 
booklets entitled ‘‘The Rightward Method of Oxy-acetylene 
Welding.” 

SruxTEVANT ENGINEERING Company, Ltd., 147, Queen 
Victoria-street, E.C.4.—Publications, No. 1006, on ‘‘ Mono- 
gram ”’ and other cast iron fans, and No. 1086, on, high-tem- 
perature drying 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The Canadian Steel Trade. 


The Report issued by the Department of Overseas 
Trade on “ Economic and Commercial Conditions in 
Canada, 1935-1936” (price 3s. 6d. net from H.M. 
Stationery Office) states that in each of the past three 
years an improvement has occurred in the production of 
iron and steel in the Dominion. Last year the output of 
pig iron and ferro-alloys increased by 51 per cent. over the 
previous year and the gain in primary steel production 
was 23 per cent. The production last year of pig iron and 
ferro-alloys was 656,695 long tons. Notwithstanding 
these increases, however, the tonnage of pig iron was only 
51 per cent. of the 1929 output and the production of steel 
only 64 per cent. of that year. It is pointed out that the 
expectation of higher prices, of an improvement in the 
agricultural implement industry, and in constructional 
work, active miming operations and larger purchases by 
the railways were amongst the factors which enlarged the 
output of steel. The Report strikes a cheerful note with 
regard to the sales of British iron and steel in Canada and 
states that the prospects are better than those of the 
past twelve months, in spite of developments in the 
Canadian steel industry as regards structural sections, 
structural plates, &c. The castings and forgings industry 
in Canada covers the operations of iron and steel works 
occupied chiefly in making commercial iron castings, 
stoves, and other heating equipment, pipe, tubing, and 
drop forgings of all kinds. A total of nearly 340 shops are 
concerned and their production in 1934 was valued at 
approximately thirty-five million dollars. Referring to 
developments amongst Canadian steel companies, the 
Report points out that the Steel Company of Canada 
finished the enlargement and modernisation of its sheet 
mill and that the new mills were in full operation early 
in 1935. The company intends to rebuild its coke ovens 
in a few years at a cost of about two million dollars, and 
some of the older open-hearth furnaces will be displaced 
by furnaces of a more efficient type. The blooming mill 
will also be remodelled. It is suggested that this work 
may afford openings to United Kingdom suppliers. The 
Canadian Atlas Steels, Ltd., makes high-speed carbon and 
alloy tool steel, steel for special purposes, magnet steel, 
and hollow and solid mining drill steel, and is the only 
domestic competitor with British firms in these lines. 
This firm experienced some disappointment in trading 
conditions in the early months of 1936, as the motor 
vehicle industry did not require the quantities of steel 
which had been anticipated. 


The Pig Iron Market. 


Whilst the scarcity of pig iron is unrelieved, 
arrivals of Indian and foreign iron appear to have pre- 
vented the situation from further deteriorating. Efforts 
are being made in all the iron and steel-producing districts 
to increase the production of basic iron, but it will take 
time for some of the old furnaces which it is hoped to 
utilise in the present emergency to be reconditioned. In 
Scotland, where fifteen furnaces have been in blast for 
some time, out of a total of sixty-seven, it is hoped to start 
up a number of furnaces, some of which have been regarded 
as obsolete. Amongst these are the Langloan furnaces 
at Coatbridge, which a short time ago were sold for 
demolition with the object of obtaining the scrap which 
the plant would yield. Their destruction, however, has 
been suspended and they may possibly be relighted. The 
furnace at Wishaw belonging to the Glasgow Iron and 
Steel Company and one at Glengarnock, the property of 
Colvilles, may also be brought into operation. It is under- 
stood that negotiations are still proceeding with the 
Russian Delegation in the hope of obtaining pig iron from 
that country, but little headway seems to have been made. 
Offers are being received from abroad of basic iron, but 
at prices which, judged from the British point of view, are 
prohibitive. In some cases it is understood that over £7 
per ton has been asked. The position in the foundry iron 
market is growing increasingly difficult. On the North- 
East Coast the output of one furnace is insufficient to meet 
the requirements of consumers, and it is now practically 
impossible to obtain additional supplies from outside the 
district. The rationing system which has been in force 
in most districts has resulted in practically all the foundries 
being supplied with iron at a rate sufficient to keep them 
operating; but apparently there is a danger that the 
situation will deteriorate and the demand has certainly not 
become less during the past few weeks. In the Midlands 
no supplies are available for new business, and it frequently 
happens that when consumers seek to renew contracts 
they have to be content with smaller quantities than were 
provided for in the original contract. In Lancashire the 
producers have no stocks in hand and arrears in deliveries 
to the foundries are accumulating. Until recently Lanca- 
shire consumers were in a comparatively comfortable 
position, but lately deliveries against contracts have 
become erratic and anxiety is expressed regarding the 
outlook. The tightness in the hematite market continues 
severe and the producers are not accepting fresh business. 
Supplies to users are rationed and many of them have to 
go short of their actual requirements. All the makers have 
heavy commitments and at the same time are less inclined 
to take new business, since they anticipate an advance in 
prices. Export business in hematite has practically 
ceased, but 110s. f.o.b. would be easily obtained if material 
were available. 


Scotland and the North. 


Finished steel production in Scotland has had to 
be restricted owing to the scarcity of raw materials, 
including basic iron and steel scrap. At the same time, 
new business has been limited to a considerable extent, 
not only by the impossibility of promising delivery by a 
specified period, but also by the uncertainty regarding 
forward prices. The steel makers, however, apart from 


their worry with regard to raw materials, are in a strong 
position, since they have sufficient orders in hand to keep 
them fully occupied so far ahead as they can plan pro- 
duction. The demand for steel of all descriptions is in 
excess of the output, and it seems to be increasing ; whilst, 
on the other hand, there appears a serious danger that 
production will have to be restricted, for a time at any rate. 
Arrears in deliveries are accumulating and the position in 
the semi-finished steel department is particularly serious, 
as most of the re-rolling works have to limit their pro- 
grammes owing to the shortage of billets and sheet bars. 
There is some hope, apparently, that in the near future the 
Continental makers will be able to resume supplies against 
their quota and also against the additional purchases 
made by the British Iron and Steel Federation. Com- 
plaints, however, are heard that the prices ruling in this 
country by agreement between the steel makers and the 
re-rollers are much below those which are obtainable in 
foreign markets. Efforts have been made to purchase 
billets and sheet bars in other than Cartel countries, 
without much success, and it is reported that the Americans 
demanded a price of £11 c.i.f. The requirements of the 
structural engineers seem to be increasing and, in spite of 
a heavy production of joists and structural material, the 
quantities available are insufficient to prevent inter- 
ruptions to important constructional jobs, and similar 
complaints are heard from the shipyards. Active con- 
ditions rule in the Lancashire steel industry and the 
pressure on the part of consumers to obtain supplies is 
unrelaxed. New business, however, is quiet and in some 
cases undertakings have been abandoned for the time 
being owing to the difficulty of arranging for supplies of 
steel. The consuming industries are finding it increasingly 
difficult to maintain continuous working owing to delays 
in deliveries and the impossibility of accepting new business 
for execution by definite dates. Supplies of steel at 
current rates have been practically all absorbed, with the 
result that prices are almost nominal. Orders for delivery 
after May 3lst are only accepted subject to the prices 
ruling on the date of dispatch. The steel works on the North 
West Coast are actively employed, although, as in other 
districts, anxiety is felt with regard to supplies of raw 
material. 


Current Business. 


An aircraft carrier for the Admiralty is to be con- 
structed by Harland and Wolff, Ltd., Belfast. W. Simons 
and Co., Ltd., Renfrew, have received an order from the 
London, Midland and Scottish Railway for a bucket 
hopper dredger for service at Ayr Harbour. United Steel 
Companies, Ltd., are to develop a new colliery, which will 
work an under-sea coalfield lying to the west of the works 
at Moss Bay, Cumberland. The coalfield extends for over 
six square miles; the shafts will be 21ft. in diameter and 
600ft. deep and the output will be 2500 tons per day. A 
blast-furnace has been relighted at Ulverston after having 
been idle for six years by the Millom and Askham Hematite 
Iron Company, Ltd. A contract for the steel work required 
at the Palace of Engineering to be erected at the Empire 
Exhibition at Glasgow has been awarded to Sir William 
Arrol and Co., Ltd., Glasgow. It is announced that the 
coke oven plant which is being constructed for John 
Bowes and Partners, Ltd., Hebburn-on-Tyne, will not be 
ready to start operations for three or four months. It 
was expected to commence working in April. A grant of 
£4000 has been made by the Special Areas Commissioner 
for the development of Elwin’s Steel Stamping Company, 
Ltd., West Hartlepool. This business has recently been 
purchased by a local syndicate. The Central Argentine 
Railway has placed an order with Stewarts and Lloyds, 
Ltd., Glasgow, for 700 solid-drawn and galvanised steel 
smoke tubes and 10,000 solid-drawn steel boiler tube 
safe ends. John Cashmore, Ltd., of Tipton and Newport, 
have bought for £27,500 the Furness Withy steamer “ El 
Uruguayo,” of 8361 tons gross, for breaking up. The 
Mersey Docks and Harbour Board have sold to a Dutch 
firm of shipbreakers the pilot boat ‘‘ David Fernie,” 275 
tons. The Department of Overseas Trade announces 
that the following are open for tender :—South African 
Railways and Harbours: One 10-ton self-propelling swing 
jib steam-driven travelling crane, arranged on an under- 
frame’ mounted on three pairs of wheels and axles and 
capable of being operated on permanent way tracks, 
3ft. 6in. gauge (Johannesburg, April 26th); 250 four- 
wheeled fruit wagons with racks, type OR-20, for 3ft. 6in. 
gauge (Johannesburg, May 25th). 


Copper and Tin. 


The easier tone which developed in the electro- 
lytic — market at the end of last week and has since 
continued with a few minor fluctuations did not come as a 
surprise. For some weeks before Easter there had been 
heavy buying, and although it was urged that a proportion 
of this was of a speculative character, there is no doubt 
that consumers took up considerable quantities. Perhaps 
this movement was more noticeable in the United States 
and on the Continent than in this country, where most 
of the important users appear to have covered forward 
some time ago. The American domestic price, which last 
week was advanced to 17c. from 16}c., was this week 
again reduced to 16}c. The increase was made when the 
market was showing signs of an easier price tendency than 
for some weeks and occasioned some comment. The 
producers are credited with holding the view that quota- 
tions have risen too rapidly and the movement may have 
been made with the intention of checking fresh buying. 
In this it certainly seems to have been successful. Supplies 
of copper are more free than for some time and are Tikely 
to become increasingly so as the heavier production makes 
itself felt. For this reason consumers have been inclined 
to pursue a cautious policy with the natural result that 





prices have receded. Quieter conditions have also ruled 





Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Export quotations are 


in the standard copper market and profit taking has helped 
to create an easier tone. There is still a backwardatiori 
which may become wider when some arrivals of electro- 
lytic copper which have been delivered on the market are 
absorbed.... Prices in the tin market have declined 
and there seems to have been a decrease in the amount of 
interest shown both by consumers and speculators. A 
backwardation of £3 continues to rule and the impression 
prevails that the tightness in the prompt position is due 
to a certain amount of manipulation. The statistics 
published at the end of March disclosed an increase in 
the visible supply of 838 tons, the figures being 19,596 
tons, compared with 18,758 tons at the end of February. 
This came rather as a surprise to the market, which had 
anticipated that the statistics might show a decrease. 
The carry-over in the Straits Settlements at the end of 
March was 2608 tons, compared with 2924 tons in Feb- 
ruary, and at the Arnhem smelter 1272 tons, compared 
with 1074 tons in February. The supplies in March 
totalled 13,730 tons, against 10,516 tons at the end of the 
previous month, and of this quantity the United States 
took 7168 tons and Great Britain 520 tons. The deliveries 
reached 12,892 tons, of which the United States is credited 
with 9080 tons and Great Britain with 1160 tons. 


Lead and Spelter. 


A rather weak tone has been in evidence in the 
lead market since the Easter holidays. Consumers have 
been content to watch the situation, and as most of them 
are well covered they are in a position to continue this policy 
for some time. The large speculative account which has 
existed in this market for several weeks has been much 
reduced and the profit taking has contributed towards 
the decline in prices. The general impression in the market 
seems to be that the industrial demand over the next few 
weeks may not be so pronounced as during the earlier 
months of the year, as at this season of the year there is 
usually a decline in the demand. Even after the reaction 
in prices the lead quotation is by no means low compared 
with other non-ferrous metals, and the market would nt 
be surprised if the downward movement were carried a 
little further. On the other hand, although supplies are 
slightly more abundant, they are by no means free, and 
this may have the effect of preventing any important 
decline in values. According to American figures, the 
stocks of lead in the United States at the end of February 
totalled 156,832 tons, compared with 169,776 tons at the 
end of January. The February production was 37,451 
tons, against 43,636 tons in January. Apparently there 
has been some slackening in activity in the American 
market, but the demand is still well above the normal at 
this time of the year.... In common with other non- 
ferrous metals, spelter prices have receded from the high 
levels of a week or two ago. Buying by the consuming 
industries has been on the quiet side and speculators, as is 
often the case after a holiday, have taken comparatively 
little interest in the market. The scarcity of high-grade 
spelter is still a feature of the position, and although at 
the moment there is plenty of ordinary metal available, 
it is suggested that some tightness may develop in this 
section of the market. American statistics give the world’s 
production of spelter in February as 128,228 tons, com- 
pared with 137,815 tons in January. It cannot be denied, 
however, that the present price of spelter must be an 
attractive one to the producers, and it seems probable that 
the tendency will be for outputs to increase rather than 
the reverse. 


Non-ferrous Metal Average Prices. 


The official average prices for March which have 
been issued by the London Meta] Exchange again show 
advances in every department of the market.: This, of 
course, is owing to the active conditions, partly specu- 
lative, which ruled throughout the month. The increase 
in the average price of cash copper compared with that 
for February was £13 3s. 5d., whilst for three months the 
increase was £11 l4s. 8d. For electrolytic copper the 
average was £12 9s. ld. higher than for February and for 
wire bars £12 15s., whilst for best selected copper the 
average for March was £12 lls. 6d. more than for the 
previous month. The most pronounced advance, how- 
ever, took place in the tin market and the average for 
cash tin in March rose £49 6s. above that for February, 
whilst for three months the increase was £44 2s. 10d. The 
rise in lead prices was responsible for an increase in the 
average quotation for March for shipment during the 
current month of £4 14s. 2d., and for shipment in the third 
following month of £4 13s: 1d., the mean being £4 13s. 7d. 
higher than the February average. The spelter quotation 
showed a substantial increase on the average for ship- 
ment during the current month of £8 Is. 4d., whilst for 
shipment in the third following month it was £8 Is. 8d. 
above the February average, the mean being £8 Is. 6d. 





higher. The following are the London Metal Exchange 
official average quotations for March :— 
STanDARD COPPER Cash (mean) ... ... £72 8 ilt 
3 Months (mean) ... 71 1 5S 
Settlement = £72 7 118 
ELectrotytic CoPPrEeR (mean) £77 0 lle 
ELECTROLYTIC WIRE Baks .... e: £77 18 68 
Best SELECTED CopPER (mean) ... ... £77 5 3% 
STANDARD TIN ... Cash (mean) ... £283 5 74 
3 saonths (mean) ... £278 19 63% 
Settlement £283 4 08 
( For shipment the current month _... £33 0 68 
| For shipment the third following 
Leap< month SHEN. bet ce RRO Mak Sete £32 19 7 
Mean dak: ae £33 0 03 
Settle si 2 5 es ee a ee ae 
For shipment the current month... £33 3 9 
For a the third following 

SPELTER moni Seow ee, eee ewe i Sag 

Mean £33 5 lie 
Settlement £33 3 11k 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 


PIG IRON. 
Home. Export 
(D/d Teesside Area) 

N.E. Coast— ae Sa a 
Hematite Mixed Nos.* €.37.5: Bovck 295 —_ 
No. 1 4:38 Osa ci + — 

Cleveland— (D/d Teesside Area) 
No. 1 ~32 ee ot ale eee — 
No. 3C.M.B. ee ata ae -- 
No. 4 Foundry _... 0. 9 0 4. a 
Ticain kate Sh-gubote.; eS. oe See —_ 
MrpLanps— 
Stafis— (Delivered to Black Country Station) 


North Staffs. Foundry ... 


Forge 


” ” 


Basic (Less 5/- rebate) ... 


Northampton— 
Foundry No. 3 
Forge 

Derbyshire— 
No. 3 Foundry 
Forge 

ScoTLanpD— 


Hematite, f.0.t. furnaces* 


No. 1 Foundry, ditto 
No. 3 Foundry, ditto 


4 6 
4 1 
4 2 


~ > 
~~ BD 


4 
410 
4 


Basic, d/d (Less 5/-rebate) 4 2 


N.W. Coast— 


Hematite Mixed Nos.* ... 


ha... 
5 3 
5 


Current. Prices for Metals and! Fuels. 


ig gee. is 
A + 
a —— 


@ 
| 


| 


d/d Glasgow 
» Sheffield 


6 
6 
Mik 
6 ts 
0 
6 
6 , Birmingham 


* Less 5/- rebate. 


MANUFACTURED IRON. 


Lanes. AND YORKs.— 
Crown Bars 
Best Bars 
MIDLANDS— 
Crown Bars .... 
Marked Bars (Staffs. } 
No. 3 Quality... 
No. 4 Quality... 
ScoTLAND— 
Crown Bars 
Best... 
N.E.’ Coast— 
Crown Bars 
Best Bars RB cid 
Double Best Bars | 


NorRTHERN IRELAND AND FREE StaTE— 


Crown Bars, f.0.q.... 


LONDON AND THE SoutH— 


Angles 
Tees... 
Joists 
Channels.. ‘ 
Rounds, Sin. wale up 
* under 3in. 
Flats, under 5in. ... 
Plates, jin. (basis) 
*” fein. ..: 
” din. ... 
is fein. . 
Un. % to fin. tek 
Boiler Plates, jin. 
NortH-East Coast— 
Angles 
Tees... 
Joists 
Channels... RS ae 
Rounds, 3in. and up 
‘a under 3in. 
Plates, in. (basis) 
é fin. ... 
a din. ... 
ee frin. 
Un. # to bia: incl!” 
Boiler Plates, jin. 


MIDLANDS, AND LEEDS AND 


Angles 

Tees... 

Joists 

Channels.. ; 

Rounds, ‘i. and:é up 
pa under 3in. 


Flats, 5in. and under ... 


Plates, in. (basis) 


- frin. ... 
” fin. ... 
» fein. . 
Un. ¥ to fin. twat. 
Boiler Plates, jin. 


Home. Export. 
£ s. d. £ 8. d. 
(RR AB 625) us -— 
Si Bike iat 2 eae _ 
oy ee BR —- 
13. 0 0... —_— 
MM. & Miu. — 
1015 0.. — 
eB : ay LE eee 17 6 
a: ee nl » ee 
SABO tat il 0 06 
po ess Met. 11 10 0 
ae eR ces ves iz’ o''0 
~ BBANO: ® ....10ks —_ 
STEEL. 
Home. Export. 
£\8. d: £ 8s. d. 
» O68. 9 2 6 
HRS Bu 10 2 6 
9°56... 92 6 
oe. ek SE 
1 66s: 10 2 6 
912 6.: 10 0 0 
912 6.. 10 0 0 
915 6.. 912 6 
10 0. 6.. 917 6 
10 5 6.. 10 2 6 
1010 6.. 10 7 6 
1 Once 10 15 0 
10 5 6... 1015 0 
& «..d. £ 8s. d. 
9 3 0... 9 2 6 
10 3 0... 10 2 6 
93 O.:. 9° 2 6 
oS 9 .. 9 7 6 
1S, DP =; 10 2 6 
910 0.. 10 0 0 
910 6.. 912 6 
915 6.. 917 6 
10 0 6... 10 2 6 
re Dow as 10 7 6 
918 0O.. 10 17 6 
10 0 6.. 1015 0 
DistRict— 
£6. d. £ se. d. 
Sise® .. ee 
10.“ SE" 10 2 6 
9. 2.8 «- 9 2.6 
9: &:9... 9 7 6 
10 3 0. 10 2 6 
910 90... 10 0 0 
910 0 10 0 0 
913 0 912 6 
918 0 917 6 
id 3 0 10 2 6 
10 8 O 10 7 6 
9:8 0 1017 6 
10 3 0 10 15 0 








only from associated British Steelmakers. 


STEEL (continued). 


Home. Export. 
Giascow anp Disrrict— jes “Say £s.d 
p aes series Lae hy tae 9 2 6 
Tees eR ee We Ree 10. .2.,,6 
Joists... at sepap od 4 bs 9.2 6 
Chanriele;iiy:: i.) er iQ BO. 9 7:6 
Rounds, 3in. and up EO Ste 10 2 °6 
«3 under 3in. fo BIO Oe: 10 0 0 
Flats, 5in. and under ... 910 0.. 10 0 0 
Plates, jin. (basis) ... 910 6.. 912 6 
sii’ ay Men Ni sce vii a Cae SB a 917. 6 
* tin. ... Ji BO OnE tc 10 2.6 
» ein. .. ¢. 080) 1B Ou 10 7 6 
Un. & to tin. incl. Pe ek 10 17 6 
Boiler Plates, jin.... 10 Oe 10 15 0 
Sourn Watres AREA— £ 8s. d. £ 8. d. 
Anglee:  hacts.piiidesrinis 50 8 Os 9 2:6 
Tees Ban PRs. 2a a8 08 th 10 2 6 
Se ST OC Bay Mee. 9 2 6 
Channels... ... Sheek Sis EE gre 9 7 6 
Rounds, Sin. adap LL Wee Jee ee 10 2 6 
2 under 3in. a Se a 10 0 0 
Flats, bin. and under ... 910 0.. 10 0 0 
Plates, jin. (basis) ... 913 0.. 912 6 
eee its, eon gty 917 6 
~ jin. ... PO ghey 3° 10 2 6 
AR i a katate cl AA ge 10 7 6 
Un. jin. to jin. incl. ... 10 3 0. 10 17 6 
IRELAND—F.0.Q. BELFast. Rest or IReLanp. 
£ os. d. € aid. 
Angles ae at, Te 910 6 
Tees... ae os 10 10 6 
Joists | ae a 918 0 
Channels... ao £3. 915 6 
Rounds, 3in. and up 36° 8 Os. 10 10 6 
oe under 3in. oS. So 8 8 0 
Plates, jin.(basis) ... 915 6.. 918 0 
” fein. ... 03 30198 1 Oras 10 3 0 
33 fin. ... 10 6 6.. 10 8 0 
” fein. .. 10 12 6... 10 13 0 
Un. #in. to ia incl os o-.. 10 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £.a.. 4, £ s. d. 
11-G. to 14-G., d/d - 1310 Qo. feds 32 10)::0 
15-G. to 20-G., d/d . 1315 0... ...fo.b. 1215 0 
21-G. to 24-G., d/d . 14 0 0... ...fo.b. 13°50 0 
25-G. to 26-G., d/d . 1412 6 ...f.o.b. 13 15 0 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
Australia £13 ; Irish Free State, 14 10s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £8. d. 
4-ton lots and up ... SATO 
2-ton to 4-ton lots iy daar a 
Under 2 tons _wew © 


Export: India, £22 5s. c.i.f.; South Africa, £16 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.0.b.; 
Irish Free State, £17 15s. f.0.q.; General, £16 15s. f.0.b. 
Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 22s. 6d. to 23s. 6d. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. £5. d. 
Basic (0-33% to 0-41%C.) ... ... Sa eS Ee 
» Medium (0-42% to 0-60%C.) ... «1. 717 6 
» Hard (0-61% to 0-85%C.)... ... «. 8 7 6 
” » (0-86% to 0-99% C.)... ... 9:2 6 
ag » (1% C. and up) ... EB MD 88.9 
Soft (up to 0-25% C.), 500 tons pte Nags: STS G-Ee 
Rails, Heavy, 500-ton lots, f.o.t. ... ... ...8 10 0 
» Light, f.o.t. FING ppdesing 2 710 0 
visi AIAG. 
Tungsten Metal Powder.. 5/3 per lb, 
Ferro Tungsten 5/0 per lb. 
Per Ton. Per Unit. 
Ferro Chrome,4p.c. to 6 p.c.carbon £21 10 0 7/- 
is » 6 p.c. to 8 p.c. £21 0 0 7/- 
a3 a 8 p.c. to 10 p.c.' ... £21° 0 0 7/- 
ae » Specially Refined ... 
o » Max. 2 p.c. carbon £32 10 0 11/ 
” ” » 1 p.c. carbon £35 15 0 11/- 
” ” » 0-50p.c.carbon £36 10 0 12/- 
” ” », carbon-free ... 9$d. per Ib. 
Metallic Chromium.. 2/5 per Ib. 


£13 15 0 home 
£12 0 O. scale 5/- 


Ferro Manganese (loose), 16} p-c.. 
» Silicon, 45 p.c. to 50 p.c. 


A * 75 p.c. £17 0 O scale 6/- p.u. 
» Wanadium 12/8 per lb. 

» Molybdenum 4/9 per Ib. 

» Titanium (carbon- free) 9d. per lb. 


£180 to £185 


Nickel (per ton) 
; 7/- to 7/1 per lb. 


Cobalt 





NON-FERROUS METALS. 


(Official Prices, April 7th). 


Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users purchasing 


CoprpeR— 

Cash ... £63.15 Oto £63 17 6 
Three months ... £62 17 to £63 0 0 
Electrolytic £67 0 Oto £69 0 0 
Best Selected Ingots, d/d Bir- 

mingham ALLEYS i £68 15 0 
Sheots, Hot Rolled ... £102 0 0 

Home. Export. 

Tubes, Solid Drawn (basis) ... 153d. 154d. 

»  Brazed (basis) 154d. 154d. 

Brass— 

Ingots, 70/30, d/d Birmingham £60 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 134d. 13$d. 
»  Brazed 154d. 154d. 

Tin— 

Ode) SE er a 8 "0 Ota STS O'S 
Three months... ... ... .-. £270 0 Oto £270 5 
Leap: £25 13 9to £25 12 6 
SPELTER : £26 0 Oto £26 3 9 

Aluminium Ingots (British) .. £100 to £105 

FUELS. 
SCOTLAND. 

LANARKSHIRE— Export. 
(f.0.b. Grangemouth)—Navigation Unscreened) 19/- to 19/6 
Hamilton Ell wiv, eae : ; 19/6 
Splints 20/6 

AYRSHIRE— 

(f£.0.b. Ports)—Steam 18/- 

FiresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam . siieee 20/- 
Unscreened Nav leoiion: 19/—to 19/6 

LorHiaNns— 

(f.0.b. i pare Prime 19/6 
Secondary Steam . 19/- 
ENGLAND. 

Sourn Yor«suire, HvuLtt— 

B.8S.Y. Hards... 21/- to 21/6 
Steam Screened 18/— to 18/6 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 20/6 
» Second... 19/6 
» Best Small ... 15/6 
Unscreened ooh 18/- to 19/- 

Duraam— 

Best Gas... 20/- 
Foundry Coke 35/- to 40/- 

SHEFFIELD— Inland. 

Best Hand-picked Branch ... 27/6 to 29/- _ 
South Yorkshire ... ... 24/- to 26/- -- 
Seconds ... . 22/- to 23/- = 
Carpirr— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large ... 25/- 
Best Seconds or Err 25/- 
Best Dry Large 25/- 
Ordinaries... 23/6 to 24/~ 
Bunker Smalls 18/- to 18/6 
Cargo Smalls... 17/- to 17/6 
Dry Nuts 26/- to 28/- 
Foundry Coke 32/— to 47/6 
Furnace Coke 27/- to 28/- 
Patent Fuel ... 23/6 

SwansEa— 
Anthracite Coals : 
Best Large ..-- ‘ 36/— to 40/- 
Machine-made Cobbles. 41/- to 48/6 
Nuts 40/- to 48/6 
Beans 27/6 to 35/- 
Peas aie 19/- to 24/6 
Rubbly Culm... 14/- to 16/— 
Steam Couls : 
Large Ordinary 19/- to 25/- 


FUEL OIL. 


Inland consumption: contracts in bulk. 





Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 pene? 
Diesel Oil ae cil a6: tea 


Per Gallon. 
33d. 
44d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 
Labour Complications. 


Tue industrial situation continues to be 
dominated by the labour agitation which has centred 
largely in the Paris Exhibition works where new develop- 
ments arise, all of them tending to a realisation of the 
C.G.T. policy of complete control over labour and the 
elimination of the employers’ authority. There has 
been trouble between affiliated and non-affiliated unions 
whose members are-worried out of their jobs, and one 
electrical firm is boyeotted by the C.G.T. because it 
refuses to dispense with men belonging to a non-affiliated 
union. The attempt of the C.G.T. to monopolise the 
recruiting of the two or three thousand additional hands 
required to complete the work within the allotted time 
brought matters to a head by raising the question whether 
syndicalism is to be substituted for constitutional law 
providing that every man has a perfect right to work. 
The union of electricians placed its views before the 
Government, with no better result thaw to be informed 
that as no agreement could be reached between the C.G.T. 
and employers all matters in dispute must be settled by 
a committee composed equally of employers, the Govern- 
ment, and C.G.T. representatives, which means that in 
practically every case employers, and men belonging to 
non-affiliated unions, find themselves with a minority 
vote. A man’s right to work without being compelled 
to join a particular union is settled by law, and cannot, 
therefore, be discussed by such a committee. The 
employers’ federation has issued a long report dealing 
with the whole situation and declaring that while the 
employers are doing what they can to conform to the 
new social laws they insist on the preservation of rights 
granted to them by those laws which are being constantly 
infringed by the men. An unexpected element has been 
introduced into the situation by the attitude of certain 
men, chiefly labourers and reinforced concrete workers 
who hold up the remainder, over an acceleration of the 
Exhibition works. They obtained everything they desired 
in the way of a heavy recruiting of additional hands 
and high pay for overtime, and there is still no evidence 
of any special effort being made to get the work through. 
The men now say that they will do all they can if they 
are assured of employment when the Exhibition works 
are completed. onsieur Blum is now trying to work 
out a plan for giving them occupation on public works 
when their present jobs are finished. 


The Forty Hours’ Week. 

There should by now have been sufficient time 
for the forty hours’ week to settle down and show that 
it is of benefit to the national economy and to the men 
themselves, but there are outspoken critics on its failure 
and nothing to indicate even a partial success, except the 
absorption of a small percentage of unemployed. Any 
advantage to the men is insecure, because they can only 
preserve it by maintaining production, and this they fail 
to do. All statistics show a declining production even 
with the employment of more men. In the steel industry 
it is complained that producers are unable to profit 
from the heavy foreign demand through limitations 
imposed upon them by the forty hours’ week. Difficulties 
already encountered in manufacturing industries are so 
serious that the general application of the forty hours’ 
week is apparently suspended, for there is at present no 
addition to the list of industries in which it is enforced, 
and the Government has announced that certain allevia- 
tions may be granted wherever necessary. Having been 
introduced on the eve of a period of national emergency, 
when production must reach a maximum, the forty 
hours’ week has shown that it is, to say the least, 
inopportune. The hesitation of the Government to extend 
it without the fullest investigation does not meet with 
the approval of workers who are waiting to benefit from 
it, and there continue to be strikes for the short week. 
These strikes are meeting with more resistance now that 
it is seen that the consequences of the reform are more 
serious than had been supposed. Owners of small and 
medium-sized engineering shops in the Paris area held a 
meeting recently and declared that they were faced with 
an economic catastrophe. There could, they said, be 
no return to activity in their industry unless production 
costs were reduced, and they appealed to the 100,000 
workers employed in their shops to collaborate for a 
return to normal conditions. 


Suction Gas Lorries. 

The Commission of Public Works of the Chamber 
of Deputies has issued a report in favour of public services 
working under concession from the State, or receiving 
subsidies, being required to run their vehicles on suction 
gas. This recommendation follows upon a revived pro- 
paganda for the use of wood or charcoal in place of 
imported oils that has been kept from falling entirely 
into oblivion by the efforts of the Ministry of Agriculture, 
which sees in it a profitable utilisation of the national 
wood resources. The Automobile Club de l’Ouest has 
recently carried out trials of suction gas lorries and touring 
cars in the Department of the Sarthe. The idea is, and 
always has been, one of national defence, for while suction 
gas brings down fuel cost to a minimum it has not the 
convenience of petrol, nor does it give the same power 
in existing engines, and the advantage is so completely 
on the side of petrol that suction gas is only employed 
in exceptional cases for commercial vehicles. The troubles 
that at one time obliged lorry owners to abandon charcoal 
appear to have been overcome by improved producer 
plants which are lighter and more compact and provide 
a clean gas that can be used in lorry engines without 
necessity for frequent overhauls. The strongest appeal 
made for suction gas is that a vast quantity of waste 
from timber cutting in forests can be used as fuel. At 
a show of suction gas vehicles recently organised by the 
Ministry of Agriculture this waste wood was presented 
partly calcined and was claimed to be better than chareoal 
for suction gas engines. There are other questions to be 
considered, such as facilities for obtaining supplies and 
the possibility of the cost of fuel rising with a heavily 
increased consumption, but these matters are not taken 
much into account when efforts are made to popularise 


British Patent Specifications. 


When an invention is communicated from abroad the name and 
address of the communicator are pri in italics, 





When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Ch y-lane, W.C.2, 





1s, each, 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is date of the acceptance of the 
complete Specification. 





INTERNAL COMBUSTION ENGINES. 


461,578. September 23rd, 1935.—Cam Gearine, E. Bugatti, 
Molsheim, Bas-Rhin Dept., France. 

If motion is transmitted from a cam, as indicated in Fig. 1, to 

a tappet through a roller there is a tendency as the roller and its 
pivot become worn for the action of the pivot to become 
deranged. In other words, the roller wobbles on its pivot as the 


N°461,573 
Fig. 


Fig.2 








cam passes the top dead centre and the action is different from 
that as originally designed. As a consequence the inventor uses 
three rollers, as shown in Fig. 2. One is an idler in direct contact 
with the cam and the other two are pivoted to the tappet. It 
will be seen that the combination is stable regardless of wear.— 
February 19th, 1937. 
461,619. August 15th, 1935.—Rorary Vatves, E. H. Gillard, 
26, Milk-street, Bristol. 

In this engine admission and exhaust are controlled by a 

ported rotary dise valve A driven by gearing B. The disc rubs 
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over machined facings surrounding the inlet and outlet ports and 
is practically in equilibrium as regards axial thrust, as the 
pressure has access to its back.—February 15th, 1937. 


461,667. August 13th, 1935.—GoverNine FurL InsEcTION 
Pumps, Automotive Products Company, Ltd., Brook 
House, Langham-street, London, W.1; and G. J. Trapp, 
105, Aylward-road, Merton Park, London, 8.W.20. 

The pats er gay a two-cylinder injection pump A. This 

pump is supp ied with fuel by the gear pump B, which sucks 

through the branch C and delivers into the chamber D through 
the pipe E. - The gear pump has an excess delivery over the 
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requirements of the injection pump and surplus fuel is returned 
by the pipe F. The fuel is delivered into the chamber D past 
the plunger valve G, which is controlled by the spring H, and 
by the two-armed lever J. One arm of the lever is operated by 
the quantity control rod K of the injection pump and the other 
is used for speed control at L. It will be seen that bao rd 
of the valve G is tapered so that the further itis moved to the 
right the greater is the flow of fuel_—February 15th, 1937. 


TURBINE MACHINERY. 


460,432. October 3rd, 1936,—-Rapiat Frow Stream TuR- 
BINES, Siemens-Schuckertwerke Aktiengesellschaft, Berlin- 
Siemensstadt, Germany. 

This is a radial flow turbine intended for high-pressure steam 





admitted by the nozzles A to the impulse wheel B. and on 
to the radial reaction blading C on the dise D. The axial thrust 


on this dise is balanced by the steam p Pp 
the holes E to the back of the disc. ‘The steam 





goes ‘on to the 
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second stage F, where it flows outwards,"and is brought back to 
flow outwards through the third stage G. The axial balance of 
the disc H is effected by the difference in the radial depth of the 
blades F and G, and the labyrinth packing J.—January 27th, 
1937. 


BATTERIES AND ACCUMULATORS. 


460,423. July 24th, 1936.—Exngcrrotytic or E.ecrro- 
STATIC CONDENSERS OR SECONDARY Bartrerixes, R. Jahre 
(trading as Richard Jahre Spezialfabrik fiir Kondensatoren), 
K6penicker Strasse 334, Berlin, 8.0.16, Germany. 

This invention concerns the manufacture of scroll-rolled con- 
densers and batteries and especially with the securing of the 
edge of the outer envelope, so that it_will not unroll_ again. The 


N°460,423 





condenser A is mounted on the spindle B and bears against the 
spring clips C C, which temporarily prevent it from unrolling. 
The edge of the outer metal strip is then spot-welded to the pre- 
vious convolution by the fingers D D D, the springs C C acting © 
as the other terminals of the circuit. The welding current is 
provided with the assistance of a condenser, and it is said that 
practically the whole of the energy is converted into useful heat 
for welding purposes.—January 27th, 1937. 


ELECTRICAL APPLIANCES. 


460,895. August 2nd, 1935.—Execrric Resistance ELEMENTs, 
G. Gaut, Rhus House, Albany-terrace, Worcester, 

and B. F. Huggins, 165, Boleyn-road, Forest Gate, London, 

E.7, and The Plessey Company, Ltd., Vicarage-lane, Ilford, 
x. 


The primary feature of the present invention resides in the 
use of a conductive film or surface which is produced from 
a photo itive pound—for example, silver bromide, 
silver chloride, silver iodide, or the like—in which is incor- 
rated a suitable conductor in finely divided form or in the 
‘orm of a suspension or dispersion, ¢.g., carbon of colloidal 
or substantially colloidal dimensions. Upon development the 
activated silver salt or 
the metallic state so that 








a 


is reduced to 
the film depends 





the conductivity of 
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on» theyamount of carbon orfequivalent conductor and «he 
amount of reduced metalfeompound. A suitable base or support 
may be of celluloid, cellulose acetate, paper, or the like, and to 
this there is applied a coating which will adhere to the base. 
When the base or carrier has been prepared by the applica- 
tionfof the photo-sensitive material it is subjected to the action 
of actinic hight; for example, light from a mercury discharge 
tube or arc lamp, a suitable stencil plate, mask, or optical wedge 
being used where necessary to control the amount of light, 
e.g., in the preparation of a logarithmic or other graded resist- 
ance. The exposed element is then subjected to development, 
fixing, &c., similarly to an ordinary photographic plate ; wash- 
ing should be 9 earn in pure alcohol. a draming pone 
diagrammatic: the plant for preparing, the material, and the 
various stages ss ten Perey 2nd, 1937. 


461,280. August 15th, 1935—MopvuLators FoR ALTERNATING 
Ex.ectric Currents, Siemens und Halske Aktiengesell- 
schaft, Berlin, Siemensstadt, Germany.’ 

This invention relates to means for modulating alternating 








the suction gas lorry. 


in which the axial thrusts are naturally balanced. The steam is 


currents. The essential feature of the process of modulation is 
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the application to the input of a non-linear transducer or modu- 
frequencies, 
from these 
the 


lator of two currents 


(or voltages) of different 
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ar in the cutput. The object is to 
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gas is liberated on congealing of 
cooling effeet by its expansion and 
isolated vesicles or cellules in the cong g mass. The semi- 
d mass may be formed into slabs and afterwards cut 


the mixture, producing a 
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frequencies, ap 


preg eer of the solid resistor with the low loss (or gain) of 
the thermionic valve. This object can be achieved by the use of 


resistors of known kind having a “ negative resistance * portion 
in their current-volt characteristic ; that is to say, one in which 
the voltage decreases as the current increases. Figs. 1 and 2 
each show diagrammatically one embodiment of the invention. 
In Fig. 1 a source A of low frequency voltage, such as a micro- 
phone, modulates the high-frequency generator B and one of the 
resulting side bands is applied to the transmission line C. For 
this purpose the two resistors DE. as similar as possible, 
operating on the negative resistance part of their characteristics, 
are connected in a known bridge arrangement with A, B, and C 
so that the carrier frequency of B is-suppressed. A filter F 
before the line C selects the required side Tend. With suitable 
components the arran; ent can be made to provide a gain 
rather than a loss in the modulator. If the suppression of the 
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carrier frequency is not necessary one of the resistors D E will 
suffice. If it is necessary to suppress the modulating frequency 
a known bridge of four resistors can be used. The arrangement 
of Fig. 2 is adapted to produce from a frequency f, a frequency 
f, cycles per second, which is an integral multiple or sub-multiple 
of f,. For brevity it will be supposed that f,= 1000 cycles per 
second, f,= 250 cycles per second, so that f,/f. = 4. The generator 
A of frequency f, is applied to a resistor B operating on the 
negative resistance part of its characteristic, in liel with a 
path C tuned to f,. A frequeney f,, arising accidentally in the 
circuit, will be favoured by the path C and will ee with 
materially increased amplitude at the terminals of B. Here it 
modulates the frequency f, so that the frequency f,—f, arises ; 
this frequency modulates f, again, so that the frequency f, is 
produced once more. A circuit tuned to f,-f, in parallel with C 
will aid in this process. . The ratio f,/f, is stable in virtue of the 
presence of higher modulation products ; thus, in the example 
given, the third order modulation product f,—3 f, will be present, 
which is equal to f,. The required output of frequency f, can 
be drawn off from any of the elements of the path C.—February 
15th, 1937. 


AERONAUTICS. 


460,921. August 8th, 1935.—VaRraBLE-PITCH PROPELLERS, 
Gustav Schwarz G.m.b.H., 44/45, Oraniendamm, Berlin- 
Waidmannslust, Germany. 

This variable-pitch propeller is automatically adjusted 
according to the temperature, not the pressure, of the atmosphere 
in which it is working. Fixed to the blade of the propeller there 
is an arm A loaded with an excentric weight B, which tends to 
turn the blade anti-clockwise on account of centrifugal force. 
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Fig.2 


Between the arm A and an abutment C on the propeller boss 
there is a telescopic link D, which is shown in detail in Fig. 2. 
The casing of this link is filled with a liquid, such as oil, which, 
expanding and contracting, under the infil e of chang 
of temperature, acts on the plunger E and adjusts the 
pitch of the propeller in opposition to the action of the 
weight B. The temperature of the easing may be under the 
control of the pilot through the diversion of part of the engine 
exhaust.—February 8th, 1937. 





MISCELLANEOUS. 


460,345. April 3rd, 1936.—Uprer CytinpER Lusricants, A. 
Duckham, Duckham House, 16, Cannon-street, London, 
E.C.4, and Alexander Duckham and Co., Ltd., 16, Cannon- 
street, London, E.C.4. 

It is the object of the invention to provide a lubricating sub- 
stance or composition for addition to liquid fuels, which will 
dissolve in the fuels of internal combustion engines, and which 
will be free from any tendency to cause the collection of such 
relatively concentrated solutions of the substance or composition 
at the bottom of the fuel containers. In carrying the invention 
into effect in the production of a solid upper cylinder lubricant, 
two to three parts of mineral wax and one part of a beeswax 
are melted together, with the addition of naphthalene if desired, 
in a vessel capable of withstanding pressure and fitted with 
means for extruding the contents through a suitable relief valve. 
Gas at a pressure which may be, for example, 60 Ib. per square 
inch, is introduced into the vessel, carbon-dioxide being a 
suitable gas. The molten wax mixture having absorbed a 
quantity of the gas is extruded through the relief valve at a 


into pieces of any desired form, or means may be arran to 
cut the extruded mass into portions of desi size as it leaves 
the extrusion nozzle.—January 26th, 1937. 


461,173. May 10th, 1935.—Lacquers, Roxalin Flexible 
Lacquer Com y, Inc., 800, Magnolia-avenue, Elizabeth, 
New Jersey, y 


This invention relates to lacquers having a cellulosic base and 
has as an object the provision of an improved lacquer which will 
produce a hard tough protective coating having a high degree 
of resistance to softening or discolouration by heat and to attack 
by perspiration, acids, or tarry substances. A coating of the 
lacquer in accordance with the invention has the further pro- 
perty of being permeable to water vapour and the like, so that 
moisture present in the lacquered article may escape through 
the coating without causing blisters. The invention accordingly 
coraprises a heat resistant permeable lacquer composed of nitro- 
cellulose, a stabiliser against light and heat, comprising a cellulose 
ether, in an amount less than that of the nitro-cellulose, and a 
solvent common to both the nitro-cellulose and the stabiliser. 
Ethyl cellulose and benzyl cellulose have been found to be 
especially suitable as stabilisers. Preferably the lacquer com- 
prises approximately 5-15 per cent. solids and approximately 
35-90 per cent. solvents, with the nitro-cellulose constituting 
from 50-85 per cent. of the solids and the stabiliser constituting 
the remaining 15-50 per cent. thereof. An example of the com- 
position is (parts by weight) :—Nitro-cellulose, 6-05; ethyl 
cellulose, 2-75; ethyl acetate, 5-30; butyl acetate, 1-30; 
butyl alcohol, 11-95; ethyl alcohol, 8-30; xylol, 12-80; 
mineral spirits, 80/100, 16-10; ethylene glycol monoethy!l ether, 
13-60; toluol, 20-85. In the composition given above the 
nitro-cellulose constitutes a tough material which may be buffed 
and will wear well and at the same time is relatively inexpensive. 

February 10th, 1937. 
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Secretaries of Institutions, , &c., desirous of having 
notices of meetings inserted in this » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week presstias the meetings. In all cases the TIME and 
PLACE at which the riteeting is to be held should be clearly stated. 
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To-pay 
CHEMICAL ENGINEERING Group Joint MEETING witH INs*. 
oF CHEMICAL ENGINEERS.—Burlington House, W.1. ‘* Costing 
Problems in the Chemical Industry,” H. R. Odling. 8 p.m. 


Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
Extra general meeting. Symposium of papers on ‘‘ The Use of 
Steam for Process Work.” 6 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
* Graphs and Calculations,”’ A. P. Morris. 7.30 p.m. 


Puysicat Soc.—Imperial College of Science and Technology, 
South Kensington, 8.W.7. ‘* On the Optical Constants of Alloys 
of the Copper-zine System,”’ Dr. H. Lavery, H. Wilkinson, and 
D. L. Smare; “ The Theoretical Interpretations of the Optical 
Constants of Copper-zine Alloys,’’ N. F. Mott. 5 p.m. 





Monpay, Apri 12TH. 

ENGINEEKS’ GERMAN Crrci_e.—Inst. of Mechanical Engineers, 
Storey’s-gate, 8.W.1. “‘ Die Elektrisierung der Tiroler Alpen- 
bahnen ”’ (“* The Electrification of the Tirol Alps Railways "’), 
Oberbaurat Ing. Richard Wolf. 6 p.m. 


Inst. oF TRANSPORT.—Inst. of Electrical Engineers, Savoy- 
lace, W.C.2. “* Recent Developments in Ocean Transport,” 
ir Thomas Royden. 5.30 p.m. 

TuEspay, Aprit 13TH. 

ENGuisH CircLe, Bertin.—In Large Hall of Ingenieurhaus, 
Berlin, N.W.7. ‘‘ South Wales and Ships,” Professor Frederick 
Bacon, of the University College of Swansea. 5.30 p.m. 
ILLUMINATING ENGINEERING Soc.-—Inst. of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘ Television Images: An Analysis 
of their Essential Qualities,” G.T. Winch and L. Jesty. 7.30 p.m. 


Inst. or ELecrricaL ENGINEERS : ScortisH CENTRE.—-Engi- 
neers’ Rooms, 39, Elmbank-crescent, Glasgow, C.2. ‘‘ A Survey 
of Marine Radio Progress with Special Reference to R.M.S. 
* Queen Mary,’ Commander F. G. Loring, W. L. McPherson, 
and W. H. McAllister. 7.30 p.m. 

Inst. oF Evecrricat ENGINEERS: SovuTH MiIpLanp 
StupEnts’ Sectron._James Watt Memorial Inst., Great Charles- 
street, Birmingham. Annual general meeting. ‘ Aviation 
Radio and Lighting Equipment,” H. K. Bourne. 7 p.m. 

Inst. OF MARINE ENcrineErRs.—85, The Minories, E.C.3. 
* The White Combined Steam Engine,’”’ W, A. White. 6 p.m. 


or Merats: Swansea Locat Secrion.—Y.M.C.A., 
** Metallic Wear,’ H. W. Brownsdon. 6.30 p.m. 


Inst. 
Swansea. 
Wepnespay, Aprit 14TH. 
DireseL EnGine Users Assoc.—Caxton Hall, 8.W.1. ** Deve- 
lopment of the Diesel Engine in all its Aspects During 1936,” 
discussion and bulletin. 4.45 p.m. 
Wepnespay, Aprit l4rs. 
Inst. oF Crvit ENGINEERS.—Great George-street, S.W.1. 
Informal meeting cancelled. 
Inst. OF ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 


E.C.4. ‘‘ The Modern Trend of Sanitary Engineering as Affect- 
ing Public Buildings,” H. C. H. Shenton. 7.30 p.m. 
Inst. or StrucTURAL ENGingeRS: ScorrisH Branca.— 


129, Bath-street, Glasgow. ‘‘The Erection of Some Steel 
Bridges,’ J. F. Pain. 7 p.m. 
Inst. of TRANSPORT : MANCHESTER STUDENT AND GRADUATE 
Srection.—County Library, Manchester. ‘‘Some Aspects of 
Railway Control Organisation and its Functions,” J. C. 
Boustead. 6.30 p.m. 
Roya Soc. or Arts.—John-street, Adelphi, W.C.1. ‘* The 
Present Position and Prospects of the Coal Industry,’ Capt. 
J.P. Dickie. 8.15 p.m. 

Tuurspay, Aprit 15TH. 
Inst. oF Civit Enorineers.—Great George-street, 8.W.1. 
Special lecture, “‘ The Boulder Dam,” J. L. Savage. 6 p.m. 
Inst. oF ELectricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. ‘‘ Modern Systems of Multi-channel 
Telephony on Cables,” Col. A.S, Angwin. 6 p.m. 

Fripay, Aprit 16TH. 

Inst. oy ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, W.C.2. “The Photo Cell and its 
Applications in Industry,” J. B. Kramer. 7 p.m. 
Inst. or MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
Informal meeting. ‘‘ The Wear of Cylinder Liners,” J, E, Hurst. 





temperature a little above the setting temperature, which is, of 
course, dependent on the wax mixture employed. The absorbed 
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Inst. or Structural EnGIngERS.—Inst. of Civil Engineers, 
Great -street, S.W.1. ‘‘ Old Waterloo Bridge: Schemes 
for Reconditioning and Widening,” R. P. Mears. 6.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, 8.W.1. 
“A Historical. Review of Mine Lighting,” J. G. Garrett. 
7.30 p.m. 

Nortu-East Coast Inst. or ENGINEERS AND SHIPBUILDERs. 
—Mining Inst., Newcastle-on-Tyne, ‘‘ The Determination of the 
Residual Strains and Stresses in Arc-welded Plates,” H. FE. 
Lance Martin. 6 p.m. 


SaTuRDAy, APRIL 171TH. 
Inst. or Crvi, Engineers: Stupents’ SectTion.-—Visit to 
Mogden and Perry Oak sewage works. 


Monpbay, Arprit 19TH. 

Inst. oF Fue..—Inst. of Electrical Engineers, Savoy-place. 
W.C.2. “ Present Work and Future Programme of the Carnegie 
Institute of Technology Coal Research Laboratory.” 6 p.m. 

TvEspAy, APRIL 20TH. 

Inst. or Civit ENGINEERS.—-Great George-street, 8.W.1. 
‘*The Flow of the River Severn, 1921-1936,” Professor 8. M. 
Dixon, G. FitzGibbon, and M. A. Hogan. 6 p.m. 

Inst. or TRansport.—Inst. of Electrical Engineers, Savoy- 
place, 8.W.1. ‘“ ‘Pransport Developments in 1936,” R. Bell. 
6 p.m. 

WEDNEsDAyY, APRIL 2Isr, 

Inst. or CHemicaL EnoineErs.—Burlington House, Picca- 
dilly, W.1. ‘ Valuation and Insurance of Chemical Plant,” 
H. A. 8. Gothard. 6 p.m. 

Tuurspay, APRIL 22ND. 
inst. or Civin ENGINEERS: BIRMINGHAM 
Assoc.—Annual general meeting. 
Inst. or Civiz ENGINEERS: Bristow anp District Assoc. 
* Conerete Road Design,” W. H. Glanville. 

Inst. of Execrrica, Enoingers.—Savoy-place, W.C.2. 
Kelvin Lecture, ‘‘ The Elementary Particles of Matter,” Prof. 
J. Chadwick. 6 p.m. 

Inst. of Muntna anp Meratiurcy.—Grosvenor House 
Park-lane, W.1. Annual dinner. 

Royat AERoNnAUTICAL Soc.—Royal Soc. of Arts, John-street, 
Adelphi. W.C.2. ‘‘ Power Plant Trends,” G. J. Mead. 6.30 p.m. 


AND District 


Fripay, APRIL 23RD. 
Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
** Economics in Relation to Engineering,” K. Willans. 7.30 p.m, 
Monpay, Aprit 267TH. 


Royat AgronauticaL Soc.—Inst. of Electrical Engineers, 
Savoy-place, W.C.2. Presidential address, H. E. Wimperis 
8 p.m. 


| 


Turspay, APRIL 27TH. 

Inst. oy AuTOMOBILE ENGINEERS.—James Watt Memonal 
Hall, Great Charles-street, Birmingham. ‘ Light Aero-Engines, 
D. R,. Pobjoy. 7.30 p.m. 

Inst. or Crvit ENGINEERS.—Great George-street, 5.W.1. 
James Forrest Lecture, ‘“‘ The Crystal and the Engineer,” Sir 
William H. Bragg. 6 p.m. 

Inst. or Civ. ENGINEERS: NEWCASTLE-ON-TYNE AND Dits- 
rrict Assoc.—Annual general meeting and discussion on the 
Interim Report of the Committes on Floods in Relation to 
Reservoir Practice. 

WepDNeEspDAy, Aprit 28TH. 

Inst. or Fvet.—Burlington House, Piccadilly, W.1. “ New 
Developments in the Treatment of the Products of the Carbonisa- 
tion of Coal and Oil Mixtures,” A. Fisher. 6 p.m. 





TuHurspay, Aprit 29TH, AND Fripay, Aprit 30TH. 
1RON AND STEEL INst.—Inst. of Civil Engineers, Great George- 
street, S.W.1. Annual meeting. 
Fripay, Aprit 30TH. 

Inst. OF MECHANICAL ENGINEERS.—Storey’s-gate, 8.W.1. 
“Present Tendencies in Water Turbine Machinery,” A. A. 
Fulton. 6 p.m. 

Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
“ Spanning of Openings.”’ 7.30 p.m. 

Sarurpay, May Ist. 

MANCHESTER Assoc. oF ENGINEERS.—Visit of inspection to 

the Haweswater works of the Manchester Corporation. 
Wepwnespay, May 5ra. 

Inst. or FvEL.—Royal Soc. of Arts, John-street, Adelphi, 
W.C.2. ‘ Fuel Economy in the Melting and Reheating Furnaces 
for Steel Works,” R. J. Sarjant. 6 p.m. 

Tuorspay, May 6TH. 

Inst. oF ELectricaL ENGINnEERS.—Savoy-place, W..2. 
Faraday lecture, “‘ Electricity in the Hospital,’ R. 8. Whipple. 
6.30 p.m. 

Monpay, May 24TH. 

Association or “ Otp Crompronsans.”’——Grosvenor House, 

Park-lane, W.1. Annual dinner. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Mr. H. B. Warp, M. Inst. C.E., F.S.1., &c., of Harrington 
Chambers, 26, North John-street, Liverpool, 2, has opened an 
office at 1, Ridgefield, King-street, Manchester, 2. 


Sm Harry Lrypsay, Director of the Imperial lnstitute, has 
agreed to accept nomination as President of the Association of 
Special Libraries and Information Bureaux (ASLIB) for the 
year 1937-38. 


Tue Nortx-Eastern Evecrric Surrty Company, Ltd., has 
appointed Colonel 8. E. Monkhouse, M.1.E.E., as ac 
m. r of the com y, to succeed the late Mr. H. A. Couves. 
Mr. E. H. E. Woodward has been appointed assistant general 
manager. 

Bruce Prestes aNp Co., Ltd., Edinburgh, have appunt 
Bellamy and Lambie, 216, New C cial Exchange, Harrison- 
street, Johannesburg, as sole agents in the Union of South 
Africa, including Rhodesia, and the Portuguese Colony of 
Mozambique. 


Davy Broruers, Ltd., of Sheffield, have transferred their 
London office to Steel House, the recently completed head- 
quarters of the British Iron and Steel Federation, in Tothill- 
street, S.W.1. Mr. O. F. Reichwald has been appointed the 

A. C. Wickman, Ltd., Coventry, has been ap inted ora 
in the United Kingdom and the Irish Free State for heavy-duty 
lathes, tool-room lathes, multi-cut lathes, automatic lathes, 


crankshaft lathes, rapid production lathes, and cutter grinders 
made by the R, K. Le Blond Machine Tool Company, Cincinnati, 





‘company’s London representative. 





6.30 p.m, 


Ohio, 
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A Liner as a Naval Training Ship. 


Tue former Cunard White Star liner “‘ Majestic,” 
which on April 21st-is to.be commissioned as a naval 
training ship, H.M.S. ‘‘ Caledonia,” left the new docks 
at Southampton on Thursday, April 8th, for Rosyth 
Dockyard. Under her own steam she reached the 
Forth on Saturday, and was berthed in the main basin 
at the dockyard. In her appearance she bears but 
little resemblance to her former self. Only a stump 
of the foremast remains, and the three funnels 
have been shortened in order to allow her to pass 
below the Forth Bridge. Many interior structural 
alterations have been made and cabin partitions have 
been removed in order to provide class-rooms and the 
necessary mess-rooms and sleeping accommodation 
for the 2000 boy seamen and artificer apprentices 
which she is now designed to house. Captain Sir 
Atwell Lake, who was training commander at Ports- 
mouth Barracks, will be in command. Speaking 
on Saturday on the arrival of the ship, Sir Atwell 
said that the first batch of recruits would arrive about 
May 10th, and that from that date recruitment would 
take place at the rate of about 120 boys per month. 
Workshop training will be carried on partly in the 
various Class-rooms aboard the ship and partly in the 
special shops which have been prepared in the dock- 
yard itself. The work of reconstruction was entrusted 
by the Admiralty to John I. Thornycroft and Co., 
Ltd., of Woolston, Southampton. 


Possible Curtailment of L.P.T.B. Plans. 


An official statement issued by the London Passen- 
ger Transport Board on Friday, April 9th, declares 
that rising costs of materials may be responsible 
for the curtailment of the Board’s £40,000,000 
scheme for the expansion of its transport services. 
Some of the main line railway companies may also 
be affected. Consideration of the proposed extension 
of the Bakerloo Tube Railway to Camberwell has had 
to be postponed, pending a discussion as to the 
financial position of the Board and of the main line 
railway companies. The London Passenger Trans- 
port (Agreement) Act, authorising the necessary loans 
for the Board’s scheme, was in 1935, when 
agreements between the Treasury, the Board, and 
the main line companies provided that the Treasury 
was to cause the formation of a company to finance 
the scheme, which was expected to be completed by 
the end of 1939. The main features of the scheme 
were the electrification of the L.N.E.R. lines to 
Shenfield and Loughton, High Barnet, and Edgware 
and the Alexandra Palace; the extension of the 
Great Northern and City Railway ; the substitution 
of trolly vehicles for tramcars on not less than 
148 route miles of tramway ; the construction of tube 
railways from Highgate to East Finchley and from 
Finchley-road to connect with the Bakerloo line, 
and improvements to several of the existing stations. 
In all, 12 miles of new tube railways were to be pro- 
vided, and the electrification scheme was to cover 
44 miles of suburban railway. Work has already 
begun on a tunnel from Mile End to Leyton, which is 
part of the extension of the Central London line from 
Liverpool-street to Newbury Park, Ilford. 


New Motor Regulations. 


THE Minister of Transport issued on Monday last, 
April 12th, a memorandum regarding the Motor 
Vehicles (Construction and Use) Regulations, 1937. 
These regulations revoke and replace the 1931 and 
six subsequent amending regulations, and come into 
foree on May 31st, except where additional periods 
of time are allowed in order that new requirements 
as to construction or equipment may be complied 
with. The more important new provisions include 
the compulsory fitting of an instrument on all vehicles, 
with certain exceptions, registered after October Ist, 
1937, not necessarily a speedometer, which will 
indicate within a margin of error of plus or minus 10 per 
cent., a speed greater than that at which the vehicle 
is permitted to travel by law. All vehicles regis- 
tered after October Ist, 1937, will be required to 
have an automatic windscreen wiper, unless the 
windscreen can be opened to obtain an adequate 
view. The use of a gong, bell, or siren is to be 
restricted to ambulance, police, fire brigade, and 
salvage corps vehicles, and the ban on the use of 
warning instruments between 11.30 p.m. and 7 a.m. 
is extended to all roads subject to the speed limit. 
The general regulation concerning dangerous loading 
is now extended to the number of passengers on 
vehicles, other than public service vehicles, and loads 
must be secured so that no danger may be caused by 
the load falling on the road, and no vehicle may be 
used for a purpose for which it is so unsuitable as to 
cause danger. The use of ‘‘ cut-outs ”’ or of a silencer 
which has been altered so that the noise emitted is 
increased by the alteration is prohibited. The regula- 


A Seven-Day Journal. 


motor vehicles which comply with the regulations now 
superseded. From October Ist, 1943, however, with 
certain exceptions, no braking system may be rendered 
ineffective by the non-rotation of the engine, and from 
October Ist, 1942, all vehicles with servo braking 
systems embodying a vacuum or pressure reservoir 
must be provided with a device to warn the driver of 
any impending failure in the vacuum or reservoir. 
These two new requirements apply to new vehicles 
from April Ist, 1938, and October Ist, 1937, respec- 
tively. A new method of limiting the overhang of 
heavy motor cars by reference to the length of the 
wheel base, in place of the overall length, is to be 
applied to new vehicles after October Ist, 1938. The 
regulations empower police-constables and Ministry 
of Transport certifying officers and vehicle examiners 
to test the brakes, steering gear, and silencer of a 
motor vehicle. 


The Fischer-Tropsch Coal-Oil Process. 


THE statement made by Sir Robert Horne, the 
chairman of the South Wales Trade Recovery and 
Expansion Committee, in the House of Commons on 
Tuesday, April 6th, with regard to a new process for 
the production of oil from coal, has created wide 
interest. It is reported that a private company, the 
largest coal-producing group in South Wales, is pre- 
pared to spend £1,000,000 on the process, and is 
discussing with the Government a scheme of co-opera- 
tion, which will, it is hoped, lead to the establishment 
of an important new industry. The group has received 
a favourable impression of the Fischer-Tropsch 
synthetic process for the production of oil from coal, 
which is being employed at present in Germany and 
France, and which is about to be operated in South 
Africa and Japan. Owing to the recent reduction in 
the export of certain grades of coal, the company 
wishes to find an outlet for these grades, and to exploit 
new coalfields without affecting the inland coal 
markets held by other coal-producing districts. The 
production of oil from coal by this process appears 
to fulfil these needs. The group, however, feels that 
Government assistance is necessary for it to operate 
the process without financial loss, as the cost of pro- 
ducing oil from coal is higher than the present landed 
cost of oil in the Thames. It is understood that the 
Government is sympathetic to these ideas, and is 
examining the position closely, and that it will 
appoint a committee of experts to advise it as to the 
steps necessary for the development of this important 
industry. The Fischer-Tropsch process consists 
briefly in passing a purified mixture of gases contain- 
ing carbon monoxide and hydrogen into reaction 
chambers, where synthesis takes place in the presence 
of a catalyst at atmospheric pressure and low tem- 
perature. Water and oil are condensed after synthesis 
and the oil in the residual gas is recovered. 


The Clyde Industrial Troubles. 


THE strike on Clydeside continues to spread, and 
between 12,000 and 13,000 apprentices are now idle. 
The Industrial Relations Department of the Ministry 
of Labour has taken the matter up, in view of the 
fact that important rearmament work is being held 
up, and on Monday last deputations from the ship- 
building interests, the unions, and the Central Appren- 
tices Committee discussed the situation with the 
Government officials. A proposal was discussed, 
the terms of which were not revealed, and no 
announcement was made of the decision, if any, 
which was reached. The dispute has ceased to 
be mainly concerned with an increase in wages, the 
principle involved being the refusal of the employers 
to recognise that the unions have a right to negotiate 
on behalf of the apprentices. A one-day strike and 
the ban of all overtime in the West of Scotland ship- 
yards is threatened for to-day (Friday), involving 
about 100,000 workers, unless the employers agree 
to a conference with the unions. As regards William 
Beardmore and Co.’s Parkhead Forge, at present 
no strike benefit is being paid, as the National Execu- 
tive of the A.E.U. has declined to endorse the stop- 
page, but various voluntary contribution plans are 
being employed in support of the 1500 engineers who 
are on strike. While the Government has concerned 
itself with the apprentices’ strike, it appears, from 
a reply by Mr. Brown, the Minister of Labour, in 
the House of Commons, that it is not his present 
intention to intervene in the Beardmore strike. 
In the meantime, labour troubles are spreading to 
Ireland and to other industries in Scotland and the 
North of England. At Belfast, 600 apprentices were 
on strike, but returned to work on Saturday last 
as the result of intervention by the Ulster Ministry 
of Labour pending negotiations with the Engineers’ 
and Allied Employers’ Northern Ireland Association. 
All the ‘‘ safety men” employed in coal mines in 
Scotland threaten to cease work on May 9th, failing 
satisfactory negotiation of an agreement on wages 





Launch of the Aircraft-Carrier “ Ark Royal.” 


On Tuesday, April 13th, the new aircraft-carrier 
“ Ark Royal”? was launched from the Birkenhead 
yard of Cammell, Laird and Co., Ltd., the ceremony 
being gracefully performed by Lady Maud Hoare. 
The occasion was an official visit of the Board of 
Admiralty to Merseyside, and the Admiralty yacht 
“Enchantress ” was sent to the Mersey to take the 
First Lord and the Admiralty party to the yard. 
The ‘“ Ark Royal” has a length of 685ft., with an 
extreme breadth of 94ft. She has a standard dis- 
placement of 22,000 tons on 23ft. mean draught. 
Her propelling machinery will consist of Parsons 
type geared turbines, taking steam from high-pressure 
water-tube boilers of the three-drum pattern, and, 
we understand, designed for a speed of about 30 knots. 
The new carrier embodies many improvements in 
design and construction, and we noted that welding 
has been freely employed in the construction of her 
hull. The launch was attended by one of the largest 
assemblies of workpeople ever seen on the Mersey, 
and after the launch close upon 1200 guests were 
entertained to luncheon in the firm’s large mould 
Loft. In proposing the toast of “‘ The Builders of the 
Ship,” Sir Samuel Hoare said that the ship just 
launched was the most up-to-date aircraft-carrier 
in the world, and the first of several such carriers 
which would help the country to solve some of the 
problems of defence with which we were faced. 


Safety in Mines. 


A PUBLIC sitting of the Royal Commission on 
Safety in Coal Mines was held at Caxton Hall, West- 
minster, on Monday last, April 12th. Evidence was 
submitted by the Council of the Institution of Mining 
Engineers in which it was stated that the Council 
was satisfied that the present standards as to the 
quality of air in different parts of a mine were 
adequate, but that proper testing methods should 
be applied once a month. The flame safety lamp 
was considered by the Council to be the most reliable 
means of testing air conditions on the spot. Auto- 
matic gas detectors generally required the adjust- 
ment or replacement regularly of some part of the 
apparatus, and therefore placed the safety of the 
mine in the hands of one or two persons. The 
Council was not yet satisfied that any automatic 
device was suitable for all conditions underground. 
Professor Douglas Hay, Vice-President of the Institu- 
tion, gave evidence as to the desirability of strengthen- 
ing the existing regulations. He stated that when 
carried out the present regulations were adequate. 
Breaches in the regulations could only be prevented, 
in his opinion, by a higher standard of training of 
ers. At the resumed sitting on Tuesday, 
April 13th, Mr. Laurence Holland, President of the 
Institution, gave evidence regarding haulage 
accidents. He cited various improvements in the 
quality of the haulage material used which the 
Institution desired to see carried out, and gave it 
as his opinion that safety could be obtained only by 
educating the entire personnel of a mine. No regula- 
tion could enforce care, and even compulsory safety 
instruction was often useless. 


Birmingham Steel Work Contracts. 


Tue Birmingham City Council last week decided 
to suspend for twelve months the Standing Order to 
Committees excluding foreign purchases. This arose 
from a report by the General Purposes Committee of 
the Council, which was instructed last December to 
investigate the whole question of price rings, trusts, 
and combines so far as they affected tenders for works 
or supplies for the Corporation. The Committee 


reported with regard to steel work that tenders were 
obtained in October last for the constructional] steel 
work for the new block of offices on the civic centre 
site. As the Committee was dissatisfied with the 
prices, an interview took place with representatives 
of the British Iron and Steel Federation and the 
British Constructional Steelwork Association. Basic 
prices were subsequently examined in great detail 
and a price on the basis of nearly £2 per ton lower than 
the original quotations was agreed upon. The tenders 
had shown little variation in amounts and prices per 
ton were deemed to be unduly high having regard: to 
comparatively recent prices for other work in Cor- 
poration Departments, even after making reasonable 
allowance for increased costs of raw materials, &c. 
Finally a contract wes negotiated with Horseley 
Bridge and Thomas Piggott, Ltd., and sub-con- 
tractors subject to the Minister of Health offering no 
objection. 


The report states that the specification 


for steel work was in two parts, and one, a direct 
contract with the Corporation, was in the sum of 
£15,101, compared with £19,438—the lowest of the 
original quotations. The second section amounted 
to £14,082, compared with the lowest price quoted in 








tions concerning brakes have not been substantially 
modified, and will not require alterations in existing 





and conditions of employment. 





the original tender of £17,931. 
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THE SpPerRY Avromatic AIRCRAFT PILOT. 


AS long ago as 1912 the late Dr. E. A. Sperry 
4A devised and produced a system for the automatic 
control of the ailerons and elevators of aeroplanes. 
In the equipment as fitted in the first instance to a 
Curtiss biplane no attempt was made to extend the 
contro] to the rudder. The system therefore consti- 
tuted a means of improving the stability character- 


control, The response of the anemometer to pitching 
motion of the aeroplane was, or could have been 
made, similar to that of the pitot head employed 
some twenty years later in the Siemens autopilot for 
aircraft. 

In the modern form of Sperry automatic aircraft 
pilot the control is extended to all three axes. A 
single gyroscopic detector governs the setting of the 





rudder while a second independent gyroscope exer- 
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FiG. 44—GENERAL ARRANGEMENT OF 


istics of an aeroplane rather than an automatie pilot 
as that term is now used. 

The control applied about each of the two axes 
was derived from a pair of contrary running gyro- 
scopes. The spinning axes being appropriately 
aligned and the gimbal rings of each pair of gyro- 
scopes being suitably geared together, each detector 
was, or was claimed to be, responsive to tilting 
motion about its associated axis and insensitive to 
motion of the aircraft about either of the other axes. 
The gyroscopes were spun electrically and were 
coupled to a valve which governed the admission of 
compressed air to a servo-motor cylinder. A small 
dynamo driven off the main engine supplied direct 
current to the gyroscopes and alternating current for 
wireless telegraphy. ‘The supply of compressed air 
was obtained by trapping a small quantity of the 
products of combustion at the beginning of each 
explosion in the main engine cylinders. 

It was considered to be of great importance that 
the deflection of the ailerons or elevator applied to 
correct a given departure should be regulated in 
accordance with the forward speed of the aircraft. 
It was argued that if the deflection applied when the 
speed was high was maintained at the same value as 
when the speed was low the correcting moment might 
be sufficiently violent to eject the pilot from his seat 
or to damage the aircraft structure. The desired 
regulation was obtained by means of a wind disc or 
anemometer plate exposed to face the direction of 
flight. The wind pressure on this plate drove it back 
against the resistance of a spring to an extent varying 
with the speed of flight. The movement of the plate 
operated an electric servo-motor which produced a 
proportional movement of the fulcrum of the aileron 
or elevator lever. As a result the deflection of the 
organs initiated by the gyroscopic detectors was 
determined as to its amount by the forward speed of 
the aeroplane. 

When the pilot so desired he could suppress the 
action of the automatic control by operating a small 
air valve on the rim of his manual control wheel. It 
was, however, considered to be very desirable to take 
the control out of his hands if he attempted to climb 
at a dangerously steep angle. It was therefore 
arranged that if the angle of climb were such as to 
reduce the speed of the aeroplane to within five miles 
an hour of that which would result in a tail slide the 
anemometer would act automatically to take the 
control out of the pilot’s hands and set the elevator 
to a safer deflection. 

It is to be noted that the anemometer and moving 
fulcrum mechanism was not provided for the purpose 
of modifying the aileron or elevator deflection in a 
manner which would have introduced a damping 
component. It is, however, probable that, so far at 


least as the elevator was concerned, the arrangement 
did unintentionally partially fulfil the requirements 
in this respect of the general theory of automatic 
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cises the double function of controlling the ailerons 
and elevator. Analytically the chief interest in the 
system centres round the faet that it provides no 
apparent means for the application of a damping 
component about any of the three axes. This 
omission is not surprising in the case of the longi- 
tudinal axis for the natural resistance of an aeroplane 
to rolling is in general sufficiently high to provide all 
the damping required. A similar remark may be 
made, although perhaps somewhat less emphatically, 
regarding the natural resistance to pitching about 
the transverse axis. As regards the vertical axis, 
however, the omission of a deliberately applied damp- 
ing component supplementing the natural resistance 
to motion about this axis is noteworthy. We will, 
however, postpone discussion of this subject until 
after we have described the details of the equipment. 

A drawing illustrating the general arrangement of 
the Sperry automatic pilot for aircraft is reproduced 
in Fig. 44. The method of its operation will best be 
followed by reference to Fig. 45 in which we give a 
diagram of the rudder control details. 

The gyroscope, shown in plan in Fig. 45, is mounted 






Oi! Pump 


Servo- 
Motor 
Cylinder 


By-nass Value 


“THe Encincea’ 


Fic. 45—DIAGRAM OF RUDDER 


inside inner and outer gimbal rings A B with its axle 
aligned horizontally fore and aft. The outer ring B 
is mounted to turn freely on a vertical axis inside a 
casing C fixed relatively to the aircraft structure. 
While the casing partakes of any yaw which the aero- 
plane may experience, the gyroscope and its rings will 
preserve their original alignment except in so far as 
frictional or other restraint at the gimbal axes may 
induce a certain amount of wandering with the 








passage of time. Means are provided whereby the 
pilot may, every half-hour or so, correct such wander- 
ing by re-aligning the gyro-axle relatively to his com- 
pass bearing, thereby preserving his desired course. 

It would be possible, as in the British automatic 
pilot, to spin the gyro-wheel by causing a jet of com- 
pressed air to impinge upon blade-like serrations 
formed on the periphery of the wheel. The Sperry 
Company finds it preferable to reverse this procedure, 
namely, to employ a suction pump D which maintains 
inside the casing C a vacuum of 4in. of mereury. The 
air is drawn into the casing through a filter and enters 
it as a jet which impinges upon the serrated edge of the 
gyro-wheel before being drawn off by the pump. 

There are two additional inlets by which air is 
drawn into the casing C, namely, two ports E F which 
for the time being may be taken as being formed in 
the wall of the casing. These ports are separately 
connected to a chamber G divided by a diaphragm H. 
The inlets to the two sections of this chamber are 
connected to the filter. 

When the aeroplane is on its set course the air is 
drawn into the casing equally through the two ports 
E F and therefore equally through the two sections 
of the chamber G. If, however, the aeroplane yaws 
to one side or the other one of the ports E F will be 
obstructed by a semi-circular shield J fixed to the 
outer gimbal ring and lying closely beneath the 
orifices of the ports. This obstruction establishes a 
difference of pressure in the two sections of the 
chamber G with the result that the diaphragm H 
deflects to one side or the other according to which 
port has been obstructed, that is to say, according to 
the side to which the aeroplane has yawed. This 
arrangement, known as an “ air pick off,” constitutes 
a means of causing the gyroscope to initiate a powerful! 
movement of the diaphragm H without imposing 
upon itself any material restraint to its freedom ot 
movement about any of its three axes. 

The diaphragm is coupled up to, and operates, a 
balanced piston valve K which controls the circulation 
of oil from a pump L. The design of this valve is 
such that the flow of oil from it to a servo-motor 
cylinder M and the exhaust from that cylinder are 
reversed with reversal in the direction of displace- 
ment of the valve. The servo-motor piston is coupled 
up to the rudder as shown in Fig. 44. When the air- 
craft is on its course and the rudder is centralised the 
valve K is in its neutral position and the flow of oil 
from the pump L is short circuited through a by-pass 
P controlled automatically by a valve. Another 
by-pass valve on the servo-motor cylinder allows the 
pilot instantly to cut out automatic control and 
resume hand control of the aeroplane. 

It is nécessary as usual to provide a follow-up 
arrangement in order that the deflection of the rudder 
may at all times be proportional to the movement of 
the valve K, that is to say, to the angle of yaw which 
the rudder deflection has to correct. To this end the 
ports E F are not, as we have supposed, formed in the 
wall of the casing C, but are arranged as indicated in 
Fig. 44 in a breeches piece which is capable of being 
rotated about an axis parallel with the vertical axis 
of the outer gimbal ring. This breeches piece is 
coupled up to the rudder m such a way that the rudder 
movement is relayed back to it. Asa result, following 
the initiation of a rudder deflection by the obstruction 
of one of the ports E F, the breeches piece is rotated 
in the direction required to remove the obstruction. 
With the obstruction removed the diaphragm H 
resumes its undeflected state and the valve K is 
centralised. The oil is thereby trapped in the servo- 
motor cylinder circuit and the servo-motor piston is 
held displaced to the extent initiated by the vaw. 
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CONTROL EQUIPMENT 
The aileron and elevator control unit follows a 
similar arrangement. The gyroscope in this case is 
mounted with its spinning axis vertical and is there- 
fore responsive both to pitch and roll, It. will be 
noted that the gyroscope has associated with it two 
breeches pieces, one of which, connected with the 
elevator, is governed by a shield fixed to the outer 
gimbal ring while the other, connected with the 
ailerons, is governed by a shield fixed to the. inner 
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In this case it is not desirable to leave any 


ring. 
wandering of the gyroscope to be corrected by inter- 


ference on the part of the pilot. Automatic means 
are therefore provided for maintaining the gyro-axle 
upright. These means are shown in Fig. 46. The 
gyro-wheel is enclosed in a housing the lower portion 
of which is formed with four ports at 90 deg. round its 
periphery. All four ports, when the gyro-axle is 
upright, are closed, each by a pendulous vane. If the 
axle tilts away from the vertical as shown one pair 
of these vanes will remain vertical under the action 
of gravity with theesult that one of the ports will 
be opened while the other remains closed. The air 
jet issuing from the opened port will apply a reaction 
to the gyroscope about an axis at right angles to that 
round which it has tilted with the result that the 
gyroscope will be precessed back to the upright 
position. 
THe Dampine Errect oF Time Lac. 

It will be noted that the modern Sperry automatic 
aircraft pilot contains nothing equivalent to the 
anemometer of the early days which, by operating 
on the fulerum of the rudder bar, might have been 
made to modify the rudder deflection in a manner 
which would have introduced a damping component. 
Neither is there any lost motion, as in the Sperry 
gyro-pilot for ships, between the detector and the 
rudder which would have given an approximate 
equivalent of a damping component. Nor, again, is 
any provision made, as in the British automatic 
pilot, for causing the yaw detector to respond addi- 
tionally to the rolling or banking which accompanies 
a turn. 

It would therefore appear that the Sperry auto- 
matic aircraft pilot operates by applying simply 
a rudder deflection proportional to the yaw and that 
it relies for the necessary damping component 
entirely upon the natural resistance of the aeroplane 
to angular velocity about its vertical axis. This 
conclusion is only partially true. It is incorreet in 
so far as it implies that the damping component is 
an unregulated quantity determined solely by the 
aero-dynamic characteristics of the particular air- 
craft to which the equipment is fitted and by the 
atmospheric characteristics prevailing during the 
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flight. Provision is made whereby the pilot can in 
effect regulate the natural resistance of his aeroplane 
in such a manner as to give him command over the 
decaying oscillation by which the aircraft returns to 
its set. course after it has been disturbed from it. 

In Fig. 45 a valve N is shown inserted in the supply 
pipe connecting the oil pump to the servo-motor 
valve. This “ speed control valve ”’ as it is called is 
under the command of the pilot who adjusts it to 
suit the air conditions in which he is flying. According 
to the Sperry Company’s own statement adjustment 
of this valve varies the rate of application of the 
controlling force and under any given flying condi- 
tions a setting of the valve can be found for which 
the “hunting” of the aeroplane during recovery 
from a disturbance is of minimum amount. 

The terms of this explanation of the action 
assigned to the speed control. valve.are not very 
precise. The action of the valve has in fact been the 
subject of some debate. As it appears to involve a 
point of considerable general importance in any 
design of automatic control equipment we will 
endeavour to explain the action in a more definite 
manner than that of the company’s statement. 

It was pointed out in the third article that the 
use of a servo-motor for relaying the signals of the 
detector to the control organ necessarily involves 
the introduction of a finite amount of time lag 
between the response of the detector to the departure 
to be corrected and the response of the control organ 
to the signal emitted by the detector. This time lag 
is determined by a number of factors including the 
inertia of the control organ and the parts which move 
with it and any elasticity or looseness in the elements 
of the equipment. It is also determined by the 
fact that the pressure behind the servo-motor piston 
required to move the control organ cannot be built 
up instantaneously. Hence following a movement 
of the servo-motor valve a finite interval must elapse 
before the servo-motor piston begins to move in 

response to the movement of the valve. The length 





f’ (t) and f” (t) writing X, X and & respectively, we get 


of the supply of fluid admitted by the valve to the 
cylinder. The “ speed control valve ’’ N on this basis 
may therefore be regarded simply, as/a means of 
varying the pressure of the wo: ftuid admitted 
to the cylinder and hence primarily as a device for 
varying the time lag between the response of the 
detector and the response of the control organ. 

The problem now presented to us is a study of the 
motion of an oscillating body subjected to a 
“natural ’’ damping resistance proportional at any 
instant to its instantaneous velocity and an “applied ” 
restoring force proportional at any instant, ¢ say, 
to the displacement which the body possessed at 
some earlier instant, t—k say, where k is a constant 
time lag the value of which is open to control. 

A graphical study of this problem on the same 
lines as those followed in our explanation of the 
effect of the lost motion in the Sperry gyro-pilot for 
ships might be given. Unlike the lost motion problem, 
however, the time lag problem is amenable to mathe- 
matical analysis and as those who desire to study it 
in detail will doubtlessly prefer to adopt a mathe- 
matical method of attack we give a summary of. it 
in the attached mathematical note. 

The analysis shows that if there is no natural 
resistance, that is to say if the conditions are such 
that the motion of the body would otherwise be 
simple harmonic, delay in the application of the 
restoring force is equivalent in its effect to the 
introduction of a *‘damping’’ component. The 
“damping” is however of a negative nature; it 
is not something which always opposes the movement 
of the body but something which always assists the 
movement. Negative damping is not a mathematical 
abstraction. It has no meaning as applied to damping 
derived from the resistance of a viscous fluid or other 
source of frictional opposition. If however the 
damping is derived from an additional or modifying 
movement of the organ applying the restoring force 
then the insertion of an extra pinion or equivalent 
element in the mechanism is all that is required to 
give us a practical realisation of negative damping. 
The effect of negative damping is, as might be 
expected, to cause an oscillation once started to 
build up in amplitude instead of decaying as it 
would do with positive damping. If it is desired to 
introduce an effect equivalent to positive damping, by 
adopting lack of instantaneous action of the control 
organ, then the time lag should be negative, that is 
to say it should be not a lag but an advance. The 
lost motion device in the Sperry gyro-pilot for ships 
fulfils in some respects the requirements of a time 
advance arrangement. 

The introduction of time lag, if no natural damping 
resistance is present, is therefore definitely harmful 
from the point of view of automatic control since it 
must always give us the reverse of a decaying oscilla- 
tion. If however natural resistance is present a 
limited amount of time lag will modify the effect 
of the natural resistance and permit the magnitude 
of the damping component to be controlled. Up 
to a certain limit the introduction of time lag will 
preserve the motion of the body as a decaying oscilla- 
tion. As the time lag is increased from zero up to 
this certain limit the period of oscillation of the body 
will undergo a change and so too will the decrement 
of amplitude which the motion exhibits from swing 
to swing. These are the two characteristics which 
the pilot desires to control and therefore the ability 
given him to vary the time lag by adjusting the 
‘speed control valve” N Fig. 45 permits him to 
adjust the manner in which the aircraft recovers 
from a disturbance. 

If the time lag is increased to the limiting value 
its damping effect will just balance the damping 
effect of the natural resistance and the motion of 
the aircraft will be a sustained oscillation of constant 
amplitude as in simple harmonic motion. If the 
time lag is made still greater its effect will override 
that of the natural resistance, the effective damping 
will be negative and the amplitude of the oscillation 
once it has begun will increase from swing to swing. 
In the absence of numerical values for the various 
constants involved mathematical analysis must rest 
content with demonstrating that a variable time lag 
permits control to be exercised over the period and 
decrement of the decaying oscillation by which the 
body controlled returns to its normal configuration. 
It is not possible to determine theoretically whether 
the range of the control thus created is sufficiently 
extensive to be effective in practice. 


MATHEMATICAL NOTE. 
The Damping Effect of Time Lag.—Consider a body oscillating 
under the influence of (a) a “‘ natural” damping force propor- 
tional at any instant to its velocity (b) an “‘ applied ” damping 
force proportional at any instant, ¢, to the velocity which the 
body possessed at some earlier instant (t—h) and (c) an applied 
restoring force proportional at any instant, t, to the displace- 
ment ee oe by the body at some earlier instant (¢—k) 
where / and & are constant time but not necessarily equal. 
Then if X=f (t) be the equation to the displacement of the body 
the differential equation governing its motion may be written as 


X+QX+N/’ (t—h)+P/ (t—k)=0 (1) 
In general from Taylor’s theorem we have 

F (y—c)=F (y)~—e F’ (y)+c?/2 F’ (y).... 
and by differentiation 
F’ (y—c)=F’ (y)—c F” (y)+e*/2 F’” (y) ... 
Making use of these expansions in (1)—neglecting terms con- 
taining differentials higher than the second—and for f (f), 





of this interval must be a function of the pressure 











(a) Assume that there is no damping, natural or applied, .¢., 
Q=N=0. Then (2) becomes : 
(1+P k/2y)X—PkX+P X=0. 

The délay in the application of the restoring force is therefore 
responsible for the introduction of a factor equivalent to negative 
damping and the motion of the body which otherwise would be 
simple harmonic becomes an oscillation of indefinitely increasing 
amplitude. 

(6) Assume that there is natural damping but no applied 
damping, i.c.. N=0. Then (2) becomes 


(1+P k/2) X+(Q—Pk) X+P X=0. (3) 
or 
X+26X+aX=0. lst (4) 
where at=P/J; b=}(Q—Pk)/J; J=(1+P k/2). Hence if 


the time lag, k, is greater than Q/P the effective damping will 
be negative and the oscillation once started will increase in 
amplitude. If k is equal to Q/P the amplitude of oscillation will 
remain constant as in simple harmonic motion. If k is less than 
Q/P the oscillation will decay in amplitude in accordance with 
an equation of the form 
X=C e~btsin (mt+B) . (5) 
where m= ,/(a*—b*). The periodic time of the oscillation repre- 
sented by (5) will be 2 2/m or in full 
rs 22(2+P k*) 

~ 9/ (P?k2+2PQ k+4 P—Q?) 
Taking Q as unity and P successively at }, 1, 1} and 2 the values 
of T are — in Fig. I for time lags k ranging in each case from 
k=0 to k=Q/P. 

The “ logarithmic decrement,” that is to say, the ratio of any 
one maximum or minimum amplitude to the immediately 
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preceding maximum or minimum amplitude, is given by 
r=e->T and for the same value of Q and range of values of P 
and & is plotted in Fig. II. 

It will be noted from Fig. I that for given values of Q and P 
variation of the time lag & provides a means of varying the 
period of oscillation. As the time lag is increased from zero the 
period in each case falls towards a minimum value and, then 
increases. The final value—corresponding to k=Q/P or simple 
harmonic motion—may be greater than the zero time lag value. 
From Fig. II it will be observed that this variation in the period 
of illation is panied. in each case by a progressive 
increase in the value of the decrement ratio r, that is to say, as 
the time lag is increased the decrement of amplitude between 
one oscillation and the next diminishes until at the limiting 
time lag k=Q/P, the ratio becomes unity implying that there is 
no decrement and that the oscillation maintains a constant 
amplitude as in simple harmonic motion. 

(To be continued.) 














New Trays ror L.M.S.—The London, Midland and 
Scottish Railway Company announces that a fleet of com- 
pletely new electric trains is to be provided for its inter- 
urban service between Liverpool (Exchange) and Seuth- 
port—Britain’s first suburban electrification, introduced 
in 1904. Altogether, fifty-nine motor vehicles and ninety- 
three trailers are to be built, and the new trains will be 
both faster and more comfortable than those now in-use. 
Constructed on the same principles as the new trains now 
being built for the electrification of the neighbouring 
Wirral section of the L.M.S., the new coaches for the 
Liverpool-Southport line will be of the saloon type, each 
vehicle being 66ft. 6in. long and 9ft. 3in. wide. Trains 
will be made up of three, five, or six coaches, according tc 
traffic requirements. A six-car train will seat 536 passen- 
gers—430 third-class and 106 first-class. With the new 
stock the scheduled speed between Liverpoolfand South- 
port for trains calling at all stations will be nearly 
30 m.p.h., reducing the present running time by approxi- 





(1-~NA+P 2/2) X+(Q4+N—Phk) X+PX=0. (2 
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Fort Peck Dam. 


No. 


ORT PECK DAM, now under construction in the 
north-eastern area of the State of Montana, was 
visited on September 20th by nearly 250 delegates 
to the Third World Power Conference and the Second 
International Congress on Large Dams, whose tech- 
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the Missouri River a few miles below the dam. In 


addition to that, the Government has constructed | P 


a steel bridge, 2365ft. long, across the Missouri River, 
approximately 5 miles of timber trestle approaches to 
that bridge, and sidings, yards, and construction 
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PLAN OF FORT PECK DAM 


nical sessions had shortly before been concluded at 
Washington, D.C. The visiting delegates represented 
fifty-odd different countries, and before they returned 
to their respective lands they had the chance 
to study at first hand most of the great engineering 
projects recently completed or well advanced in 
America. The Fort Peck Dam stands forth among 
these works because of its size and the physical diffi- 
culties with which the designers and the constructors 
have to contend. 

In 1933, when the present National Administra- 
tion was casting about for great construction tasks 
that would give employment to many thousands of 
people and serve as sources of employment relief, 
the building of the Fort Peck Dam, among other con- 
templated projects, was recommended by the Chief 
of Engineers, U.S. Army. The Fort Peck Dam is the 
largest of several dams considered as a means of con- 
trolling and conserving the seasonal flood water flow 
of the Missouri River, and some of the principal 
tributaries of that stream. An allotment of 25,000,000 
dollars was made by the Federal Emergency Adminis- 
tration of Public Works on October 10th, 1933, and 
within ten days preliminary construction activities 
were in hand. When completed, as at present 
planned, the dam and its appurtenant features will 
have entailed an outlay of 86,000,000 dollars. The 
number of employees on the job has increased in the 
course of the last year from 7000 to a present total 
of 10,500, and with the exceptions of technicians and 
certain skilled workers, most of the men have been 
drawn from those resident in the State of Montana, 
as was the primary intention of the Government in 
its regional scheme of relief. 

The site of the Fort Peck Dam is in that part of the 
basin of the Missouri River that is semi-arid and 
previously isolated. The surrounding area, in large 
part a section of the public domain, is sparsely 
settled, and before work on the dam was started 
there were no neighbouring towns, no surfaced high- 
ways, no bridges, nor any railway adjacent to the 
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tracks, making a tributary railway system nearly 
30 miles in length. 

The present Government town of Fort Peck is con- 
nected with the bustling community of Glasgow, on 
the trans-continental railway by an improved high- 


This camp is made up of groups of commodious bunk- 
houses, 260 detached dwellings, an i tion 
building, a hospital, a school, an employees’ hotel, 
a block of stores, a commissary plant, and a modern 
water supply and sewerage system. An 8in. pipe 
line delivers natural gas from Glasgow for heating 
and cooking services, and electricity is available for 
lighting, power, and all sorts of domestic and other 

urposes. Current is transmitted to Fort Peck over 
a line built between Rainbow Falls and Fort Peck, 
a distance of 288 miles, and at Fort Peck the current, 
which is transmitted at 161 kV, is stepped down 
successively to 7200 volts, 4160 volts, and 2400 volts 
for camp and miscellaneous supply. A secondar 
system distributes current at from 110 to 220 volts 
for lighting and other functions in the living accom- 
modations, shops, &c. During the early stages of 
preliminary work at Fort Peck, electric current was 
transmitted over a temporary power line from 
Glasgow, Montana. Fort Peck boasts a moving 
picture theatre, a refrigerating plant, and a laundry of 
large capacity. All these conveniences were indis- 
pensable and needed at the very start of the under- 
taking, so that the working force could be properly 
taken care of. Incidentally, a shipyard was estab- 
lished and equipped with suitable facilities for the 
construction of the dredges that are playing so large 
a in the building of the dam, and the 
same plant has turned out most of the other floating 
equipment required in connection with the dredges 
and the carrying on of work upon the river. 

To evaluate the Fort Peck Dam project and the 
reason for locating that structure nearly 1875 miles 
upstream from the mouth of the Missouri River, 
one must know something about the river per se, 
and what it means physically and economically to 
the area of 530,000 square miles lying within its 
drainage basin. Between its headwaters on the 
eastern slope of the Rocky Mounteins, the river 
traces a winding course of 2470 miles before it dis- 
charges into the Mississippi River, and within that 
distance the river has a total fall of 3630ft. The 
maximum, mean, and minimum discharges at the 
mouth are respectively 300,000, 36,300, and 12,300 
cubic feet per second. The run-off is mainly caused 
in the upper basin by the melting of the snows on the 
mountain slopes and the heavy rains which usually 
occur during the months of April, May, June, and 
July. The flow data obtained at the site of the Fort 
Peck Dam indicate a mean annual discharge at that 
point of 8,253,000 acre-feet, a mean daily flow of 
11,400 cubic feet a second, and a maximum recorded 
discharge of 154,000 cubic feet a second—the latter 
occurred in June of 1908. The water reaching Fort 
Peck carries so little sediment that it will probably 
require a period of 100 years to deposit in the Fort 
Peck reservoir a volume of 225,000 acre-feet of silt. 





way, 20 miles long. The community is a few miles 
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downstream from the old trading post of Fort Peck, 
established in the days when several tribes of Indians 
intermittently threatened the white pioneers. The 
remoteness of the dam site, the barrenness of the 
region, and temperature ranges that normally vary 
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projected location for the impounding structure. 
It was therefore necessary for the Government to 
build a branch railway, 12-2 miles long, linking Fort 
Peck with the Great Northern Railroad at Wiota— 
incidentally bridging the Milk River, which joins 





from 110 deg. Fah. in the summer-time to 40 deg. 
below zero in mid-winter, necessitated the creation 
of a self-contained camp, that would be reasonably 
comfortable at all seasons and properly equipped to 
accommodate 6000 persons at the peak of operations. 
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But below the Milk River onward, the Missouri 
carries an increasing load of silt, and during a normal 
year as much as 250,000,000 tons of solid matter in 
suspension is thus moved past Kansas City, Mo., 
388 miles from the junction with the Mississippi 
River. In short, throughout the greater part of its 
length the Missouri is a typical alluvial stream, 
characterised by instability of channel, relatively 
steep and frequently changing slopes, and easily 
eroded bed and banks. During a normal flood period 
bank erosion in some sections amounts to as much as 
47 acres of land per mile of river. Because of fluctua- 
tions in the volume of the run-off, the level of the 
river at given points may vary from I6ft. to 38ft. 
from the normal gauge. t 
The Fort Peck dam will create a reservoir approxi- 
mately 185 miles long with a maximum width of 
17 miles, and therein may be impounded 19,500,000 
acre-feet of water. The primary purpose of the pool 
will be to store flood-period run-off and so permit the 
discharge into the river below the dam of enough 
water to contribute a minimum of 30,000 cubic 
feet per second, especially during the low-water 
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months of September, October, November, and 
December. This will put sufficient water into the 
river to assure the filling of a channel which will 
permit traffic on the lower river from Sioux City, 
Iowa, southward to the Mississippi River, a run of 
768 miles. The projected channel is to have a depth 
at all times of 8ft. or 9ft., and this will mean that the 
present 6ft. channel between Kansas City and the 
river mouth, now fairly stabilised, will be deepened 
to the extent of 2ft. or 3ft. The channel work will 
be additional to the building of the dam, and will 
entail a supplemental eutlay of 72,000,000 dollars 
for the run between Sioux City and Kansas City 
alone. That expenditure will be merely the first 
cost, because the expense will be continually a heavy 
one to maintain the channel owing to the erosive 
nature of the river and the tremendous volume of 
silt carried by it. The impounding of the Missouri, 
known in the vernacular as the “‘ Big Muddy,” 
can modify the nature of the stream only to a degree, 
inasmuch as the drainage area below the dam is 
considerably larger than that lying above the dam 
and tributary to the reservoir. 

When finished, the Fort Peck dam will consist 
of a main portion 9000ft. long, rising athwart the 
course of the river, and a dyke section 11,500ft. 
long, extending westward from the main body to a 
butte or bluff which flanks that side of the river 
valley. The eastern shoulder of the dam will be set 
against a butte, which is comparatively close to the 
river at that side of the valley. The dam will have 
a maximum height of 287ft., and the impounded 
water, at flood level, will be 220ft. higher than the 
present bed of the stream. The body of the dam and 
the dyke are earth-fill structures and will contain, 
respectively, when completed, 92,000,000 cubic yards 
and 6,500,000 cubic yards—all but a trifling per- 
centage of the total material being hydraulically 
placed. The work is being done under the super- 
vision of the Corps of Engineers of the United States 
Army, also responsible for the plans. It will be 
recalled that the same organisation built the Gatun 
dam of the Panama Canal, similarly constructed and 
formed of 22,000,000 cubic yards of earth fill. Until 
the Fort Peck dam was taken in hand, the Gatun 
dam was the world’s largest dam of that type. On 
September 15th, 1936, there had been placed in the 
Fort Peck dam and its associate dyke section a 
total of a trifle less than 41,850,000 cubic yards of 
earth fill. The curious-minded will reasonably 
ask—Why construct such a gigantic dam of earth 
in a country that has so generally used in its other 
monumental dams concrete to advantage? The 
answer is, Nature dictated the specifications in 
respect to the material to be used. 

Eastern Montana, where the Fort Peck dam is 
rising, is underlain by a series of late Mesozoic and 
early tertiary formations, which generally dip east- 
ward at a low angle. The dam site is located within 
the outcrop belt of what is known as Bearpaw shale, 
which forms the floor of the Missouri River Valley, 
and extends thence eastward for nearly 100 miles. 
The shale has a vertical thickness of probably 1000ft. 
where it underlies the dam, and for construction 
purposes the stratum is regarded as essentially 
horizontal. It is the outcropping of that shale that 
forms the bodies of the two buttes that flank the 
river valley east and west. The surface of the shale 
is below the flood plain along the line of the major 
part of the dam, and the overburden that has 
accumulated upon that shale in the course of time 
consists of alluvium having @ maximum thickness 
of more than 150ft. The alluvium consists mainly 
of sand with interspersed clay bed, the latter probably 
derived from the shale bluffs that will form the 
terminal abutments of the dam. The Bearpaw 
formation is of marine origin, and the shale has a 
porosity of about 18 per cent. It is a highly impervious 
formation. Ten test cores, about 2-8in. in diameter 
and from l}in. to 3in. long, showed a crushing 
strength averaging 3100 1b. per square inch. Where 
exposed to the air by tunnel driving or open excava- 
tions, the shale spalls rapidly and requires special 
treatment to arrest that action. The character and 
thickness of the overburden rendered it impracticable 
to excavate the site down to the shale so as to provide 
a suitable longitudinal cut-off trench, and, from that 
elevation, to construct a masonry dam of concrete. 
Therefore, the Army engineers elected to build 
an earth-fill dam of extraordinary dimensions, and 
to tie that dam to the basic shale by means of a 
cut-off wall or diaphragm composed of interlocking 
steel sheet piles driven down to the basic shale and 
even a little way into it. The upper ends of the piles 
are exposed for a length averaging 20ft., and are 
embedded in the lowermost section of the central 
impervious core of the dam. The steel sheet pile 
cut-off wall or diaphragm has a total length of 
approximately 10,150ft. Each pile is made up of 
two sections welded together to give the necessary 
length. A number of the piles was driven to a 
maximum depth of 163ft. The lower half section 
of each pile averaged 80ft. in length, and a ‘‘ hydraulic 
spade” or jetting contrivance was used to get the 
lower section down. With that done, the upper 
half section was welded to the lower one and the 
entire pile driven down to its seating into the shale 
by @ powerful air-operated hammer. The core wall 
extends right across the course of the river, and, after 
driving, a passageway had to be opened for the 








movement of the dredges by cutting some of the 
piles in the channelway off level with the river bottom. 
That work was done with an electric underwater 
metal-cutting torch. The core wall piles were 
driven by special gantry cranes having towers about 
200ft. high. Each gantry weighed 125 tons and 
straddled parallel tracks 56ft. apart. The piles used 


to carry away a total of approximately 4,100,000 
cubic yards of material. That large job was dis- 
posed of within the astonishingly brief period of 
150 days with the aid of Diesel tractors, power 
shovels, draglines, and a number of elevating graders 
in association with 250 light and rapidly moving 
dump trucks. The work was skilfully co-ordinated 








ERECTION OF SPILLWAY STRUCTURE 


are of the shallow-arch type, and the core wall 
contains 17,390 tons of.steel. The first pile was 
driven on August 30th, 1934, and the last pile was 
put in place near the close of November, 1935. 

To prepare the area on which the main body of 
the dam is rising, it was first necessary to remove 
the unstable topsoil that varied in depth from 3ft. 
to 30ft., and it was thus required to excavate and 





and the speeding trucks moved on a schedule and 
over a series of routes that obviated confusion. 
With the area cleared, the way was free to begin 
the deposition of the earth fill of the main body 
of the dam, which has a transverse basal spread of 
a little more than 2850ft. Photographs illustrating 
the construction of the dam are reproduced on p. 450. 
(To be continued.) 
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Two-stRoKE Ou. ENGINES. 


N Friday afternoon, with Dr. 8. F. Dorey in the 
chair, a paper on “The Development of the Two- 
stroke Cycle Oil Engine,” by Mr. W. S. Burn, was 
presented by the author. The first part of this 
paper is reprinted in this issue. 


DISCUSSION. 


Professor C. J. Hawkes, avoiding discussion of the 
relative merits of the four-stroke and two-stroke 
engines, said that each had its particular uses. There 
were developments in the two-stroke engine which 
were certainly very promising, but many marine 
engineers did not like trunk pistons in two-stroke 
engines, and he was one of them. He thought 
there should be a limit in size, and that after it the 
crosshead type of engines should be used. Trunk 
piston engines should be of small cylinder dimensions. 

There was no doubt of the effectiveness of the four- 
stroke engine in scavenging, and the problem in the 
two-stroke engine was to try to effect scavenging in 
about one-third of the period available in a‘four- 
stroke engine of the same speed. We could not hope 
to attain to clearing the cylinder of the products of 
combustion by foreing them out with the equivalent 
of an air piston, without a mixture, but it followed 
that the best cylinder for scavenging was a cylinder 
in which there was uniflow scavenging. He had 
always considered the Doxford engine to be a very 
good one because it started with true scavenging ; 
although that engine had originated in Germany, all 
the development work was done on our North-East 
Coast. With double-flow scavenge it seemed exceed- 
ingly difficult to secure such effective scavenging as 
in the opposed-piston engine without the formation of 
eddies. The design of the Eavestone engine was 
complicated because it had four scavenging valves 


in the head. One advantage of scavenging through | p 


the valves in the head was that the valves could be 
opened at any time, quite irrespective of the move- 
ment of the piston; but. the practical difficulties 
were great, particularly in large engines, such as those 
with cylinders of 30in. diameter. 

With regard to combustion, he had been one of the 





critics who had said that in practice turbulence as 
we knew it in the gas engine was not desirable in the 
oil engine, because if there were particles of fuel oil 
in the eddies they would be thrown on to the cylinder 
walls and the result would be slow combustion and 
smoke. He had experimented to prove that point, 
and he had pointed out that if anything were dons 
in that direction the air should have a motion dbout 
the axis of the cylinder. That was difficult in four- 
stroke work, but the Doxford Company was the first 
to swirl the air in the two-stroke engine. It could be 
done readily i in the opposed-piston engine. In a low- 
duty engine the need for swirl was not so great. The 
Winton engine referred to in the paper had no swirl, 
but Professor Hawkes asked for the consumption 
figures for that engine. He was not suggesting that 
swirl was not a good thing, but he emphasised that 
in the endeavour to secure swirl in what Mr. Burn had 
called the double-flow scavenge engine all sorts of 
devices had been adopted, adding to complications in 
design. The Winton engine provided uniflow 
scavenging, which he considered an advantage. 

Dr. H. Blache (Messrs. Burmeister and Wain), 
commenting on the author’s statement that to-day 
the two-stroke oil engine is giving twice or more the 
power from a given cylinder compared with the four- 
stroke, said he did not think that was so as a general 
rule. Four-stroke engines of the sizes used for the 
main engines of ships were always Rnd eg 
There were four different types of supercharge, all 
of them quite satisfactory, and whereas one could 
run a four-cycle oil engine in service at sea at an indi- 
cated mean pressure of 9 kilos. per square centimetre 
(roughly 128 1b. per square inch), he believed that 
many two-cycle engines at sea were running at only 
44 to 5kilos. per square centimetre (65-70 lb. per 
square inch). The four-cycle engine was not far from 
the power of two-cycle engines running at the lower 
ressure. 

Uniflow scavenging was first effected in the Eave- 
stone engine through valves in the cover. That had 
been one of the weak points of the engine, and he 
did not think that the reason for the difficulties 
experienced was the cooling of the covers ; he believed 
it was due to the necessarily large size of the valves, 
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which left little room for the design of a good cover. 
Cool and heavy air was blown into the cylinder by 
means of a compressor, which used horse-power ; 
it should be blown in with as little assistance as 
possible, so that big valves must be used for 
scavenging. 

It was not right to compare the Winton engine with 
the Eavestone or other types referred to in the paper, 
because the Winton had not been built so far in sizes 
bigger than 8in. It was scavenged through the cover 
and had four valves,.and he considered it a very 
beautiful design, but it had yet to be proved how the 
engine would work in sizes of 30in. or 33in. cylinder 
diameter. The scavenging port of the Winton engine 
had an angle of about 10 deg.; there was not full 
rotation of air and it was limited to comparatively 
low speed. He had adopted angles up to 27 deg. in 
order to attain the air speed which was so important 
for good compression. 

Mr. E. G. Warne asked whether Mr. Burn con- 
sidered .that, the directional port system being 
perfected, complete independence of the shape of the 
piston top should be sought. Why not use the piston 
top? He suggested that the movement of the 
scavenging air was bounded just as much by the 
piston top as by the cylinder walls, and therefore if 
one could use a symmetrical piston top one should 
take advantage of it. There was nothing fundamen- 
tally good in maintaining a flat piston top. Mr. Burn 
himself had stated in the paper that the upward 
scavenging air was reversed by the curved double 
converse cover bottom and forced down to the centre 
of the cylinder, the slightly conical piston top assisting 
the dispersal towards the exhaust port. It 
followed that Mr. Burn appeared to consider that the 
shape of the piston top should be used rather than 
neglected. 

With regard to the scavenge pump shown in the 
paper for the National engine, where scavenging was 
effected by a cam-operated flap valve, Mr. Warne 
assumed that the spring loading was for balancing 
purposes and that the valve was more or less square 
for reasons of convenience in design. Therefore we 
had got back to the original Fullagar engine, which 
had a square piston above the upper of the two 
opposed pistons for scavenging purposes. He sup- 
posed that the use of a cam introduced all sorts of 
movement and inertia effects, which no doubt had 
been taken care of. But it seemed rather bulky, and 
he asked whether that design of scavenging valve 
was the most efficient in the space that could be 
provided. 

Mr. L. J. Le Mesurier, discussing the author’s 
comparison of single-acting two-stroke combustion 
spaces, said that when one compared the opposed 
piston type of the Fullagar with that shown alongside 
it in the paper, the fundamentai advantage of the 
opposed piston type was indicated very definitely. 
He emphasised. the extraordinarily nice and some- 
what spherical shape of the combustion chamber, 
which it was quite impossible to obtain in the single- 
acting design. 

The message which the author wished to put across 
was shown in the drawing in which he had contrasted 
the running parts of the double-acting and the single- 
acting two-stroke engines. If they were entirely 
comparable, the suitability of the trunk piston at 
high speeds was at once apparent. He had shown 
two lay-outs of pistons and connecting-rods, each 
developing the same power, and obviously one was 
very much smaller than the other and looked very 
much simpler. But the two drawings were not based 
on the same brake mean pressure, and it seemed 
hardly fair to assume that in a single-acting engine 

i at twice the number of revolutions per 
minute it would be possible to attain a considerably 
higher mean pressure than in the slower running 
engine. A good many problems would have to be 
solved in order to achieve in the single-acting engine 
so high a mean pressure, and perhaps the same degree 
of rehability, as in the slower running engine. But 
no doubt Mr. Burn would be able to achieve the aim 
as quickly and readily as anybody eise. 

Mr. Burn, replying to -the discussion, said that 
although certain speakers seemed to favour strongly 
uniflow scavenging, when one came to practical 
politics it was found that most two-stroke engines 
to-day were of the double-flow type, whether small 
or large, and that the weights and performances were 
almost identical. In other words, there were more 
ways of killing a chicken than by wringing its neck. 

Replying to Professor Hawkes, he said he was 
informed that the consumption by the Winton engine 
was 0-381lb. per B.H.P. hour in service, and the 
exhaust was very clear. With regard to Dr. Blache’s 
reference to the slight tangential effect on the ports, 
Mr. Burn said he was told recently by the designer 
and the general manager that they had obtained the 
best results with the plain radial ports. The Winton 
engine was being built with a 10in. diameter cylinder 
and l4im. stroke. He had mentioned the Winton 
engine quite a lot in the paper because he considered 
it outstanding. 

With regard to Mr. Warue’s remarks concerning 
the use of the piston top, he said that the ideal com- 
bustion chamber was one in which all parts of it 
tended to good scavenging and where conditions were 
good from the point of view of fuel injection; but 
the shape of the combustion chamber from the point 
of view of fuel injection was of first importance. In 





other words, there should be as little swirl or turbu- 
lence as possible. 

The valve of the scavenging pump on the National 
engine was square. The idea in that engine was to 
secure high M.E.P. 

Finally, in reply to Mr. Le Mésurier’s reference to 
the comparison of the running parts of double-acting 
and single-acting engines, he said that both the lay- 
outs illustrated were designed by himself and the 
specific outputs were similar. 


ELEctRIic WELDING. 


The final paper of the meeting was one on “ Elec- 
tric Welding Installation and Organisation in Ship- 
yards,”’ by Monsieur W. L. Faerman. It was repro- 
duced on page 428 of our issue of April 9th. 


Discussion. 


Mr. C. 8. Lillicrap congratulated the author upon 
the very admirable lay-out adopted at the Penhoét 
shipyard. He had been a little puzzled at first to 
understand the meaning of the term “ self-trained ”’ 
welders, but he gathered that it really meant that the 
welders were trained at the yard. That was the only 
sound and satisfactory proposition, at any rate in 
the present state of development of the art. 

Expressing his emphatic agreement as to the import- 
ance of inspection, he asked how many welders could 
be controlled effectively by one supervisor, so that 
inspection at all stages of the welding operation was 
ensured. The importance of fluctuations of current 
could not be over-emphasised, for he was sure it was 
responsible for a great deal of indifferent welding 
work, When using certain types of electrodes, even 
small fluctuations of current gave rise to very poor 
work. It was interesting to note that welders were 
disinclined to make use of helmets; that was the 
experience in the Service, where the welders preferred 
to use their hand screens. 

Monsieur Courvoisier (Brown, Boveri and Co., 
Switzerland) referred to a comparison of single set 
welding plants and a system using centralised power 
supply. He pointed out that the plant necessary 
for the centralised supply would be the cheaper, but 
the working costs were more important still. The 
plant worked more economically the lower the work- 
ing pressure. He illustrated the plants used, and said 
that although some people insisted that it was 
impossible to work such a plant at 40 volts, the author 
of the paper had proved that it was possible. It was 
made possible by the use of an inductive resistance 
placed between the bus-bars and electrodes. The 
effect of the inductance was that after the welder had 
touched the electrode on the work piece and had 
withdrawn it, the current was changed, and the 
induced pressure, added to the, bus-bar pressure, 
ensured safe striking of the arc. With the apparatus 
used one could secure absolutely continuous adjusta- 
bility of the welding current. The use of that kind 
of apparatus rendered it possible for the works manage- 
ment to secure full benefit from the plant. The 
regulator was connected to the actual load centre of 
the plant and the pressure was kept constant at that 
point. Connection was made by pilot wires, and it 
was easy as the work proceeded to shift a connecting 
point. Further advantage of the system was secured 
in places where two or more sets were operating in 
parallel. It was quite easy to adjust them and 
ensure even distribution of the load on the various 
machines running in parallel. 

Mr. E. F. Spanner, having commented on the fine 
lay-out of the author’s installation, suggested that 
the reason we in this country were not further ahead 
than we were with regard to our lay-outs was that 
there had not been sufficient demand for welding. 
He asked the author whether the lay-out of the plant 
described in the paper had arisen from the belief 
that the welding system as developed there would 
prove a remunerative system for building ships, or 
whether it had been called for by the French 
Admiralty. In asking what progress had been made 
at the Penhoét yard in regard to automatic welding, 
he said he believed a good deal of it had been applied 
in America, though generally to barges and structures 
of that sort, which were all straight-line jobs. With 
regard to the use of X-rays, he asked if it were the 
practice to develop X-ray photographs or whether 
there was any method of inspecting by X-rays without 
going to the trouble of developing photographs. 
Commenting on the statement that occasiona!ly 
samples were cut from joints and subjected to test 
to destruction, he asked how such a sample could 
be taken from a piece of bottom plating or a long lap 
or butt. 

Mr. Bart 8S. Varty (Bureau Veritas, Paris), having 
seen the installation at the Penhoét shipyard, sug- 
gested that the author had been too modest with 
regard to it. He asked whether the author had 
adopted the thermic treatment of his welds. From the 
esthetic point of view, the welding which Mr. Varty 
had examined was perfect. 

Mr. C. E. Sherwin, illustrating the point made by 
the author that the type of lay-out described might 
not be suitable in all cireumstances, said it was fairly 
clear that in a shipyard where quays and berths were 
widely separated, the amount of copper and leads 
needed to provide such a lay-out might prove unduly 
expensive. Perhaps it would be more economic in 
such cases to extend the system of portable units. 





Mr. W. Hamilton Martin, referring to oxygen 
cutting as a necessary adjunct to welding in ship- 
yards, asked what the author considered to be the 
percentage of cutting machines required to welding 
machines, and the number of hand-cutting torches 
used in a shipyard for that purpose. He also asked 
what was the average cutting cost per foot or per 
metre run for preparing the plate edges or cutting 
apertures in shipbuilding materials. Again, had the 
author in mind the use of other gas or gases or were 
experiments being made on gases which would take 
the place of dissolved acetylene ? In a gas to dis- 
place dissolved acetylene, portability and safety 
should be major considerations, and it should contain 
no impurities, for they were apt to affect the cut and 
the machineability of the material. It should be pre- 
ferably lighter than dissolved acetylene, it should be 
of lower cost, and should be widely available to wall 
industries. 

The Chairman drew particular attention to the 
fusion-welded boiler drums referred to by the author 
as to be fitted in the new passenger vessel being built 
in France. That represented a new departure 
for large vessels. Lloyd’s Register had eight tankers 
building in the United States with Babcock and Wilcox 
boilers, all the drums of which would be fusion welded. 
In the American Navy there were 600 or 800 welded 
drums. But in passenger vessels the use of such drums 
was a hew venture, and he hoped sincerely that the 
workmanship would be such as to give every confidence 
in that new method of construction. 

With regard to the built-up welding tables, cover- 
ing a total surface of 4000 square feet, alongside the 
berths at the Penhoét shipyard, which tables were 
raised above ground level, so that overhead welding 
was possible from below, the Chairman remarked 
that no mention was made of the lifting gear pro- 
vided. He pointed out that overhead welding involved 
increased difficulties which militated against the 
efficiency of the weld, and therefore wherever possible 
the job should be turned so as to make overhead 
welding unnecessary. In ship work, where large 
panels were constructed on skids adjacent to the 
berth, large cranes were necessary if overhead welding 
were to be reduced to the minimum. It was con- 
sidered that the expense of the lifting gear was justified 
by the improved quality of the welding, and he asked 
for the author’s opinion on that matter. 

The use of portable automatic welding sets appeared 
a likely development in shipyards where a large 
portion of the work was concerned with the fabrica- 
tion on skids of units subsequently to be assembled 
on the berth. Good results had recently been 
obtained with an automatic welder of compact design 
and using a liquid flux. 

Another question was whether in the author’s 
experience fumes in confined spaces had affected the 
health of the people working there, bearing in mind, 
particularly in hot weather, the difficulty of making 
people wear masks, which were undoubtedly an incon- 
venience in summer, although quite endurable in winter. 
He also asked whether the author considered that 
exhaust or supply fans should be used for the ventila- 
tion of the spaces, or whether he could give informa- 
tion concerning the time during which the people were 
able to work in confined spaces without affecting their 
health. 

Monsieur Faerman, replying to questions with 
regard to automatic welding, said that owing to 
difficulties in feeding covered wire, he was not sure 
that high mechanical quality of weld could be 
obtained as easily in automatic welding as in manual 
welding. His company did not feel justified in intro- 
ducing automatic welding until it was quite satisfied 
as to the mechanical quality of the welds produced 
thereby, With regard to electrodes, he said that in 
95 per cent. of the work medium-covered electrodes 
were used. The company did not use heavily coated 
electrodes and very seldom used bare wire. The 
average size of electrode was 4 mm. diameter (}in.) ; 
for some special jobs electrodes of 5 mm., 6 mm., or 
8 mm. were used, but for thin plating the electrodes 
used were smaller. The length of the electrodes was 
450 mm. (about 18in.). 

The reason for the introduction of pilot wires for 
control of voltage was to give the maximum stability 
to the maximum number of welding units. At the 
beginning or the end of the working day some of 
those who were working on the outskirts of the net- 
work might experience a change in tension, but the 
secondary box was nearly always sufficiently close to 
the welder to enable him to use it to’make the neces- 
sary adjustment. 








GeNeRATION OF Etectriciry.—The Official Returns 
rendered to the Electricity Commissioners show that 
2074 million units of electricity were generated by autho- 
rised undertakers in Great Britain during the month of 
March, 1937, as compared with the revised figure of 1753 
million units in the corresponding month of 1936, repre- 
senting an increase of 321 million units, or 18-3 per cent. 
The number of working days in the month (i.e., excluding 
Sundays and Bank Holidays) was twenty-five, as against 
twenty-six last year. During the first three months 
of 1937 up to the end of March, the total amount of elec- 
tricity generated by authorised undertakers was 6194 
million units, as compared with the revised figure of 5547 
million units for the corresponding period of 1936, repre- 
senting an increase of 647 million units, or 11-7 per cent. 
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The Growth of the Internal Combustion 
Engine. 


By H. E. R. KENSIT, M.E.LC. 


O stationary power engineers, with their minds 
absorbed in power -stations, the importance of 
internal combustion engines seems small, for they 
constitute only between 2 and 3 per cent. of all the 
stationary power in use. But if we take the broad 
view, if we consider all the forms of power used by an 
industrial nation for all purposes, we find that internal 
combustion engines now account for between 80 and 
90 per cent. of the total power installation. The 
proportion is apparently highest in the United States, 
with 88-6 per cent., but Canada follows with about 
82 per cent., and it is probable that other industrial 
countries will soon reach a similar result, if some have 
not already done so. 

The term “internal combustion,” of course, 
includes gas engines, but the proportion of these in 
the totals that we are about to discuss is so small that 
they will not be separately considered. The immense 
growth of the internal combustion engine is due to its 
use for transportation by land, sea, and air, all vital 
necessities that could not have been met in any other 
way ; in addition, there is the small use for stationary 
power purposes. 

To clarify our ideas on what the total power require- 
ments of an industrial country are, we may first list 
the data for the United States in 1929, the last year 
for which they are fully complete. Those for Canada 
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HORSE-POWER OF PRIME MOVERS IN AMERICA 


SINCE 1880 


in 1932 give a similar result, but the proportion for 
water power is much larger and that for motor trac- 
tion slightly less ; on the whole, the United States 
seems more nearly to represent balanced conditions. 

The following is a condensation of the figures of 
horse-power installed in the United States in 1929 :— 


Per cent. 
Manufactures ... 20,156,000 
Mines and quarries ... 6,450,000 
Electric power stations ... 43,000,000 
———— 68,606,000 ... 4-2 
Agriculture and irrigation ... 25,978,000 ... 1-6 
Steam and electric railways 111,881,000 ... 6-8 
RUNS 56572 age Sistem, anes 8,000,000 ... 0-5 
Automobiles and aircraft ... 1,428,071,000 ... 86-9 


1,642,536,000 ... 100- 
In the above, internal combustion engines are 
included in each item. It will be seen that the three 
main divisions that we generally think of when we 
speak of power, manufactures, mines, and power 
stations, account for little more than 4 per cent. of 
the grand total. Consider the last three items, which 
all represent non-stationary power. Railways will 
not be questioned. Ships are an inconsiderable item, 
but while power-propelled ships may be looked upon 
as having little to do with power on land, the amount 
of owned shipping is a large factor in the prosperity 
of a country, and shipbuilding is one of the great 
power-using industries. Aircrait, in addition to their 
absolute necessity in case of war, are of ever-growing 
importance for rapid transit and for the survey and 
development of rich, but hitherto inaccessible, areas ; 
motor traction has become as indispensable to the 
farmer for the production and marketing of his crops 
as stationary power is to the manufacturer, and it is 
equally indispensable for general road transportation ; 


a large proportion of automobiles are now more 
largely used partly or wholly for business than for 
pleasure ; every one of these uses of power is there- 
fore just as essential to the maintenance and business 
of a nation as the stationary plant in a factory or 
electric power station. 

Expressing the above figures by types of prime 
movers gives the following :— 


Per cent. 
eee 3 2 wt 10-5 
Water power... ... 0-9 
Internal combustio! 88-6 
100-0 


The item for internal combustion here includes all 
stationary engines. Of these internal combustion 
engines, a few are used in manufactures, mines, and 
power stations; some on farms, &c., and a con- 
siderable number for aircraft, but the’vast majority 
are used for motor traction.” Two objections occur 
to power engineers in respect to this immense pre- 
ponderance of internal combustion engines. First, 
that the estimated total may for motor traction not 
be reliable ; it is, however, arrived at from the official 
registration figures,* which are equivalent to a census, 
combined with the manufacturers’ average rating 
for each class of auto-vehicles, such as passenger 
cars, trucks, tractors, &c., which rating is presumably 
as accurate as the similar rating for stationary 
engines ; secondly, that while the total rated horse- 
power is huge, the actual energy produced is small, 
on account of the intermittent use, but this is true 
to only a limited extent. The term “ motor traction ” 
covers “pleasure’’ automobiles, taxis, trucks, 
tractors, &c., and the respective numbers were in 
the following proportion in 1935 :— 


i Per cent. 
Pleasure or non-productive automobiles ... 86-0 
Productive : Buses, tractors, trucks, &c. ... 14-0 
100-0 


But if this division were based on rated horse-power, 
the proportion for ‘ productive’ would be con- 
siderably higher. Of the so-called ‘‘ non-productive ” 
class, a large proportion are now used for business 
purposes over long hours; of the “ productive” 
class, many work long hours at heavy loads, and the 
average hours of use and load for motor traction as a 
whole are probably as good or better than for railways. 

Referring to the diagram, the situation as to sources 
of power in the United States is of interest. That 
country has immense resources of both fuel and water 
power. The greater part of the population and 
industry is in the eastern portion of the continent, 
together with most of the coal, but the great majority 
of the water power is in the west. The United States 
has developed twice as much water power as any 
other country in the world, and that shown on the 
diagram represents well over 16,000,000 H.P. The 
steam horse-power, however, represents some 
200,000,000 H.P., or 124 times as much, but, as the 
diagram shows, the progress of both steam and water 
power has been almost negligible compared to that 
of the internal combustion engine. 

The diagram shows unbroken progress of the internal 
combustion engine from the start up to 1929; then 
a serious drop to 1933, and an equally sharp recovery 
by 1935 to almost the 1929 level, and the figures for 
1936 as far as available show substantial increase 
beyond the 1929 level. This drop calls for a little 
explanation. Of the total figure for internal com- 
bustion by 1929 all but a negligible percentage was 
due to motor traction. The fall, based on total 
registration, is a measure of the depth of the depres- 
sion that then hit the United States in common with 
the rest of the world, and since the upturn came it 
has been substantially greater in the business than 
in the pleasure class of auto-traction. 

In conclusion, consider what these total figures for 
all the power necessary for all purposes by an indus- 
trial nation represent as to the horse-power that must 
be provided per head of population. Usually such 
figures take into account only manufactures, mines, 
power stations, and railways, and arrive at a figure 
of about 1-5 H.P. per capita. But consideration 
must show that, as aforesaid, all the uses of power 
mentioned above are essential to modern conditions 
of life in an industrial country. On that basis the 
installed horse-power per head of population in the 
United States in 1929 was over 134. On account of 








(* In America the maximum horse-power is registered, but in 
most of the states the vehicles are taxed on weight.— 
Ep. Tue E.) 


the immensity of that country and its population, 
complete statistics lag by several years, but these 
available for several of the items indicate that the 
above figure must now be considerably larger. 








Widening of Richmond Bridge. 


a 


SINCE the publication of the news that Richmond 

Bridge across the Thames near London is to be 
widened, considerable anxiety has been expressed 
lest in carrying out the work the character of the old 
structure may be destroyed or its beauty irretrievably 


however, that no such action is contemplated, and 
that, in fact, every care is to be taken that the 
widened bridge shall present the same external 
appearance as that now standing. Some modifica- 
tions are, unfortunately, necessary, but they are, as 








RICHMOND BRIDGE 


damaged. Nor have fears of this kind been entirely 
allayed by the news that in the course of widening 
the bridge the old stones are to be removed with all 
due care so that they can be replaced in their original 
order in the widened structure. For Richmond 
Bridge, as the photographs we reproduce show, has 
a pronounced hump over the central arch, and there 
can be little doubt that if the facilitation of traffic 
flow, alone, were taken into consideration it would be 
desirable either to raise the flanks or lower the crown 





of the bridge. We are glad to be able to report, 


will be seen later in this article, of minor importance, 
and affect only the approaches to the bridge. 


Tue Existinc BRIDGE. 


Richmond Bridge as it stands to-day crosses the 
Thames about half a mile above the half-tide weir. 
It consists of five stone arches, with spans between 
centres of piers of about 54ft., 60ft., 71ft., 6OFt., and 
54ft., and is approached on each side by a viaduct 
carried by low arches, most of which have been walled 
in to form storehouses or cellars. From Boydell’s 
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“ History of the Thames,” we learn that the bridge 
was built to the designs of Messrs. Payne and Couse, 
and that the first stone was laid in August, 1774. It 
cost £26,000, and for many years users of the bridge 
were charged tolls, which even to-day, in our less 
valuable currency, would be regarded as extortionate. 
Examination of the bridge shows that, apparently 
at some date subsequent to its erection, the approach 
from the Richmond side was modified. The surface 
of the road was raised to merge more easily into the 
down slope of Bridge-street from the centre of the 
town, and the work-extends over the first arch of the 
bridge, the parapets of which were heightened accord- 
ingly, without, however, disturbing the balustrading. 

One of the first cares of the consulting engineer, Sir 
Harley Dalrymple Hay, before formulating pro- 
posals for the widening of the bridge, was naturally 
to determine the conditions of the foundations, for 
in many, if not all, similar structures of the eighteenth 
century, insufficient care was taken to ensure 
stability. As originally constructed, the river piers 
were carried by timber rafts at a level very little 
below that of the bed of the river—see opposite 

ge. Around these rafts were driven a number 
of timber piles which hardly reached through the 
overlying material to the strata of good clay which 
exists quite near the surface at the site. In the course 
of time the river scoured out its bed to such an 
extent as to expose the timber rafts and in one case 
at least to undermine one for a distance of several 
feet. In addition, some of the piles either rotted or 
broke. With the object of preventing further damage 
and providing a better support, a later generation of 
engineers in comparatively recent times drove another 
circuit of piles outside those already in place around 
each pier, and filled in the space between this ring 
and the pier with concrete, in which the heads of all 
the piles were embedded. Boulders and bags of 
concrete were placed outside the rings of piles to 
prevent any further troubles due to scour. Although 
clearly it is a result of this action that the bridge has 
been preserved until the present day, the work then 
undertaken did little to increase the weight-carrying 
capacity of the bridge, and the consulting engineer 
for the widening of the structure is therefore faced 
with the problem how best to make these foundations 
strong enough for present-day requirements. 

The precise arrangement and condition of the 
superstructure remains at present still unknown. A 
single trial hole has been put down from the road at 
a point rather to one side of one of the central piers. 
It revealed beneath the asphalt and granite setts of 
which the road surface itself is formed layers, in: 
order, of concrete, clay, and hard core, together making 
a depth of about 2ft. Beneath for a depth of another 
7it. there is ballast followed by clay and then con- 
crete just above the actual stones of the arch. A 
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curiously constructed and curiously shaped chambers, 
the original object of which is by no means clear, 
and which in the course of widening it is intended to 
alter. 

RECONSTRUCTION PROPOSALS. 


The present bridge provides a width between 
parapets of 25ft., of which 16ft. 10in. is taken up by 
the roadway, the remainder being available for narrow 
footpaths on each side, which are, fortunately, supple- 
mented by bays over each ‘ cutwater.’’ As during 
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recent years the amount of traffic passing over the 
bridge, including large buses and coaches, has 
increased, and appears likely to increase still further, 
the conditions on the bridge have been growing 
dangerous, not only to the safety of the vehicles 
themselves, but also to the pedestrians crowding the 
narrow pavements. ‘The bridge is therefore to be 
widened in order to provide a 21ft. roadway and two 
7ft. 6in. footpaths, and the enlargement is to take 
place entirely on the upstream side. The existing 
approaches are to be widened also, but as they are 
already considerably broader than the bridge, not to 
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carried out. Much, clearly, must depend upon what 
conditions are revealed at the site when the work has 
proceeded some distance. But, nevertheless, the con- 
sulting engineer has, of course, decided upon a tenta- 
tive line of action, and by his courtesy we are enabled 
to give a general account of the way in which the 
work will be done and to publish the drawings below. 
For the improvement of the foundations of the old 
piers it is intended to drive steel sheet piling between 
the row of original piles and the row of larger piles 
driven later. Examination of the drawings repro- 
duced will show that before this piling can be driven 
it will be necessary to cut through the concrete 
apron of each pier. Arrangements are, we understand 
to be made with the Port of London Authority such 
that the sluices of the half-tide weir about half-mile 
downstream will be kept open longer than usual in 
order to allow the water level to fall sufficiently low 
for this work to be carried out in the dry. Beneath 
the arches the clearance available for driving the piling 
is somewhat limited, and a specially equipped barge 
will probably be necessary. As soon as the piles have 
been ‘driven under the arches, it is intended to build 
temporary fender piles and walings or floating booms 
around each pier for the protection of the works, The 
steel piling will then be driven around the down- 
stream ends of the piers through the concrete aprons 
as before ; but on the upstream side of each pier the 
piling will be driven to form a cofferdam within which 
the excavation for the foundation of the extension of 
the pier can be carried on in the dry. The manner in 
which this latter work is to be carried out depends 
partly upon the decisions of the contractors, the 
Cleveland Bridge and Engineering Company, Ltd., of 
Darlington, but we have been informed that the space 
for the excavation is to be sealed off from that sur- 
rounding the existing piers by a chemical consolida- 
tion process which will also ensure the stability of the 
ground beneath and around the piers. Excavation is 
to be carried down and into the clay and mass con-’ 
erete laid directly thereon to fill the space within the 
cofferdam. On this base it is intended to erect con- 
crete piers which will be faced as far as possible with 
the stones from the original bridge. By examination 
of the drawings it is seen that in the course of excava- 
tion it will be necessary to demolish a good deal of 
the original cutwater of each pier. Support for the 
pier at the weak point thus created will be provided 
by 12in. by 6in. by 44 1b. needle beams projecting 
into the masonry above the cutwaters and supported 
at the outer ends by the steel sheet piling. When the 
work has been carried sufficiently high, the heads of 
the piles around the old piers will be concreted in. 


ARCHES. 
It has already been mentioned that the arches of the 





the same proportionate extent. Thus some slight 
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curious feature revealed by this investigation was a 
brickwork structure which appears possibly to form 
part of an arch of this material spanning across the 
top of the pier. Whatever the actual work upon the 
bridge may reveal, however, it is doubtful whether 
the arches are sufficiently strong to meet the full 
Ministry of Transport loading requirements for which 
the reconstructed bridge must be designed. 

The foundations of the approach viaducts appear 
perfectly sound. But in the abutments between the 
river spans and the approach viaducts there exist 





alterations in the appearance of the abutments will 
be necessary, though to judge from the plans, the 
difference is not likely to be at all noticeable. In the 
whole of the work, wherever it is necessary to place 
new masonry, the endeavour will be made to obtain 
suitably weathered stone which will adequately 
match that which has been in place for over 150 years. 


FouNDATIONS. 


It is, of course, premature to describe in much 
detail how the work of widening the bridge is to be 





stand up to the loading requirements. The extensions 
of the arches, which are to be built in Portland stone 
faced with the original masonry, can only be made 4in. 
thicker at the crown than the originals. This limita- 
tion, it has been found, is likely to reduce the strength 
of the new arch also below the required degree. 

A most ingenious plan has been devised to overcome 
the difficulty, The arches are not so far below the 
required standard of strength that, were the loads 
always to be distributed instead of concentrated, 
they would be unable ‘to withstand the stress with a 
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comfortable margin of safety. In order, therefore, to 
distribute the loading it is planned to construct the 
bearing surface over the crown of each arch as a 
heavily reinforced concrete raft some 40ft. long, which 
will be keyed: to the rest of the surface in such a way 
as to be able to deflect independently and which will 
be supported upon a thick sheet of cork to distribute 
the load over the arch below. Each raft will be con- 
structed in two parts with an articulated division 
along the centre line of the bridge. This requirement 
is dictated by the need to keep the bridge open for at 
least one line of traffic while the work of widening is 
proceeding. The new arches will be erected on steel 
centering, and in order that no unbalanced thrusts 
shall be transmitted to the piers it will be necessary 
to build all the arches simultaneously and carefully 
to maintain equality of loading upon them while the 
work proceeds. 

The haunches above the columns are to be filled 
with 6:1 concrete, the top surface of which will be 
waterproofed. In consideration of the fact that the 
material underlying the roadway of the old bridge 
must by now be very well consolidated, it is considered 
that to fill in above the waterproofed layer with 
rubble, clay, or some similar material might lead, 
owing to subsequent settlement, to cracks appearing 
in the road surface, and it is therefore intended to 
use 12: 1 concrete for this purpose. 


APPROACHES. 


There is little that deserves notice at this stage in 
the work to be done on the approaches. The curiously 
shaped chambers underneath the abutments have 
already been mentioned. The present intention is 
to alter these chambers and make plain arched 
passages for the convenience of pedestrians walking 
along the tow-path. It is possible also that the 
existing tow-path bridge underneath the last arch 
on the Richmond side may be removed. 

For the information contained in this article and 
for permission to reproduce drawings we are indebted 
to Sir Harley Dalrymple Hay. 








The Institution of Mechanical 
Engineers. 


Last Friday, April 9th, there was held at the 
Institution of Mechanical Engineers an extra 
general meeting arranged by the Steam Group. A 
symposium of papers on Special Aspects of the Use 
of Steam for Process Work was read and discussed. 
The six papers were as follows :—‘* Power Generation 
from Process Steam,’”’ by A. Stubbs, concerned prin- 
cipally with the examination of the economics of 
this means of power generation ; “ Power Generating 
Machinery for Process Steam Plants,” by A. C. 
Hutchinson and R. C. McLeod, which had special 
reference to smaller installations; ‘‘ The Nature of 
the Steam Demand in an Industrial Plant,” by E. G. 
Ritchie, pointing out the wide and rapidly fluctuating 
steam demand of many process plants; “ Problems 
Encountered in the Application of Low-pressure 
Steam for Process Heating in the Textile Industry,” 
by J. W. Adams, a pre-eminently practical contribu- 
tion; ‘‘ Process Steam in th: Steam Laundry,” 
by George A. Crosland ; and “ Heat Distribution,” 
by A. Margolis, principally concerned with district 
heating plant at Hamburg, Germany. Abstracts of 
some of the papers are printed on this and the 
following page. 

Opening the discussion, Mr. H. G. Sisson agreed 

with Mr. Adams in regard to the difficulties of intro- 
ducing any change effecting long-standing practice. 
It was not, however, always the prejudice of foremen 
which had to be overcome. It was sometimes very 
difficult to get a new system passed by the manage- 
ment. In connection with the system of heat dis- 
tribution at Hamburg, he asked what form of insula- 
tion was used for steam mains nearly 2 miles long, 
carrying steam at about 660 deg. Fah. How was the 
steam maintained reasonably dry ? 
- Captain J. D. Troup was also interested in district 
heating. The crux of the matter was the relation 
between process steam and power steam. The 
requirements for power steam were a matter of estab- 
lished practice. But knowledge was lacking as to 
the demands of industry for process steam. He 
suggested that the Steam Group might set out to 
secure this information in a series of papers. 

Mr. J. E. Belliss, supporting Captain Troup, said 
that it was difficult for individuals to obtain such 
information from industrialists, but the Institution 
might get the assistance required. He also pointed 
out that the cost of generating power might be a very 
smal] proportion of the turnover of a company, and 
that consequently it was sometimes difficult to get 
managements to consider improvements. 

In connection with Mr. Stubbs’ paper, Mr. A. J. H. 
Fitt said that the information was based on the use 
of coal at 16s. a ton. Good-quality coal could not 
be obtained at that price in the South. In the 
Midlands 23s. to 26s. would have to be paid. He 
inquired what had inspired the Hamburg district 
heating installation. What insulating material was 
used and what thickness was required ? Mainten- 
ance could be a big problem in steam pipes, and he 
would have liked details of the construction of the 


Mr. E. J. Howlett gave some details of experiments 
carried out with ironing machines in a laundry. The 
effect of steam superheated to 438 deg. Fah. was 
compared with dry saturated steam at 100 lb. per 
square inch. Superheat reduced the output of the 
ironing machine by 30 per cent. That figure was 
obtained as a result of several tests. It had also a 
mechanical effect. The steam chests were hori- 
zontal, and the top became 100 deg. Fah. hotter than 
the bottom, causing distortion and eventually a 
permanent set, which made the machine useless. 
The steam should be dry and saturated, and it was 
better to arrange for the drainage of the pipes than 
to use superheat. He did not agree with Mr. Crosland 
that calorifiers were extravagant. They had the 
advantage that the condensed steam was not mixed 
with the water and could be used for boiler feed. 

Mr. H. L. Guy sympathised with Mr. Hutchinson 
and Mr. McLeod in their desire for simplicity. But 
how rarely was it appreciated in what particulars 
simplicity lay. A machine designed for a single 
operation became the simplest machine. A universal 
machine was usually expensive in first cost and costly 
in operation. Combined power and heating installa- 
tions were not always the simplest. In small plants 
the single pass-out reducing turbine was probably 
the simplest. But in larger plant, such a machine 
was not the simplest nor the most efficient. <A 
specialised machine for each job became the simplest 
arrangement. He instanced the Billingham plant, 
where this system had been adopted. The economies 
realised could be regarded as of an advanced kind, 
while the operation had been singularly trouble-free 
and efficient. Before installation there had been 
expert assessment of the conditions under which the 
plant would run, but actually the relations had been 
quite different. But as specialised machines were 
used, the plant had the flexibility to enable it to deal 
with the new conditions. 

He had not yet had the opportunity to check the 
diagram given in the same authors’ paper. It was 
clearly of great general utility if used with apprecia- 
tion of the fact that it gave only a first approxima- 
tion. He thought the possibility of error was likely 
to be more than the 10 per cent. the authors suggested. 
The diagram was to be used with more caution if the 
pressure ratio was such as to lead to wet steam. But 
if the error likely to arise was known, such diagrams 
were of great service. 

Major Gregson said that he was concerned rather 
with steam generation than steam utilisation. He 
was interested in the direct-contact water heater 
illustrated in Mr. Crosland’s paper. How was the 
exhaust steam de-oiled ? 

Mr. D. T. Melvor said that it was customary to 
consider high initial pressures as necessary for high 
efficiency. But the pressure adopted must be related 
to the process steam requirements, and it needed to 
be remembered that in high-pressure plant insula- 
tion, joints, boilers, &c,. all required more attention 
and repair. 

Mr. A. F. Webber pointed out-that it was a serious 
disadvantage that the power and process loads did 
not fit well together. In a small installation the plant 
was hardly ever running in the most economical con- 
dition. Sometimes too much process steam was 
required, sometimes too little. Could the authors 
answer that criticism? Mr. Ritchie would suggest 
the use of a steam accumulator. But the greater the 
work done by theaccumulator, theless power, itseemed, 
would be available between the two pressure limits. 
The loss in boiler operating efficiency of 10 to 12 per 
cent. due to peak load firing mentioned by Mr. 
Ritchie was unnecessary with modern boiler plant. 

There was, unfortunately, not sufficient time for 
the authors to reply. 








The Use of Steam for Process 
Work.* 


POWER GENERATING MACHINERY FOR PROCESS 
STEAM PLANTS: AN OUTLINE WITH SPECIAL 
REFERENCE TO SMALLER INSTALLATIONS. 


By A. C. Hutcutnson, B.Sc. (Eng.), A.M.I. Mech. E.,t 
and R. C. McLeop, A.M.1. Mech. E.t 


Most process steam power plants consist fundamentally 
of a process steam power generator and a balance power 
generator. Exceptions are provided by installations in 
which the load and steam demands are almost exactly 
balanced and small deficiencies can be corrected either 
by make-up or blow-off valves. Either steam turbines 
or reciprocating steam engines can generally be employed, 
but as the turbine is more usual, that word will be used 
to cover both meanings except when it is otherwise stated. 
The process steam power generator can be : 


(1) A back-pressure turbine. 

(2) The high-pressure end of a pass-out turbine. 

(3) The low-pressure end of a mixed-pressure or pass- 
in turbine. 

(4) A separate low-pressure exhaust turbine. 
The balance of power can be made up by : 

(a) A low-pressure exhaust turbine. 

(6) The high-pressure-to-exhaust steam flow of a 
pass-out turbine. 





" * Institution of Mechanical Engineers, Steam Group, Sym- 
posium of Papers, April 9th, 1937. 
¢ Steam turbine design department, W. H. Allen, Sons and 





pipes, expansion joints, &c. 


Co., Ltd., Bedford. 


(ec) The high-pressure-to-exhaust steam flow of a 
mixed-pressure or pass-in turbine. 

(d) An oil engine or other prime mover. 

(e) The public supply mains. 

When the two power generators are separate machines 
the arrangement which also involves the Pagsage of the 
balance steam through the process turbine ts generally 
the more efficient. Thus, for a pass-out installation, a 
back-pressure turbine combined with a low-pressure-to- 
condensing turbine which takes steam from the process 
main is @ more efficient arrangement than a back-pressure 
and a_ high-pressure-to densing turbine. Similar 
considerations apply to mixed-pressure installations. 

The alternative arrangement, in which the flows of 
process and balance power steam are separate may be 
preferable in some cases, since it simplifies control and 
operating problems. It is also more easy to visualise 
when making quantitative estimates. Thus, for a first 
approximation, it is quite correct to calculate the power 
to be obtained from the process steam expanding over 
its pressure range, and the power to be obtained from the 
balance steam expanding over its own pressure range, 
as though they passed through entirely separate turbines, 
whether they do in actual fact or whether they mingle 
in the same pass-out or mixed-pressure turbine. With 
the object of expediting the drawing up of provisional 
plans by power plant users, Fig. 1 has been prepared, which 
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Fic. 1—-Approwimate Steam Consumption Diagram for Average 
Power Units. 
Absolute pressure=(gauge pressure-+-15) lb. per square inch., 
or 15—0-5 (vacuum in inches of mercury). 
The scales of steam quantity and power are not uniformly 
divided. 


Ezxample.—40,000 lb. of steam per hour at 20 lb. per square 
inch gauge pressure are required from a pass-out turbine for 
process work. The boiler plant is capable of ting 50,000 Ib. 
per hour of dry saturated steam* at 200 Ib. per square inch 
gauge pressure. What is the maximum power that a pass-out 
turbine exhausting to a vacuum of 27in. of mercury will give 
under these conditions ? 

The steam-to-pass-out absolute pressure ratio is 215/35= 6-15, 
for which the chart gives an output of 1210 kW for 40,000 Ib. 
of steam per hour. This amount has to be corrected to the 
saturation temperature corresponding to 200lb. per square 
inch gauge pressure by multiplying it by 0-905, giving a net 
output of 1090 kW from the -out steam. 

he steam-to-condenser absolute pressure ratio is 215/1-5 
== 143, for which the chart gives an output of about 595 kW 
from the remaining 10,000 lb. of steam per hour which are 
available; this quantity again has to be multiplied by 0-905, 
giving 540 kW net output. : 3 

The total power available from the turbine is therefore 
1090+ 540, or about 1630 kW. 





gives an approximate idea of the power that may be 
expected in practice from steam under a wide range 
of conditions. A diagram of this kind cannot be rational 
or accurate, even in its thermo-dynamic basis, but though 
not intended to represent the practice of any particular 
power plant manufacturer, it does give a fair estimate 
of the orders of magnitude of the power obtainable from 
different steam flows, besides affording a simple insight 
into the factors determining available output. 

The plan of a process steam installation is bound up 
with problems of control gear for the power generating 
machines. In installations where conditions are steady 
enough, conventional “‘ speed governing’? may be all 
that is required. For instance, when a factory is supplied 
with power and steam from a back-pressure turbine 
running in parallel with some balance power generator, 
the process steam quantity may be hand regulated through 
the speed-adjusting gear of the back-pressure turbine, 
the balance machine making up automatically what 
remains of the factory load. The bleeding of small 
quantities of steam at varying pressures from an ordinary 
turbine is the simplest possible case of a process steam 
installation, but this finds little application beyond the 
heating of feed water in power stations. 

In most installations, particularly when the load and 
steam fluctuations are rapid and the pressure has to remain 
substantially constant, some form of automatic pressure 
control has to be introduced as well. The installation 
always comprises a main or high-pressure valve gear 
and one or more pass-in valves according to the type of 
plant. These valve gears may be more or less interlinked 
with one another, the well-known Rateau mixed-pressure 
gear being an example of complete interlinking. Here, 
variation of load takes effect on the low-pressure steam 
supply as long as that is available, while, if the gear 
is properly designed and set, the machine will change 
over from low-pressure to high-pressure steam supply 


* This rather unlikely steam condition is chosen with a view 








to illustrating the use of the chart rather than as an example 
of normal practice. 
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and back again without any alteration in speed. On 
the other hand, there are many practical examples of 
pass-out installations governed with complete success 
by a pressure-controlled pass-in valve gear which is 
entirely independent of the main speed governor gear. 
Every variation of load or steam demand then involves 
a eycle of automatic and pressure adjustments, 
but provided that these variations are not sudden the 
permanent changes in pressure or speed can be made so 
small as to be negligible. In some cases, however, such 
as when a pass-out installation having a small ratio 
between the steam supply and the first pass-out pressures 
works with a rapidly varying load, interlinking becomes 
necessary and a mechanism having properties analogous 
to the Rateau mixed-pressure gear should be employed. 

In the examples described above, variations of steam 
supply to meet variations in driven load are effected by 
the speed governor gear as the result of speed changes. 
When, however, an alternator is being driven in parallel 
with other machines or with the public supply mains, 
the whole character of the situation changes, because 
under these conditions the speed cannot vary. Either 
pressure governing or load governing must then be 
resorted to. For instance, a back-pressure turbine may 
have its main valve gear opened or closed by a pressure- 
sensitive mechanism embodied in or replacing the speed 
governor gear. The turbine load will then be determined 
only by the demand for steam, the power balance having 
to be made up otherwise. 

Load governing must be effected by an electrical device. 
Thus the valve gear of a condensing turbine which runs 
in parallel with the public supply mains may be operated 
by a solenoid apparatus so that either the factory load is 
supplied eal by the turbine and the public supply 
used to meet peaks, or vice versa. 

The simplest possible illustrations have been used 
hitherto, but the same general principles apply to installa- 
tions of very much greater complexity, such as that of 
double pass-out turbines running in parallel with the 
publie supply, mixed-pressure pass-out turbines, and 
the iike. 





THE NATURE OF THE STEAM DEMAND IN AN 
INDUSTRIAL PLANT. 


By E. G, Rircute, D.Sc., A.M.I. Mech. E.{ 


The total boiler load in a factory is made up of a large 
number of individual steam demands varying as to their 
magnitude and time duration, whilst diversity also plays 
an important part. For purposes of illustration, Figs. 2a 
and 26 show the assumed cyclical variation in demand of 
two separate consumers. These, along with the sub- 
stantially steady demand of a third consumer shown in 
Fig. 2c, result, by summation, in the total boiler load 
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Fic. 2—T ypical Variations 
in Demand. 


Fic. 3—Total Boiler Load, 
Derived from Fig. 2. 


shown in Fig. 3 giving an average total steam demand 
of the order of 13,000 lb. per hour, with a variation from 
7000 Ib. to about 19,000lb. per hour characterised by 
peak loads which develop and fall off with considerable 
rapidity. 

The wide variations in steam demand generically 
indicated in Fig. 3 may be taken as typical of a large 
group of industrial , including sugar refining, 
soap-making, iron and steel manufacture, dyeing, brewing, 
&ec., and indeed there are few industrial processes where 
the steam demand is so constant as to present no special 
problem from this point of view. 

It is, of course, impossible to generalise, as the variation 
in steam demand and the character of the boiler load 
differ not only in different industries, but also in plants 
of the same kind. A variation of the order of 40-60 per 
cent. above and below the average demand is, however, 
usual, whilst in collieries and iron and steel works the 
peak loads may easily reach three times the average, 
due to the operation of the winding or rolling mill engines. 
The following figures may be taken as typically repre- 
senting the variation in steam demand in the different 
industries referred to :— 


Sugar refinery: 27,000—78,000 lb. per hour, with 
an average of 45,000 lb. per hour. 

Iron and steel works: 100,000—240,000 Ib. per hour, 
with an average of 170,000 Ib. per hour. 

Colliery: 14,000—-145,000 Ib. per hour, 
average of 25,000 lb. per hour. 

Dye works: 17,000-36,000 lb. per hour, with an 
average of 25,000 lb. per hour. 


Apart from the moment-to-moment variation in the 
demand for steam, the difference between night and 
day-load conditions is important, whilst seasonal variations 
are equally so. 

From a consideration of the figures given as to the 
wide variation in steam demand in an industrial plant, 
and especially having regard to the rapidity with which 
the peak loads develop and fall off, it will be appreciated 
that, with normal steam generating plant, loss of operating 
efficiency is inevitable if the enoney is made to vary the 
rate of firing in accordance with the varying demand for 
steam. Tests carried out in a variety of industrial plants 
show that the loss in boiler operating efficiency due to 


t Ruths Arca Accumulators, Ltd., London. 
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peak load firing is of the order of 10 to 12} per cent., as 
compared with the efficiency that could be genera 
under steady load conditions; the effect of varying 
steam demand on boiler efficiency is therefore an important 
economic factor. 

Where the steam demand varies, it is nearly always 
possible to effect a complete balance between the rate of 
steam demand and the rate of steam production by the 
use of one system of thermal storage or another. When 
a steam or hot water accumulator is installed, only 
sufficient boiler capacity is required to meet the average 
total load, and therefore the capital cost of the boiler- 
house is reduced, while peak load firing is eliminated, 
with a substantial gain in operating efficiency. Apart 
from this, the stabilisation of stop-valve and pass-out 
or exhaust pressure improves conditions so far as the 
power generating plant is concerned, with a possible 
reduction in steam consumption per kilowatt-hour of 
power output. Most important of all, the process plant 
obtains its heat supply in the quantity and at the time 
rate required without drop in steam pressure; a sub- 
a improvement in productive efficiency is therefore 
obtained. 


STEAM IN THE STEAM LAUNDRY. 
By Georce A. CrosLanp.§ 


The modern steam laundry is a great heat user, much 
more a heat user than a power user, for only about one- 
third of the steam generated passes through the engine. 
It is thus possible to use all the exhaust from the engine, 
and it is indeed a matter of secondary importance whether 
the steam engine is the last word in regard to steam 
economy or not, for even if all the exhaust is used, it 
will still need to be supplemented. Some engineers 
have interpreted this to mean that more exhaust is needed 
and have gone so far as to install larger engines with 
higher back pressure, in order to give more exhaust 
steam. The problem, however, is not necessarily to 
supply more exhaust, but to supply more heat. A larger 
engine, and consequently larger piping, is rather an 
expensive way of supplying it. The hot water needs of 
the laundry can make use of all the exhaust steam from 
the normal laundry engine. The foregoing will show that 
there is no rival to the steam engine as a prime mover in 
the laundry. 

There are four chief uses of process steam in the laundry : 
(1) The heating of water for washing and rinsing purposes ; 
(2) the heating of water in washing machines; (3) the 
heating of the metal chests of ironing machines and 
presses, and (4) the heating of metal surfaces for drying 
purposes. The quality of the steam required varies for 
the different purposes. The use of superheat in the 
steam engine needs no comment, but its adoption for 
other purposes in the laundry is in some directions 
limited. The improvement of laundry technique brought 
about in the last few years, largely by the activities of 
the British Launderers’ Research Association, has resulted 
in the use of rinsing water at a much higher temperature, 
with co nding increase in efficiency, and whereas 
twenty or thirty years ago 120 deg. Fah. was thought a 
reasonable temperature, 180 deg. Fah. is now found to 
give better ts. 

(1) Heating of Water for Washing and Rinsing Purposes. 
—This operation will use all the engine exhaust, and will 
still require make-up live steam to be supplied through 
a thermostatically controlled valve. The problem of 
supplying this hot water copiously and expeditiously 
is not simple. Live steam has often to be used to produce 
hot water before work starts in the morning, as until 
then exhaust is not available and hot water is wanted 
immediately in quantity. At the end of the day the 
conservation of heat till next morning is a further con- 
sideration. The present usage varies. There are still 
some cases in which the exhaust steam passes through 
coils in a tank, but the method of blowing the exhaust 
direct into the water through suitable nozzles is being 
more used, now that oil-free exhausts are available. 
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Fic. 4— Water Heater for Washing and Rinsing Purposes. 


Calorifiers of standard pattern, from which the heated 
water passes to storage tanks, are still used, All these 
systems are extravagant, for various reasons. 

The diagram, Fig. 4, showing a water heater, is not 
given as the final solution of the problem, but rather 
as a means of explaining what is needed in the hope that 
during the discussion some constructive contribution 
may be made. In the top left-hand portion of the diagram 
the exhaust is shown leading downwards. Its direction 
is reversed through what might be described as an annular 
jet as it encounters the water in the heater ; the latter, 
with the storage tank adjoining, is kept full of water 
from a tank which is placed above, but not so far above 
as to cause excessive back pressure. As long as the 
top “layer” of water, t.e., that water which lies above 
the thermostat, is kept at 180 deg. Fah., no make-up 





fey Consulting engineer, Kent County Laundries, ‘Ltd., 
Peckham. 








steam is needed, but when the demand for hot water 


ted | rises beyond the amount which can be kept hot by the 


exhaust alone, then the thermostat, by actuating a 
relay mechanism, opens the live steam valve. The live 
steam thus admitted follows the same course as the 
exhaust steam, and although at a higher pressure, it does 
not cause appreciable back pressure in the engine. It 
will be seen that the aim is to make the production of 
hot water synchronise as far as possible with the demand, 
and so avoid the immense radiation and other losses 
resulting from keeping large volumes of hot water in tanks. 

When the demand for hot water in the laundry falls 
off, circulation takes place within the system itself till 
the water is too hot to condense all the exhaust, when the 
rising back pressure opens a safety valve and delivers 
the exhaust to atmosphere. The whole heater can be 
adequately lagged. The apparatus has given efficient 
service, but the noise made has still to be overcome. 

An extension of this method of heating water has been 
used lately by one or two progressive laundries, where 
the hot effluents from the washing processes are made to 
impart heat, by systems of tubular heaters, to the incom- 
ing cold water before passing on to the steam heaters. 
The mixed effluent from washing machines has a tempera- 
ture of approximately 110 deg. Fah., and by separating 
the hot effluent from the cold, and using only the hot, a 
still higher efficiency can be obtained. It is claimed 
that the water can be raised to within 10 deg. or 15 deg. 
Fah. of the mixed effluent temperatures. This goes far 
to conserve steam for other processes. 





HEAT DISTRIBUTION. 
By A. Marcouis, Dipl.-Ing.|} 


District heat distribution has been developed in Germany 
since the war, and now forms a special branch of engi- 
neering. To-day, heat distribution is not merely a question 
of erection of pipe lines, trench work, expansion joints, 
insulation, &c., but it is, especially for combined power 
and district heating plants, a question of economy, 
which has to be investigated in each individual case. 
For the purpose of the paper, a short outline of the main 
problems of heat distribution is perhaps best afforded 
by considering examples of the district heating plant 
of Hamburg, of which the author was the manager for 
twelve years. 

The first stage of the Hamburg district heating plant 
was erected in 1921 in connection with the oldest station 
of the Hamburg electric works situated at the Poststrasse, 
with boilers having a total heating surface of 24,000 square 
feet. In 1924 the Carolinenstrasse station, with a boiler 
plant of 43,000 square feet heating surface, was put into 
service for the extensions of the system, and.in 1929 
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INTERNAL DIAMETER OF STEAM PIPE—INCHES 
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Fic. 5—Relative Economies for Various Sizes of Steam Mains. 

Length of main, 1 mile; average pressure, 20 lb. per square 
inch gauge; pressure drop, 0-5 Ib. per square inch per 100ft.; 
air temperature in conduit, 95 deg. Fah.; conductivity coeffi- 
cient, 0-365 B.Th.U. per square foot per inch thickness per 
degree Fahrenheit temperature difference per hour ; thickness 

of insulation, 2in. 

The curves illustrate the relation of the rate of heat delivery 
and the rate of heat losses. 

Through a 4in. pipe, heat delivery is 2-2x106 B.Th.U. 
per hour. n 4 

Through a 24in. pipe, heat delivery increases to 190 x 10° 
B.Th.U. per hour. 

Through a 4in. pipe, heat losses are 11-4 per cent. 

Through a 24in. pipe, heat losses decrease to 0-59 per cent. 


the Bille station, with a boiler heating surface of 73,000 
square feet, also commenced working. Finally, in 1933, 
it was decided to increase the heat supply from the 
comparatively modern Tiefstack station, which had 
boilers with a heating surface of 154,000 square feet. 
The first three stations had small units—fifty-one boilers 
in all—and were obsolescent. 

The system of heat distribution employed steam, 
because both steam and hot water heating plants could 
then be served. The working pressure of the boilers at 
Poststrasse was 160 lb. per square inch, and the pressure 
was about 150lb. per square inch at the engine stop 
valves. A very low back pressure of only 7 lb. per square 
inch was chosen for the first system. 

The Carolinenstrasse and Poststrasse stations were 
connected by a steam main initially 25in. in diameter © 
and 7000ft. in length, and the Bille and Poststrasse 
stations by a steam main initially 32in. in diameter and 
14,000ft. in length. The back pressure of the turbines 
varies between 15 Ib. and 50 Ib. per square inch, according 
to the steam demand. The Tiefstack and Bille stations 
were connected by a steam main, 28in. in diameter, for 
conveying 250 tons of steam per hour, at a pressure of 
210 Ib. per square inch, and a temperature of 660 deg. 
Fah. The length of the main was 11,000ft. 


“Tl Late director, Messrs. Rud. Otto Meyer, Hamburg, and 
director, Hamburg District Heating Company. 
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The last extension was necessitated by the decision, 
after thorough investigation, to install the new boiler 
plant under consideration, with 17001lb. per square 
inch pressure, not in the Bille power station, but in 
Tiefstack, because at the latter station two 11,000-kW 
back-pressure sets could be utilised in conjunction with 
the existing condensing turbines. 

The conclusion derived from the development of the 
Hamburg district heating plant is that the transmission 
of heat is possible even at comparatively long distances. 
To-day heat is conveyed in Hamburg from the Tiefstack 
station to the Carolinenstrasse station, a distance of 
6:2 miles. Fig. 5 shows how the conditions for heat 
transmission improve with the increasing heat demand. 
Curve @ shows the heat transmitted in millions of British 
thermal units per hour for low-pressure steam at an 
average pressure of 20 lb. per square inch gauge for various 
pipe sizes, all other conditions being the same. Curve 6 
shows the heat losses. In this connection, the trans- 
mission of heat is more satisfactory than the transmission 
of electricity. Of course, the radius for heat supply is 
rouch smaller, but it is large enough to supply even a city 
re size of London from power stations situated outside 

e town. 








The Warlop Bush. 





THE use of grease as a lubricant often presents very 
desirable advantages over the use of oil. It enables 
the escape of lubricant to be prevented more easily and 
therefore allows much greater cleanness to be obtained, 
an especially important point in papermaking machines, 
cotton-spinning machinery, &c. Grease is also more 
efficient in dust-laden atmospheres. Finally, the con- 
sumption of lubricant is less and its loss easier to avoid, 
while the maintenance work is considerably lighter. In 
spite of these advantages a certain wariness often exists 
in the use of as a lubricant, experience having 
frequently shown that it may tend to reduce the mechanical 
efficiency and produce greater wear. Evidently, this 
would no longer be the case if a “‘ film of grease’ could 
be built up in the same manner as a “‘ film of oil.”’ 

A priori, according to Monsieur Henri Brillé, the 
problem appears insoluble. The consistency of grease 
makes the measurement of its viscosity impossible. 
It would seem therefore that it cannot exhibit 
the phenomena of viscosity as set up with oil. An 
attempt, however, has been made, and, as described in 
Le Genie Civil of February 6th and 13th last by Mon- 
sieur Brillé, former chief engineer of the Compagnie 
Générale Transatlantique, it appears to have succeeded. 
A special bush, known as the Warlop ring, was used. The 
principle of the bush is to take away from the clearance 
between the ing surfaces the “‘ return flow ” motions 
of the lubricant set up for the maintenance of the film, 
and existing over a variable portion of the bearing surface. 
To obtain this separation a by-pass passage is made in 
the bearing by which under the influence of the pressure 
ceveloped the return flow is carried to the upper side 
of the bearing without disturbing the normal lubricating 
flow. Fig. 1 illustrates diagrammatically the Warlop 
bush. In operation the initial movement of the journal, 
by the effect of viscosity, takes round with it the neigh- 
bouring surfaces of lubricant. The bearing surfaces 
being initially in contact at a the current d thus produced 
must give rise to a return current r along the face of the 
bearing. The same conditions will apply when, the 
film having been set up at a, only a small between 
the bearing surface is offered to the current produced. 
As the whole downflow of lubricant cannot pass the point 
of minimum clearance a between the bearing surfaces, 
some of the entrained lubricant must make its way 
upwards again. As the film develops round the bearing 
so the currents set up increase in pressure. If, then, at 6 
an orifice is opened communicating with a second orifice c 
on the upper side of the bearing by an exterior passage, 
the lubricant returning upwards will take this exterior 
passage, relieving the bearing of all “‘ contra flow ” currents 
provided adequate sizes of passage are provided. By this 
means the film will be set up more easily, and once it 
exists the bearing will have a much reduced viscous friction. 
. To obtain these results practically a special bush is 
interposed between the journal and the bearing. This 
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and if the shaft be run at high speed with a light load, 
the bush will rotate slowly and steadily in a direction 
opposite to that of the journal. The only possible explana- 
tion of this effect is that rotation is due to the action of 
the lubricant in the outside passages. 


EXPERIMENTS CaRRIED OuT aT THE LABORATORY OF THE 
Societe ANDRE. 


In view of this action any attempt to measure the 
braking effect on the journal by the torque on the bush 
will obviously be inaccurate, the apparent result being a 
negative coefficient of friction. It is therefore necessary 
to measure the braking effect on the journal directly. 
Such measurements were carried out in two series of 
experiments at the laboratory of the Société André, 
comparative figures being obtained for oil-lubricated 
Warlop bushes, grease-lubricated Warlop bushes, and 
ball bearings. The method employed was to observe the 
rate of deceleration of a fly-wheel run up to a high speed 
and then released from its drive, the shaft being carried 
in the bearings which were under examination. In the 
experiments oils having viscosities varying from 0:5 to 
6-0 poises were used for the Warlop bushes, and from 
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Fic. 3—LIVE AXLE WARLOP BEARING 


0-5 to 3-0 for the ball bearings, while a light grease was 
also used for the bushes. 

The results may be thus summarised : 

(a) The bushes lubricated with oil of viscosity 1 to 3 
poises gave the lowest mean coefficient of friction; with 
a load of 4-076 kilos. the light oil of viscosity 0-5 was 
slightly inferior to normal, having a mean coefficient of 
friction of 1-08. 

(b) For ball i lubricated with oil of very low 
viscosity (0-5), the mean coefficients of friction were 
1-54 at 0-810 kilos. and 1-09 at 4-070 kilos. 

(c) The bushes lubricated with high viscosity oils (4 to 
6 poises) gave results practically identical with those of 
the bushes lubricated with light . The average 
coefficients of friction were 1-82 for 0-810 kilos. and 1-16 
for 4-070 kilos. 

(d) Ball bearings lubricated with oil of medium viscosity 
(3 poises for the first series, 1 and 2 poises for the second) 
gave mean coefficients of friction of 2-36 in the first case 
and 1-16 and 1-5 in the second. 

Taking into account the fact that with wear the con- 





dition of the bearing surface of the bushes will improve, 








SECTION A.B. & 


FIGS. 1 AND 2—ACTION OF WARLOP BUSH; DESIGN OF BUSH 


bush, named the Warlop bush after its inventor, is shown 
in its simplest form in Fig. 2. On its outside or “ non- 
bearing ” surface the bush has cut in it a series of circular 
grooves interconnected as shown in the outside view. 
When the ring is in position in the ing these grooves 
form circumferential oil passages which act as conduits, 
each for a certain length of the bush. Each groove has 
regularly spaced orifices around it which lead the lubricant 
into the bearing surface; in the case illustrated three 
orifices spaced at 120 deg. are shown. The interconnecting 
passages are taken from orifice to orifice along the length 
of the bush vid a helicoidal transverse path. The action 
of each section of the bearing is as shown in Fig. 1, the 
pressures set up by the return currents in each groove 
being equalised by the interconnections. A simple 
experiment has proved the correct functioning of these 
bushes as well as the real existence of the return currents. 





If the Warlop bush be left a running fit in the bearing, 





it is claimed that on the test results obtained the Warlop 
bushes are practically equivalent to ball bearings. 


EXPERIMENTS AT GROSDEMOUGE. 


Having conducted preliminary tests of the Warlop 
rings at the Société André on bearings of small dimen- 
sions under light loads, the next step was to attempt 
to obtain equally good results under conditions of a more 
arduous character. These experiments were carried out 
at the Etablissements G mouge, as recounted b 
Monsieur Henri Brillé in Le Genie Civil of February 13th 
last. A journal diameter of 38 mm., a bearing length of 
60 mm., and a total load of 240 kilos. per ing, corre- 
sponding to a pressure of 10-5 kilos. per square centimetre, 
were the dimensions chosen. In one case two fly-wheels, 
each weighing 240 kilos. were keyed to a shaft turning 
in two Warlop bearings. . The fly-wheels were accelerated 
to 400 r.p.m. by a belt from the shop driving gear, and 


the belt tension was then relieved, Every fifteen seconds 
the number of turns made by the fly-wheels was read on 
a Zivy comptometer, a method of ascertaining the speed 
of the fly-wheels found to be more accurate than the use 
of a tachometer. In another test the bush was mounted 
inside a fly-wheel and rotated with it about a fixed shaft, 
This plan was found useless apparently, because centrifugal 
effects on the lubricant when the Warlop bush rotated 
tended to drive the lubricant away from the bearing 
surface. Another disadvantage for the Warlop bush was 
that as the orifices were rotating with the wheel their 
position varied with regard to the bearing arc and, there- 
fore, in relation to the points of maximum or minimum 
pressure of lubricant. The intermittent or alternating 
movement of the lubricant in the thus set up 
was evidently unfavourable to circulation when 
compared to the continuous flow in the normal bush, 

To reproduce the same results with a fixed axle as were 
obtained with a live axle it was necessary to design a bush 
which should remain stationary with the axle. The 
bearing surface then becomes the outside surface of the 
healt nad Siantuame pemngye sant he manasa Sie Nani 
of the bush. To facilitate machining the bush was made 
in two pieces, an interior half-bush having on its outer 
face the passages forming the return circuits and an 
exterior half-bush having the orifices drilled in it and with 
its outer face acting as bearing surface. 

Bearines ror Mrnine Tuss. 


A complete study of the use of Warlop bushes on mining 
tub wagons was made at the Etablissements Grosdemouge 
for live axle and fixed axle types. 

For the live axle type the bearing consists of : 

A cast bearing in which is provided a grease 
reservoir filled by means of a grease gun nipple. 

A bearing cap, either cast or stamped, with securing 
bolts and Grover washers. 

The Warlop bush is made in bearing bronze or malleable 
cast iron in two pieces for ease of erection, the ring having 
on its exterior the passages and being drilled with the 
necessary orifices. As only the upper face is a true bearing 
surface the passages and orifices are confined to the upper 
half-bearing. The orifices are in communication with the 
grease reservoir. The bottom half of the bearing held 
in the cap is machined away for nearly the whole length 
of the bearing, and thus forms an additional grease 
reservoir. Fig. 3 is a section and an elevation. 

As will be seen the bush has grease-retaining rings at 
the end opposite to the wheel. On the wheel side lateral 
play is taken on the face of the locking washer, which is 

ipped with grooves for lubricating the face. 

In Fig. 4 is shown the method of application of a Warlop 
ring to a wheel running on a fixed axle. A bronze bush 
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Fic. 4—FIxX—ED AXLE WARLOP BEARING 


of the ordinary type is provided within the wheel at A. 
The Warlop bush is built up in two pieces. The interior 
one B has on its exterior surface the necessary passages 
which may be cast with the part. The exterior one C 
has the orifices in it. The load being always on the 
bottom half of the bearing, the orifices and passages are 
only provided for this half. A lubricant reservoir is 
provided within the end of the axle shaft as shown. 


CoEFFICIENTS OF TRACTION. 


Tests in the works with these bushes of a size suitable 
for tub wagon axle-boxes having a mean load of 240 kilos. 
per bush gave coefficients of friction between 0-016 
and 0-011 for speeds between 400 and 100 r.p.m. for both 
types of bearing. Dynamometric measurements carried 
out at the Bruay mines gave a tractive effort at the draw- 
bar of 8-8 kilos. for an ordinary loaded wr weighing 
760 kilos., i.e., 11-8 kilos. per metric ton, This tractive 
effort may be assumed as 6-7 kilos, per ton (metric) for 
friction, and 5-1 kilos. per ton (metric) for rolling resistance 
at the rail. With a wheel diameter of 30 cm. and a bearing 
diameter of 3:8cm. the tractive effort of 6-7 kilos. per 
ton (metric) corresponds to a coefficient of friction with 


ordinary bearings of 6-7x (fs, ) 0-053, or about 


four times the coefficient of friction given by the Warlop 
bush. The maximum of 0-016 obtained for the Warlop 
bush corresponds to a draw-bar pull of 2 kilos. per ton 
(metric), and is an improvement over the ordinary Peasing 
of 40 per cent, 

Thus tests have shown that a Warlop bush 
bearing loaded to 10-5 kilos. per square centimetre will 
run for twenty-two consecutive hours at 435 r.p.m. with 
@ consumption of 7 grammes of grease. This result is 
equivalent to 600 kiloms, of running with a mine tub. 
Since a reservoir of at least, 20 grammes per bearing can 
easily be provided a wagon would normally require 
lubricating attention only every 1800 kiloms., or about 
every 1000 miles, P 




















Aprit 16, 1937 


THE ENGINEER 


449 








Rail and Road. 





WaTERLOO Bripce.—On Sunday, April llth, the 
southern span of the temporary Waterloo Bridge was 
slewed round into line with a temporary road on the south 
bank of the Thames. The span was moved about 34ft. 
to make room for the work on the foundations of the new 
bridge to be begun. 


Henry Hupson Briven, New Yorx.—It is proposed 
to add an upper level to.the recently completed Henry 
Hudson Bridge over the Harlem River, New York. The 
upper level and its new connecting roadway will be used 
for north-bound traffic, while the existing bridge level and 
present roadway will be used for south-bound traffic only. 
The foundations and cture of the bridge were 
built to support a double roadway. 


ASSOCIATION OF Roap ConGresses.—By invitation of 
the Government of the Netherlands, the eighth Inter- 
national Road Congress is to be held at The e from 
June 19th to July 2nd, 1938. It is expected that the Con- 
gress will be attended by leading representatives of road 
and transport interests from the principal countries of the 
world, with a view to the discussion of important and 
urgent questions affecting road construction, road trans- 
port and road accidents. 


A Transport SCHEME FoR New Jersey.—A scheme for 
an electric rapid transit system to link New Jersey towns 
with Manhattan Island has been submitted to the Legisla- 
ture of the State of New Jersey by the Port of New York 
Authority. According to the Electrical Review, the esti- 
mated initial outlay is over 187 million dollars, and in 
addition to various subways, the proposals envisage elec- 
trification of portions of the main lines of the Erie and 
Central of New Jersey Railroads. 

L.M.S. Faster Freiaut Trarxs.—Continuing its policy 
of speeding freight transits, the L.M.S. Railway Com- 
pany has ac ted sixteen daily freight trains by a total 
of 5 h. 51 min, per day, equivalent to 7 per cent. of their 
previous journey times. These accelerations range from 
10 min. to 52 min, train, and among the speeded-up 
trains is the 2.50 p.m. express freight from London 
(Camden) to Carlisle, which provides a one-day service 
from London to Glasgow. This train now covers the 
300 miles to Carlisle in 9 h. 36 min., compared with the 
old time of 10} h, 


More AMERICAN STREAMLINED Stream LocomorivEs.,— 
The Baldwin Locomotive Works has recently completed 
ten streamlined 4-6-4 passenger locomotives for the New 
York, New Haven and Hartford Railroad. The new 
engines have a somewhat unusual appearance, as all the 
usual projections along the top of the boiler are housed 
within a shrouding and the boiler front is brought up to a 
point into which the headlight is set. The main particulars 
of the new engines are as follows :—Driving wheels, 80in. 
diameter ; driving wheel base, 14ft.; engine wheel base, 
40ft. lin.; cylinders, 22in. by 30in.; boiler pressure, 
285 lb. per square inch; total heating surface, 4857 
square feet; weight, 365,300 lb.; rated tractive force, 
44,000 lb. 


EaSTBOURNE Roap ImproveMENT.—The Minister of 
Transport has made a grant to the East Sussex County 
Council in aid of a scheme, estimated to cost £80,000, for 
the improvement of the London—Eastbourne road, near 
Hailsham.. The existing road south of Hailsham will be 
widened and reconstructed for a length of 1400 yards and 
in place of a single 18ft. carriageway there will be two 
22ft. carriageways with footpaths and sufficient margins 


for the construction of cycle tracks when necessary. In| good 


addition, a quarter of a mile of new road, forming 

of the proposed Hailsham by-pass, will be built, toncther 
with a new bridge over the river Cuckmere. These 
improvements represent the first part of a larger scheme 
for the general improvement of traffic conditions in this 
area. The many awkward bends where the road winds 
through the villages of Horsebridge and Hailsham will be 
avoided by the construction of one long by-pass. An 
extension of the by-pass at the northern end will enable 
traffic to and from Bexhill to avoid Horsebridge and at 
the southern end a spur road will be built to link up with 
the existing Pi road. The spur road will be carried 
over the railway by a new bridge. In this way it will serve 
the double p of enabling drivers to avoid the exist- 
ing level cro » as well as diverting traffic from the 
narrow streets of the villages. The cost of this compre- 
hensive scheme is estimated at £217,000. 


CuesterR Ring Roap.—A further step has now been 
taken towards the realisation of the scheme to build a 
ring road around the city of Chester. The Minister of 
T has made a grant from the Road Fund towards 
the cost, estimated at over £180,000, of constructing a 
part of the road, 2 miles long, on the north-east side of 
the city, It is expected that this section, which includes 
three new bridges, will be completed in about two years 
from the date of commencement. The ring road is designed 
to encircle the city on the eastern poss southern sides 
from the Birkenhead road in the north to the Holyhead 
road in the west. The incompleted portion between 
Newton-lane and the Flintshire county boundary is about 
54 miles long, and is estimated to cost over half a million 
pounds. An overall width of 120ft. will be provided on 
the level and in cuttings, of 100ft. on embankments, and 
between the pets of bridges 94ft. Dual carriageways, 
each 22ft. wide, will be provided throughout, and cycle 
tracks will be constru except where there are service 
roads. The scheme involves the construction of eight 
bridges, the most important of which will be a new bridge 
over the river Dee, with a central span of I80ft. The 
2-mile section, for which a grant has now been made, will 
begin at a point just outside Chester, where the road from 
London curves in from the east, and will continue in a 
northerly direction as far as Newton-lane, Three new 
bridges will carry the road over the Shropshire Union 
Canal and two railways, and the existing bridge over the 
Cheshire Lines Railway will be widened. With the com- 
pletion of this section of the ring road there will be a new 
route available for through traffic extending from the 
London-Birkenhead road in the south-east to the same 


Miscellanea. 





UNEMPLOYMENT IN GERMANY.—It is reported that 
there were 1,245,000 unemployed persons in Germany 
at the end of March last. 

FEDERATION OF British INDUSTRIES.—In order to 
assist Lord Hirst in his duties as President of the Federa- 
tion of British Industries, Mr. P. Bennett has been 
appointed Deputy President. 

Russer Research Boarp.—A_ British Rubber 
Research Board has been set up to control the British 
section of the research and development of new uses for 
rubber contemplated in the International Rubber Regula- 
tion Agreement. In order to co-operate with the research 
organisations in France and Holland, an international 
board is to be set up in the near future. 


New Coxe Ovens.—The new coke-oven plant at the 
Seaton Carew works of the South Durham Steel and Iron 
Company was officially put into service on Friday, April 
9th. The ovens, which have been built at a cost of 
£250,000, have a capacity for carbonising 7500 tons of 
coal a week. The surplus gas from the ovens and blast- 
furnaces is being used for steel making at the firm’s 
adjacent steel mills. 


Sours Arrican Coat-o1 Ingurry.—Under the chair- 
manship of Mr. F. J. Fahey, the South African Depart- 
ment of Commerce and Industries has appointed a com- 
mittee to investigate the possibilities of a coal-oil industry 
in South Africa. The hydrogenation process will be 
investigated, and the committee will s to what 
extent any undertaking in this connection should be 
financially supported by the Government. 


Homz-propucep Moror Spirir.—Replying to a 
question in the House of Commons the Secretary for Mines 
recently said that the production of motor spirit by low- 
temperature carbonisation was nearly 750,000 gallons 
in each of the years 1934 and 1935. In addition, the 
production of tar and tar oils amounted to nearly 4,500,000 
gallons in 1934 and over 5,000,000 gallons in 1935, 
Particulars for 1936 are not yet available. The production 
in 1935 by the hydrogenation of coal and tar oils (including 
some low-temperature tar) was nearly 21,000,000 gallons 
of motor spirit, and in 1936 rather more than 33,000,000 
gallons. No heavy oil was produced. 


Exxectrostatic GENERATOR FOR ATomic NUCLEI 
ResEearcu.—A direct-current electrostatic generator with 
a tension of 5 million volts has been built by the Ukrainian 
Physico-Technical Institute. It is thought to be the most 
powerful electrostatic machine in the world. The most 
oapreag generator on record has so far been one built 

y the American physicist, van Graaff, which gives a 
voltage of 2-7 million. With the aid of the new generator 
the Ukrainian Institute intends to examine the atomic 
nuclei of most of the existing elements. . A few years ago 
the Institute, with the aid of a generator giving a voltage 
of 600,000, succeeded in splitting the atomic nuclei of 
several light elements, including lithium and fluorine. 


Tue EncGryeers’ GERMAN CrRcLE.—Over seventy 
members and guests were present at the last meeting of 
the present session of the Engineers’ German Circle, 
which took place at the Institution of Mechanical Engi- 
neers on Monday, April 12th. The lecturer was Ober- 
baurat Ing. Richard Wolf, of the Austrian Railways, who 
was introduced by Legationsrat von Blas, of the Austrian 
Legation in London. The lecture, which described the 
electrification of the railway through the Tyrolese Alps, 
was illustrated by excellent lantern slides. There was a 
discussion on the civil, mechanical, and electrical 
aspects of the work, and Ing. Wolf was warmly thanked 
for his lecture. After the meeting an informal dinner 
took place at Eliot’s Club. During the summer one or 
two excursions are planned, and it is expected that a visit 
will be paid to the Gatwick Airport. 

Leak Derzorion By ANHYDROUS AmMmonIA.—An 
extract in the Chemical Trade Journal and Chemical 
Engineer deals with the use of anhydrous ammonia in 
the testing of gas or liquid tightness of process or storage 
plant. The fact that ammonia has a low molecular weight 
gives it excellent penetration powers through small 
openings. Minute traces of the escaping gas can easily 
be detected by exposing them to acid fumes, such as 
sulphur dioxide, produced by burning sulphur tapers. 
A recent development of this method, which is described 
by Mr. L. H. Brandt, the author of the original article, 
is in the construction of tank cars for the transport of 
dangerous chemicals, where to test the tightness of anchor. 
rivets anhydrous ammonia is used, The rivet heads are 
welded along the edges, and on the inside of the car a hemi- 
spherical cap is welded to cover the inner head. Anhydrous 
ammonia introduced within this cap will show any 
leakage either around the rivet or in the cap itself. After 
testing, the cap is sealed and provides an additional 
safeguard against leakage in the event of mechanicai strain 
loosening the rivet. 

Action or Metats on Lusricatine O1s.—A series 
of investigations on the corrosion of , lead, and 
tin, and the influence of these metals upon the deterioration 
of commercial lubricating motor oils, have recently been 
made and the results published in a bulletin of the Inter- 
national Tin Research and Development Council. The 
deterioration was caused by heating of oils in 
glass basins for periods of two months at a temperature 
similar to that occurring in practice. Thin films of the 
various metals under test were produced on glass plates 
by evaporation under high vacuum, and these films were 
immersed in the oil during the test period. The films 
were so thin as to be transparent and the effect of corrosion 
in thinning the films was to increase the y; 
and this property was conveniently used as a measure 
of the corrosion. It appears that the viscosity, surface 
tension, and the acidity of the oils are not influenced 
by the metal present, but sludge formation is strongly 
stimulated in the presence of copper, while tin and lead 
have the opposite effect. Copper is strongly attacked, but 
tin and lead are protected by the film of reaction pro- 
ducts. Oil stored in open cans for some months before 
the test was decidedly more corrosive than oil fresh 





road on the north side of the city. 


from the sealed can. 





Air and Water. 





JaPaANESE Recorp Fuieut.—A Japanese all-metal 
monoplane has flown from Tokio to London in 94 h. 18 min. 


Launcn or Bia Om Tank Surp.—On Monday, April 
12th, the 30,600-ton oil tanker “‘ Emile Miguet” was 
launched at Dunkerque. 


New Durcs Liner:—The new. Holland-America Line 
36,000-ton liner “‘ Nieuw Amsterdam” was launched at 
Rotterdam on Saturday, April 10th. 


New Arm Services.—Among the new air services 
recently opened is one between Brindisi and Haifa by 
way of Athens and Rhodes, and another between Turin 
and Paris which will link up with Venice and Milan. 


New Are Recorp.—-On Saturday, April 10th, the 
Italian pilot Furio Niclot, flying a “‘ Breda-88 ” machine, 
set up, over a closed circuit of 500 kiloms., new speed 
record figures for 1000 kiloms. He covered the distance 
at a speed of 475-548 kiloms. an hour. 


A Croypon—ABERDEEN Fiicut Recorp.—Piloting an 
Airspeed “‘ Envoy ” machine, Captain Boitel Gill recently 
made a record flight for a commercial machine when he 
covered the distance between Croydon and Aberdeen in 
a flying time of 2h. 58min. The journey occupied 
3h. 15 min. with a stop at Perth. 


Emprre Arr Maus.—The Egyptian Government has 
decided to enter the British Empire air mail scheme, and 
in future all mails between this country and Egypt will 
be carried by air. By the approved agreement with 
Imperial Airways it will be paid £22,500 a year by the 
Egyptian Government in addition to the ordinary mail 
rates. 

Larp-up Sures 1x SoutH WatLes Ports.—According to 
the official figures of the Great Western Railway Company, 
on April Ist there were six ships, aggregating 5646 tons, 
laid up in South Wales ports. This is the lowest figure 
since the returns were first compiled seven years ago. 
Of the laid-up ships, four are British and two of 4121 tons 
are foreign. 2 

British Liner AGROUND IN SvEzZ CanaL.—On Satur- 
day, April 10th, the P. and O. liner “‘ Viceroy of India ” 
went aground at the entrance of the Suez Canal. The 
ship got afloat but again grounded when some miles 
further up the canal. She was fast most of the day and 
was eventually released with the assistance of tugs. An 
inspection by divers revealed that the ship’s rudder had 
been damaged. 


New American Ar BaszE on Lone Istanp.—Pan- 
American Airways has begun the preparation of an air 
base on Manhasset Bay, Long Island, in readiness for the 
air service between New York and Bermuda. It is thought 
possible that the new station will also become the western 
terminus of the Transatlantic service. A large hangar 
already exists and a channel in front of it is to be dredged, ” 
and a ramp for flying boats built. : 

Larce AMERICAN Arr LinERS.—Some time ago, experts 
representing five of the largest air lines in the United 
States pooled their knowledge to aid in the designing of 
a four-engined air liner to be built by the Douglas Com- 
pany. According to Flight, the first of the new machines 
should be ready in a few months. They are similar to the 
“D.C.3” machines, but have four engines and different 
pattern wings. With a crew of five each machine will 
be capable of carrying forty passengers, its gross weight 
being about 30 tons. The machines will have a span of 
over 138ft., and a length of 97ft. A cruising of 
about 2200 miles with a maximum speed of 237 miles an 
hour is expected. 

TRANSATLANTIC Arr SeRvicE.—The head of the United 
States Bureau of Air Commerce recently stated that an 
agreement had been reached between Great Britain, 
Canada, and the United States, on the air terminals for 
the Transatlantic air services. The first stop in North 
America will be at Botwood, Newfoundland, whence there 
will be two routes, both eventually leading to New York. 
One route will be direct to New York vid Shediac, New 
Brunswick, and the other vid the St. Lawrence Valley to 
Montreal, and then over the Adirondack Lakes, down the 
Hudson River to New York. For the winter services an 
alternative ocean route by way of the Azores and 
Bermuda is provided. . 

Cost or New Sutrs.—Speaking at the annual meeting 
of the General Steam Navigation Company, the chairman, 
Mr. W. J. McAlister, said that the company had received 
from builders six new motor ships and one steamship 
during the past year. Contracts for four other new motor 
ships were in hand for the company. Mr. McAlister went 
on to say that a year ago he announced that, believing the 
cost of building would increase, the company had begun 
an extensive shipbuilding programme. Since that time 
prices had considerably increased and had risen by about 
30 per cent., and they were now on a level at which in the 
company’s case a new ship now added would not be able 
to earn sufficient to meet interest and depreciation. 


Tue Trans-Canapa Arrway.—According to a state- 
ment made in the Canadian House of Commons on 
March 22nd by the Minister of Transport, the trans- 
Canada air service is to be organised by the Canadian 
National Railways. A private company, controlled by 
the C.N.R., will have a capitalisation of about 1,750,000 
dollars, the stock being underwritten by the company. 
The proposed company will fly only the main artery of 
traffic between east and west, together with such other 
arteries-of traffic as are designated by the Government 
as being of national importance. The company will be 
given an exclusive contract to carry mails, passengers, 
and express over specified routes. In the initial stage 
of the operations deficits will be paid by the Government 
for the first two years, at the end of which period it is 
expected that an efficient service will be in operation. 
An air mail contract will be conceded at a rate competitive 
with similar services on the American Continent, and 
subsequently the company will receive a contract, the 
basis of which will be determined from the operations 
of the previous year. The company will therefore be 





protected against loss, but its profits will be very strictly 
limited. 
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EDITORIAL ANNOUNCEMENT. 
In our next issue, April 23rd, we shall publish a 
Special Article by 
HARRY R. RICARDO, F.R.S., 
entitled — 
‘* PRESENT POSITION AND PROSPECTS OF 
THE HIGH-SPEED HEAVY-OIL ENGINE.” 


Mr. 








TO-DAY AND TO-MORROW. 


AT no time in its history has the machine tool 
industry of Great Britain basked in the sunshine 
of such prosperity as it is now enjoying. In the 
Great War it worked to capacity, but always under 
a shadow. Now it is working almost as much, if 
not quite as much, for the peaceful development of 
the world as upon the prosecution of a programme 
which is regarded by all right-thinking people as 
one of the most effective means of preventing the 
coming of a new conflict and as an insurance 
against the dangers in which this island would be 
placed did, unhappily, war break out in Europe. 
It is but a few years ago that British machine tool 
makers welcomed the introduction of a customs 
policy which made the importation of foreign 
machines into this country more difficult. Now, 
with order books overflowing and with the possi- 
bility of reasonable deliveries getting further away 
despite extensions of factories, they can see without 
chagrin the importation of foreign tools and admit 
the necessity which compels manufacturers to 
buy them where and when they can get them. 
Thus we find the necessities of the moment auto- 
matically breaking down one of the trade barriers 
set up in a period of depression, or, if not breaking 
it down, making it surmountable. 

No one has yet succeeded in analysing the present 
trade revival ; in separating the part of it which is 





due to the vague and uncertain causes which 
inevitably bring about the booms and depressions 
of industry, from the part which is due to the Re- 
armament programme. There are not wanting 
those who are convinced that the revival would 
have come in any case. They turn to the charts 
which show the rise and fall of industry with a 
periodicity that lies somewhere between nine and 
ten years, and without attempting to offer logical 
reasons for an event which has so far defied logical 
statement, they aver that since the boom was due 
it would have come, rearmament or no rearma- 
ment, as surely as the day follows the night. Some 
go even further and protest that the Rearmament 
programme, far from furthering the revival, is 
interfering with it-in a dangerous manner by the 
check it is putting on ordinary civil trade. That 
is an extremely interesting and important aspect 
of the matter. The production of machines against 
civil orders increases the wealth of the nation, 
either because the machines are themselves 
exported or because they may be used for the pro- 
duction, of goods destined for export. But the 
production of machines for armament factories 
lacks that effect almost wholly. It increases the 
apparent prosperity of the country by accelerating 
the circulation of money, but quite obviously it 
cannot add much to the total wealth—what is 
taken from the taxpayers moves through devious 
paths and is distributed amongst the community 
without multiplication. The only respect in which 
rearmament appears on the right side of the 
national accounts, apart from the circulation of 
money already referred to, is that it causes the 
construction of factories, machines, and organisa- 
tion which may prove industrially valuable after 
their primary object has been achieved. On the 
other hand, no one, least of all the Government, is 
blind to the fact that interference with civil trade 
is a very serious matter indeed, particularly to a 
country like this, which is compelled to barter the 
products of its industries for a large proportion of 
the imported necessities by which it lives. The 
anxiety of the Cabinet on this score was made 
evident by Mr. Baldwin’s remarks in his speech at 
the F.B.I. banquet last Tuesday, in which he spoke 
of the necessity of maintaining our export trade at 
as high a level as circumstances would permit. 
Whilst, then, the machine tool and many other 
trades are enjoying a prosperity which compen- 
sates for past troubles, it should not be forgotten 
that the present recovery is dissimilar in an 
important respect from prior ascents from a 
depression. It is not the outcome, as they 
were, of a regeneration of civil trade alone. 
The conditions are abnormal. No one knows 
what may happen in a few years or even a few 
months, but the wise man will have a careful eye 
for the lean years which will inevitably follow the 
present fat ones. To the current number of the 
Monthly Review published by Lloyd’s Bank, 
Monsieur Frédéric Jenny, Financial Editor of Le 
Temps, contributes an article which concludes with 
these words :—‘‘ I abstain on the present occasion 
from examining the more distant future. For I 
should then be obliged to note that, not only in 
France, but in the greater part of the world, the 
tendency and direction of the present economic 
recovery is largely artificial. Determined for the 
most part by monetary manipulations and by 
rearmament, it in no way corresponds to the real 
and normal needs of mankind. We cannot exclude 
the prospect that when these artificial stimulants 
have disappeared, a fresh depression and fresh re- 
adaptation, even more painful than those we have 
just experienced, will prove unavoidable.” This 
opinion, expressed by an eminent economist, should 
compel our attention to the relationship between 
the pleasant facts of the moment and the unpleasant 
facts which, unless the apparently consistent law 
of Trade Cycles is wholly at fault, must emerge 
within a few years. The wise manufacturer will 
make his own provision for the future, and for the 
rest we must trust that the endeavours of the 
United States and Great Britain, and we must add 
of France, to encourage more natural conditions 
in international trade will bear fruit and so 
diminish the severity of the next depression. 


Non-Ferrous Metals. 


THE non-ferrous metal markets have attracted 
more than their usual share of public attention 
during the past three months as a result, of the 
startling appreciation in values. Taking the four 
principal metals dealt in on the London Metal 
Exchange—copper, tin, lead, and spelter—standard 
copper advanced in price between December 31st 
and March 15th from £49 7s. 6d. to £77, and wire 


bars from £54 10s. to £81. Between these dates 
tin rose from £233 to £311.; lead from £28 7s. 6d. 
to £34 12s. 6d.; and spelter from £19 17s. 6d. 
to £35 10s. The increases in the average prices 
for the first three months of this year were as 
follows :— 


January. February. March. 

ge ge a * Se, Me te 
Standardcopper 5110 6. 50 5 62. 72°72 
Wire bars... ... 57 0. 44... 65.3 6.... 77 ON 
J: 229 10 0... | 233 19 6... 283 4 0 
Lead ... wb Cu. oe 8 oa oe ee 
Spelter 2 3 Ib. 26° 9 79... BS CST 


Wide as these variations are, they scarcely give 
a true picture of the situation, since the metals 
are bought and sold daily on the London Metal 
Exchange, and prices have fluctuated to an extra- 
ordinary degree. The price movements also were 
not invariably upwards, and at times violent 
reactions occurred. Probably these fluctuations, 
more than the rise in values, attracted attention, 
and as a result we had an outcry against specula- 
tion. The most startling advance occurred after 
the Chancellor of the Exchequer. made his state- 
ment on the extent of the Defence Programme, 
and naturally aroused suspicions that speculators 
in metals were holding the country to ransom. It 
is scarcely surprising therefore that questions were 
asked in Parliament, and that the section of the 
public which did not join in the speculative activity 
adopted a censorious attitude. Before criticism 
can be justified, however, the peculiar organisation 
of the non-ferrous metal trade must be under- 
stood, and also the particular description of specu- 
lation which was responsible for the boom, because 
it is by no means easy at times to distinguish 
between legitimate trading and speculative adven- 
tures. 

The London Metal Exchange has for many years 
been the most important organisation of its kind, 
and contracts all over the world are based upon its 
official prices. The reason it occupies this leading 
position is that producers in all countries know that 
they can sell their metal at any time, either for 
prompt or forward delivery, and merchants and 
consumers can always be sure of buying. It is, 
in fact, the one metal market in which it is always 
possible to buy or sell at a price, and that price 
reflects the world conditions prevailing on the day 
of the transaction. It follows therefore that values 
move rapidly, and wide variations may occur 
within a very short time. The official prices which 
are published daily indicate these movements. 
Dealings on the London Metal Exchange are in. 
warrants which represent metal in warehouse. In 
the case of copper and tin, upon which no duty is 
charged, foreign metal arriving in this country 
can be placed in stock without difficulty. The 
position as regards lead and spelter differs, inas- 
much as whilst Empire metal is allowed free entry, 
foreign metal is dutiable. Consequently, the metal 
from foreign countries is placed in bonded ware- 
house, and as a rule is used for re-export. At times, 
however, when supplies have run short, these 
foreign reserves have proved useful to consumers, 
who have then, of course, had to pay the duty. 
This, broadly speaking, is the organisation of the 
market, but each metal is dealt in under a special 
contract, which provides for the differences in 
value of the various descriptions of the metal 
concerned. For instance, in the case of copper, 
whilst the basis is standard copper, electrolytic 
copper or wire bars may be delivered against the 
warrant and a premium of £3 claimed by the seller. 
Besides protecting both parties to the transaction, 
this acts as a safety valve. When the stocks of 
standard metal become depleted, the price naturally 
rises, and the margin between standard and electro- 
lytic copper decreases until a point is reached at 
which it pays to put electrolytic into warehouse. 
As the stocks are thus increased, the tendency is 
for the margin between the prices of the two 
descriptions to widen, although in times of active 
trading the value of either may not depreciate. 
In the case of tin, lead, and spelter, the position 
differs, and the price is more dependent upon the 
actual demand. It has to be remembered that the 
productive resources of this country as regards 
non-ferrous metals are not nearly sufficient for its 
requirements, and a very large proportion of the 
output is made from imported ores. The British 
output of copper is insignificant, whilst our pro- 
duction of lead in 1936 was 26,000 tons, of spelter 
67,500 tons, and. of tin (Cornish) about 2100 tons. 
On the other hand, the consumption of copper in 
that year amounted to 258,000 tons, of lead to 
365,000 tons, of spelter to 223,000 tons, and of 
tin to 21,500 tons. These tonnages, however, 





formed only a fraction of the business transacted 
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on the Exchange, as may be gathered from the 
fact that the daily turnover in copper in times of 
activity sometimes totals over 5000 tons. This 
huge business is contributed to by traders in every 
important centre of the world, who give orders to 
their brokers in London, usually by cable or tele- 
phone, The market thus provides the producer 
with an opportunity to sell his production three 
months ahead if he so wishes. It may be argued 
that as he is selling warrants he is indulging in a 
speculative transaction, but it is a system which 
has proved a boon to many of the great producing 
companies, as well as to consumers who are able 
to cover the orders they obtain for manufactured 
articles when they receive them. If there is some- 
times a surplus to be disposed of when consumers 
are satisfied, the merchants take up the metal 
and carry it until a suitable opportunity occurs to 
resell it. Another form of speculation, or “‘ invest- 
ment,” as it is sometimes called, is what is known 
as ‘‘ hedging against currencies.” This is based 
on the fact that in times of financial stress metals 
often have a more stable value than money, and 
it is a form of insurance that has on many occasions 
in recent years greatly swelled the business on 
the London Metal Exchange when crises have 
threatened foreign countries. Obviously, however, 
there must be occasions when the quantities of 
metal offered are more than the market can absorb 
in the manner described, and the natural conse- 





quence is that values depreciate. It is then that 
general speculation plays a part, and “ buying for 
a rise’ not only steadies the price, but helps the 
market to carry large tonnages on which profits 
may be realised later on. 

It may be argued that the whole system of trad- 
ing on the metal market is based on wide price 
fluctuations, which, according to modern ideas, are 
detrimental to trade. The answer is that the 
London Metal Exchange quotation is the world 
price, because all others are in some degree 
dependent upon it. Further, as all these metals 
have to be imported, the nation would have to do 
without these necessary commodities if an adequate 
price were not paid—a situation which sometimes 
arises in other markets. At the same time, an 
enormous business of supplying foreign countries 
with metals which do not touch this country in 
transit would be lost. Attempts have been made 
in the past to set up rival exchanges abroad, and 
there are in existence metal exchanges in Hamburg 
and New York. The prices at which business is 
done by these institutions, however, is based upon 
the London Metal Exchange quotations, which are 
cabled daily as the dealings proceed in London. 
Much as consumers and others may dislike wide 
fluctuations in metal prices, it is difficult to imagine 
a system which would give better results, and which 
would withstand the test of over half a century of 
changes in business methods. 








X-Ray Therapy and St. Bartholomew’s 
Hospital High-Voltage X-Ray Tube. 


By T. E. ALLIBONE, D.Sc., A.M.1.E.E. 


HE use of X-rays for the treatment and cure of 
cancer has been fashionable for the past decade, 
but only during the last three or four years can it be 
said that X-ray therapy has passed from being an art 
to a science. Therapy consists in the irradiation of 
cancer tissue by X-rays for a time long enough to kill 
almost all of the cancer cells, the lethal process being 
accomplished presumably by the ionisation of the 
molecules of the cell nucleus by fast electrons pro- 
duced by the X-ray beam. There is at present no 
direct link between the physical picture of ionisation 
of molecules by high-speed electrons (as shown so 
clearly in the case of gases by the Wilson cloud 
chamber) and the biological observation under the 
microscope that mitosis, or cellular division, is 
arrested by irradiation with X-rays, but the pre- 
sumption is a fairly sound one, and is the most satis- 
factory to date. The lethal action is not confined to 
cancer tissue, normal healthy cells can also be 
destroyed, but there is evidence to show that the 
latter are not so radio sensitive as the former. One 
of the important unsolved problems of X-ray therapy 
is the quantitative determination of this selective 
radio sensitivity of cancer cells and the dependence 
of this selectivity upon the wave length of the X-rays. 
The observed biological fact is that in certain treat- 
ments of cancer the y-rays from radioactive sub- 
stances, notably Ra B and RaC, are more bene- 
ficial than the X-rays from the familiar 200-kV 
X-ray tube, and the main difference between these 
radiations is their wave length. It is to assist in the 
study of this important problem that the extra high- 
voltage X-ray tube at St. Bartholomew’s Hospital, 
London, was constructed. 

Before describing the tube it is instructive to con- 
sider what advantages the X-rays from a very high- 
voltage tube are likely to offer over those from an 
ordinary tube, with a view to fixing the optimum 
voltage at which the high-voltage tube is to operate. 
When electrons strike the target of any X-ray tube, 
rays of all wave lengths above a lower limit are pro- 
duced, the limiting wave length bearing a simple 
relationship to the peak voltage of the tube 

12 " 35, 

Nimit =i 
where imit is the lower limit of wave length (in 
Angstrom: units), and kVmaz the maximum voltage 
in kilovolts. Energy is distributed in the X-ray 
spectrum according to a simple law, and the wave 
length of the radiation having the maximum intensity 
is about 33 per cent. greater than the lower limit of 
wave length of rays for a given applied voltage. 
The form of the energy distribution curve is given in 
Fig. 1 expressing the wave length of the radiation in 
kilovolts, and plotting a curve for an arbitrary 
maximum intensity=100. Curve A is for a tube 


operating at 200 kV constant potential, but this form 
may be considerably modified, especially in the region 
of longer wave lengths, by passing the rays through 
an absorbing screen, such as of copper and aluminium. 
Curve B is drawn for an operating constant potential 
of 1000 kV without filtration, and Curve C for a filtra- 





tion of 5 mm. of lead (the maximum intensities are 
arbitrarily given the same value in all three curves). 
For comparison with these curves, the y-rays from 
radium (and its decay products) are plotted in Fig. 1, 
also to an arbitrary scale of intensity, the most 
intense y-ray being given an ordinate of 100. These 
rays are monochromatic, and are therefore represented 
only as lines of length proportional to their relative 
intensities. It will be seen that filtered rays from 
a 1,000,000-volt tube will have an energy distribution 
comparable with that from radium, except for the 
two y-rays of energy 1-2 and 1-8 million volts, so 
that if there is a dependence of radio sensitivity on 
wave length, experiments with X-rays from a million 
volt tube should establish this dependence without 
doubt. To embrace almost the whole y-ray spectrum, 
a 2,000,000-volt tube would be necessary, but the 
difference between Curves A and B or C is a sufficient 
incentive to make experimental work at a million 





completed six months ago, and the installation of 
the apparatus was completed in November, 1936. 
The new high-voltage X-ray therapy department was 
opened by the donor, Mrs. Meyer Sassoon on Decem- 
ber LOth, 1936, in the presence of Lord Rutherford. 

The design of the X-ray tube was dictated primarily 
by the space available and the desire to preserve as 
many as possible of the degrees of freedom available 
with the ordinary type of X-ray tube. The research 
department of the Metropolitan-Vickers Electrical 
Company has already gained a considerable experi- 
ence with the continuously evacuated X-ray tubes 
operating at voltages from 200-250 kV constant 
potential, and these tubes are provided with a rotary 
beam of X-rays and a vertical traverse to the X-ray 
tube. It was decided that the same flexibility could 
be given with the million-volt tube, but instead of 
attempting to lift the tube, it was obviously simpler 
to raise and lower the floor. This has been done by 
an electrically driven lift mechanism. 

The tube, like the lower voltage tubes, is con- 
tinuously evacuated by low-vapour pressure oil 
diffusion pumps. The chief advantage of this at any 
voltage is the elimination of breakable components, 
such as the glass envelopes of sealed-off tubes, and 
the ready and cheap replacement of new filaments, 
but at the voltages contemplated here it is doubtful 
if a sealed-off tube could be made on a remunerative 
basis. Even at 200-250 kV continuously evacuated 
tubes can effect savings equal to their whole capital 
cost in a few years, and at voltages of a million no 
tube manufacturer would be likely to give a life 
guarantee to a tube. The most satisfying feature to 
the design engineer of continuously evacuated X-ray 
tubes such as this is the absence of restrictions in 
design. Design can follow the dictates of medical 
requirements and not of manipulative requirements. 

The tube extends into three rooms: the cathode 
apparatus room, the treatment room, and the anode 
apparatus room—a perspective of the three rooms 
being given in Fig, 2, with the anode apparatus room 
on the left. In the treatment room all parts of the 
X-ray tube are earthed, and completely shielded by 
lead, except at the port from which the rays are 
allowed to emerge. The central section of the tube 
consists of a 14in. diameter welded steel tube bridging 
the treatment room, and to the ends of the tube in 
the apparatus room are bolted two porcelain insu- 
lators, each 5ft. in length, to which the cathode and 
anode of the tube are attached, The cathode and 
anode each consist of steel tubes extending from the 
remote ends of the porcelain insulators along the 
axis of the X-ray tube towards its centre, the anode 
terminating at the centre of the tube in a water- 
cooled target where the rays are generated and the 
cathode with tungsten filament terminating some 
inches from it. As these cathode and anode tubes are 
of considerable weight, they are mounted and counter- 
balanced on steel cradles which rest on tall porcelain 
supports, one at each end of the tube, and in this 
way no great strain is placed on the 5ft. horizontal 
porcelain insulators to which they are bolted. 

The cathode carries a supply of six tungsten fila- 
ments mounted on a hexagonal block which can be 
rotated from the remote end of the cathode tube. 
In the event of a filament burning out, it is thus un- 
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FIG. 1-EMISSION OF WAVES BY X-RAY TUBES. 


volts worth while, leaving higher voltage radiations 
to be investigated at a later date, Certainly, a 
1,000,000-volt. tube is preferable to a 500-kV tube 
for the first. comparative experimental work. A 
further inference to be drawn is that if 1,000,000 volts 
is to be applied, it should be a constant potential 
rather than a pulsating potential, as the latter would 
result in the displacement of the peak of the inten- 
sity /wave length Curve B well over to the left. 

With the above considerations in mind, the new 
tube at St. Bartholomew’s Hospital was designed to 
operate at voltages in excess of 600 kV, and a constant 
potential generator for 1200 kV was supplied in the 
expectation that the operating voltage for the tube 
would be in the neighbourhood of 1,000,000 volts. 
Building plans and X-ray protection were based on 
this assumption, and a design of tube based on a 
great deal of experimental work has been evolved 
in which high voltages of opposite polarity are 
applied to each end of the tube, The building was 





nec to remove the cathode, a rotation of the 
block through 60 deg. will bring another filament 
into the correct position in the cathode tube. Such a 
mechanism would he very valuable for ordinary X-ray 
tubes, but is especially valuable for such a large tube, 
as it eliminates the long time necessary to re-evacuate 
the tube and to recondition the tube after opening 
up to the atmosphere. 

The anode carries the water-cooled gold target 
and water pipes connecting the target to a force pump 
and radiator, mounted, as seen in Fig. 2, also on a 
porcelain support to provide insulation for 500 kV. 
A radiator of adequate size has been provided to 
dissipate 6 kW continuously, and the force pump and 
fan are connected by rope drive to a motor at the foot 
of the insulating support. The focal spot on the 
target is about lin. in diameter, and gold is chosen 
for the metal of the target as the intensity of X-rays 
produced for a given power dissipated in the target 
is directly proportional to the atomic weight of the 
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target. Gold has the highest atomic weight of all 
readily obtainable and workable metals. A thickness 
of 10/1000th of an inch is sufficient to stop the highest 
velocity electrons, so a gold/copper bimetal is used 
to give the required mechanical strength to the 
target. 

In the treatment room the steel X-ray tube is 
surrounded by a hollow steel drum filled with close- 
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packed lead shot of large and small diameters to 
obtain the maximum packing coefficient. Near to the 
target the thickness of lead is 4in. but this diminishes 
to left and right of the target when the rays strike 
the lead-filled cylinder obliquely, and it is estimated 
that all emergent direct rays must pass through not 





Fiegs. 3, 4 [AND 5—TREATMENT ROOM, CONTROL DESK, 


less than 4in. of lead. This absorption is calculated 
to reduce the X-ray intensity to about 10— roentgens 
per second, the internationally accepted tolerance 
figure for lower voltage X-rays. The drum has one 


port in it opposite to the target, and this allows the 
free passage of a conical X-ray beam of apex angle 





2—PERSPECTIVE VIEW OF 1000 KV X-RAY TUBE 


30 deg. directed at right angles to the axis of the tube. 
The drum is mounted on roller bearings at its end, so 
that the available beam of rays can be rotated about 
the tube axis. Over some 120 deg. the intensity and 
quantity of the radiations should be almost constant. 
Around the lead-filled drum is another light steel 
cylinder, likewise mounted on roller bearings. This 
tube carries a turntable on which filters and appli- 








cators may. be clamped to control the quality and 
angular aperture of the beam. It is this cylinder 
which is visible in Fig. 3, a general view of the treat- 
ment room across which the tube is bridged. When 
the X-ray beam is not required, the lead-filled drum 
is rotated electrically until the conical port directs 





the beam vertically upwards. There the beam is 
absorbed in a 5in. block of lead suspended, as seen 
in Fig. 3, from the ceiling. This avoids the necessity 
of switching off the high-voltage generators, and facili- 
tates the accurate timing of an X-ray dose. The 
pedestal on which the controls for the outermost 





cylinder and movable floor are mounted is also shown 
in Fig. 3. The controls for the lead-filled drum are on 
the control desk, shown in Fig. 4. The operator can 
only enter the treatment room when the drum directs 
the X-ray beam into the lead block. 

The walls of the treatment room are made of a 
barytes concrete, also supplied by the Metropolitan- 
Vickers Electrical Company, in the form of inter- 
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INSTALLATION 


leaving bricks, 9in. in thickness, Two layers of bricks 
are employed in the wall between the treatment room 
and the control room. Over 100 tons of barytes con- 
crete have been employed, and it is anticipated that 
this will completely absorb the rays leaving the tube. 
Fig. 4 also shows the. illuminated diagrammatic 





AND POSITIVE POTENTIAL GENERATOR 


indicator in the control room which records the 
sequence of pumping operations of the valves and 
the tube, and acts as a rapid fault indicator, A 
microphone/loud speaker equipment communicates 
to the treatment room, and a view of the treatment 
room from the control room is rendered possible 
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by a system of concave mirrors, eight in number, 
four in the control room and four in the treatment 
room. The focal lengths of these mirrors are chosen 
so as to give a full-sized image a few feet in front 
of the operator, and the small light aperture in the 
wall is high up on the left-hand corner of the control 
room wall. All the mirrors were aluminised on 
their front surfaces in the aluminising chamber in 
the research department of the Metropolitan-Vickers 
Electrical Company. 

The high-voltage constant potential generators each 
consist of four 250—-300-kV continuously evacuated 
thermionic rectifiers, the filaments of which are 
energised by small generators mounted one above the 
other on bakelite supports to insulate each generator 
for 300 kV from its neighbour, four oil-immersed 
pressboard condensers, three of which have a capacit- 
ance of 0-01 microfarad at 300 kV and the fourth 
0-02 microfarad at 150 kV, and a main 150-kV (peak) 
transformer. The positive potential generator is 
shown in Fig. 5, and the negative in Fig. 6. The 
rectifiers, each consisting of porcelain cylindrical 
insulators fitted with anode and cathode, are mounted 
one above the other on the pumping plant, which 
comprises one of the 150 litre per second, type 04, 
Metrovac, oil diffusion pumps, a 2 litre per second, 
type 02 pump, and a Metrovac rotary type D.R.1 
oil pump. Filaments in the rectifiers are mounted 
at the end of long springs, and can be withdrawn 
from a side port at the base of each rectifier, so that 
in the event of only one filament burning out, it is 
unnecessary to dismount the whole column of 
rectifiers. All the main joints on the rectifiers are 
machined and ground flat, and sealed with one of 
the Apiezon bituminous compounds. Each rectifier 
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Fics. 6 AND 7—NEGATIVE POTENTIAL GENERATOR ; 


has a saturation current of about } ampere at 2-3 kV. 
The filament generators are driven by one motor at 
ground potential through Tex rope drives, which 
satisfactorily withstand voltage gradients of 150 kV 
per. foot. In each generator/filament circuit is an 
under-current relay operating contacts at earth 
potential connected in the high-voltage transformer 
control circuits; this prevents the generators 
being used in the event of an open-circuited valve 
filament. Stabilising wire wound resistances are used 
between each condenser and valve, and between the 
high-voltage generator and the X-ray tube. The 
Schenkel cireuit is used, a voltage quadrupling 
circuit described by Cockcroft,* and each generator 
has been operated up to 600 kV. At an output of 
5 mA, the voltage fluctuations amount to +5 per 
cent. at 600 kV. 

Fig. 7-shows the cathode end of the X-ray tube 
and the pumping plant at that end of the tube. A 
total pumping speed of 300 litres per second is 
employed, a very short 8in. diameter pipe connecting 
the tube with the type 04 oil diffusion purhp. Vacuum 
pressure gauges are mounted on the tube and give a 
direct indication of vacuum at the control desk. 
The pressure during operation is between 10 mm. and 
10-° mm. of mercury, and is, of course, diminishing 
with time. The filament is energised by a generator 
mounted on the porcelain supporting column at this 
end of the tube, the generator being driven by a 
synchronous induction motor at earth potential to 
eliminate from the filament circuit ali voltage fluctua- 
tions of the main supply. The filament current is 
variable at the control desk by a motor-operated 
rheostat mounted in the generator circuit. Between 
the high-voltage generator and the cathode is a high 
torque milliammeter movement, the deflection of 








which is transmitted through a repeater mechanism 
at earth potential to an instrument on the control 
desk calibrated directly in milliamperes. In addition 
to this measure of current taken by the tube, there 
is a parallel plate air chamber placed on the cylinder 
in the treatment room on which the applicators are 
mounted. This chamber collects all ions produced 
between its plates by the X-rays passing through the 
chamber (currents of several micro-amperes are pro- 
duced) and is a direct measure of the intensity of 
radiation leaving the tube. 

The intensity of radiation from the tube has 
not yet been measured under all operating con- 
ditions, but is expected to reach values of the order 
of 40 roentgens per minute per milliampere at 1 m. 
from the focal spot of the tube when operating at 
1000 kV. As the tube has been already operated at 
6 mA and 800 kV, the anticipated output of about 200 
roentgens per minute may be compared with the 0:05 
roentgens per minute available at 1m. from a 5 gram 
“bomb ” of radium costing of the order of £40,000. 
The advantage of the high-voltage tube over the 
radium bomb is at once obvious. In order to reduce 
to reasonable times, the treatment of cancer by 





radium bombs (of which only four or five are available 
in Great Britain), the radium has to be used at very 
short distances from the skin. This, however, has 
the disadvantage that the dose administered to a 
deep-seated tumour, say, 10 cm. beneath the skin, is 
limited by inverse square law to only a fraction of 
the dose given to the skin (with the “ bomb” at 
10 cm. from the skin, the depth dose intensity would 
be one-quarter the skin intensity, neglecting absorp- 
tion and scattering; actually the intensity is only 
about 10 per cent. of the skin intensity). The serious- 








CATHODE END AND PUMPING PLANT 


ness of this lies in the fact that treatment is generally 
limited by the dose the skin will tolerate without 
suffering permanent harm, so that as high a depth 
dose as possible is to be preferred. At 75 cm. or 
100 em. foeus/skin distance, the inverse square law 
is ceasing to influence the depth dose by more than 
20 per cent., and at 2 m. by more than 10 per cent., 
so the maximum possible depth dose—the lethal dose 
—can be given without causing skin damage. With 
the great intensities available from the high-voltage 
X-ray tube treatments will be of only nominal dura- 
tion at distances of 1 m. to 2 m. from the tube. A 
further advantage of the great available intensity 
is that the beam could be filtered to eliminate all but 
the most penetrating rays, thus accentuating any 
dependence upon wave length which may exist for 
cancer cells. Reference to Fig. 1, Curve C, shows 
how the intensity curve can be changed by absorp- 
tion in 5 mm. of lead, and this would only reduce 
the total radiation available by about 70 per cent., 
still leaving an adequate intensity to ensure short 
treatments. An increase of filtration to 1 cm. of 
lead, leaving about 10 per cent. of the ofiginal beam 
intensity, would produce an even more homo- 
geneous beam of rays with a mean equivalent energy 
of 700 kV. Experimental work on this tube will be 
awaited with keen interest. Already in the U.S.A., 
where a few high-voltage tubes are in operation, 
there is a general feeling that the shorter wave length 
radiations are superior to radiations from 200-kV 
tubes, but it is yet premature to make any specific 
claim for these radiations. 








LEVEL CROSSING ACCIDENTS IN THE UNITED STATES.— 
During 1936 there were 1786 persons killed and 4930 
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Automobile Engines. By Arthur W. Judge. London : 
Chapman and Hall, Ltd. Price 5s.—-The purpose of this 
book is to present in a simple non-technical manner the 
basic principles governing the design, construction, and 
maintenance of motor car and motor cycle engines. 
Starting with the basic principles of the subject, the author 
has carried each section of the work to its logical con- 
clusion in the shape of representative examples of actual 
products on the market. He is to be congratulated on the 
wealth of examples provided. Indeed, it is unlikely that 
any engine or component could be found in use which is 
not represented by, at any rate, a similar unit in his list. 
It is sometimes unfortunate that in the case of certain 
more unusual types, such, for example, as the “ four. 
square ”’ motor cycle four-cylinder engine, that space pre- 
cluded the setting forth of some of the theoretical con- 
siderations such designs set up. Nevertheless, sufficient 
is provided to give the reader all the information necessary 
for the care and maintenance of such units, Particularly 
in the case of the material added in the present, third, 
edition has the author gone very fully into the latest 
practice. A large selection of the various aluminium 
pistons now on the market is illustrated and described, 
their advantages being neatly epitomised. The oil engine 
section, though short, is adequate for the use of anyone 
coming across such an engine requiring attention, and the 
description of the various modern methods of utilising 
alloys of aluminium, steel, &c., is very interesting. 


Machinery and Equipment of the Cane Sugar Factory. 
By L. A. Tromp. London: Norman Rodger. 1936. 
Price 30s.—This book, which covers every branch of much- 
anical engineering in the cane sugar industry, should prove 
a useful work of reference to all engaged in the industry, 
whether on the design or management side. The author 
has taken great pains to illustrate every aspect of the 
design and construction of up-to-date sugar plant and 
machinery ; the text consists of 616 pages, amplified by 
616 line drawings and 133 plate illustrations. A valuable 
feature for reference purposes is a very complete index, 
listing about 1750 items. The author has had a wide 
experience as a mechanical engineer, specialising in the 
problems of the cane sugar engineer and designer, and the 
book sets out these problems and their solutions in a com- 
prehensive manner, both as regards the theoretical and 
the practical aspects. The text is divided into thirty- 
seven chapters, dealing first with the factory site, means of 
communication, factory buildings, and cane transportation. 
The following chapters deal in great detail with all aspects 
of the machinery and equipment of the factory. Several 
chapters are devoted to factory control, power plants, 
electrification and repair shops. 


Symposium on Radiography and X-ray Diffraction 
Methods. Philadelphia: American Society for Testing 
Materials, 260, South Broad-street. Price 4 dollars net.— 
This symposium comprises twelve papers which were 
read at the 1936 annual meeting of the American Society 
for Testing Materials. It was preceded by a preliminary 
symposium in which a large number of workers presented 
the results of their work, with the case histories of successful 
applications. All of this material was made available to 
the authors of the final papers, who were authorities in 
their subjects. Six of the papers deal with radiography, 
covering principles, foundry applications, radiography in 
the welding shop, miscellaneous applications of radio- 
graphy and fluoroscopy, radiographic specifications, and 
gamma ray radiography and its relations to X-ray radio- 
graphy. The other papers, dealing with diffraction, cover 
equipment and methods, constitution of alloys, chemical 
analysis, determination of particle size, applications to 
non-metallic materials, and to problems of cold work, 
preferred orientations and recrystallisation. The book 
contains many illustrations and the discussion which 
followed the reading of each paper is given. 


Commercial A.C. Measurements. By G. W. Stubbings. 
London: Chapman and Hall. Price 15s.—In the second 
edition of this book, first published in 1930, new matter 
is to be fotnd. It relates mainly to symmetrical com- 
ponents, current transformer testing, reactive and kVA 
meters, and test-room equipment. Apart from the fact 
that errors to which the author’s attention have been 
called have been corrected, the text has not otherwise 
been altered. Like its predecessor, the volume appeals 
mainly to engineers and students who desire to specialise 
in the subject of electrical measurements, but it is not 
without interest to others engaged on the technical side 
of the electrical industry. This new edition contains 
348 pages and there are 169 illustrations all of which take 
the form of sketches and diagrams. 
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Resistance Welding Control. 


WueNn making large welds in accordance with the 
resistance method, very high currents are required to 
produce the requisite heat to join the parts, and in order 
that the heated zone may not extend from the joint 
through the pieces of metal that are being united to their 
outer surfaces, it is desirable to accomplish the heating 
and subsequent cooling very quickly. A bridge of cooler 
metal is then left adjacent to each electrode and oxidation 
and deformation are minimised. If coupled with high 
accuracy of current and time control, short-time welding 
simplifies the process of uniting metals, otherwise difficult 
to weld. The requirements to be fulfilled are the passage 
of very heavy currents to develop the necessary heat 
and short and accurate timing. These requirements 
have been met by the General Electric Company of 
America by the “ itron”’ described by Messrs. D. 
Packard and J. H. Fatchings in a recent issue of the 
General Electric Review. The Ignitron is a mercury-arc 
rectifier having a special control electrode or ignitor for 
initiating the arc, which having been established by 
passing a current through the ignitor continues for the 
remainder of the half cycle during which the anode is 
positive with respect to its cathode. During the negative 
half eyele the are is completely extinguished, and control 
is regained. When the anode again becomes more positive 
than the cathode, the arc may, if desired, be re-established 
by passing another current impulse through the ignitor. 
In this way an A.C. voltage enables control to be gained 
every cycle. 

In practice two ignitrons are connected back to back 
and in series with the transformer, as shown in Fig. 1. 
By energising the ignitor of each unit at the proper instant 
during eath conducting cycle, two-way or alternating 
current conduction is obtained. Each ignitron passes 
current during each half cycle. When the weld has been 
completed, the conduction is stopped by the interruption 
of the ignitors. The use of a mercury pool in the Ignitrons 
makes extremely high instantaneous currents possible. 
When the proper current impulse is applied to the ignitor, 
the are starts in less than 100 micro-seconds, and con- 
duction stops at the instant the anode becomes negative. 
All conducting periods end at approximately the same 
point on the voltage wave. 

A synchronous thyratron control panel is commonly 
used to provide the firing control. This makes possible 
the initiation of the arc at any predetermined point on the 
voltage wave. Very short timing may be attained by 
firing one ignitron just before the end of the positive 
half cycle, which gives a conduction period much shorter 
than half a cycle. By uniformly starting the are at one 
point on the voltage wave, the variability of current 
transients and therefore the welds is minimised. 

{f reliable ignition of the are is to be obtained, the 
ignitor must be properly designed and located in each 
tube. A current path of good conductivity must be pro- 
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C.-—Firing control. 
D.—Welding transformer. 
E.—Electrodes and work. 


A.—-Ignitron. 
B.-—Power supply. 


FIG. 1—IGNITRON CONNECTIONS 


vided in the tube to carry the high current peak, average 
and root mean square currents. The removal of heat must 
be sufficiently effective to limit the cathode arc stream and 
anode temperatures to values which ensure reliable opera- 
tion and good life, which also entails a vacuum-tight 
product. The ignitor consists of a small rod of treated 
silicon carbide mounted on an insulating bushing in the 
mercury pool, from a number of small spots on which the 
electron current is derived. 

When the first spot is obtained by a spark from the 
ignitor it divides into more spots as the demand increases, 
until at high currents the emission comes from a great 
many small spots, each supplying from 5 to 15 amperes, 
One condition for determining the size of the pool is satis- 
fied by providing sufficient area to ensure that the 
cathode spots starting at the ignitor do not travel to the 
edge of the pool and anchor on the envelope in the time 
allotted to a single conduction interval. If this occurs, 
material may be spluttered from the metal walls of the 
tube, but the requirement is easily fulfilled in normal 
operation as the arc has only one half cycle during which 
to travel. A large contact area must be provided between 
the mercury pool and cathode lead for the dual purpose of 
current and heat conduction. 

The cross-sectional area of the tube influences the 
maximum peak current the tube will conduct without 
failure. As the current density in the arc stream increases 
above a certain value, the voltage drop in the tube and 
consequently the loss increases rapidly, and this and other 
considerations set a current density which should not be 
exceeded. In 550-volt welder service successful opera- 
tion has been obtained with arc stream current densities 
exceeding 500 amperes per square inch. The anode size 
is determined by the average and root mean square or 
effective currents. Heat generated at the surface depends 
on the average current, while that generated in the con- 
ducting parts is a function of the effective current. 

sg satisfactory operation the temperature of the 
various parts must be below definite limiting values, and 
it is important to limit the mercury vapour pressure, 
which is determined by the temperature of the cooler 
parts. If the temperature limits are exceeded, current 
may be carried in either direction when the ignitor is 
not energised and when conduction is not desired, with the 
result that bad welds may be produced. The limiting 
condensed mercury temperatures of ignitrons now available 


lie between 50 deg. and 125 deg. Cent., which means that 
relatively small temperature differences between some tube 
parts and cooling medium are available for the removal 
of heat. In the case of low power glass ignitrons, air cooling 
of both ends has been accomplished by providing good 
heat conducting paths from the anode and cathode and 
cooler external parts ; while radiation and forced ventila- 
tion are utilised to remove the heat from tubes of inter- 
mediate size. Parts of the tubes, particularly the anode, 
are allowed to operate at high temperatures, and so radiate 
effectively. The parts controlling mercury temperature, 
such as those in the region of the pool cathode, are cooled 
mainly by forced ventilation. 

The amount of heat generated at the cathode of a high- 
current tube cannot be transmitted easily by conduction 
through the mercury pool and other cathode parts, and 
it is also difficult to conduct the heat through glass side 
walls. The temperature drop along either of these paths 
may be sufficiently great to give inner or effective tem- 
peratures higher than are allowable, even though the 
outside of the tube is kept at a low temperature, and this 
fact has led to the adoption of a water-cooled metal construc- 
tion (Fig. 2) for higher power tubes. Close spacing between 
the two cylinders forming the water jacket increases the 




















A.--Anode connection F.—Water outlet. 
B.—-Anode. G.— Water jacket. 
C.—Space for mereury pool. H.—Tube envelope. 
D.—Water inlet. J.—Ignitor. 
E.—Cathode connection. K.—Ignitor connection. 


FiG. 2—WATER-COOLED IGNITRON 


water velocity and provides better heat transfer. To 
avoid air pockets and to keep the coolest water in con- 
tact with the cathode pool, the water enters at the bottom 
and flows out at the top. The top seal and centre part of 
the mercury pool are kept cool by heavy tube end pieces 
or headers. 

Although water cooling solved many problems, it intro- 
duced corrosion and hydrogen diffusion difficulties, 
which were overcome by the use of stainless steel envelopes 
and jackets. In all sizes except the smallest, metal tubes 
are now employed with a new metal-to-glass seal, utilising 
the alloy Fernico, which is an alloy of iron nickel and 
cobalt, having an expansion characteristic closely resem- 
bling that of glass. 

The application of water cooling to tubes of intermediate 
rating has brought about a great reduction in size 
and cost. sealed-off water-cooled tubes are now 
practicable for controlling peak currents of 7000 amperes 
or more, and average currents at lower peaks of 250 amperes 
per tube. There are few resistance welding machines in 
use to-day requiring higher currents than these tubes 
are able to control. 








Protection Against Electric Shock 


in Rural Areas. 


INVESTIGATIONS made to ascertain to what extent 
electricity consumers in rural areas are protected from risk 
of shock with methods of earthing at present in use and 
what changes in practice may be desirable are dealt with 
in a paper read by Mr. G. H. Taylor before the Institution 
of Electrical Engineers on April 14th. The title is “‘ The 
Use of Protective Multiple Earthing and Earth Leakage 
Circuit Breakers in Rural Areas,” and the paper constitutes 
Report F /T112 of the British Electrical and Allied Indus 
tries Research Association. As the investigations have 
shown that the present safeguards are inadequate, recom. 
mendations are made that are expected to lead to material 
improvement, but further experiments will be necessary 
before the matter can be put on an entirely satisfactory 
footing. 

It has been realised for some time that in rural areas 
fed by overhead lines, and where there are no water mains, 
the protection afforded by ordinary earthing is unsatis- 
factory, and the investigation was undertaken by the 








E.R.A. with a view to finding means of improving the 


situation. Alternative methods of protection are provided 


earth leakage switches, or by the use of the neutral to 
carry fault current. The latter method, described 
throughout the paper as protective multiple earthing, is 
— to the disadvantage that the frameworks of 
apparatus connected to the neutral rise to the same voltage 
ve earth as the neutral conductor, but tests have shown 
that the voltage rise of the neutral does not give rise to 
and that even animals are protected if the statutory 
voltage drop is not exceeded. Other ible sources of 
trouble due to the protective multiple earthing system 
are considered. 

In rural areas the supply is usually given by overhead 
lines and frequently no water mains are available, with 
the result that it is necessary to earth the system by means 
of a pipe rod or plate electrode which may have a resistance 
from one to several thousand ohms. At the sub-station it is 
possible in many parts of the country to obtain a resistance 
of about one ohm, but. to take similar measures at con- 
sumers’ premises would frequently make the cost of the 
installation prohibitive. Although the situation is fairly 
generally known, new installations continue to be earthed 
in the old way when there is little likelihood of a fuse ever 
blowing as the result of an earth fault. The problem is not 
particular to Great Britain and has been solved elsewhere 
by the use of the neutral as the return conductor for the 
fault current or by earth leakage circuit breakers in which 
the supply is interrupted by a trip coil which operates 
when the protected metal work reaches some potential 
above earth. Apart from concentric wiring systems and 
a low-voltage cable system at Aspley Guise, Bedfordshire, 
the neutral is not used for protective purposes in this 
country, though it is employed to a considerable extent in 
America, on the Continent, in New Zealand, and in the 
Irish Free State. The major objection to protective 
multiple earthing arises from a broken neutral conductor, 
and the frequency of the occurrence abroad and its rarety 
in this country are due to a substantial difference in the 
methods of the construction of low-voltage distribution 
systems. Earth | circuit breakers are giving 
reasonable satisfaction, but their advantages over pro- 
tective multiple earthing have not resulted in the general 
displacement of the alternative system. 

Multiple earthing has several meanings, but the meaning 
with which the paper is mainly concerned is the con- 
nection to earth of the neutral conductor at some or all 
consumers’ premises and the connection of metal frame- 
works. Protective multiple earthing is the phrase 
employed and may be described as the use of the neutral 
for protective p . A variation is that the earth 
continuity conductor may be run through the house and 
be connected to the neutral and to earth at the meter 
board. 

A diagram of connections of the simplest form of earth 
leakage circuit breaker is shown in Fig. 1. In the event of 
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Fic. 1—EARTH LEAKAGE CIRCUIT BREAKER 
CONNECTIONS 


an earth fault on the appliance to be protected current 
flows to earth vid the trip coil (T.C.), and so opens the 
cireuit breaker. The current at which the trip. coil 
operates varies from 20 to 60 mA in the case of five makes 
of circuit: breaker available on the market, and the A.C. 

voltage required to operate them varies from 10 to 25 
volts. To give a check on the operation of the circuit 
breaker and continuity of earth connection a test key K 
is frequently provided by means of which the trip coil 
may be connected from the phase wire to earth through a 
limiting resistance R. The key is sometimes arranged to 
make contact first with one side of the supply and then 
the other side, to allow for in wiring up, in which 
case the phase and neutral wires are interchanged. It is 
usual for the key, when depressed, to break the con- 
nection between the trip coil and the appliance to prevent 
the framework being connected to the line through the 
limiting resistance R. There is no doubt, states the author, 
that these breakers provide a solution to the problem of 
protecting consumers from shock in rural areas, and they 
are widely used on the Continent, but they present 
certain well-known disadvantages, which are as follows :-— 
Either a separate circuit breaker is required for each 
appliance or group of appliances, which in small installa- 

tions may represent a fairly heavy cost, or if only one 
breaker is installed at the consumers’ terminals then a 
fault on any one appliance will cut off the whole 
supply. The test key does not test the continuity of the 
between the circuit breaker and the appliance, but 





this may be done by momentarily connecting the live side 


by earth leakage circuit breakers, otherwise known as © 
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of the supply to the appliance framework, when the 
breaker should operate. If a metal case and test key are 
used with the leakage circuit breaker no protection is 
afforded against an insulation failure on the breaker itself. 
Cooker elements of the type using a ceramic insulating 
material may have such a low insulation resistance when 
first switched on that sufficient current will flow to earth 
to trip the leakage circuit breaker. If the resistance of 
the body is comparable with that of the earth resistance of 
the leakage circuit breaker, and the current through the 
trip coil is insufficient to operate it an unpleasant and in 
exceptional cases, us, Shock may be received from 
the live metalwork. 

leakage circuit breakers have an outstanding 
advantage over methods of protection depending on the 
blowing of a fuse, viz., that their operation, depends in 
any installation on the voltage of the protected metal 
work above earth, and this is the factor which gives rise 
to a shock danger. With other methods, although the 
resistances may be such that a dead earth fault will be 
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FiG. 2—NEUTRAL CONNECTION MADE AT EACH 
APPLIANCE 


cleared, it does not follow that a fault from a point on 
the element or winding not near the live end will clear, 
owing to the reduced voltage available. The fault may 
also have appreciable resistance, which will prevent 
sufficient current flowing but at the same time give rise 
to a dangerous potential above earth on the framework. 
With faults of this nature the earth leakage circuit 
breaker scores a distinct advantage over other methods 

By connecting all metallic frameworks to the neutral 
eonductor one ensures that, in the event of the break- 
down of insulation, current returns vid a metallic con- 
ductor to the sub-station, and the prospects of blowing 
the fuse are very much higher than they would be if the 
resistance of two earth electrodes were included in the 
circuit. There are two general methods of effecting the 
connections between frameworks and neutral; they may 
be made (1) at each appliance, or (2) at the meter board 
only with an earth continuity conductor run throughout 
the installation. The former method is shown in Fig. 2 
and the latter in Fig. 3 

If the connections are made at each appliance then 
it is clear that no fuses or switches can be allowed in the 
neutral, since if the neutral becomes disconnected without 
the phase wire all appliances on the remote side of the dis- 
cohnections have their frameworks connected to the live 
wire and are potentially dangerous. A similar condition 









































the earth continuity conductor to the neutral on the live 
side of the switch, if one is used, or to the link, if there is 
no switch in the neutral. If the house wiring is carried 
out with two-core tough rubber-sheathed cable, then a 
separate earth continuity conductor would have to be 
— In new installations a three-core cable or one having 
pecial earthing core would be used. 

* With this arrangement, if the neutral conductor breaks 
inside the installation the appliance does not operate 
and no dangerous potential rise takes place on frame- 
works. This is shown in Fig. 4, which also shows the 
path of the fault current in the event of a breakdown of 
insulation occurring on the appliance. From this diagram 
it will be clear that the elimination of neutral fuses in the 
installation is not essential, but, on the other hand, they 
serve no useful purpose, and discontinuance of their use 
would effect a saving in cost. As in the usual method of 
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Fic. 4—-BROKEN NEUTRAL INSIDE CONSUMER'S 
PREMISES 


earthing, one is dependent on the earth conductor being 
continuous ahd of low resistance. If protective multiple 
earthing is used the occasions on which this conductor 
has to carry a substantial current will increase, since, as 
already shown, in many present installations the earth 
resistance is too high to enable any appreciable current 
to flow, and in this event defective earth continuity con- 
ductors are likely to be more often found. Before an 
installation is connected for protective multiple earthing 
the resistance of this conductor should be reduced to 
0-5 ohm, measured with a substantial current flowing. 

The question of a break in the neutral conductor 
between the consumers’ terminals and the sub-station is 
also considered, and it is shown that the switching on of a 
small load under these conditions, does not represent a 
danger. In considering the dangers from a broken neutral 
the author points out that the fracture of a neutral dis- 
tributor without the phase wire is a very rare occurrence ; 
in fact, such a case has never been brought to the notice 
of the E.R.A. 

Among the author’s conclusions are the following :— 





If the results of measurements made at four villages in 
different parts of the country may be regarded as typical, 
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Fic. 3—NEUTRAL CONNECTION MADE AT METER BOARD 


to the socket is incorrect ; the wiring of the 
plug or appliance is incorrect ; or if the sisuteul 6c conductor 
in the flexible cord breaks. The possibilities of a dangerous 
condition are, in fact, so numerous that no one would 
seriously suggest such an arrangement. The majority 
of the difficulties are overcome if a three-core flexible cord 
and three-pin plugs and sockets are used, with the con- 
nection between the earth pin and the neutral conductor 
made at the socket. 

Even with this arrangement there are, however, three 
objections, viz.:—(1) The socket may be wired up 
incorrectly ; (2) reliance must be placed on the continuity 
of the neutral wire throughout the installation for pro- 
tective purposes; (3) with any system of protective 
multiple earthing frameworks may rise to the voltage 
above earth of the neutral. With the arrangement con- 
sidered one includes the voltage drop on the neutral con- 
ductor within the installation, which may be a considerable 
proportion of the total voltage drop. 

The preferable arrangement is one in which the frame- 
works are all connected together with an earth continuity 
conductor which is connected to the neutral and to earth 
at the consumers’ terminals. This arrangement for an 
installation having lead-covered wiring is shown in Fig. 3. 
This is the method of wiring used in many rural installa- 
tions, and the earth continuity conductor already exists. 
To convert the installation from normal earthing to pro- 
tective multiple earthing it is only necessary to connect 


can exist if a plug is inserted the ptr way round ; if the 
wiring i i 
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in two-thirds of the installations in rural areas fed by 
overhead networks, where no water mains exist, fuses 
could not clear an earth fault due to an insulation break- 
down on electrical appliances. Tests in an area where 
earth resistivity is high have shown that earth leakage 
circuit breakers, whilst not in all cases operating at a 
voltage below the danger limit (viz., 30 volts), have con- 
tributed materially towards eliminating the risks of electric 
shock. Moreover, many of the tests were conducted on 
early types of circuit breakers, and with the improved 
types now available and the development of technique 
there is good reason to expect better results in the future. 

Tests on protective multiple earthing have shown that 
the voltage rise of the neutral with respect to earth under 
quite abnormal conditions of loading does not exceed 
30 volts and is therefore not dangerous to human beings, 
though it may be dangerous to animals. When using 
protective multiple earthing, immediately prior to the 
blowing of fuses the voltage rise of the neutral at the end 
of distributors and near the sub-station may be 60 volts 
to earth tor a short period. If the statutory limits of 
voltage variation are adhered to, the voltage rise of the 
neutral will not be dangerous either to human beings or 
animals. The voltages picked up on pilot lines to test 
earths adjacent to power earths were smaller than would 
be required to produce false ringing of telephone bells in 
the C.B.S. No. 1 type of exchange, and listening tests on 
the telephone lines did not reveal any disturbance. 








Apri 16, 1937 
installations using the present method of earthi 
ensuring that an electrode not less than 6ft. long oat not 
less than jin. diameter is always used, and that, if neces- 
sary, two are used at least 6ft. a making use of a 
small water pipe system, if one exists in the village, as the 
earth for the neutral, instead of attempting to provide 
an earth of low resistance at the sub-station; making 
greater use of a protective earth wire for interconnecting 
the metal work in a group of houses, and joining it to 

at a house where a low earth resistance exists. 

The effect of multiple earthing of the neutral is to reduce 
the voltage drop in the neutral and earth in > toa 
greater extent than would be expected from t 
resistance; at the same time the voltage page mg in the 

phase wire is increased. Multiple earthing of the neutral 
ss not appreciably improve the voltage regulation, 

If the connection between the protected metal work and 
the (insulated) neutral is made only at the meter board, 
a fracture of the neutral wire inside the installation does 
not represent a hazardous condition ; the appliance merely 
ceases to operate. If a fault to ‘frame exists, current 
returns through the neutral wire and the earth continuity 
conductor in parallel, and entirely through the latter if a 
break in the neutral occurs. As this may constitute a firo 
hazard if it continues for any length of time, it is essential 
that no fuses or switches should exist in the neutral. 

The voltage rise of protected metal work in the event of a 
fracture of a neutral service conductor, without the phase 
wire, is determined by the connected load and the earth 
resistance at the consumers’ ises. For example, on a 
240-volt supply, if the resistance is 10 ohms and the load 
switched on is 1 kW the voltage rise is 36 ; if the resistance 
is 100 ohms the value is 152 volts, The vol rise is in 
no case equal to the full supply voltage, which is the 
voltage which may occur on metal work ineffectively 
earthed in the ordinary way, unless there is no earth at 
all on the consumers’ installation. 

In the event of a break in a neutral distributor without 
the phase wire all the metal work on the system rises to a 
certain voltage with respect to earth, which is determined 
by the connected load on the remote side of the break 
from the sub-station, and the resistance to earth of the 
neutral on either side ; if the break is near the sub-station 
the voltage on the frameworks of appliances connected to 
the sound section of the neutral is higher than that on 
those connected to the disconnected section ; if the break 
is nearer the end of the distributor than the sub-station 
the reverse is the case, From the point of view of general 
danger the worst position for the break if the system 
possesses only a single distributor is at 30 per cent. to 
40 per cent. of the distance from the sub-station to the 
end of the distributor with a uniformly loaded and 
symmetrically earthed system. The lower the general 
resistance to earth of the neutral, the less the voltage rise. 

Comparing the system of protection by earthing which 
is at present used with protective multiple earthing, from 
the point of view of shock risk, it is estimated that the 
latter system is several times as safe as the former. With 
protective multiple earthing a line-to-neutral fault on the 
distributor of a 240-volt system would not result in a 
greater voltage than 60 volts on protected metal work, 
provided precautions were taken in effecting the earth 
connections to ensure that the true neutral point is near 
the load centre of the system. A disadvantage of pro- 
tective multiple eart! of the neutral is that current 
returning from an earth fault on the phase wire cannot be 
distinguished from normal neutral return current. Exist- 
ing installations may readily be converted to the protective 
multiple earthing system by connecting the earth con- 
tinuity conductor to the neutral at the meter board and 
linking across all neutral fuses. 








SIXTY YEARS AGO. 





THE mechanism of magic may be said to be the motive 
of two separate notes in our issue of April 20th, 1877. In 
one mention was made of a curious clock invented by 
Monsieur Cadot, of Paris. It consisted apparently of two 
sheets of glass held in an ornamental frame with a minute 
and hour hand between them. No visible means of driving 
the hands could be detected at a casual glance. Actually 
driving mechanism was concealed in the frame and once 
@ minute caused one of the glass panes to make a slight 
almost invisible movement which was transmitted to the 
minute hand and thence, through tiny gear wheels in the 
pivot, to the hour hand. Another mysterious clock, it was 
added, had recontly been invented by a conjurer, Robert 
Heller. It was a clear disc of glass marked with the usual 
numbers and with the hands simply pivoted, as far as 
could be seen, to the face. From a ring at the top of the 
disc the clock was suspended by two cords from the 
ceiling. At the command of the owner the hands would 
move forward or backward or point to any specified hour. 
Knowing people observing the cords spoke of concealed 
wires and electricity, but they seem to have lost some of 
their assurance when the ian removed the clock from 
the cords and holding it between two fingers at arm’s 
length caused it to continue its performance right under 
the audience’s eyes.... The feats of Zazel, a lady per- 
former then appearing at the Westminster Aquarium, 
claimed our attention in another note. One of her acts 
consisted of walking a tight rope—a very tight rope—of 
extreme fineness. We were greatly interested in the metal- 
lurgy and mechanical properties of the rope. It was, we 
said, a cold-drawn cast steel wire about 48ft. long and 
slightly over one-sixteenth of an inch in diameter. It was 
strained for the performance into an almost straight line. 
When the performer, who weighed about 135 Ib., was near 
the centre of the span the wire sagged through 12in. or 
15in. From these we estimated that during the 
act the total stress in the wire reached about 200 tons per 
square inch. No steel wire had previously been known 
with a greater strength than 180 tons, but Mr. Roebling, 
a well-known bridge engineer of America, who had oe ee 
the wire used by Zazel, had promised, we said, to su supply 
another wire of even greater strength. Another 
Sous by the lady was to submit herself to being fired 
arge mortar. We described the 
by which the shock of the explosion was 
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described very clearly, but it consisted of the employment 
of a telescopie piston which was put in motion by the 
ignition of a piece of guncotton. As the telescopic piston 
opened out its velocity increased and at a certain instant 
a charge of powder was fired electrically with the result 
that without shock the performer was projected to a 
distance of 30ft. to 36ft. 








New L.N.E. Railway Locomotives. 





In order to avoid double heading on the heavily graded 
West Highland line of the London and North-Eastern 
Railway, where axle loads are strictly limited, a new 





1000 H.P. and consist of a main shop, about 175ft. long 
and 60ft. wide, down one side of which are the offices, 
stores, and machining department. In the centre of the 
end of the main shop is the engine test bed. This bed is 
36ft. by 12ft. wide and is insulated from the shop floor by a 
panel of anti-vibration material. It is equipped with a 
Heenan and Froude water dynamometer. For the 

of cooling engines when on test a large water tank is built 
into one corner of the roof of the shop, and from it water 
is supplied to the cooling system by means of a flexible 
pipe line. The water passes out of the cooling system into 
a hotwell, whence it is pumped back into the tank. A 
10-ton overhead crane serves the whole length of the shop 
and a private railway line connects one end with the 
adjoining London, Midland and Scottish Railway. On a 





recent visit to the new works we were shown a number of 
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L.N.E. LOCOMOTIVE FOR WEST HIGHLAND LINE 


type of 2-6-0 locomotive has been built at the company’s 
Darlington Works to the design of Sir Nigel Gresley. 
The new engines will be known as the “ K.4” type, and 
our illustration shows the first one, numbered ‘ 3441” 
and named “‘ Loch Long.” The pony truck is of the double- 
swing link pattern, with a translation of 4}in., its wheels 
being 3ft. 2in. diameter. The driving wheels are 5ft. 2in. 
diameter, with a wheel base of 16ft. 3in., the total engine 
wheel base being 25ft. 2in. Three cylinders, 18}in. 
diameter by 26in. stroke, cast in one piece, drive the 
second pair of coupled wheels. With a diameter of 8in. 
the piston valves have a maximum travel of 5fin., and a 
maximum cut off of 65 per cent. For the outside cylinders 
there is a steam lap of lgin., and for the inside cylinders 
l#jin., there being no exhaust lap in either case. The 
outside valves are operated by Walschaerts valve gear, 
and the inside valve is actuated by the Gresley system 
of two to one and equal levers from the outside valve 
spindles. Cylinder and axle-box lubrication is by means 
of Wakefield mechanical lubricators. The boiler barrel 
is 5ft. 6in. diameter and 11ft. 74in. between the tube plates. 
The fire-box, with an outside overall length of 10ft. O}in. 
and 4ft. O}in. wide, has a grate area of 27-5 square feet, 
and is fitted with narrow fire-bars giving 56 per cent. air 
space. Two 3in. diameter Ross pop safety valves set 
to blow off at 180 1b. per square inch working pressure 
are fitted, A Robinson type superheater with twenty- 
four elements has a heating surface of 310 square feet, 
the total heating surface being 1731-6 square feet. The 
boiler is fed by a Davies and Metcalfe exhaust steam 
injector on the right-hand side and a Gresham and Craven 
live steam injector on the left-hand side. At 85 per cent. 
boiler pressure the engine has a tractive effort of 32,939 Ib., 
and its total adhesive weight is 129,696 Ib. 

The tender is the company’s standard for a capacity 
of 3500 gallons of water and 5} tons of coal. Together, 
the engine and tender have a total wheel base of 48ft. 7in., 
a length of 58ft. ljin. over the buffers, and weigh in 
working order 68 tons 8 cwt. 








An Engine Rebuilding Works. 





For some time past Kessel (Power Plant), Ltd., has been 
specialising in the overhaul, design, and equipment of 
power stations for industrial plants. The firm acts 
independently of the makers of any one type of engine 
and is therefore in'a position to select and install the make 
most suited to the individual requirements of each plant 
it lays down. Frequently in the equipping of these smaller 
stations the first cost is of great importance, and in order 
to keep the costs down the firm has specialised in the 
rebuilding and installing of second-hand engines. We are 
informed that when a power plant has to be equipped the 
design and lay-out are first considered and when the 
best type of engine to be used is decided upon the firm 
obtains a second-hand one in good condition and com- 
pletely rebuilds it. Naturally, in some cases where more 
than one engine is required it is not always possible to 
supply a sufficient number of rebuilt engines, and new 
engines are then purchased. The firm adopts this method 
because it does not advocate the installation of different 
makes of plant in one station. When an engine is to be 
rebuilt it is stripped right down and every part thoroughly 
inspected, all the chief wearing parts, such as liners, 
bearings, piston rings, &c., being scrapped and new parts 
purchased from the makers. The firm claims that one of 
its rebuilt engines is new in practically all the most 
important respects. The rebuilt engines are tested with 
the same rigour as a new engine, and the fuel consumption, 
&c., has to conform to makers’ standards before they are 
passed out. The firm deals mostly with oil engines, but a 
number of steam engines are also handled. 

With a view to extending its facilities for the rebuilding 
of engines the firm has recently opened a new works at 
Heather Park Drive, Wembley. These works have modern 
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engines in various stages of dismantling and re-assembly, 
and were informed that electrical equipment is dealt with 
in a similar manner by an associate company. 








Graphite Lubrication. 


THE recent development of graphite in colloidal and 
other forms has claimed the attention of engineers inter- 
ested in the special lubrication problems of steam and hot 
water plant. It is well known that when suitably used 
graphite forms an excellent lubricant, as well as protect- 
ing metal parts from corrosion and encrustation. We 
describe below a system of graphite lubrication, known as 
the “‘ Collgraf” system, the makers of which are Trier 
Brothers, Ltd., of 36, Victoria-street, London, 8,.W.1. 

The simplest method of applying graphite is by means 
of a hand-operated “‘ gun” with a screw plunger and ball 
non-return valve. This gun may be used in the same 
manner as an ordinary grease gun. For the lubrication 
of boiler and steam plant, Messrs. Trier use a tube which 
extends into the pipe line. This tube is pierced on one side 
by a series of cross slots immediately opposite which is a 
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series of fine holes. The charge of graphite is therefore 
broken up, as shown in the accompanying engraving, into 
fine sprays and is carried wherever the steam or water 
has access. In cases where a constant measured feed of 
graphite is desirable, a special type of lubricator has been 
developed, to be connected between the ordinary mecha- 
nical lubricator and the points of delivery. This lubricator 
consists of a vertical cylinder in which is a double-sided 
piston with a cup leather at each end. When the piston 
is at. its lowermost position, the upper part of the cylinder 
is charged with graphite and is connected through a non- 
return valve to the points of delivery. The section below 
the piston is taken to the discharge side of a mechanically 
operated sight-feed oil lubricator, and is also connected 
by an oil return service through a cock to the mechanical 
lubricator supply. In this way the mechanical oil feed 


acts as a pumping agent for the graphite, the quantity of 
graphite pumped being the same as the displacement of 
the oil, which may be measured by the sight feed. When 
the charge of graphite is exhausted, the cock in the oil 











fresh graphite. It should be noted that the oil is used 
repeatedly, and cannot come into contact with the graphite. 
This arrangement obviates the difficulty of the graphite 
fouling the sight-feed glass, which renders the use of 
graphite impossible in sight-feed lubricators. 

It is claimed that graphite used in the above manner 
will give improved lubrication and prevent corrosion in 
turbines and condensers and all steam and hot water 
plants ; in addition, it will eliminate oil and grease from 
exhaust steam and feed water. 








ROYAL AIR FORCE RECRUITING PROGRAMME. 


THE personnel requirements of the Royal Air Force 
for 1937 call for a substantial increase on the intake 
during the past year as a result of the continued expansion 
of the Air Service. The numbers to be recruited are as 
follows :—Pilots, 1500; aircraft apprentices and boy 
entrants, 4000; skilled, semi-skilled, and illed men, 
11,000; total, 16,500. 

Pilots are entered by selection from candidates aged 
17} to 25 years, having the school certificate of the Oxford 
and Cambridge Schools Examination Board, or its 
equivalent. 

Well-educated boys of secondary school standard are 
entered as aircraft apprentices, boy entrants, and appren- 
tice clerks. 

Vacancies also exist for practically every type of airman. 

limits vary with trades and range from 17} to 42. 

When the R.A.F. expansion was authorised by the 
Government in May, 1935, it was estimated that the 
number of personnel required to complete the first stage 
of the expansion by March 31st, 1937, was 2500 pilots 
and 20,000 tradesmen and unskilled men. In accord- 
ance with normal practice 500 pilots were obtained from 
within the Service, leaving the balance of 2000 to be 
entered from civil life. The actual number of pilots 
entered during the past two years is 2141, and, in addition, 
234 candidates have also been selected for entry in the 
financial year now beginning, making a total of 2375 
either entered or selected from civil life. This number has 
been chosen from nearly 14,000 applications which have 
been received. In the case of airmen, the total number 
entered during the past two years is nearly 21,000, about 
1000 more than the original estimate of the personnel 
required. The total entries were selected from applica- 
tions numbering nearly 66,000.. The intake of boys has 
considerably increased during the expansion period ; 
no fewer than 4780 boys are undergoing training as aircraft 
apprentices at Halton or Cranwell, and elsewhere 965 
as boy entrants. The apprentices are mainly trained as 
fitters, wireless operator mechanics, and instrument 
makers, while the boy entrants are undergoing training 
as wireless operators, armourers, and photographers. 

The total strength of the Air Force at home and abroad 
is now approximately 55,000, an increase of nearly 25,000 
since the expansion started. 











Extecrriciry iv New Sourna Wates.—The New South 
Wales Government has recently approved an electrical 
development scheme to cost about twelve million pounds. 
The scheme, which will be spread over about ten years, 
includes the electrification of the railways from Sydney 
to Newcastle, Nowra, Lithgow, and Goulburn, the building 
of a power line along the north coast to link Newcastle 
with Nymboida, development of water power and the 
extension of the Burrinjuck system. 


Tue Lystrrution oF SrructuRAL Encrvgrrs.—The 
annual dinner of the Institution of Structural Engineers 
was held at the Dorchester Hotel on Tuesday evening, 
April 13th. Lieut.-Colonel C. H. Fox, President of the 
Institution, was in the chair, and about 650 members 
and guests attended. In the absence of the Right Hon. 
A. Duff Cooper, Secretary of State for War, Lord Strath- 
cona and Mount Royal, Parliamentary Under Secretary 
of State for War, attended the dinner. Following the 
loyal toasts, Lord Strathcona proposed ‘‘ The Institution 
of Structural Engineers,” coupled with the name of 
Lieut.-Colonel C. H. Fox, who responded. The toast 
** Our Guests” was proposed by Professor C. E. Inglis, 
Vice-President of the Institution, and was replied to by 
Lieut.-Colonel Sir Arnold Wilson. The speakers stressed 
the importance of the correct training of young engineers, 
and praised the work of the Institution in contributing 
to the execution of the present’ armaments expansion 
programme. The dinner was followed by ing. 


Tse Late Mr. D. D. McLerian.—By the death of 
Mr. David Doig McLellan, managing director of the Clyde 
Structural Iron Company, Ltd., at his home in Glasgow 
on Easter Sunday, the world of engineering has lost a 
personality that was as kindly and réspected as it was 
widely known. Mr. McLellan was born in 1862, and was 
educated at Allan Glen’s School. Thereafter he entered 
the service of A. and J. Main and Co., Ltd., structural 
engineers, Glasgow, with whom he served his apprentice- 
ship. He left that firm, and in 1898 formed the Clyde 
Structural Iron Company, Ltd., of which he was managing 
director until his death. From the foundation of the firm 
Mr. McLellan took a prominent end active part in the 
Scottish structural engineering trade. In 1929 he produced 
a@ novel design for the proposed Finnieston Bridge in 
Glasgow, which created much interest among engineering 
circles. The design showed spiral ramps on each bank of 
the river instead of straight ramps. It was claimed that 
it would provide better gradients for horse traffic, and that 
much time would be saved in approaching the bridge, while 
the cost of the bridge would be greatly reduced, in view 
of the fact that practically no property would need to 
be acquired. In this connection it may be noted that 
the Corporation has so far purchased property in the 
neighbourhood of the proposed bridge at a cost of over 
£400,000. Mr. McLellan was a member of the Institute 
of Engineers and Shipbuilders in Scotland, and_ since 
1912 had been chairman of the Kuala Pertang Syndicate, 
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Development of the Two-Stroke 
Cycle Oil Engine.* 
No. I. 
By W. 8. BURN. 


TxE earliest forms of oil engine operated on the four- 
stroke cycle, when two complete strokes were requi 
for the exhausting from the cylinder of the burnt products 
and the replenishment of a fresh cylinder charge of air. 
The use of the working cylinder and parts for this purpose 
entails that they must work seriously under design 
capacity for half of their life, and of necessity results im 
& somewhat uneconomic utilisation of material. The 
advantage of the four-stroke cycle is a certain straight- 
forwardness of the design which defines the exhausting 
and air- ing process by the use of parts that are 
designed for higher duties and hence gives great reliability 
in operation. During the earlier development of the 
four-cycle engine, the air charging was limited to the 
greatest weight of air that could be aspirated by the 
engine piston stroke, but for some time cylinders have 
been supercharged by some external blower or air pump 
to give a greater air charge, and consequently more power 
is developed. 

In the two-stroke cycle the exhausting air and air 
charging is concentrated into from 90-120 deg. at the 
end of the expansion and the beginning of the compression 
stroke. To accomplish this with efficiency and reliability 
has inspired an incredible amount of invention and 
experiment without precedent or equal in marine 
engineering. 

It is interesting to note that whilst the four-stroke 
engine, at any rate in its single-acting form, has kept 
remarkably standard in design since the first Diesel 
engine, the two-stroke engine has been characterised by 
extraordinary variations in design. There are, however, 
at last signs of a growing similarity in general design. 

The most efficient two-stroke engine may be defined as 
that which requires the least possible mechanism to 
accomplish the air-charging portion of the cycle without 
incurring losses from the working cylinder. 

To-day it may be said that the two-stroke oil engine is 
giving not only twice or more the power from a given 
cylinder compared with a four-stroke, but the cost of 
the scavenging gear is a comparatively small proportion 
of that of a working cylinder, and the fuel consumptions, 
degree of silence, and smoothness of operation are all 
superior to those of a four-stroke cycle engine. 

In the preparation of a paper such as this, one realises 
that in judging the technical merit of an engine one cannot 
be guided entirely by the number produced, as this is 
also dependent on many other factors, such as manufac- 
turing capacity, finance, and even politics. In the 
ease of large marine oil engines, the first few engines 
produced of a given type must be considered to some 
extent experimental, since it is not possible to reproduce 


third row of diagramsshows the development of the opposite 
side port system of scavenging, the Sulzer system being 
the best known and most developed. The Krupp system 
of auxiliary ports is interesting, illustrating a method of 
drawing the main scavenge air streams towards the 
scavenge side of the cylinder to prevent the short-circuiting 
or reversal of the air streams. The loop system, so success- 
fully developed by Maschinenfabrik Augsburg-Niirnberg, 
is too well known to need further description. In the 
R.W. system an endeavour has been made to combine an 
efficient double-flow system of scavenging with a definite 
air movement generated by superimposed supercharge 
ports. 

In the author’s experience in developing R.W. large 
two-stroke engines, the two-stroke scavenging problems 
were always mixed up with problems of airless fuel 
injection. One wants not only an ample air charge, but 
also means of “ interesting’ the fuel with the air, and a 
rotary air movement not only does this, but also makes the 
combustion chamber shape a much simpler problem. 
Which of the many scavenging systems is the most effi- 
cient is a highly debatable question. The straight-through 
system, such as in the opposed piston or exhaust valve-in- 
head type, is certainly most usually considered to be, and 
no doubt most of such designs actually are per se very 
efficient. Judged on output performance, however, there 


four scavenge valves in the cylinder head and exhaust 
ports in the cylinder liner, as shown in Fig. 1. It had four 
cylinders, and developed 800 B.H.P. at 90 r.p.m., with the 
amazing M.I.P. of 127 lb. per square inch at full power. 
The exhaust was good, even though the fuel consumption 
was 0-47 lb, per B.H.P. The reliability of the cylinder 
heads and pistons was not so good—perhaps not surprising 
under the conditions, and the running of the main bearings 
and top and bottom end bearings without forced lubrica- 
tion was associated only too frequently with the running 
of white metal. Nevertheless, the engine had great 
possibilities, but marine engine builders in those days 
were not so patient with Diesel engi inquencies, and 
so the engines were removed and replaced by steam engines. 

It is interesting to note that the latest valve-in-head 
scavenging system of such engines as the Winton is similar 
to that employed in the ‘‘ Eavestone,” except that the air 
flow is reversed, i.e., the liner ports are air ports, and the 
valves in head are exhaust valves. This later system of 
scavenge flow from the ports to the valves instead of vice 
versa has the advantage of having no dead spaces under 
the valves which the early scavenge valve-in-head type 
suffered from. The scavenge porss can be made of such 
a shape as to direct the air in a manner which will avoid 
any stratification. There also seems no doubt that the 
hot exhaust passing through the cylinder head openings 








is little to choose between any of the modern systems, and 


is safer than the cold scavenge air, as all exposed surfaces 
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sea conditions on the test bed. The practical 
of an engine depends as much on getting into working 
harmony all the innumerable details as on the correctness 
of the basic factors, such as the type of scavenging, shape 
of combustion chamber, and design of scavenge pump. 
The persistence of a design is, therefore, greatly dependent 
on the financial capacity of the developing firm to obtain 
the sequence of orders necessary to enable minor faults 
to be eliminated in the initial stages, and subsequently 
to demonstrate any basic advantages. The number of 
large engine types is therefore very few to-day, and is 
gradually being reduced. 


ScavEncine SysTEmMs. 


Dealing first with the various methods adopted to 
seavenge the cylinder a diagrammatic review of the 
more interesting scavenging systems is given in Fig. 1, 
which is largely self-explanatory. Broadly, there are 
two basic systems, the uniflow and the double flow. 

The modern uniflow system comprises :— 


(1) The opposed-piston, i.e., Junker, Doxford, 
Fullagar, N.B. sliding cylinder, the Ricardo sleeve- 
valve, and the duplex Record engines. 

(2) The valve-in-head types, such as the Winton, 
B. and W., and Harmonic Petter engines. 


The double-flow scavenging system may to-day. be 
classified into the following three distinctive types which 
are commonly in use :— 

(1) The directional port, partly radial and partly 
turned back, represented by Sulzer or R.W. engines. 
Here the shape and directional effect of the scavenge 
ports is of ount importance. 

(2) The loop scavenging, wherein the air is directed 
on to the piston and travels up the opposite side of the 
cylinder. In this case the air is always guided by some 
cylinder surface. 

(3) The solely turned back side ports with partly 
directional ports aided by a shaped piston so that the 
air is made to flow up the scavenge side of the cylinder, 
as in the Polar or Fairbanks-Morse engines. This system 
is really a combination of (1) and (2). 


All of the above are very successful for large and 
medium-sized engines, for the smaller type of engine the 
third system in particular has, perhaps, been the simplest 
and most efficient. : 

The development of the above types has been assisted 
by research with glass cylinders, in which the air flow can 
be observed by threads, smoke streams, &c., and Pitot tube 
investigation. It has been possible to adapt successfully 
most of the single-acting scavenge systems to suit the 
double-acting principle, whether uniflow or double flow, 
the air flow in the bottom cylinder being in all cases almost 
identical to that in the top. In the scavenge dia, y 
therefore, the top cylinder only is considered. The first 
two rows of scavenge diagrams in Fig. 1 refer to the best- 
known systems of straight-through scavenging, most of 
which, except the valve-in-head B. and W. and multi-valve- 
in-head Winton engines, involve variations from the 
orthodox single connecting-rod and crank mechanism. The 
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Fic. 1—Comparison 


in most cases the air charging is superior to that in the 
normal four-stroke engine. 

The real efficiency of an engine design, however, is 
bound up with other considerations, such as first cost, 
weight, and degree of simplicity. For most purposes the 
orthodox single piston, connecting-rod and crank type of 
engine will be found to have the greatest overall advan- 
tages, and indeed to-day by far the greater number of two- 
stroke engines built throughout the world are of this 
description with some system of double-flow scavenging. 
On the other hand, the development of the small high- 
speed single-acting two-stroke engine will most probably 
be associated with the scavenge ports in the lower end of 
the cylinder, and some arrangement of exhaust valve or 
valves in head. Such a system has the advantage of 
straight-through scavenging whilst retaining a straight- 
forward single-crank and connecting-rod construction. 
It also gives flexibility in the relative exhaust and scavenge 
openings. 

Aw Earty VALVE-IN-HEAD T'wo-STROKE ENGINE. 


Although a large number of small two-stroke so-called 
semi-Diesels had already been built, the first British ocean- 
going two-stroke Diesel-engined vessel was the M.V. 
‘“* Eavestone,” built in 1912 under Carel licence by 
Richardsons, Westgarth and Co., Ltd. The engine was a 





* Spring Meetings, Institution of Naval Architects, March 
19th, 1937. 








remarkable one; it was, of course, single acting, and had 
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of Scavenging Systems. 


or edges are thereby put into compression instead of 
tension. On the other hand, no large exhaust four-valve- 
in-head “@ngines have yet been made, and in the small 
engines the valves seat directly on to the cover without 
separate cages, which gives good cooling and a simplified 
overall construction. 

The unreliability and apparent complication of the 
early scavenge valve-in-head designs led to the develop- 
ment of a number of relatively inefficient port scavenging 
types which have developed somewhat on the lines 
depicted in Fig. 1, from Diagram 13 onwards. It will be 
noted that the unsymmetrical piston’ gradually became 
symmetrical on lines similar to that employed in the Scott 
or Fairbanks-Morse designs, and almost simultaneously a 
directional port system was perfected, which was com- 
pletely independent of the shape of either the piston top or 
cover bottom. 


THE OPPOsED-PISTON ENGINE. 


Although the straight-through opposed-piston system 


of scavenging is very direct, and certainly can be made to 
give an excellent scavenge, it usually entails a great deal 
of additional running parts, and from the point of view of 
power output from a given amount of material it is not as 
economical as the conventional engine type. Neverthe- 
less, there are a number of t 
piston variety which give excellent results, and are justi- 


ypes of engines of the opposed- 
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fiable because of their excellence as working units following 
on & harmonious and well-developed relationship in the 
detail design. 

The commercial progress which has been made with the 
opposed-piston engine in this country as represented by 
the Doxford engine is too well known to need repetition. 
For reliability with efficiency it is in a recognised class 
by itself. In this case the fundamental correctness of the 
scavenging system, the compact spheroidal combustion 
chamber, and the precise fuel injection system have out- 
balanced the defects arising from any increase in the 
number of running parts, and lately the adoption of welded 
steel for the entire maifi structure has enabled low weights 
per B,H.P. of about 175 lb. to be obtained. 

For land purposes the English Electric Fullagar engine 
has been steadily developed, and many engines of 
1000 B.H.P.-3000 B.H.P. have been built and are giving 
good results, 

In the Doxford, Junker, and Fullagar engines a most 
useful feature of the straight-through type of scavenging 
is that an air swirl is soni obtained to assist the com- 
bustion, but at the same time the swirl also actually 
assists in stabilising the scavenge flow and reducing 
stratification effects. 

The connection of the upper piston in all opposed- 
piston types entails either side rods and extra cranks or, 
in the Fullagar engine, a rather delicate arrangement of 
guides and diagonal rods; or in the Junker engine, an 
upper crankshaft connected by gearing to a lower crank- 
shaft. A ‘‘ bent” cylinder opposed-piston engine intro- 
duces combustion space difficulties at the ‘‘ bend.” 


A New ScavenGine System. 


In an endeavour to obtain the advantages of the 
opposed-piston engine with a single piston, a completely 
new system of port scavenging, chiefly intended for high- 
speed, medium-sized single-acting engines, was devised 
some time ago by the author, as shown in Fig. 1, Diagram 
24. In this case the scavenge ports are situated above the 
exhaust ports, both of which completely encircle the 
liner so that a minimum axial height is required for the 
requisite port area. The scavenge air ports are valve 
controlled to open when the exhaust pressure has dropped 
below the scavenge pressure, but as they are situated 
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Fic. 2 —Horizontal Section Through Cylinder of R.W. Engine 
Showing Scavenge Ports on Left and Supercharging 
Ports on Right. : 


above the exhaust ports, some degree of supercharge can 
be obtained, given an appropriate scavenge air pressure 
supply. 

The scavenge ports are inclined upward and tangentially 
so that the scavenge air streams describe helical paths, 
and are guided by the cylinder walls to the top of the 
cylinder, the width of the annular helicoid thus formed 
increasing as the cylinder head is approached. The upward 
air is reversed by the curved double converse cover bottom 
and forced down the centre of the cylinder, the slightly 
conical piston top assisting the gas dispersal towards the 
exhaust port. ring of scavenge air streams keeps 
the exhaust gases away from the lubricated surfaces, 
and has a surface cooling effect; at the same time, the 
tangential swirl keeps the dense air to the outside, and 
generally has a stabilising effect. The resultant shape 
between the cover bottom and piston top forms an efficient 
combustion chamber for a central fuel valve with approxi- 
mately horizontal sprays, and an air movement with a 
strong horizontal air swirl, and a slight rotary movement 
in @ vertical plane; this combustion space is shown in 
Fig. 4, This system is now being developed for high-speed, 
high-duty engines of medium size, and is intended for 
use in engines above 10in. cylinder diameter. Below this 
size the valve-in-head design appears to have the balance 
of advantages. The variation in design is much greater 
than at first may be thought possible. 


SCAVENGE AND Exuaust Ports. 


As the exhaust expulsion and air charging are restricted 
to the end of the working stroke it is almost invariable 
that the scavenge ports and/or exhaust ports are located 
at the e ion end of the cylinder, necessitating the 
crossing of the ports by piston rings; the shape and size 
of the ports are therefore important. The inside edges 
of the ports must be well rounded and radiused in an axial 
direction for good piston ring operation, at the same time 
rounding of the admission of the scavenge ports improves 
the coefficient of discharge and narrower and more practical 
port width is permissible. 

The solution of getting the greatest possible aggregate 


scavenging has been the aim of many designs. An ideal 
solution is obtained in the opposed piston engines, in 
which both the exhaust and scavenge have the greatest 
circumferential port width. A similar solution is obtained 
with certain valve-in-head types. 

As it is desirable to cut down the exhaust period at the 
end of the expansion stroke to the absolute minimum, 
it follows that the circumferential port width should be 
as wide as possible to get the requisite time area. A 
fundamental advantage of those types with ports at 
opposite ends of the cylinder is that the ports can be 
arranged round the entire circumference, and so the 
exhaust port height is a minimum, and a very small 
proportion of the stroke is lost. This is also a feature 
of those designs with superimposed scavenge ports, as 
in the case of the most recent single-acting design of the 
author’s, shown in Fig. 1, Diagram 24. 

In the case of those engines with scavenge and exhaust 
at opposite sides of the cylinder, the exhaust ports usually 
occupy half the circumference, and care must be taken 
to streamline the exhaust bars and guide the exhaust 
gases away from the cylinder to the exhaust main with 
as little turbulence as possible. The care taken in this 
respect in the R.W. engine is shown in Fig. 2. 

In any well-designed two-stroke engine neither the 
exhaust nor the scavenge ports have any appreciable 
effect on the piston rings if the exhaust is reasonably 
clear. The effect of the exhaust ports is naturally greater 
than the scavenge ports, and there is no doubt that the 
exhaust valve-in-head two-stroke engine which has 
scavenge inlet ports only has advantages in piston-ring 
operation, especially under conditions of bad combustion. 
The chief desideratum is to keep the width of the port as 
narrow as possible, preferably not greatly exceeding 
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one-ninth of the cylinder bore, but some engines—the 
Winton, for example—have many exceedingly narrow 
ports, not more than one-fifteenth of the cylinder diameter 
in width. The top and bottom edges of the ports should 
be always both curved and radiused. 

Modern-style piston rings of small axial width and 
large radial depth are the most suitable for two-stroke 
engines. Experience has shown that piston rings are 
preferably not pegged, and that the diagonal or very 
short-lapped joint gives the most satisfactory results. 
The author’s own experience of special piston rings of the 
multi-seal type has tended to confirm that plain ‘rings 
of the correct form and material are preferable in two- 
stroke engines. 

As the piston must act as a valve controlling either the 
scavenge or exhaust ports, the piston rings are preferably 
placed as near the piston crown as practical. This may 
be thought to be inimical to present piston ring good 
practice, but if the piston is adequately cooled, it results 
in a cleaner piston and better liner conditions in the 
region of the exhaust ports. 


ScavENGInG Arr Pumps. 


Given an efficient scavenging system requiring a 
minimum quantity of air, the next essential is an economic 
means for supplying the air, and this has always mted 
great scope for ingenuity, as will be seen from Fig. 3,* in 
which are shown diagrammatically a number of the 
different forms of scavenge pumps. ; 

The simplest form is the crank casé scavenging, using 
the displacement of the piston on the downward stroke 
(Petter, Gardner, Kromhout, &c.), but this has the defect 
of giving less than unity ratio scavenge air, and introduces 

















circumferential width of port for both the exhaust and 


* Read Browett, Lindley for Browett and Lindly. 


lubrication difficulties. Nevertheless, in small engines it 
has given good service. 

When used with a stepped piston (Polar), the air capa- 
city problem is solved, but the lubrication difficulty 
remains. The introduction of a crosshead and using the 
underside of the piston is a practical solution, but the cost 
of the engine is greatly increased once the trunk piston 
design is departed from. An excess air ratio is sometimes 
provided by the addition of a small pump driven from a 
crank or crosshead. 

For small single-acting engines a single-acting piston 
driven from the connecting-rod has proved satisfactory, 
as in the Deutz engine. Some small engines (Automatic 
Petter) have had a series of single-acting pumps driven 
from a separate crankshaft, the advantage of this con- 
struction being that a timed scavenge can be obtained, 
but at the expense of complication and cost. Some types 
of engine, like the Junker and Fullagar, have the scavenge 
pistons conveniently attached to the upper main pistons. 

The generally most satisfactory solution is to fit a 

te low-pressure air pump driven by a crank or levers 
directly from the engine, and this has been done in a 
variety of ways. The most usual design has been to have 
one double-acting pump for all the cylinders, but a number 
of the larger engines have had separate pumps driven from 
the crossheads, as in the Krupp or the Tosi, and in some 
cases from the connecting-rod. As each cylinder must 
have its own driving-rods and suction and discharge valves, 
the multi-scavenge pump of orthodox piston type tends 
to become costly and complicated. 

For normal sized, slow-speed marine engines, the single, 
double-acting pump, as in the Sulzer, which is erank driven, 
or the Doxford, which is driven from the crosshead by 
rockers, has proved highly satisfactory, and is both effi- 





Fic. 3—Comparison of Various Types of Scavenge Pumps. 


cient and low in first cost. Usually the valves are auto- 
matic of the multi-plate or ring type, but sometimes they 
are mechanically driven of the rotary or semi-rotary 
type, in which case pumping losses can be reduced and less 
cleaning is necessary. 

Single-piston scavenge pumps tend to assume relatively 
large dimensions, especially when used in conjunction 
with short double-acting engines, and therefore in the 
larger-sized engines there has been a tendency to adopt 
two pumps in:tandem to reduce the length of the engine. 

For the R.W. engine the author introduced some years 
ago a horizontal double-piston pump driven by an auxiliary 
crankshaft by gearing at a multiple of the engine speed, 
depending on the number of main engine cylinders, so as 
to obtain a timed scavenging effect. The driving cranks 
are at 180 deg., so that a good dynamic balance is obtained. 
This design of pump has the advantage of giving not only 
a good dynamic solution, but also has a reserve capacity 
as there are two separate pumps. The valves are of the 
rotary type driven by chains. Excellent indicator cards 
are obtained from this pump, and the maximum pressures 
are low for a given average pressure, which is usually 
1-8 Ib. per square inch. It is very silent in operation, and, 
relatively to the engine, is of very moderate size. Being 
mounted over the thrust block it does not increase the 
length of the engine appreciably. A vertical pump on 
rather similar lines has been recently developed by 
Sulzer Brothers. 

For relatively high-speed engines the author has 
recently developed a refined timed scavenge system with a 
cam or excentrically driven light alloy oscillating flap, 
which can be made to give the precise differential pres- 
sures required for both scavenging and supercharging at 
the correct period to enable one set of parts and passages 
to be used—see Fig. 3 (Richardsons Westgarth). 
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The last few years have seen the introduction of a 
number of rotary blowers, invariably of the Roots type, 
with two, three and four lobes. In some cases each cylinder 
has its own blower, as in the Busch-Sulzer design, but the 
most usual practice, as in the B. & W. two-stroke engine, 
is to have two blowers mounted at the back of the engine. 
This type of blower works well, although it is not so 
simple as would at first sight appear, and in some cases 
is rather noisy. The helical type fitted to the Winton 
engine is free from this latter defect, and is undoubtedly 
a most attractive design. 

In the future much more attention will be given to 
scavenge pump design, the particular type to be adopted 
depending largely on the engine type and size. 

SrncLe-ActInG ENGINE CoMBUSTION CHAMBERS. 


A most vital part of any oil engine is the combustion 
space wherein the oil is injected, burnt, and does useful 
work. The better the relation between the fuel distri- 
bution and the air in the combustion chamber, the smaller 
is the excess air ratio required for a given power, and, 
consequently, the less power required for the air charging 
process. At the same time, the less the weight of air the 
higher is the maximum temperature, and the higher is the 
thermal efficiency. The ideal combustion space should 
also have the least heat transmission coefficient. The 
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Fic. 4—Comparison of Single-Acting Two-Stroke Combustion Spaces. 


latter suggests the use of insulated surfaces as far as 
practicable, and also implies the desirability of as little 
air movement as possible which would facilitate heat 
transfer. The more perfect the combustion chamber shape 
in relation to the injected fuel, the less is the air movement 
required to ensure intimacy between the fuel and the air, 
and one of the possible advantages of the single-acting 
two-stroke cycle port scavenging engine is the greater 
scope in combustion chamber space design to suit the 
sprays. 

From the point of view of optimum piston and liner 
design, which implies the minimum exposed ace of 
any wearing parts, it is desirable that as much as possible 
of the ‘‘ shape” of the chamber should be encompassed 
by the lower side of the cover itself, and as little by the 
top of the piston. The piston should, furthermore, be 
free from projection or hollows which would serve as heat- 
catchers. A good shape of combustion space, assuming 
central injection, is encompassed by a piston with a 
slightly conical top and a cover bottom, which is shaped to 
a double concave. The combustion chambers of the 
Winton, the Busch-Sulzer, or the National engines appear 
to be suited to two-stroke design. 

It is surprising to note the widely varying designs of 
combustion chambers which have been used in the 
innumerable designs of two-stroke cycle oil engines of the 
past. A limited review of these for single-acting engines is 
shown in Fig. 4. : 

The original valve-in-head scavenging engines, such as 
the early Carels, Krupp, and M.A.N., had orthodox flat 
cylinder cover bottoms, and varying shapes of dished 
piston tops ; as air injection was the order of the day, the 
shape was not critical. The shape, as in the Carels engine, 
Fig. 4, probably was as good as any from a combustion 
point of view. From the point of view of mechanical 
reliability the flatter shapes of piston top, as in the Sulzer 
engine, also Fig. 4, were and are undoubtedly more 
successful. 

Examination of Fig. 4 will show that the advent of solid 
injection has caused a more compact chamber to be 
evolved which more perfectly fits the particular fuel spray 
formation. 

On the other hand, the early medium and smaller size 
of engines, such as the two-stroke hot bulb or semi-Diesel, 
in which solid injection was the rule, gave rise to a remark- 


as an object the propagation of some degree of piston 
turbulence to give some air movement to assist the rela- 
tively crude fuel injection then available. Others had air 
cells or chambers, and the earliest air chamber type of 
combustion chamber was the Meitz and Weiss (1900) 
engine, as shown in Fig. 4; this type has had a number of 
recent applications to the automotive type of engine. 

It is of interest to note that the early airless-injection two- 
stroke engines were invariably associated with an inefficient 
air scavenging and air supply system, and this apparently 
caused extraordinary variations in combustion chamber 
design. On the other hand, the early air injection large 
two-stroke engines invariably had very efficient scaveng- 
ing. Looking back, there seems to be no doubt that in 
many cases undue importance was given to simplicity in 
design as typified by the use of simple side parts and shaped 
piston tops, as in Fig. 1, Diagram 13, with crank case com- 
pression, and this frequently greatly increased the diffi- 
culties of obtaining clean combustion, and reduced the 
specific output to such an extent that such engines com- 
pared unfavourably with four-stroke engines in speed, 
size, weight, and even fuel consumption. 

The shape of the piston top and cover bottom in a 
number of two-stroke engines is a compromise between 
scavenging and fuel injection requirements; such cases 
are the M.A.N., Scott, and Fairbanks-Morse engines. 
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Obviously the ideal is obtained when the requirements 
of scavenging and fuel injection are identical. Fig. 4 
shows a number of such cases. 

(To be continued.) 








American Engineering News. 
America’s Steel Industry. 


In spite of an unfriendly attitude on the part of 
the Government, the steel works of the United States 
expended some £44,000,000 on extensions and enlarge- 
ments during 1936, and plan expenditures of about 
£40,000,000 for the present year. Over 3} million tons 
capacity of new hot plate, sheet and strip steel were added 
in 1936, together with 1,000,000 tons of new cold rolli 





t consumer 


alloy steels. The automotive industry is a grea 
of steel, and in 1936 it produced 4,610,857 automobiles 
and motor trucks, as against 4,119,811 in 1935. 


American Bridge and Rail Studies. 


For a comprehensive study of the te factor 
as relating to bridge design, the American Railway Engi- 
neering Association is planning to supplement its analytical 
work in connection with tests conducted by two railways 
with a thorough investigation by field work on bridges of 
different types. For this work special electrically operated 
oscillographs will be necessary, to produce accurate and 
precise records. Such instruments have been used, but 
it is desired to have new devices embodying the latest 
developments for measuring and recording. addition, 
there will be telephone equipment and the necessary 
apparatus for controlling the movements of test trains 
from the place where the apparatus is installed. In the 
studies, particular attention will be given to the difference 
between open-floor, ballasted-floor, and reinforced con- 
crete bridges, it being generally considered that for such 
structures the present impact formule give results that 
are too high.—Another line of study is on the stresses 
caused in permanent way by the of fast and heavy 
trains. Tests have been made on long stretches of welded 
rails, under a wide range of temperature and traffic con- 
ditions, to determine the magnitude of the anchorage 
effect of sleepers and ballast in resisting forces set up by 
temperature changes in the rails. In the determination 
of lateral and vertical impact effects of locomotives at 
high speeds, it appears that on straight line heavy lateral 
impact is accompanied usually by high vertical loads on one 
rail. A variety of designs of rail joints are also under test 
and observation, since no joint yet devised has the same 
strength as the rails themselves. The joints also are a 
continual source of work and expense in maintenance of 
track. Both four-bolt and six-bolt joints are in extensive 
use. Laboratory tests of wear of rail joints are proposed 
by means of a reciprocating rolling load machine, closely 
approximating the variation of positive and negative 
bending moments imposed on rail joints in service in 
the track. 
New Rolling Mill in America. 

The new Carnegie plate mill, which started 
operation in December, is of the semi-continuous type 
for 100in. sheared plates, and combines large output with 
high precision. A slab passes from the furnace to beyond 
the finishing train in less than two minutes, and a plate 
leaves this train every forty seconds. From the heating 
furnaces the slabs go successively to: (a) A two-high 
scale breaker; (b) a four-high non-reversing mill, 
42 and 52 by 120in.; (c) a horizontal slab-edging press ; 
(d) a vertical roll edger to maintain uniform width ; (e) a 
four-high reversing roughing stand, 36 and 54 by 100in. ; 
(f) a double-pinch roll as scale breaker; (g) four four- 
high finishing mills, 27 and 54 by 100in. Two more of these 
can be added for rolling heavy plate. Scale is removed 
by a hydraulic descaler having jets at 1000 lb. pressure. 
For automatic control of the reversing mill, the proper 
draught for each pass is determined and the tric 
controls are set accordingly. They then make the required 
changes in roll setting for each pass ; when the slab moves 
on to the finishing mill, the controls automatically restore 
the initial set, and are ready to repeat the cycle. Work* 
rolls are balanced from hydraulic cylinders under 1500 Ib. 
pressure. All the four-high stands are equipped with 
pressure meters, actuating indicators and recorders in 
the operating pulpits. There are four pulpits, glass 
enclosed, and about 12ft. above the floor. There is an 
electric motor of 1000 H.P. for the first scale breaker ; 
4500 H.P. for the non-reversing mill, 500 H.P. for the 
slab reducer, 7000 H.P. for the reversing mill, 600 H.P. 
for the vertical edger, and four motors of 5000 H.P. 
for the finishing trains. A rocking type of end shear is 
operated by a 150 H.P. motor and controlled from a 
pulpit, cutting to a gt within jin. Commercial and 
alloy sheets are ro grin. to fin. thick, 20in. to 90in. 
wide, and the final tables handle plates up to 150ft. 
in length. The slabs are 22in. to 54in. wide, 48in. to 
180in. long, and 3in. to 9in. thick. The four reheating 
furnaces, 18ft. by 83ft., can each heat 50 gross tons of 
cold slabs per hour, under automatic control of tempera- 
ture. The capacity in finished output is about 730,000 
tons of plate per year. 








InstrruTEe oF Metats.-—The Council of the Institute of Metals 
the temp 'y pension of the entrance fee of one 
inea hitherto payable by student members. Thus it now 
comes possible for a qualified applicant, under twenty-four 
years of age, to join the student member class on payment of 
only one guinea—the t of the 1 subscription. 
InstrruTion oF Enoinerrs-In-Cuarce.—On Friday, Apri 
9th, the Institution of ee ee held its thirty 
dinner in the King’s Hall, Holborn Restaurant, 











capacity. During the present year there will be added 14 
million tons of hot-rolled and | million tons of cold-rolled 
capacity. The great expansion is due to the fact that con- 
tinuous mills—hot and cold alike—have shown ability to 
reduce costs and give improved product. Hot coilsreduced 
cold to tin-plate gauge have given a specially good product 
for the meat packing industry. To balance mills with raw 
material capacity, eight open-hearth furnaces were added 
in 1936, with ah aggregate capacity of 788,000 tons. Several 
blast-furnaces were enlarged, and others are to be enlarged 
in 1937, while three or four new ones—the first since 1930— 
are to be built. Then in 1936 there were thirty-eight new 
electric furnaces built, and several are planned for 1937. 
Six of the leading iron and steel companies report profits 
for 1936 as £21,000,000, compared with £5,600,000 for 
1935. Pig iron production for 1936 was 30 million gross 
tons, as against 21 million in 1935; steel ingots, 424 
million tons, or 68} per cent. of capacity, as against 
334 million tons, or 48} per cent. of capacity, for 1935. 
Speeds of cold strip mill drives increase steadily. An 
84in. tandem mill has three main motors, aggregating 
6500 H.P., and a 350 H.P. reel motor. A 42in. tandem 
mill to roll tin-plate at 1400ft. per minute will have 
4400 H.P. of driving motors. In aircraft work, there has 
been development in aluminium alloys, magnesium alloy 
castings, and austenitic stainless steels, but there is an 


seventh annual di | 
with the President, Mr. Asa Binns, in the chair, and Mr. A. N. 
Foster, Vice-Chairman of the Institution, as Vice-chairman. 
The long top table was, as usual, occupied almost peng by 
distinguish guests, amongst whom must be noted the - 
dents of the “ Civils,” the ‘ Mechanicals,” the “ Electricals,’ 
the British Engineers’ Association, and several other institutions 
and societies. Between the speeches a programme of songs 
arranged by Mr. C. K. Dawe contributed to the enjoyment of 
a very successful evening. The first toast, that of ‘‘ The 
Institution,” was proposed by Sir Alexander Gibb in a carefully 
repared , which dealt with the necessity for Great 
ritain to abstain from all cheap and shoddy production and 
devote herself to work of the highest class. He understood that 
it was the continual object of the Institution to improve the 
atatus of its members, and he commended it accordingly. Mr. 
Asa Binns, of course, responded in his usual neat manner. The 
next toast, “ T: and Industry,” was proposed by Mr. 
ughnan Pendred, and acknow by Mr. Theophilus 
Williams, Dock and Traffic Manager of the Port of London 
Authority. It canrot be said honestly that either speaker 
stuck seriously to his subject, but Mr. Williams ke with 
an infectious pleasure, chipping his co-workers on P.L.A., 
ing the leg of the proposer for his divagations, and seasoning 
the whole with a good story or two so that the diners were 
titulated, if not instructed. Sir Alfred Baker, of the L.C.C., 
was no more serious than the prior speaker ; also chaffed 
the P.L.A. Mr. H. T. Young, President of the ‘‘ Electricals,” 
responded in the light vein. With the toast of “ The President, 
proposed by Mr. A. N. Foster, and with Mr. Binn’s graceful 
acknowledgment, the evening was brought to a very happy 
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The prices quoted herein relate to bulk quantities. 


f.o.b, steamer. 


The Advance in Export Prices. 


The steady rise in Continental steel export 
prices continues without a break. Quotations for prac- 
tically all descriptions of Cartel steel in overseas markets 
are, in some cases, as high as those for British steel, 
although these were recently increased. This position 
has rarely, if ever, existed, and it is creating some concern 
both here and on the Continent. British prices of struc- 
tural steel have been raised by 10s. to £9 12s. 6d. f.o.b. 
angle basis, whilst the quotation for plates has been 
raised 7s. 6d., making jin. basis £10. The quantities 
available for export, however, are entirely insufficient 
to meet the demand, and much of the material which 
is now being sent overseas from this country is against 
contracts entered into months ago. Although the prices 
of Continental steel have not been officially raised for 
some time, the effective prices have advanced owing 
to the custom on the Continent of asking high premiums 
on any business offering. Merchant bars are now quoted 
at £7 gold f.o.b. Antwerp, joists at £6 5s. gold, and heavy 
plates at £8 2s. 6d. gold. Some nervousness, however, 
appears to be developing amongst the Continental steel 
makers as to the ultimate effect of these high levels. 
It is admitted that they are now making extremely heavy 
profits, but the markets which are forced to pay these 
prices are naturally profoundly dissatisfied, and schemes 
are afoot in a number of countries either to enlarge existing 
steel plant or to build new works. The soundness of the 
demand is also t, and it is feared that a substantial 
proportion of it is due to speculation. On former occasions 
when similar conditions have prevailed (although it is 
difficult to remember a time when Continent prices were 
quite so high) tors in the export markets have 
caused considerable trouble by refusing to take up steel 
materials when the prices went against them, and many 
steel companies have lively recollections of the losses 
then sustained. It is doubtful, also, if the British steel 
makers are in favour of an unlimited increase in export 
rates, since they know as well as their Continental 
colleagues the dangers of such a course. 

The British Iron and Steel Federation, in its 
monthly statement for March, reports that the production 
of pig iron totalled 680,300 tons, compared with 603,700 
tons in February and 633,600 tons in March last year. 
The output includes 137,100 tons of hematite, 396,900 tons 
of basic, 113,500 tons of foundry, and 14,600 tons of forge 
pig iron. The production of steel ingots and castings in 
March amounted to 1,109,500 tons, against 995,900 tons 
in the previous month and 980,100 tons in March, 1936. 
At the end of the month 117 furnaces were in blast, five 
having been blown in and three put out during March. 
Details of these furnaces, which are not given in the 
report, are as follows :—One each blown in by Dorman 
Long and Co., Ltd., Middlesbrough; the Goldendale 
Iron Company, Ltd., Tunstall, Staffs.; the Millom and 
Askham Hematite Iron Company, Ltd., Cumberland ; 
M. and W. Grazebrook, Ltd., Netherton, Wores.; and 
Guest, Keen and Baldwins Iron and Steel Company, 
Ltd., Briton Ferry, Glam. One furnace was blown out 
at the works of the Renishaw Iron Company, Ltd., near 
Sheffield; G. and R. Thomas, Ltd., Bloxwich, Stafis.; 
and the Millom and Askham Hematite Iron Company, 
Ltd. The following table gives the nionthly average 
production over a period of years and the output for the 
past four months :— 


Pig iron, tons. Steel, tons. 
1913—Monthly average... 855,000 ... ... 638,600 
1920 on os ste’ @OB0O0..... 755,600 
1929 -.- 632,400 803,000 
1934 . 497,400 737,500 
1935 535,300 821,600 
1936 640,500 974,900 
December 671,400 1,019,200 
1937—January 650,700 998,900 
February 603,700 ... 995,900 
March ... 680,300 . 1,109,500 


The Pig Iron Market. 


Little business is now being transacted in the 
pig iron market and the producers are struggling to meet 
the specifications which pour into the works against 
contracts. The shortage of basic pig iron is still acute and 
is felt particularly in Scotland, where consideration con- 
tinues to be given to the putting into commission of fur- 
naces which have long been idle. Many of the steel works 
can call upon their allied undertakings for supplies of 
pig iron, but some rely to a great extent upon p in 
the open market, and these have become almost impossible 
of late, so heavy has been the demand. The efforts to 
arrange for additional imports have been only partially 
successful, and the hopes which were entertained of secur- 
ing large supplies from Russia have not been realised. 
Nevertheless, it is understood that negotiations are still 
being continued, but the Russians do not seem to be in a 
position to state either the quantities they have available 
or the price they would be prepared to accept. Occasional 
offers of basic iron from abroad reach this country, but 
the prices usually demanded are beyond anything that 
consumers are willing to pay. In the foundry iron market 
the demand, as is usual at this time of the year, is again 
expanding and the light castings industry is absorbing 
considerable quantities. It is difficult, however, for con- 
sumers to place fresh orders, since there seems little likeli- 
hood that the production of this description of pig iron 
will be increased to any important extent for some time. 
On the North-East Coast business in Cleveland pig iron 
for home delivery has been at a ver ant standstill. 
Foreign buyers are understood to have offered high prices 
— but these have been refused. Naturally, the 
producers are doing their best to fulfill old export con- 
tracts. It is interesting to note that the ascertained 
average Hove for No. 3 Cleveland pig iron for the quarter 
ending March 31st was 68s. 2d., compared with 63s. 6d. 





Markets; Notes: and» News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 


for the previous quarter. In the Midlands there has been 
a practical suspension of new business, and it is under- 
stood that the production of Northamptonshire, Stafford- 
shire, and Derbyshire foundries so far as can be estimated 
has been sold until the end of June. It is impossible to 


gauge the position that will exist later on, as it is generally 
assumed that prices will be considerably increased. Some 
of the Der ire firms have sold heavily into the third 


quarter, but most of these contracts have been made at 
the prices ruling at the date of delivery. The Scottish 
founders have to work on hand-to-mouth supplies and 
the pig iron makers are not entering into new contracts 
for the time being. Business in hematite has been insignifi- 
cant, but it has been possible to — occasional small 
parcel. There is considerable difficulty in obtaining 
delivery against existing contracts, although the makers 
appear to be doing their best to meet the requirements of 
their customers. 


The North-East Coast and Yorkshire. 


The chief feature in the manufactured iron and 
steel section of the market is the difficulty of placing new 
orders or obtaining deliveries against existing contracts. 
Whilst this position obtains the steel works are operating 
at full capacity and are making almost record deliveries. 
Supplies of structural steel are insufficient to meet the 
demand, and although there have been complaints that 
the constructional engineers, in the hope of obtaining 
material, have ordered larger quantities than they 
required, this is scarcely borne out by the position existing 
in that industry. There is hardly a firm engaged upon 
structural jobs that during the past few months has not 
had to suspend work as a result of the delays in delivery of 
urgently needed steel. The decline in imports affects the 
situation, since it seriously reduces the amount of finished 
steel available for the consuming industries. The pressure 
to obtain semis is unrelaxed and the worst feature of the 
unsatisfactory outlook is that there seems little likelihood 
of any permanent improvement in the supply until imports 
of Continental steel are resumed upon a normal scale, and 
of this there is no sign. Severe as is the shortage of billets 
in comparison with the demand, it would seem that the 
scarcity of sheet bars is even worse. The output of the 
sheet mills has been greatly reduced as a result of this lack 
of raw material, and there are practically no sales being 
made. Home trade quotations, therefore, of £14 for black 
and £17 for galvanised sheets, 24-G basis, are nominal 
to all intents and purposes. A certain amount of business 
has been done for export, but few of the sheet makers are 
in a position to accept orders except for far forward 
delivery. The shipbuilding industry on the North-East 
Coast continues to absorb heavy quantities of steel, but 
the yards are not getting their deliveries so promptly as 
they are required. In the Yorkshire market the scarcity 
of all materials is causing concern. Sheffield makers com- 
plain that they are not obtaining adequate supplies of 
coke or coal and their efforts to maintain their output of 
steel are handicapped by the scarcity of scrap and pig 
iron. On the other hand, there has been no decline in the 
demand for basic steel. The quotation for basic billets 
is still retained at £6 5s., but practically no business has 
been posstie Sve. fev past, ore caccia taunt a is 
reg as nominal. There is a growing request for acid 
carbon steel billets and the position in this department so 
far e deliveries are concerned is deteriorating. A report 
that prices may be raised earlier than was has 
increased consumers’ anxiety —— orders for delivery 
Se date, but practically no business has been 
accepted. 


The Midlands and South Wales. 


Great concern is expressed in all departments of 
the Midland steel trade at the deterioration which is 
manifesting itself in the situation as regards supplies and 
deliveries. The scarcity of Pig iron and scrap is said to be 
affecting output at the steel works and the total produc- 
tion of finished steel has been materially reduced by the 
restriction of output at the re-rolling works through the 
impossibility of obtaining billets and sheet bars. At the 
same time the steel works are operating at full capacity, 
and are endeavouring to meet their customers’ require- 
ments. In some cases, however, they are only now 
delivering material which was due at the end of last year. 
The question of prices also is agitating the steel-making 
side of the industry. Itis claimed that costs have advanced 
to a far greater extent than prices have been allowed to 
rise, and the producers are dissatisfied with the situation. 
Little business has been transacted in structural steel, 
simply because most makers refuse to undertake new 
commitments. Users are: prepared.to,buy for forward 
delivery, and in some cases would be willing to do so at 
indefinite prices, but most of them prefer to wait until the 
price position becomes clear, even at the risk of delaying 
work in hand. The scarcity of billets is the worst feature 
of the situation, and recently several re-rolling works in 
the Midlands were standing idle, owing to the impossi- 
bility of obtaining billets and sheet bars, whilst others 
were working short time. The plate mills find it impossible 
to meet the full demand, and are subject to considerable 
pressure from consumers of all kinds of material, many of 
whom have orders in hand in connection with the defence 
programme. The position in the sheet market has not 
improved, and consumers are badly situated. The stock- 
holding merchants have been able to fill the gap to a 
slight extent, as most of them have contracts against 
which they are receiving deliveries, and also hold stocks, 
eae the latter are becoming rapidly depleted. The 
South Wales steel works are operating at as near capacity 
as their supplies of raw materials will permit, but are 
unable to meet the demand from the consuming industries. 
Most of the tin-plate works are associated with steel works, 
and are able to arrange for their own supplies, but all are 
not in this happy position. A meeting of the International 








Tinplate Association was held in Venice last week, and 








Export quotations are 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


it was decided not to fix a maximum price, but to advance 
the minimum quotation by 2s. 9d. from 19s. 9d. f.o.b., 
20 by 14 basis, plain wood or iron hooped boxes, and 
19s. 44d. f.0.t. This would make the minimum quotation 
22s. 6d. f.o.b., but in practice business is being done at 
figures between 24s. and 25s. f.o.b. and f.o.t. 


Current Business. 

John Brown and Co., Ltd., Clydebank, will 
receive a contract from the Admiralty for the construction 
of a depot ship for submarines included in the 1937 pro- 
= After being closed for seven years the Threlkeld 

Mine near Keswick was re-opened on April 5th. This 
has been made ible by the higher prices recently ruling 
for the metal. The Old Castle Iron and Tinplate Company, 
Ltd., and the Western Tinplate Works, Ltd., both of 
Lianelly, have been ted. The Old Castle Com- 

y owns seventeen mills and the Western works eight. 
roposals are now on foot to start at Jarrow a re-rolling 
works, which may be utilised at short notice for munitions. 
The Anglo-American Oil Company, Ltd., has decided to 
make its first test bore in the search for oil in this country 
at a spot one mile from Hellingly, in Sussex. An asbestos 
cement factory is to be erected in Scotland by Turner and 
Newall, Ltd. The British Electro Metallurgical Company , 
Ltd., which was recently formed by a fusion of British 
and American interests, is to build a works at Wincobank, 
Sheffield, for the production of ferro-chrome. The London 
and North-Eastern Railway Company has placed a contract 
with Henry Lees and Co., Ltd., Glasgow, for a mechanical 
coaling plant of 250 tons capacity, which is to be installed 
at Darnall. A contract has been placed with Hathorn, 
Davey and Co., Ltd., Leeds, for pumping plant for Istanbul. 
The order is valued at £29,000. The nt of Over- 
seas Trade announces that the following are open for 
tender :—South African — aver = —_ 
Board are preparing an approved list of tenderers for the 
supply of cast iron and spun iron pipes. Johannesburg 
City Council : Centrifugal pump and motor (Johannesburg, 
April 24th) ; Indian Stores Department : Manhole covers 
and frame, heavy type; 200 miles of galvanised iron 
wire weighing 501lb. per mile; 1300 miles weighing 
150 Ib. per mile; 1050 miles weighing 300 Ib. per mile ; 
and 500 miles weighing 600 Ib. per mile (Electrical Depart- 
ment, Simla, April 27th). 


Copper and Tin. 


The electrolytic copper market has suffered for 
the past week from adverse outside influences, such as 
fears for the devaluation of the franc and the unsettled 
labour conditions fi the United States. Prices have had 
a distinctly easier tendency. In America buying has been 
rather quiet and a reduction in the domestic price to 
16c. has been followed by some sellers offering at 15-50c., 
although this has not stimulated the industrial demand. 
The producers, however, are well sold and are not pressing 
copper upon the market. The demand in this country for 
electrolytic copper has been maintained and the large 
consumers @ to be taking considerable quantities. 
On the Continent financial considerations stand in the way 
of active trading conditions, and there is no doubt that 
many European countries would buy much larger tonnages 
if the restrictions upon exchange were not so severe. As 
it is, however, when prices recede the demand develops, 
although it does not often last so long as might be expected, 
considering the situation of the foreign consuming trades. 
It is not easy to buy prompt metal, but the general belief 
is that production is ually overtaking consumption 
and that the statistics will disclose this during the next 
month or two. It is rather difficult to say how much of 
the buying of late has been due to the desire of users to 
build up their stocks, but probably the consuming trades 
are now in a better position as regards reserves than for 
some time past. Prices in the standard market have stood 
up well against somewhat depressing influences, but not 
unnaturally the market has developed rather an easier 
tone. The general view at the moment seems to be that 
prices are likely to fluctuate at around present levels. 
For some time past the stocks of standard copper have 
been decreasing, but there are indications that this steady 
shrinkage is likely to be checked in the near future. . . . 
As in other non-ferrous metal markets, weak conditions 
developed in tin early in the week. Business has not been 
active in this department and speculators are showing 
comparatively small interest in the metal. Whilst buyers 
in this country have taken up fair quantities the American 
demand has been distinctly poor, notwithstanding reports 
that consumers there are not well covered. Probably the 
unsettled labour conditions in the United States militate 
against consumers unde i commitments for the 
time being. The demand from the Continent has fluc- 
tuated, but at times has developed a certain amount of 
activity. 


The Spelter Position. 


A reaction occurred at the beginning of this 
week in the price of spelter, and for the time being it looks 
as though values might further decrease. The statistical 
position, however, remains good, and not only does con- 
sumption appear to be expanding, but there is a strong 
industrial demand. There is still a scarcity of high-grade 
spelter and buyers have had to search the market to obtain 
prompt parcels. The ore position has not improved, and 
until extensions have been made to the smelting plant it 
does not seem likely that the smelters will be able to deal 
with the quantities offering. The recent high prices of 
the metal appear to have had une: ted repercussions on 


xpec 
the Continent, and the Polish Zinc Cartel has been dissolved 
by order of the Government on the grounds that its regu- 
lation of the prices for raw and refined zinc led to values 
being raised to an unjustifiable level. The Polish import 
duties on zine and lead also have been suspended. 
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PIG IRON. 













No. 3 G.M.B. 













Forge 





ScoTLanp-—— 
Hematite, f.o.t. furnaces* 
No. 1 Foundry, ditto 
No. 3 Foundry, ditto 
Basic, d/d (Less 5/— rebate) 
N.W. Coast— 
Hematite Mixed Nos.* 









a ee 
a 


3.6 
9 6 





uo 





* Less 5 — 







MANUFACTURED 












41 0 
No. 4 Foundry eter SF Saw 
Basic (Less 5/— rebate)... 4 2 6 


- 
— 
= 


rebate. 


No. 1 a xian Th Sehewrsiene teed Sy Be 


MipLaNnps— 
Staffs-— (Delivered to Black Country Station) 
North Staffs. Foundry SUS Oe a 


Pe RTE pipe fam, pare 
Basic (Less 5/-rebate) ... 4 2 6 
Northampton 
Foundry No.3). ...) ;i.-:,,4 -3+ 6 .. 
Forge 3.18 6 
Derbyshire— 
No. 3 Foundry 4 6 0 


Od/d Glasgow 


Sheffield 


» Birmingham 


TRON. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. 


Home. Export. 
(Dd Teesside Area) 

N.E. Coast S 4. d. = a. 4 
Hematite Mixed Nos.* StF: Oa; _ 
No. l te. ae Be 

Cleveland (Dd Teesside Area) 


Home. Export. 
LANcs. AND YORKS.— ee & £ s.d, 
Crown Bars M Muh « 
Best Bars 2 7e 
MIDLANDS- 
Crown Bars : ee ie Fe ms 
Marked Bars (Staffs. b 3 Cs 
No, 3 Quality... 10 5 0 
No. 4 Quality... , ee ae 
ScoTLaNnD— & 
Crown Bars Sw BB. Pes 1117 6 
Best... : : doe Opt A 1’ 76 
N.E. Coast 
Crown Bars ow 2427.8... lt O 0 
Best Bars Lint bose B&AaT 6. ll lo @ 
Double Best Bars A? (BR ' 64; 12 vo 0 
NORTHERN IRELAND AND FREE STATE 
Crown Bars, f.o.q.... cis Gio: _ 
STEEL. 
Home. Export. 
LONDON AND THE SouTH-— 7. = £ os. d. 
CN PTET BOE. sik I TET 9 12° 6 
Tees... ee ee oe 10 12 6 
tls weenerek ssid. cammlnt, GEL on 912 6 
Channels... ... - 49611 FE 1O. 16 .g. 917 6 
Rounds, ain. andup ... 10 5 6. 10 12 6 
+ under 3in. BsieOoks 16... 1 0 0 
Flats, under Sin. ... ... 9 12 6. 10 0 0 
Plates, jin. (basis) .. 915 6... 10 0 0 
- isin. ... 10 0 6 10 5 0 
bins: 6: 10 5 6 10 10 0 
a Pins... 120 AO 8 10 15 0 
Un. #in. to fin. inel. ... 10 3 0 lis2 6 
Boiler Plates, fin. 10 56 6. ll 2:6 
NortH-East Coast- a ee £s.d 
Amglee osr6 poe: er* am, a ee 912 6 
Tees... ... 4 10,..3:.0.., 10 10 0 
Joists Sti ...' ®derit satht Qt Borers 912 6 
Chatitieles)) 4) a. 08 One. 917 6 
Rounds, Sin: andup ... 10 3 10 12 6 
to under 3in. .. 9 ee 10 0 6 
Plates, jin. salle ee AE 10 0 0 
= ae ae Ws ee 10 5 0 
b> fin. . vet dD Dy Bc. 0 10 0 
ee F908 cB. 10 15 0 
Un. jin. to Pra ind 918 0 ll 2 6 
Boiler Plates, fin. $18: OB Fi okt 6 
MIDLANDS, AND LEEDS aND DistTRICT— 
£s. d. £ s. d. 
Angles ... . rte Oita 912 6 
Tees... ton LS, JOS ROR 10 12 6 
SOG oe ce ee eee 912 6 
CORR... oi. ey Seve? Oe 917 6 
Rounds, 3in. and up 0. SO. 1012 6 
9s under. 3in. ee eC a ee 10 0 0 
Flats, 5in. and under ... 910 0... 10 0 0 
Plates, jin. (basis) ... 913 0.. i0 9 0 
” Bit... ee dee ee lo 5 0 
os jin. ... 10 3 0... 1010 0 
aie Sige | Sie cde save 10 15 0 
Un. gin. to din, baal opef DAB Do» Il 2 6 
Boiler Plates, jin. 10../3,.% +, NG yas 





Current Prices) for Metals: and Fuels. 









purchasing only from associated British Steelmakers. 


STEEL (continued). 


Home. Export 
Guascow anv Distrricr £ os. d. £s.d 
Angles .. srt eee aa ee en mat. ees 912 6 
Tees... ee ee 10 12° 6 
Joists ME Sy: Sh a EE 912 6 
CERES se hr Vom 917 6 
Rounds, 3in, and up 1 3 0 10 12 6 
in under 3in. ice Dr Mad 10 0 @ 
Flats, 5in. and under ... 9 10 0 10 0 0 
Plates, jin. (basis) ... 910 6 10 0 0 
9 Ry Ae aie his et gh, ee 10 5 0 
fin. ... ee ass 10 10 0 
es ein. ... o daagt) BR HE ot 1015 0 
Un. jin. to fin, imel. .... 9 18 0 iki? 6 
Boiler Plates, jin. 10 0 6 At 2 
Sovrn Waunrs AREA--- £ 5s. d. £ d. 
Amphed os A Bee 912 6 
Tees... 0 3 0... 10 | 6 
Joists ohare ee Rana ate <a eee ae 9°12 6 
(8 NR alegre nition pr 917 6 
Rounds, 3in. and up ee Sp OR gia 10 12 6 
Se under 3in. ee SS ey yore 10 0 0 
Flats, Sin. and under ... 9 10 0 10 0 0 
Plates, fin. (basis) '... 913 0... ... lo 0 0 
By 08! Wos, THR cpg gegLD, Ine 10 5 0 
fin. ge ee Bee 10 10 6 
ms fin. 1 (ee... 1015 0 
Un. in. to fin. ine. 10 3 0 216 
[RELAND—¥F.0.Q. BEeLFast. Rest or IRELAND. 
oe £ os. d. 
Angles ... -. aca, soa: eae 910 6 
, mage HE) or! we 10 10 6 
Joists wien «ied covacer DENTS 918 O 
Chemealeics ad’) --- ase QA, @ -. 915 6 
Rounds, 3im. and up 10 8 O.. 10 10 6 
of under 3in. Ss: @xu@... 8 8 0 
Plates, jin. (basis) ... 915 6.. 918 0 
cans i iy ee 10 3 0 
fin. ... 1 5 6... 10 8 0 
set ine.) 1012 6.. 10 13. 0 
Un. jin. to fin. incl. ... 10 5 6. ww 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. rar Er £ Bas Oe 
11-G, to 14-G., d/d 13... 0.... f.o.b. 12 10 O 
15-G. to 20-G., d/d 13-15 0 .... ..i fo.b. 12-15 0 
21-G. to 24-G., d/d 14 0 0... ...f0.b. 138 0.0 
25-G. to 26-G., d/d . 4912 6. ..f.o.b. 13 15 0 


South Africa, 24-G. Basis £13 0s., plus 3% on invoice value ; 
Australia £13; Irish Free State, £14 10s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 

Home. £ s. d. 


4-ton lots and up .. 17 0 0 
2-ton to 4-ton lots 1 ee 
Under 2 tons ~ a? 0.9 


Export : India, £22 5s. c.i.f.; South Africa, £16 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.o.b.; 
Irish Free State, £17 1és. f.o.q.; General, £16 15s. f.o.b. 
Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 24s. Od. to 25s. Ud. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 


Billets. S did, 
Basic (0-33% to 0:41% C.) oft Y Sele ile 
» Medium (0- ah t¢ 0°00" My ©.) ake 
Hard (0-61% to 0-85% C.) eet ee 
+» (0:86% to 0-99 C.) +9, 24 
és » (1% C.and up) ... ne a 
Soft. (up to 0- 25% C.), 500 tons and up .6 5 0 
Rails, Heavy, 500-ton lots, f.0.t. is Ok@. -@ 
» Light, f.o.t. Md. .710 0 
FERRO ALLOYS. 
Tungsten Metal Powder 5/3 per lb. 
Ferro Tungsten 5/0 per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c.to 6p.c.carbon £21 10 0 7/- 
6 p.c. to 8 p.c. £21 0 0 7/- 
8 p.c. to 10 p.c. £21 0 0 7/- 
Specially Refined ... 
Max. 2p.c.carbon £32 10 0 1L/- 
» Lpec.carbon £35 15 0 llj- 
0-50 p.c. carbon £36 10 0 12)- 
J PA carbon-free ... 9$d. per Ib. 
Metallic Chromium.. 2/5 per Ib. 


£13 15 Ohome 


Ferro Manganese (| ah 76p p-c. 
£12 0 Oscale 5/—p.u. 


» Silicon, 45 p.c. to 50 p.c. 


o> os 1638 pe. £17 0 Oscale 6/-p.u. 
» Vanadium 12/8 per Ib. 
3 Metipdeenaea 2 3 4/9 per Ib. 
Titanium (auction treo} 9d. per Ib. 
BAS) £180 to £185 


N iokel (per ton) 


Cobalt 7/- to 7/1 per Ib. 











Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 


NON-FERROUS METALS. 


(Official Prices, 


CoPPsR- 
Cash ... £64 
Three months ... £62 
Electrolytic £68 
Best Selected Ingo, d/d Bir- 
mingham oo pees 
Sheets, Hot Rolled 
Tubes, Solid Drawn (basis) .. 
Brazed (basis) 
Brass 
Ingots, 70/30, d/d Birmingham 
Tubes, Solid Drawn, 2/1 Alloy 
ot Brazed 
Tin 
Cash ... £275 
Three months ... £272 
LEAD : £25 
SPELTER : £26 


Aluminium OO (British) 


FUELS. 
SCOTLAND. 
LANARKSHIRE— 


(f.0.b. Grangemouth)-Navigation Unscreened 


Hamilton Ell 
Splints 
AYRSHIRE- 
(f.0.b. Ports)}—Steam 
FIFEsSHIRE— 
(f.0.b. Methil or Burntisland )}— 
Prime Steam . bie ithas 
Unsereened Nav igation 


LoTrHIANS— 
(f.0.b. Leith)}—Hartley Prime 


Secondary Steam ... 


ENGLAND. 
Sovutn YorKsHrme, Hvurt-— 
B.S.Y. Hards... 
Steam Screened 


NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 
» Second... .. 
» Best Small... 


Unscreened 


DurHAM— 
Best Gas... 
Foundry Coke 
SHEFFIELD— 
Best Hand-picked Branch . 
South Yorkshire wah 
Seconds ... 


CaRDIFF— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large ... 
Best Seconds 
Best Dry Large 
Ordinaries 
Bunker Smalls 
Cargo Smalls ... 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 
SwaNnsEa— 

Anthracite Coals : 
Best Large ... 
Machine-made Cobbles... 
Nuts 
Beans 
Peas Pee © 
Rubbly Culm... 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption : contracts in bulk. 


April 14th) 


2 6to £64 5 0 
12 6to £62 15 0 
10 Oto £70 10 06 
£70 5 O 
£100 0 0 
Home. Export 
143d. 149d. 
14}d. 143d. 
60 0 0 
Home. Export. 
13d. 13d. 
lid. 15d. 
16 Oto £276 5 0 
15 Oto £273 0 0 
13 9to £25 10 0 
2 6to £26 7 6 


£100 to £105 


Inland. 

. 27/6 to 29/— 

.. 24/-to 26/- 
22/—to 23/- 


Export. 
19'- to 19.6 
20/- 
21- 

19.- 
21/- 
19/— to 19.6 
20, - 
19/— 
21,— to 21/6 
18/— to 18/6 
20/6 
19/6 
15/6 to 16/~ 
18/— to 19 
20/- 

35 — to 40 

25/- 

25,- 

25/- 
23/6 to 24 - 
18/— to 18/6 
17/— to 17/6 
26/— to 28/— 
32/— to 47/6 
27/— to 28/— 

23/6 
36/— to 40,- 
41/— to 48/6 
40/— to 48/6 
27/6 to 35/- 
19/— to 24,6 
14/— to 16/— 
19/— to 25/- 


Exclusive of Government tax of Id. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil 


Per Gallon. 
33d. 
44d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 


Employers’ Lockout. 


WHILE employers have been careful all along to 
abstain from action that might be construed into a breach 
of the social laws, the men are less disposed to fulfil 
obligations imposed upon them by collective contracts 
and compulsory arbitration that were expressly designed 
to put an end to strikes. There is no prospect of that end 
being attained so long as the men refuse to admit arbitra- 
tion upon what they regard as fundamental principles of 
their social policy. One of those principles is bound up 
with the forty hours’ week. While the law gives employers 
the option of spreading the forty hours over five or six 
consecutive days, the unions endeavour to make the five- 
day week general in all trades and industries. Occa- 
sionally men overstep the bounds, and when during Easter 
week those employed at four engineering works at Le 
Bourget refused to turn up on the Saturday, and complete 
the forty hours after the holiday on the previous Monday, 
the employers closed their works, posted notices of dis- 


missal to the men for breach of the collective contract, and | 
invited them to make personal applications for reinstate- | 
ment. At the same time, the firms sent a vigorous protest | 


to Monsieur Blum. This incident is worth noting, because 


had it occurred not long ago it would have provoked a | 
violent reaction amongst the men, but on this occasion the | 
One | 


lockout was accepted almost as a matter of course. 
reason for this change is that the National Employers’ 
Confederation has grown into a powerful means of 
organised resistance. Another is that the unions are no 
longer sure that they can deal lightly with the collective 
contract ; legal rulings have left no doubt as to the rights 
of employers to discharge men for breaches of the contract. 
A still more powerful reason for restraint is the fear of 
what may arise out of the intricacies of the forty hours’ 
week. The national economy has become so much 


entangled in it that Government and other commissions | 
are at work endeavouring to find ways and means of | 
meeting complaints and recriminations from employers in | 
all trades and industries by providing more flexibility in | 
its application, with a possible extension of hours to meet 


is made of spring steel and the alternate arms are bent slightly 


special cases. The cutlery makers at Thiers, who depend 
largely on export trade, flatly reject the forty hours’ 


! 
| 
| 


British Patent Specifications. 


address of the communicator are printed in italics. 


without drawings. 
Copies of Specifications may be obtained at 
Sale Branch, 25, Southampton-buildings, Ch 
the 


le. each. 
TRANSMISSION OF POWER. 


The date first given is the date 
at the end of the abridgment, is 

461,594. March 17th, 1936.—Ciorcn PLates, Borg and Beck 
Company, Ltd., Brock House, Langham-street, London, 
Ww.l 





application ; the second date, 


complete Specification. 





This friction disc, for a plate clutch, is made of three principal 
parts, a central piece, the periphery of whichis cut into a series 
of arms A B, and two friction facings C and D. The centre piece 





| Ne461594 ee 





D 
CH r 


week, which, they say, would involve them in ruin. Any in opposite directions. At the ends of the arms there are curved 
change in the forty hours’ week can be made by the | plate springs E E which are riveted to the arm. The rivet, at 


Government by means of simple decrees, and the Govern- 
ment is prepared to decree anything upon which employers 


and men are agreed, but such agreement is hardly con- | pespuary 19th, 1937. 
ceivable in the case of principles which Socialist labour | ; , 


regards as the bedrock of its charter. 


Public Works. 


One of the chief remedies to be employed by the | 
Popular Front Government for the economic and social | 
troubles it undertook to remove was a vast expenditure on | 
plans for public works that had long stagnated through | 
an exhaustion of funds. Its efforts to release hoarded | 
money by methods that the public resented had to be 
abandoned in favour of more conciliatory means which had | 
the result of replenishing the funds. The various Ministers | 
have now been authorised to spend this year, in addition 
to what was brought over from last year, something like 
2000 million francs upon subsidising works undertaken by 
local authorities, more than a third of which will be 
devoted to road construction, and further expenditure will 
be made on the suppression of level crossings, improve- | 
ments to inland waterways, flood protection works, har- 
bours and bridges, while the Air Ministry will spend an 
additional 267 million francs on civil and military aviation. 
Some of the money goes to the making up of financial 
deficits arising out of the extra cost of construction through 
higher wages and social charges, notably the permanent 
art palaces at the Paris Exhibition, and all estimates upon 
which plans for public works were based are now so largely 
exceeded that the money spent will provide less employ- | 
ment than had been anticipated. At Lyons one important 
undertaking is held up because the men refuse to allow the 
municipality to employ a big excavator, without which the 
cost will so largely exceed the estimate that the problem 
of making up the difference was laid before the Minister 
of Public Works when he visited the town to see what | 
progress was being made with the programme under 
execution. The new port of Lyons was begun in 1935 and is 
now well advanced. A canal around the city will join the 
canal which it is intended to construct alongside the 
Rhone to the artificial lake behind the Genissiat dam now 
being built and thence by a short canal to the lake of 
Geneva. When the whole scheme is completed there will 
be waterborne traffic between Marseilles and Central 
Europe, but the plans are liable to modification, depending 
upon facilities offered by Switzerland and the construction, 
favoured by Marseilles, of a lateral canal the whole length 
of the Rhone. There is plenty of work to be done, though 
not of a character to give general satisfaction to those who 
hope to benefit from it. When the Federation of Building 
Trades used the Paris Exhibition emergency work as a 
lever to oblige Monsieur Blum to guarantee employment 
to the men on the completion of their present jobs, it was 
not satisfied with the prospects offered by the under- 
takings to be put in hand this year, and insisted that the 
Government should issue a public loan of 10,000 million 
francs for new works intended for its members’ special 
benefit. This, of course, cannot be done. The building 
trades, upon which depends activity in structural steel, 
have driven up costs so high as to bring down private 
enterprise to an abnormally low ebb. 


A Big Oil Tanker. 


There was launched on Monday last from the 
yard of the Ateliers et Chantiers de France at Dunkirk 
the biggest oil tanker yet constructed in this country. It 
is the ‘ Emile-Miguet,” built for the Compagnie Navale 
des Pétroles. With a length of 176m. and a width of 
22-5 m., its displacement is 30,600 tons. The hull with 
nineteen tanks is on the Isherwood system of construction. 
There are two engines of the Burmeister-Wain type, con- 
structed by Penhoét, which develop a maximum of 
7260 H.P. Steam for auxiliary engines and pumps is 
supplied by three boilers, in two of which it is raised by 


static’ metal which has a 
| negative permeability tempera- 
ture coefficient. The 


| ment is such that some of the 





the exhaust from the main engines. 


the same time, serves to secure the arm to one or the other of the 
friction discs, so that the three are held resiliently together. The 
disc is said to obviate h and snatching in its operation.— 





MEASURING AND TESTING INSTRUMENTS. 


461,561. August 13th, 1935.—E.vecrricrry Meters, Ferranti 
Ltd., Hollinwood, Lanes.; and M. Whitehead. 
In this meter arrangements 





are made to correct errors caused 
y changes o' perature. It N°461,561 
comprises a normal C-shaped 
permanent magnet with a 
| gap A through which the 
meter disc The magnet 
is attach to the iron back 


plate B by stirrups C. Between B 


the magnet and the back plate 
there are a distance 
pieces D made of “ thermo- 











flux in the magnet passes 
through the strips D of thermo- 
static metal and through the 
metal back plate B of the meter 
so that in the back plate its 
direction is opposite to that in 
the adjacent limb of the mag- 
net. The arrangement is such 
that the flux in the gap A is 











adjusted automatically to 
correct for any temperature 
errors in 


the meter.— 
15th, 1937. 


460,977. August 9th, 1935—-Mrasuninc Low PressuREs, 
Callender’s Cable and Construction Company, _Ltd., 
Hamilton House, Victoria Embankment, London, E.C.4, 
and R. 8. Vincent. 

This is an apparatus for measuring very low gaseous pressures 
by means of an instrument of robust construction. e vessel 
in which the pressure is to be measured is indicated at A. It 
is connected through the dryer or filter B with a positive dis- 
placement compressor C, which delivers into the receiver D. 





N° 460,977 
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Another compressor E of, say, one-tenth the cubic capacity 
of C, but running at the same , evacuates the receiver 
and returns its discharge into the cireuit by the pipe F, The 
consequence is that the pressure is built up in the receiver D 
and is easily recorded by the instrument G. The discharge 
from the second compressor may go to atmosphere by way of 
the outlet H, and the whole apparatus may be submerged in 
a water bath J to maintain an even temperature.-—February 8th, 
1937, 


FURNACES. 


460,964. August Ist, 1935.—Liquip Fue. Burners, S. 
1, Great James-street, Bedford-row, London, W.C.1 
This burner is intended for working in conditions where the 
demand for heat changes abruptly. © furnace wall is shown 
at A. Into it there projects tangentially the burner mouth B. 


Sokal, 


When an invention is communicated from abroad the name and 
When an abridgment is not illustrated the Specification is 
the Patent Office, 
y-lane, W.C.2, 


date of the acceptance of the 





Next comes the short section C, inside which are fixed the burner 
cones D E. The air duct F and the fuel ‘pipe G are attached to C 
in such a manner that they are easily di tled for overhaul 
The spark igniter is shown at H and it is stipulated that it 








should strike a spark in the direction of flow of the gases and 
that it should not be in the axis of the jet, but to one side.- 
February \at, 1937. 





MACHINE TOOLS AND SHOP APPLIANCES. 


461,243. July 12th, 1935.—Cuuck Keys, A. M. Stoner, 297, 
Mountain-road, West Hartford, Conn., U.S.A. 

This is a key for operating the familiar three-jaw drill chuck 

| in which a pinion on the key engages with teeth on the tightening 

ring. Instead of the usual-plain cross bar, as a handle, on the 


N° 461,243 









key, one end is shortened and flattened, as shown in the drawing. 
to provide purchase for the thumb, while the fingers grasp the 
other end of the handle. It is claimed that the design has the 
advantaye that it economises space in packing.— February 12th, 
1937. 


461,293. October 5th, 1935.—Removine Tites rroM PaLters, 
| G. H. Carter, The Dorking Foundry, 62, West-street, 
Dorking, Surrey. 

This is a machine for removing cement tiles from the pallets on 
which they are dried, and to which they tend te adhere, The 
pallets with the tiles are placed on the endless conveyor A, which 
is driven from the shaft B through the gearing C. Near the 


N° 461,293 























delivery end of the conveyor there is a transverse frame D 

ing a@ cross conveyor E driven through the gearing F. On 
the shaft B there is a cam G which operates the plunger H 
through the rocking lever J. In operation the plunger knocks 
the tiles off the pallets and the cross conveyor delivers at the 
side of the. machine. The pallets go on to be used again.— 
February 15th, 1937. 


AND BOATS. 


1936.—Snurp’s SuHarr Brackets. 
Hiittenverein, Aktiengesellschaft. 
Dortmund, Germany. 

forging of propeller shaft brackets, 


460,434. October 13th, 
Dortmund - Hoerder 
Rheinischestrasse 173, 

In order to simplify the 


N° 460,434 





the bracket is made with two separate legs, each carrying one 
half of the bearing, and the two are secured together by shrunk- 
on rings A A.— January 27th, 1937. 


MOTOR CARS AND ROAD TRAFFIC. 


461,284. August 20th, 1935.—Braxes, The Bendix Aviation 
Corporation, 105,, West Adams-street, Chicago, Tilinois, 
U 


In this internal expanding brake it ig aimed to produce a very 





even application of the two shoes, One of them .A, is anchored 
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to the fixed casing B at C, while the other link floats on the 
link D. They are against the brake drum E by the 
hydraulic expanding device F. It will be appreciated that the 
different lengths of primary shoes give different characteristics 


N° 461,284 
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of operation, suey as to lining wear, whereas the force 
transmitted to the secondary shoe is modified by the angle of 
the connecting link as well as by the points at which they are 
connected to the shoes.—February isch, 1937. 


METALLURGY. 


460,956. April 30th, 1935.—Axioy Srezrs, W. MacCormac 
Burden, R. Genders, and R. Harrison, Research " 
ment, Royal Arsenal, Woolwich, Londen, 8.E.18. 

In this ification claim is made for a ‘‘ method of 
ducing an alloy steel having a high surface hardness value w: 
comprises incorporating with a steel or alloy steel of low carbon 
content a proportion of tantal or niobium, for instance, 
10 per cent. in excess of that required to absorb the carbon in 
the alloy, together with a proportion of aluminium, for instance, 
1 per cent., and thereafter subjecting the same to a ni! isi 
= in any suitable or known manner.”—February let, 
1937. 

461,251. August 10th, 1935.—Srze~ Attoys SuByJEcTED TO 
Hicu Temperatures, G. W. Johnson, 47, Lincoln's Inn- 








fields, London. 

it is said to have been found that it is possible to work at 
temperatures up to 600 deg. Cent. by ae the parts 
subjected to the high temperatures of ferritic, low-alloyed, non- 
tempered steel, which contains, in addition to the usual amounts 
of silicon, manganese, copper, or other constituents, small 
amounts o: carbon, chromium, and molybdenum, as well as 
small amounts of tungsten. Nickel or vanadium may also be 
present in small amounts, generally not exceeding 2 = cent. 
in the alloys, if desired. The tungst tent depends on the 
purpose for which the alloy is to be employed, as, for example, 
on the temperature of the superheater, and on the mutual pro- 
portions of the other components of the alloy. a rally 
speaking, amount to less than 1 per cent., and iy than 
= 6 od cent. is even — order to — more closely 

e alloy rtions, the following ranges of composition may 
be given Tor’ suitable steels :—Carbon, from 0-06 to 0-3 per 
cent.; chromium, from 1 to 4 molybdenum, from 
0-1 to 1 per cent.; and tungsten, 0-05 to a few 

r ~~ a usually not eo than ~ per — _— 

ving the following contents have ved especially advan- 

us > thom 0-06 to oS oe cent.; chromium, 

from 1-5 to 3 per cent.; molybdenum, from 0-3 to 0-6 

per cent.; and — from 0-3 to 0-6 per cent. Con 

to expectation, steels of the compositions specified above wi 

a low tungsten content are superior as materials for apparatus 

subjected to high temperatures to steels having a high —— 

content and also chromium and molybdenum content. ey 
have a higher tensile strength at elevated temperatures, but 
may be worked better, and are for this reason as well as 
by reason of their r price more economical, Their 
chemical stability is noticeably high. Example:—A steam 

Pipe having an internal diameter of 16 mm. and a wall thickness 

of 3-3 mm., and constructed of a steel containing 0-18 per 

cent. of carbon, 3 per cent. of chromium, 0-5 per cent. of molyb- 
denum, and 0-5 per cent. of t m is used for three weeks 
for conducting steam theated to 600 deg. Cent. and under 

& pressure of atmospheres. The total stress on the material 

amouats to 6 kilos. per square millimetre. After the said time, 

the pipe shows no widening and practically no attack on the 

material.—February 10th, 1937. 

461,534. July 7th, 1936.—Execrrica, Heatinc ELEMENTs, 
Reinhold Pose, Gerberstrasse 26, Erkrath, near Diisseldorf, 
Germany ; and A. Marré, Sonnbornstrasse 46, Diisseldorf- 
Gerresheim, Germany. 

This invention is concerned in particular with the manufacture 
of alloys for ing heati ments for electrically heated 
furnaces in which the ial hardening pastes or 
case-hardening powders are used for a the charge of iron 
or steel alloys which is introduced into the furnace particularly 
for hardening them. By means of numerous experiments it has 
been found that disintegration of the heating elements does not 
occur if iron, chromium, and nickel are present in the alloys in 
certain definite proportions ; the heating elements then remain 
in good condition even after a life which may be as much as 
20,000 working hours. Heating elements made of an iron alloy 
containing about 20 per cent. Ni, about 25 per cent. Cr, about 
1-2 per cent. Si, about 1 per cent. Mn, and 0-1—0- 15 per cent. C 
have, under similar conditions, that is to say, in the absence of 
sulphur, only about three-quarters the length of life of the alloy 
consisting of about 80 per cent. Ni and about 20 per cent. Cr. 
On the other hand, heating elements made of an iron alloy con- 
taining about 20 per cent. Ni and about 25 per cent. Cr have an 
astonishing d ility when sulphur is present in the furnace ; 
that is to say, when hardening or case-hardening powders 
are used, as compared with an alloy of 80 per cent. Ni and 20 per 
cent. Cr. The composition of the alloys employed is as follows, 
being variable within the limits indicated :—0-01-—2-5 per cent. 
carbon, 0-05-15 per cent. manganese, 0-05-15 per cent. silicon, 
5-35 per cent. chromium, 10—45 per cent. nickel, and remainder 
iron and impurities.—February 18th, 1937. 





per cent.; 





MISCELLANEOUS. 


461,580. October 30th, 1935.—Rorors ror Arm Fans, WIND 
Wueets, &c., Knowles Ltd., Peel Mills, Turton-street, 
Bolton; and L. L. Haselden, Overdene, Lostock, Bolton. 

It is said that this rotor is stiff against wind pressure and not 
liable to fly to pieces on account of centrifugal action. The 





frame is made up of a set of twelve tubular spokes clamped to 
the hub. Into each pair of adjacent es there is threaded a 
V-shaped rod which is also clamped to the hub. The ends of the 
tubular spokes are furnished with cup-shaped fittings for the 


N°461,580 





attachment of circumferential tie rods, as shown in the detail 
sketches. One of these rods has a screwed turnbuckle for 
tightening purposes. The invention is not concerned with the 
vanes of the wheel.— February 19th, 1937. 
461,671. August 17th, 1935—Mortor Fuzrs, W. J. Tennant, 
111-112, Hatton- . London, E.C.1. 
P It has ag found that a ee aes fuel mat be obtained 
y mixing between 5 per cent. and 95 per cent. by weight of 
furfurol with pricmnati” see high boiling point liquid fuels. By 
the expression “‘ comparatively high boiling point liquid fuels ” 
is meant fuels with a boiling point above 150 deg. Cent. Furfurol 
of any origin mag be +“ with ste Mich beding in _ 
new process. mg the comparati i ili iqui 
fuels that are employed for the peodnation of the new enon 
fuel there should be mentioned aon ma apr the tars obtained 
by distillation and other transformations of fuels, decomposition 
reer, and hydrogenation products, icularly pressure 
ydrogenation products of coal and other fuels, also petroleums 
and their mixtures. Of course, the raw materials mentioned 
may be subjected to a distillation and the fractions of higher 
boiling ing point employed for the production of the new fuel. In 
the following the quantities specified are, in all cases, parts by 
walsh. Furfurol may, for example, be mixed with a heavy 
residual oil (bunker oil C) in quantities of 5-25 per cent. and 
75-95 per cent. or with Standard Diesel oil in quantities of 
5-25 per cent. and 75-95 per cent., or with light Atlantic Diesel 
oil in quantities of 5-10 and 90-95 per cent. Other higher 
boiling egw liquid fuels may be mixed with furfurol in the same 
ratio. these cases the ratio of the components of the mixture 
is determined by the particular tical uirements. In 
these researches it has been found that the ‘urol has the 
property even in small quantities of greatly reducing the 
viscosity of heavy oils. The mixtures produced in the 
described are very stable and ——_ only at low temperatures, 
generally below 0 deg. Cent.—February 17th, 1937. 











Forthcoming Engagements. 
Secretaries of Institutions, Societies, dec., desirous of having 
notices of meetings inserted in this col , are requested to note 








that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 





of the week preceding the tings. In all cases the time and 
PLACE at which the meeting is to be held should be clearly stated. 


To-pay 

Inst. or ELEcTRICAL- ENGINEERS: METER AND INSTRUMENT 
Srection.—Savoy-place, W.C.2. ‘The Photo Cell and its 
Applications in Industry,” J. B. Kramer. 7 p.m. 

Inst. or MEcHaNIcAL ENGINEERS.—Storey’s-gate, 
Informal meeting. ‘‘The Wear of Cylinder Liners,” J. 
Hurst. 6.30 p.m. 

Inst. or Srrucrurnat Encrxeers.—Inst, of Civil Engineers, 
Great George-street, S.W.1. “ Old Waterloo Bridge: Schemes 
for Reconditioning and Widening,” R. P. Mears. 6.30 p.m. 

Junior Inst. oF Encingers.—39, Victoria-street, S.W.1. 
“A Historical Review of Mine Lighting,” J. G. Garrett. 
7.30 p.m. 

Nortu-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. 
the Residual Strains and Stresses in Arc-welded Plates,” H. E. 
Lance Martin. 6 p.m. 

Sarurpay, Aprit 17TH. 

AssociaTION oF Ex-Sremens’ Men.—Gatti’s Restaurant, 
King William-street, W.C.2. Smoking concert. 

Inst. or Crvmy ENGINEERS: StupENTs’ Sxction.—Visit to 
Mogden and Perry Oak sewage works. 

Nort or ENGianpD Inst. or MINING AND MECHANICAL ENGI- 
NEERS.—Neville Hall, Newcastle-u of) “Air Raid 
Precautions at Collieries,’”’ F. P. Mills; ‘“‘ The More Effective 
Use of Electric Coal Cutters,” G. J.8. Drury. 2.30 p.m. 

Monpay, Aprit 197TH. 

Inst. oF Furer.—Inst. of Electrical Engineers, Savoy-place. 
W.C.2. “ Present Work and Future Programme of the Carnegie 
Institute of Technology Coal Research Laboratory.” 6 p.m. 

Tuxspay, Aprit 20rxH. 

Inst. or Crvin ENGIngERs.—Great George-street, 8.W.1. 
“The Flow of the River Severn, 1921-1936," Professor S. M. 
Dixon, G. FitzGibbon, and M. A. Hogan. 6 p.m. 

Inst, or Transport.—Inst. of Electrical Engineers, Savoy- 
place, S.W.1. ‘‘ Transport Developments in 1936,” R. Bell. 
6 p.m. 


8.W.1. 
E. 


WepneEspay, Aprit 21st. 

Inst. or CHEmIcAL ENGINEERS.—Burlington House, Picca- 
dilly, W.1. Meeting Cancelled. 

Inst. or Civiz Enainerrs; Stupents’ Seorion.—Great 
George-street, S.W.1. Annual general meeting. 6.30 p.m. 

Newcomen Soc.—Royal School of Mines, South Kensington, 
S.W.7. ‘‘ The Steam Engine on Tyneside, 1715-1718,” Dr. A. 
Raistrick. 5.30 p.m. 


“The Determination of 





THURSDAY, APRIL 22ND. 

Inst. or Crvim Enqingeprs: BirMincuaM anv Disrraicr 
Assoc.—Annual general meeting. 

Inst. or Crviz ENcrngers: Bristot anp District Assoc.— 
“Concrete Road Design,” W. H. Glanville. 

Inst, oF Exxzcrricar ENGINEERS.—Savoy-place, W.C.2. 
oa Elementary Particles of Matter,” Prof. J. Chadwick. 

p.m. 

Inst. or Mryinc anp MetaLturcy.—Grosvenor House, 
Park-lane, W.1. Annual dinner. 

Norrs-East Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Cleveland Scientific and Technical Inst., Corporation-road, 
Middlesbrough. ‘ Auxiliary Boilers for Marine Use,” E. F. 
Spanner. 7.30 p.m. 

Roya ArronavticaL Soc.—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. ‘* Power Plant Trends,” G. J. Mead. 6.30 p.m. 


Fripay, Aprin 23Rp. 
Juntor Inst. or Enaineers.—39, Victoria-street, S.W.1. 
“* Economics in Relation to Engineering,” K. Willans. 7.30 p.m. 


Monpay, APRIL 267H. 

Roya AgronautTicaL Soo.—Inst. of Electrical Engiacers, 
Soverpiee, W.C.2. Presidential address, H. E. Wimperis. 

p-m, 

Turspay, APRIL 27TH. 

Inst. or AuroMOBILE ENGINEERS.—James Watt Memorial 
Hall, Great Charles-street, Birmingham. “ Light Aero-Engines,”’ 
D. R. Pobjoy. 7.30 p.m. 

Inst. or Crviz EnGInEERS.—Great George-street, S.W.1. 
James Forrest Lecture, ‘“‘ The Crystal and the Engineer,” Sir 
William H. Bragg. 6 p.m. 

Inst, or Crvm. Encinrers: NewcastTLe-on-TyNE anv Dis- 
Trict Assoc.—Annual general meeting and discussion on the 
Interim Report of the Committee on Floods in Relation to 
Reservoir Practice. 

WEDNESDAY, APRIL 28TH. 

Inst. or Fuet.—Burlington House, Piccadilly, W.1. ‘ New 
Developments in the Treatment of the Products of the Carbonisa- 
tion of Coal and Oil Mixtures,” A. Fisher. 6 p.m. 

Tuurspay, APRIL 29TH, 

Inst. oF ELECTRICAL ENGINEERS : TRANSMISSION SECTION.— 
Savoy-place, S.W.1. ‘‘ Recent Developments in the Trans- 
mission of Electricity in France,” P. M. J. Ailleret. 6 p.m. 

Tuurspay, Apri 29TH, AND Fripay, Apri 30TH. 

Tron anv Stet Inst.—Inst. of Civil Engineers, Great George- 
street, S.W.1. Annual meeting. 

Fraray, APRIL 30rH. 

CHEMICAL ENGINEERING GrouPr.—Waldorf Hotel, Aldwych, 
W.C.2. Annual general meeting and dinner. 6.45 p.m. 

Inst. or MecHanicaL Enoingers.—Storey’s-gate, 8.W.1. 
“Present Tendencies in Water Turbine Machinery,” A. A. 
Fulton. 6 p.m. 

Junior Inst. or Enaivgers.—39, Victoria-street, S.W.1. 
“‘ Spanning of Openings.” 7.30 p.m. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr, James McKay, of Live 1, has been elected a director 
of British Insulated Cables, Ltd., to fill the vacancy caused by 
the resignation of the Hon. Sir Arthur Stanley. 


Mr. C, 8. Otrver, a director of Armstrong-Siddeley Motors, 





‘Ltd., has been appointed general ory: oa Mr. Oliver is the 


President of the ineering Employers’ 
Association. ra . 

Mr. R. WADDELL, who was for eighteen years general manager 
of Brown Bayley’s Steelworks, a Sheffield, has joined 
Campbell and Gifford, consulting engineers, 17, Victoria-street, 
London, 8.W.1. 

Mr. T. G. Rose, M.I. Mech. E., has been appointed general 
director of the National Institute of Tadustelal chology, to 
collaborate with Dr. C. 8. Myers, F.R.S., the Principal, who will 
retain the position held by him since the inception of the 
Institute sixteen years ago. 

Mr. Peter BenNeETT has been appointed Deputy President 
of the F.B.1., to assist Lord Hirst in the execution of his duties. 
Mr. Bennett is a managing director of Joseph Lucas, Ltd., and 
has been for some years a member of the Federation’s Grand 
Council as well as Chairman of the F.B.I. Birmingham District 
Committee. 

Tue Parsons Om Enoine Company, Ltd., of Southampton, 
has changed its name to the Parsons Engineering Company, 
Ltd. This change of name does not involve any change in the 
constitution of the re It has been made because the 
company has confined itself to the manufacture of petrol and 
kerosene engines and has not taken up the production of heavy- 
oil engines, and because, in addition to engines, it produces 
marine reversing gears and general marine accessories. 


‘oventry and District 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


CaMMELL LarRpD anp Co., Ltd., Birkenhead, have received an 
order from Ellerman Lines, Ltd., to construct two twin-screw 
high-speed cargo liners. The vessels will be about 10,600 tons 
deadweight and will be fitted with single-reduction geared 
turbines. They are to be employed in the Ellerman and 
Bucknall and Hall Line South A: services. 


Breyer, Peacock anp Co., Ltp., have received a contract 
from the South African Railways and Harbours Administration 
for sixteen “ Beyer-Garratt ”’ articulated steam locomotives, the 
approximate value of the contract being £250,000. The engines, 
it is claimed, will be the most powerful in the world on the 60 lb. 
rail, having a 15-ton maximum axle load and tractive effort 
at 75% B.P. of 60,000 lb. 


Tue Generat Evecrric Company or Cura, Ltd., a branch 
of the British company, has received a contract, covering one 
of the largest single trollybus orders ever received from over: 
seas, in addition to power rectifier plant, transformers, switck 
and control gear, 22 miles of overhead trolley line, feeder pillars, 
telephone equipment, cables, and other accessories. The whole 
of the electrical equipment will be manufactured in England 
by the G.EC. and its sub-contractors. Seventy four-wheel 
single-deck trollybuses have been ordered, the chassis and 
mechanical to be made by Leyland Motors, Ltd., of 
Leyland, Lancs., and the 80 H.P, series motors by the G.E.C. 
at its Witton Engineering Works. The direct current for the 
overhead wires will be supplied by 'y arc rectifiers of 
the air-cooled, pum , steel-clad type develo by the 
G.E.C. Thirteen of unita, giving outputs of kW each 
will be accommodated in ten sub-stations. 
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Port Improvements on the Tyne. 


At a meeting of the Tyne Improvement Commission 
held on Tuesday, April 13th, it was announced that, 
in view of the taking over from the London and North- 
Eastern Railway Company of the Tyne Dock on 
Saturday, May Ist, the Port Facilities Committee 
had recommended the construction at that dock of 
a transit shed and the provision of coal-loading and 
bunkering facilities, together with cranes for the 
discharging of cargoes of iron ore. Four sites at 
Jarrow and Hebburn and two at St. Anthony’s 
are to be cleared for industrial use. The scheme, it 
was mentioned, will cost about £636,000, and it 
was stated that the Commissioner for Special Areas 
had agreed to provide £40,000 towards the cost of 
clearing the sites referred to above. It is expected, 
however, that the actual work of clearing may cost 
moore than £40,000, but should such be the case there 
is reason to suppose that the extra cost will be met 
by an additional grant from the Special Areas Fund. 
It was also announced that the question of dredging 
the river approach to the dock was under review and 
was being discussed with the Commission’s engineer. 
The estimated cost of ing from the sea to the 
site of the dock to give a depth of from 30ft. to 35ft. 
at low water was, it was stated, about £100,000. 


L.M.S. Services in May. 


EARLY in the week it was announced that, as a 
result of improved trade and increased industrial 
activity, the London, Midland and Scottish Railway 
Company has decided to increase its passenger train 
services in many parts of the country. From Monday, 
May 3rd, the company’s trains will be covering 
23,870 more miles each week than they did in May, 
1936. A further 1345 passenger trains will be 
accelerated to give a total saving in journey times of 
3332 minutes per day, while the new time-tables will 
include four additional schedules at average start-to- 
stop speeds of over 60 m.p.h. With these accelera- 
tions the number of daily mile-a-minute runs on the 
L.M.S. will be increased to thirty-three, and a total 
daily mileage of 2971 miles will be covered at average 
speeds of 60 m.p.h. or over. An important feature 
of the May improvements will be the acceleration of 
the express service to London, leaving Manchester 
(London-road)and Liverpool (Lime-street) at 4.10 p.m. 
Instead of combining at Crewe and running to 
London as one train, due Euston 8.10 p.m. as at 
present, the Liverpool and Manchester trains will run 
independently throughout, the Liverpool train 
arriving Euston at 7.40 p.m. and the Manchester 
train at 7.47 p.m. The 4.10 p.m. from Liverpool will 
run the 97 miles from Nuneaton to Euston in ninety- 
two minutes, at an average speed of 63-3 m.p.h. 
start to stop, whilst the 4.10 p.m. from Manchester 
will cover the 133} miles from Stafford to Euston at 
an average of 62-1 m.p.h. Faster services will also 
be given from  condon to Northampton: and vice 
verséd. On the West Coast route to Scotland the 
2 p.m. ‘* Mid-day Scot’ from Euston will arrive at 
Glasgow at 9.30 p.m., five minutes earlier. Com- 
mencing May 31st, the 10 a.m. (Saturdays excepted) 
“ Royal Scot’ from Euston will reach Glasgow at 
5.30 p.m. and Edinburgh at 5.35 p.m., an acceleration 
of fifteen minutes in each case. Further important 
accelerations of the Anglo-Scottish express services, 
including those between Liverpool, Manchester, 
Glasgow, and Edinburgh, will come into operation in 
connection with the introduction on July 5th of the 
high-speed train covering the 401} miles between 
London and Glasgow in 6} hours. 


Industrial Troubles. 


As foreshadowed in our Journal note of last week, 
a one-day stoppage was called in the West of Scotland 
shipyards and engineering works on Friday last, 
April 16th, as a gesture of sympathy with the appren- 
tices, numbering between 12,000 and 13,000 who are 
still on strike. Although 100 per cent. solidarity was 
talked of, it is estimated that not more than 70 per 
cent. of the workers supported the demand of the 
unions. The response was weaker on the lower 
reaches of the Clyde and in the districts surrounding 
Glasgow. As we go to press, there is no alteration in 
the position with regard to the strike of engineers at 
the Parkhead Forge of William Beardmore and Co., 
Ltd. On Tuesday, April 20th, a ballot vote was taken 
and resulted in an overwhelming majority in favour 
of continuing the strike. The actual votes cast in 
favour of continuing the strike were 1015, with only 
64 against. As an assurance given by the National 
Executive Committee of the Amalgamated Engineer- 
ing Union provided that in the event of a three-to-one 
majority in favour of the strike, the union would 
recognise it officially, strike pay will now begin. It 
is understood that future negotiations will be con- 
ducted by the Executive Committee of the Union, 
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Some difficulty in reaching a settlement is, however, 
still expected, as the Union declines to recognise 
William Beardmore and Co., Ltd., as members of the 
Engineering Employers’ Federation. An attempt to 
open direct negotiations with the firm is therefore 
possible. The National Executive Committee of the 
Confederation of Shipbuilding and Engineering 
Trade Unions, together with representatives of the 
Amalgamated Engineering Union and the F 
Workers’ Union met on Wednesday, April 2lst, 
to consider the position created by the strike of 
apprentices. The result of the ballot of members of the 
Mineworkers’ Federation, on the question of tender- 
ing notices with the object of obtaining recognition of 
the Federation in the Nottinghamshire coalfield, and 
securing that adequate assurances will be given to 
prevent victimisation of the workmen at the Harworth 
Colliery, showed 444,546 in favour of tendering notices, 
and 61,445 against, giving a two-thirds majority to 
authorise a strike in all coalfields. 


Britain’s Water Resources. 


On Saturday, April 17th, it was announced by the 
Minister of Health that following consultations with 
other Government Departments interested in the 
work, he had appointed a Central Water Advisory 
Committee, under the chairmanship of Field Marshal 
Lord Milne. The Committee includes Sir Albert 
Atkey, Mr. E. T. L. Baker, Mr. H. K. Beale, Mr. R. 
Beddington, Mr. John Chaston, Lieut.-Colonel E. J. 
Clarke, Mr. A. E. Cornewall-Walker, M. Inst. C.E., 
Sir Robert Doncaster, Lieut.-Colonel A. P. Heneage, 
Captain R. T. Hinckes, Mr. 8. R. Hobday, Mr. J. E. 
James, Mr. E. W. Cemlyn Jones, Sir David Owen, 
and Mr. D. Verity. The members chosen have special 
knowledge of the problems relating to the conserva- 
tion and allocation of water resources from the point 
of view of the various interests concerned, and it is 
felt that the Ministry of Health and the other inter- 
ested Government Departments will thus be able to 
obtain the advice of these interests on all major 
questions of water supply. It is expected that the 
new Committee will consider as one of its first tasks 
the modernisation of the law relating to water supply 
and the conservation and use of water, so that all the 
water resources of the country may be utilised to the 
fullest advantage. It is requested that any com- 
munications concerning the work of the Committee 
should be addressed to the secretary, Mr. A. Titherley 
at the Ministry of Health. 


Oil from Coal. 


SPEAKING in the House of Commons on Monday, 
April 19th, Captain Crookshank, the Secretary for 
Mines, said that the Government had given close 
attention to the possibility of assisting the develop- 
ment of oil from coal processes, and had afforded 
tangible assistance, by means of the preference 
granted under the British Hydrocarbon Oils Pro- 
duction Act of 1934. As regards the Bergius and 
other processes, the Government had not at present 
sufficient information to enable it to reach a final 
conclusion as to the possibilities of commercial 
success, but it seemed that the expenditure would be 
very high in relation to the amount of employment 
which such schemes would provide. Considerations 
of national defence had arisen, but the examination 
of these had not yet been concluded. The Govern- 
ment realised, however, that the possibility of obtain- 
ing substantial supplies of oil from coal had excited 
much public interest. It had decided therefore to 
seek the advice of a Committee which would be con- 
stituted as a Sub-Committee of the Committee of 
Imperial Defence. This Committee was, Captain 
Crookshank stated, a small committee, and the 
names of its members could not yet be announced. 
Its terms of reference would be to examine the various 
processes for the production of oil from coal, and from 
certain other materials which were indigenous to this 
country, and to report on their economic possibilities 
and on the advantages which might be obtained by 
way of obtaining security of supplies of liquid fuel in 
circumstances of emergency. 


Tue Federation of British Industries has sent a 
letter to the Chancellor of the Exchequer on the 
subject of the cost of air raid precautions. It is 
pointed out in this letter that the Federation has 
already given considerable assistance to the Air 
Raid Precautions Department, but is hampered in its 
activities by the question of costs. While many 
manufacturers, who are fully conscious of their 
responsibilities, maintain that active steps should be 
taken in the preparation of shelters and. structural 
alterations to their premises, it is, nevertheless, not 
unnatural for businesses, whose resources in many 





has to be borne by themselves. It is the view of the 
Federation that in undertaking this work manu- 
facturers are undertaking a public service. The 
need will not arise unless the country is at war, and, 
in such circumstances, their businesses will be engaged 
on national work and will be controlled by the 
Government. Manufacturers feel that it ig not 
reasonable to spend shareholders’ money without 
some assistance from public funds. As the law stands, 
their expenditure in most cases would not even be an 
allowable expense for income tax purposes, while 
any addition to their premises for air protection would 
lead to an increase in rateable value. Moreover, the 
Federation is convinced that air protection schemes 
would meet with a more ready response if some finan- 
cial assistance were afforded. An early statement 
from the Chancellor is requested, as lack of informa- 
tion as to the intention of the Government is causing 
delays in the making of arrangements and the ques- 
tion of cost is proving a serious deterrent in the 
matter. 


International Association for Testing 
Materials. 


TuHE International Congress of the International 
Association for Testing Materials was opened on 
Monday last, April 19th, at the Institution of Civil 
Engineers, and will continue until to-morrow (Satur- 
day). The papers received number about 250, of 
which three are reprinted elsewhere in this issue. 
They are divided into four groups, entitled “* Metals,” 
“Inorganic Materials,” ‘“‘ Organic Materials,” and 
“* Subjects of General Importance ” ; and are written 
by leading authorities from about twenty different 
countries. The meetings of these groups are arranged 
for the mornings and a number of visits have been 
arranged for the afternoons, and social functions for 
the evenings, including a soirée at Burlington House, 
by invitation of the President and the Council of the 
Royal Society, a banquet at Grosvenor House, 
Park-lane, and a reception by H.M. Government at 
Lancaster House, where the guests were received by 
the Lord President of the Council, the Rt. Hon. James 
Ramsay MacDonald. An entertainment at Broad- 
casting House and a display of technical films were 
also arranged, and, finally, there was a dance at 
Grosvenor House, Park-lane. An exhibition of test- 
ing plant and apparatus, of which a few details appear 
elsewhere in this issue, is being held during the 
Congress in the Upper Library of the Institution of 
Civil Engineers. The function of the International 
Association is to secure international co-operation 
and an exchange of views, experience, and know- 
ledge with regard to materials and their testing. 
With this object in view, international congresses 
are organised at intervals of from three to five years, 
the last Congress having been held at Ziirich in Sep- 
tember, 1931. 


Joint Committee on Materials and Their 
Testing. 


THE need in this country of some means to provide 
for more adequate co-ordination of the study of 
materials and their testing has resulted in a com- 
mittee having been set up by a number of technical 
institutions and societies, to act as a British national 
organisation. It was unanimously agreed at special 
conferences of nominated representatives of the 
Councils of no less than thirty-five technical institu- 
tions that closer collaboration in this matter was 
desirable, and it was recognised that it was undesir- 
able to form yet another independent organisation. 
The Joint Committee on Materials and their Testing 
has therefore been formed within the existing frame- 
work of each co-operating institution and society. 
Materials are inseparably associated with engineering 
and industrial developments of all kinds, and there 
are few of the major technical institutions the 
activities of which do not include some attention to 
materials and their testing. Hence the need for 
co-operation, which is now provided by the new Joint 
Committee, upon which are represented as many as 
twenty-two institutions and societies. These organi- 
sations have agreed that the terms of reference of 
the Joint Committee shall be to act as the British 
national organisation in matters relating to materials 
and their testing. The activities of the International 
Association for Testing Materials in this country are 
at present entrusted to the keeping of a British Com- 
mittee, which has agreed that at the conclusion of the 
London Congress of the Association, now being held, 
the Joint Committee shall take over all matters con- 
cerning the Association. The first chairman is 
Dr. H. J. Gough, F.R.S., largely through whose 
initiative the Joint Committee has come iato being ; 
the secretary is Mr. C. W. J. Tafis, M.Sc. (Eng.), of 
the staff of the Institution of Mechanical Engineers, 
the Council of which has offered the necessary facilities 
for office work at Storey’s Gate, St. James’s Park, 





cases are limited, to postpone air protection schemes, 





and not by the local committee in the Glasgow district. 
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Present Position and Prospects of ‘the High-Speed Heavy 
Oil Engine. 


W ige rapid development of the light high-speed 
Diesel heavy oil engine, more especially for 
use in commercial vehicles, has been one of the 
outstanding achievements of the last few years, 
and it is interesting to try and examine just what 
new factors have come to the fore to bring about 
so remarkable a development. I think we can 
say, at the outset, that no new scientific facts 
of any outstanding importance have entered into 
the picture at all; so far as the theory, the 
functions, and the process of combustion are 
concerned, apart from detail, little more is known 
to-day than was common knowledge twenty-five 
or thirty years ago. Three factors have, however, 
exerted a very powerful influence. 

(1) The breakdown of the tradition that the 
heavy oil engine could not run fast—there never 
was the slightest foundation for this almost 
religious belief, but it remained a creed against 
which a few heretics strove in vain. 

(2) The sudden interest taken in the heavy oil 
engine by a new sect of engineers steeped in the 
technique of the petrol engine who introduced 
their new protégé to all the tricks of the trade 
and bestowed upon it the superb workmanship 
and that meticulous attention to detail mechanical 
design which, combined, have made the petrol 
engine quite the most competent prime mover in 
existence. 

(3) The development, also by caterers for the 
petrol engine, of a small precision pump which 
will accurately both meter and time the injection 
of minute quantities of liquid fuel, and that over 
a very wide range of speed. 

Over thirty years ago, a campaign was opened 
to dispense with the high-pressure air required 
till then, for the pulverisation and distribution 
of the fuel in the cylinder of the Diesel engine. 
Not only did the provision of high-pressure air 
add greatly to the cost and complication of the 
engine, but the air compressor itself had a delicate 
constitution and was too often indisposed. The 
airless injection engines developed during the 
first ten years of this century were of many and 
various species, and it is these same species which 
have been revived again to-day to form the basis 
of the modern high-speed heavy oil engine. Look- 
ing back over the past thirty years, it is surprising 
to see how little change has been made; there 
has. been some hybridising, of course, but no 
successful new species has been evolved. 

The earlier airless injection engines were handi- 
capped by the lack of a precision injection pump 
and also by a fear, probably largely groundless, 
of the mechanical difficulties involved in the use, 
in a relatively small cylinder, of a compression 
high enough by itself to ensure prompt ignition. 
They suffered also from the prevalent fetish that 
the cycle on which they operated must on no 
account be hurried, nor did their mechanical 
design permit of any agility. 

With no high-pressure air available to encourage 
intimacy between the fuel and the air within the 
cylinder, other expedients had to be found. 

About the beginning of this century, four 
general species were evolved : 

(1) The use of intense, but indiscriminate 
turbulence set up during the compression stroke ; 
this was usually achieved by providing a pro- 
jecting pip on the end of the piston, which entered 
and nearly fitted the neck of the combustion 
chamber. Thus, during the latter part of the com- 
pression stroke, air was displaced from the cylinder 
into the combustion chamber, at very high 
velocity, through a partially blocked passage. 
This method produced very intense air turbulence, 
but was open to the obvious objection that, after 
ignition, the whole of the combustion products 
were subjected to the same treatment until the 
projecting pip on.the piston had receded from the 
combustion chamber. Moreover, though indis- 
criminate turbulence served, more or less, to 
jumble together the air and fuel, none could 
predict thé progress of either, and every engine 
proved a law unto itself. 

(2) The use of an orderly air swirl set up during 
the suction stroke in order that the air within the 
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cylinder should sweep in procession past the jets 
of fuel. This was most easily accomplished and 
was generally in vogue in the case of two-cycle 
engines, where the inlet ports could be set more or 
less tangentially to the cylinder bore, but it was 
also applied to four-cycle engines by masking 
part of the circumference of the inlet valve. 

(3) The use of an intense air swirl set up during 
the compression stroke by compressing the air 
through a tangential passage into a more or less 
spherical combustion chamber. 

(4) The use of a so-called pre-combustion cham- 
ber which took the form of a small perforated 
cartridge projecting into the main combustion 
chamber, into which the fuel/was fed.; Compressed 
air from the cylinder entered through the per- 
forations forming a very rich mixture inside the 
cartridge. On ignition, the contents of the 
cartridge, consisting of air and partly burnt fuel, 
were shot violently through the perforations into 
the main combustion chamber, thus producing, 
in effect, much the same result as air blast injec- 
tion. The best-known example of this type was the 
early Brons engine, in which, owing to the lack of 
a high-pressure precision pump, the fuel was 
injected into the cartridge during the suction or 
early part of the compression stroke, where it lay 
at peace until pressure, temperature, and an 
adequate supply of air were available to start com- 
bustion. 

By far the majority of these early engines used 
a relatively low compression and the fuel was 
supplied by a somewhat crude form of pump which 
could meter fairly accurately, but whose timing 
was usually somewhat indeterminate. The fuel 
was injected relatively early in the compression 
stroke, and ignition occurred when the time was 
ripe. In effect, they operated on a cycle more 
nearly approaching that of the Hornsby Acroyd 
than the Diesel. As technique improved and 
requirements grew more exacting, the compression 
was raised gradually and the injection postponed 
and more accurately timed, but for twenty years 
there was very little progress in mechanical design 
or in speed of rotation. Then came the revolution. 

A new school of engineers, with a new mechanical 
technique and no respect for inherited tradition, 
took possession of the heavy oil engine and deter- 
mined to make it dance to an altogether livelier 
tune, and even to race the petrol engine on the 
public highways. Its mechanical design they con- 
signed straightway to the waste paper basket, and 
started afresh with an entirely different conception, 
in which stiffness of structure and light moving 


parts formed the central ideal, while economy of |, 


material and accuracy of machining, in order both 
to eliminate hand fitting and to ensure inter- 
changeability, formed the economic theme. One 
at least of the best known and most skilful makers 
of electrical equipment for petrol engines, the 
Bosch Company, of Stuttgart, set to work with 
remarkable foresight to develop and produce those 
much-needed components, a precision fuel pump 
and an injector which could be relied upon to deliver 
the requisite amount of fuel at the right moment 
and in the right direction. 

High compression and high speed held no terrors 
for this new school, who, from their petrol engine 
experience, had learnt how to make light moving 
parts and cylinders much more nearly round and 
parallel and to work to really close limits. 

There followed then a thorough overhauling and 


investigation of the combustion systems which had 


for so long beenim vogue for airless injéction engines 
when it was found that each and all were per- 
fectly capable of operating at the highest speeds 
asked for. Some modifications had, of course, to 
be introduced in order to enable them to cope with 
the very wide range of speed and the sudden 
changes of load required for vehicular work, but 
it is perhaps one of the most surprising features of 
this whole development that the existing species, 
which during a whole generation we had been 
assured could not conceivably function at high 
speed, have each and all been found adequate, 
even for the highest speeds asked for to-day. In 
fact, recent research on combustion in compres- 





sion ignition engines has shown, to the surprise of 
everyone, that the duration of the combustion 
process—at all events in the case of compression 
swirl engines—is approximately only half that in a 
petrol engine—that is to say, at the same high 
speed, the time interval between the commence. 
ment of injection of liquid fuel and the attain- 
ment of maximum pressure in a heavy oil engine 
is approximately only half that between the 
passage of the spark and the attainment of maxi. 
mum pressure in a petrol engine of the same dimen. 
sions and operating at the same speed. In other 
words, if the combustion process were ever the 
determining factor controlling the limit of speed, 
then the Diesel engine would be capable of running 
at about double the speed of the petrol engine. In 
point of fact, mechanical limitations intervene 
in both cases long before the limit set by combus- 
tion is reached. Actual experience has shown 
also that the indicated thermal efficiency is still 
rising slightly with speed even at the very high 
speed of 4000 r.p.m. 

Of the species enumerated above, only the first, 
viz., intense but disorganised turbulence, has been 
set aside. It was never a satisfactory system, 
even for slow-speed engines, and was altogether 
too tricky and individualistic for the mass treat- 
ment now called for. 

The second species, viz., induction swirl, is now 
widely used, the most successful and best-known 
example being the Gardner engine and its numer- 
ous imitations. 

The third species, viz., compression swirl, is 
used in all engines of the “Comet ” type and its 
various derivatives, as built by about thirty 
different manufacturers in this country and the 
Continent, the one important modification in order 
to enable it to meef the exacting conditions of road 
service being the introduction of a heat-insulated 
member containing the transfer passage, whose 
object is threefold :— 

(1) To act as a heat regenerator. 

(2) To give an automatic thermal control over 
the delay period of combustion, and thus enable 
the engine to operate with fixed injection timing 
and with a constant maximum pressure over its 
whole range of speed. 

(3) To suppress the formation of aldehydes and 
therefore of the familiar pungent smell in the 
exhaust from heavy oil engines. 

Mention should also be made of the new Saurer 
so-called dual-turbulence engine—a hybrid em- 
ploying both induction and compression swirl, 
apparently a very satisfactory combination. 

The fourth species, namely, the pre-combustion 
chamber, is very widely employed for light high- 
speed heavy oil engines on the Continent, but has 
never found favour in this country. The best- 
known users of this system to day are the Mercedes- 
Benz and Deutz firms in Germany. In its modern 
high-speed form, this species differs from the 
Brons prototype of over thirty years ago only in so 
far that the availability of a precision fuel pump 
has made possible an accurate control of the time of 
ignition, and thus has allowed of the use of a higher 
ratio of compression and of a far better control of 
the time of ignition. 

About 98 per cent. of all the high-speed Diesel 
‘engines built to-day fall into one or other of these 
general types, each of which has its own pecu- 
liarities, its own advantages and disadvantages. 
Taking Europe as a whole the total number of 
examples of each of these three species is roughly 
about equal. Among a total of somewhere about 
6,000,000 B.H.P. in service to-day on the roads of 
Europe, there are to be found about 2,000,000 H.P. 
of the direct injection type, rather over 2,000,000 
H.P. of the “Comet.’’ type, and slightly under 
2,000,000 H.P. of the pre-combustion chamber 
type. 

It is somewhat surprising that, despite the most 
intensive scientific research during the last ten 
years, and despite a vast increase in our detailed 
knowledge of the process of combustion, no success- 
ful new species has emerged, and that the modifica- 
tions and hybridisation that have taken place are 
such only as would normally be expected when any 
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type adapts itself to changed conditions. It is 
therefore to the mechanical engineer rather than 
to the scientist that the credit for this recent 
development is due. Since no important change 
has taken place in either the heat cycle or the system 
of combustion, it follows, as would be expected, 
that there has been no substantial change in the 
thermal efficiency. High-class workmanship and 
beautiful mechanical design have resulted both in 
improvements in mechanical efficiency and have 
made possible the use of higher maximum pressures, 
while high revolution speeds have reduced the 
relative heat losses, with the result that these 
small high-speed engines show as high or even a 
slightly higher brake thermal efficiency than their 
slow-running parents. Fuel consumption figures 
as low as, and in exceptional cases even slightly 
helow, 0-36 1b. per brake horse-power hour can 
now be obtained from small fast running engines 
of between 4in. and 5in. bore, figures which corre- 
spond to a brake thermal efficiency of approxi- 
mately 39 per cent., reckoned on the lower heat 
value of the fuel. 

We are accustomed to reckon efficiency in terms 
of the heat value of the fuel consumed, and since 
fuel costs money, this is a practical as well as an 
academic definition, but “ efficiency’ is a much 
abused term, and is often applied nowadays to 
specific power output and more generally to the 
suitability of the mechanism to the purpose for 
which it is employed. 

From a commercial standpoint efficiency should 
perhaps be reckoned not only in terms of the fuel 
consumed, but also of the material and labour 
involved in the structure of the engine. It is 
clear that from a practical point of view it will 
avail us little if, in order to gain | per cent. in 
thermal efficiency, we must add greatly to the 
weight or first cost of our engine. Modern high- 
speed heavy oil engines, built on the same lines 
and by the same methods as petrol engines weigh, 
complete with all their auxiliary mechanism and 
fly-wheels, about 14]b. per brake horse-power. 
Under modern bulk production methods, the cost 
of an engine is very nearly proportional to its 
weight, and is almost i t of machining 
operations, provided always that the weight is 
arrived at naturally and not by paring off redundant 
material as in the case of an aero-engine. In round 
figures, the present-day cost of a high-speed heavy 
oil engine is about 5s. per lb.. or 70s. per H.P. 
If we are going to relate cost of fuel and cost of 
material, we must clearly arrive at some hypo- 
thetical figure for the useful life of the engine. 
In these days of rapid progress, an engine becomes 
obsolete long before it is worn out, and in these 
days of cheap production, we can afford te replace 
it when it becomes obsolete. We should therefore 
approach the question from the point of view that 
the engine, as well as the fuel, is a cheap consum- 
able article. In the course of its useful economic 
life, the engine of a heavy commercial road vehicle 
consumes, on the average, about 0-8 tons of fuel 
per horse-power, reckoning on’ the maximum 
horse-power of the engine—this is equivalent to 
a mileage of the order of 250,000. Allowing for 
the heavy tax of 8d. per gallon, the fuel cost to-day 
may be taken as 275s. per ton, or, say, 220s.; 
hence, the combined cost of the engine plus that 
of the fuel consumed during its lifetime may be 
taken as 290s. If now, by improved design, we 
succeed, with increase of speed or mean pressure, 
or both, in increasing the specific output and 
thereby achieve a saving in weight of, say, 3 lb. 
per horse-power, and a corresponding saving in 
dimensions—a goal within easy reach in the near 
future—we reduce the cost of the engine from 
70s. to 55s. per horse-power ; thus, at the same 
combined cost of engine and fuel, we could afford 
an increase in specific fuel consumption from, 
say. 0-36 1b. to 0-38 Ib. per brake horse-power 
hour. Nor is this all, for a saving of 3 lb. per 
horse-power, or, say, 300 lb. in the case of an 
average heavy vehicle of 100 H.P., means an 
increase in payload of 300 lb.; in fact, considerably 
more, because the smaller, lighter, and faster run- 
ning engine will allow of a further saving in the 
weight of the chassis. 

In the case of industrial engines, although, 
owing to the higher load factor and longer hours, 
the fuel consumed during the engine’s lifetime is 
greater, yet the reduction in tax from 8d. to ld. 
per gallon reduces the fuel cost to only 45 per cent. 
and more than offsets this difference ; hence, the 
same argument applies with at least equal force. 

There is, of course, nothing novel in the above 
argument, which is only that which any sound 
business man would always apply. but it requires 
emphasis, for far too much stress is laid nowadays 





on the second decimal point of specific fuel con- 
sumption, which is already very low, and too 
little on the possible overall saving to be gained 
by reduction of engine material. To-day, we have 
nearly reached journey’s end, as regards thermal 
efficiency, unless or until a new and improved 
heat cycle is evolved of which at present there 
seems no immediate likelihood ; but we have still 
a very long way to go in the direction of increased 
specific output, and therefore weight and cost 
reduction. Increased specific output may be 
obtained by increase of mean pressure, or of speed, 
or both. To-day, our mean effective pressure 
is limited, in part by our inability to consume all 
the oxygen in the cylinder, and in part also by the 
intensity of heat flow involved. As to the former, 
though we have improved greatly during the 
last few years, there is still left considerable scope 
for improvement, while as to the heat flow problem 
the smaller the cylinder size, the less difficult is 
this to deal with. 

Our speed to-day is limited solely by the dynamic 
loads on the bearings (which far exceed the mean 
gas pressure loadings) and on the valve mechanism. 
In the direction of improved bearing materials, 
improved lubrication arrangements and valve 
design, there remains yet scope for a really sub- 
stantial increase in speed, and hand in hand with 
the increased speed and therefore smaller size, we 
can afford to increase also the mean pressure. 

The dynamic loads are a function of the weight 
of the moving parts, and this, in turn, is determined 
by the maximum pressures to which they are 
subjected, but is practically independent of the 
effective mean pressure; in the case of pistons 
and exhaust valves, also, it is determined by the 
thickness of material required for heat dissipa- 
tion. As size is diminished, the length of the heat 
path is reduced and the relative stiffness increased, 





with the result that we can afford so to reduce the 
weight of the moving parts as to allow an increase 
not only in rotational speed, but even in piston - 
speed. Again, as the is increased and the 
size reduced, the thickness of the cylinder walls, 
cylinder head, &c., is reduced, with the result that, 
on the score of heat flow we can increase safely 
the mean effective pressure until breathing capacity 
becomes the limit. This, again, can be advanced 
by improvements in the direction of better shaping 
of the ports, better use of the normal pulsations 
in the pipework, &c., and, of course, we are not 
bound to take the atmosphere as we find it, but 
can supercharge till we reach a further limit set 
once again by heat flow. This, in turn, we can 
dodge by the use of the still smaller cylinders 
which will be required to do the same work, and so 
the game goes on. 

In the petrol engine field, we have already 
grown accustomed to engine speeds which only a 
few years ago would have seemed fantastic. 
To-day, even the cheapest mass production petrol 
engines can and do run at speeds of 4000 r.p.m. 
and over, with complete safety and reliability. 
and that in the hands of the most callous and 
inexperienced users. There is no reason why 
the heavy oil engine should not soon do like- 
wise. 

To sum up then, in the direction of thermal 
efficiency, we can yet hope to scrounge a little 
here and a little there, but so long as we stick 
to existing heat cycles, we have only a very 
limited scope, for we are already very close to 
our boundary which is guarded by thermo-dynamic 
laws as unchangeable as the ocean, but in the 
direction of speed and specific output we have an 
almost boundless plain spread out before us and 
are limited only by temporary mechanical fences 
which we are ever shifting further afield. 
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Tue Pottock Brown DeEviaror. 


device known as the “ deviator”’ inyented 
by Mr. J. Pollock Brown M.I. Mech. E. and 
supplied by P.B. Deviator Ltd. of London and 
Croydon is an automatic pilot for aircraft and is 
intended to provide a form of such equipment which 
is simple in construction, easy to maintain and low 
in first cost. During the past three or four years it 
has been thoroughly tested on many flights. It is 
now in use on the machines of British Airways Ltd. 
and the K.L.M. organisation. 

The central feature of the invention—a feature 
of great practical and scientific interest—is the fact 
that the gyroscope employed as the detector has no 
gimbal rings. The shaft A Fig. 47 is driven by a small 
oil-fed Pelton wheel and 
ends in a $-in. ball. On 
this ball a _ fly-wheel 
weighing about 1 Jb. is 
mounted by means of 
big two hemispherical bear- 
ings one of which is cut 
| away to allow the fly- 
wheel a movement of 

——» 36 deg. or so all round 
T Y the ball while the other 
fo: dae t bearing carries a rod B 
through which the indi- 
cations of the fly-wheel 
in its capacity as a 
detector are conveyed 
to the servo-motor ele- 
ment of the equipment. 
The driving shaft runs 
at 4000 to 5000 r.p.m. 
The fly-wheel is driven 
solely by its frictional 
contact with the ball 
and runs at a lower speed than the shaft; 
say at about 3000 r.p.m. Since the central ball 
bearing is generously lubricated the contact between 
the ball and the hemispheres is of a fluid frictional 
nature. One such fly-wheel controls jointly the 
rudder and elevator. If aileron control is also required 
a second unit is provided consisting of an appro- 
priately disposed fly-wheel rendered responsive only 
to motion of the aircraft about the longitudinal, or 
rolling, axis. 

A fly-wheel mounted in the conventional manner 
within a pair of gimbal rings is, it must be realised, 
an incomplete realisation of a body possessing com- 
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plete freedom of movement about three mutually 
perpendicular axes. Such a fly-wheel possesses three 
degrees of freedom only in its initial state before any 
precession takes place. As soon as precession of 
the inner ring occurs the freedom of movement of 
the fly-wheel suffers some restriction. If the precession 
reaches 90 deg. the spinning axis will coincide with the 
axis of the outer ring and one of the three degrees of 
freedom—freedom to rotate about the second dia- 
metral axis—will be completely lost. The method 
of mounting shown in Fig. 47 does not suffer from 
this defect. The fly-wheel is free to rotate about three 
mutually perpendicular axes both before and after 
precession—provided the precession does not exceed 
36 deg. 

A further defect of the conventional gimbal 
mounting resides in the existence of frictional - 
restraint at the gimbal axes. It may reasonably 
be claimed for the Pollock Brown method of mount- 
ing that it. provides the equivalent of a frictionless 
gimbal support for the fly-wheel on the principle 
that friction having been overcome in one direction 
—that of the drive—it is overcome in all others and 
in particular about the transverse or pitching axis 
and the vertical or yawing axis. 

These points are of much interest and importance 
but there are other aspects of the arrangement shown 
in Fig. 47 which are less obvious and which render 
this method of mounting the fly-wheel still more 
interesting. 

Let us begin by regarding the deviator as a device 
intended solely for controlling. the elevator. If the 
aeroplane pitches the fly-wheel, acting gyroscopically, 
will preserve its previous alignment and from the 
rod B a signal may be derived which through a servo- 
motor may be used to apply a proportional deflection 
to the elevator. The device will act satisfactorily 
in this respect provided it shows no tendency to 
wander away from its original alignment. 

To study its tendency in this respect let us assume 
that the fly-wheel for some reason has wandered 
away from its original alignment with respect to 
the driving shaft by some amount 9 as indicated 
in Fig. 48, the shaft meanwhile remaining horizontal. 
We. have shown the ball in this diagram as being 
perceptibly smaller in radius than the hemispherical 
bearings. Efficient lubrication and freedom of the 
wheel to move relatively to the. ball alike demand 
that the two radii should be slightly different. Even 
if the difference is only microscopic it will result in 
the drive between the ball and the fly-wheel being 
concentrated at one point of the mating surfaces. 
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That point will be the point C lying vertically above 
the centre of gravity G of the fly-wheel. The driving 
force concentrated at C will be directed per- 
pendicularly to the plane of the paper and as shown 
in the isometric view will not only act to spin the 
fly-wheel but will have a moment about the diametral 
axis Z Z, the arm of the moment being C D. If the 
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shaft is turning in the direction shown the wheel of 
necessity will turn in the same direction and the 
force at C will be directed as indicated. The torque 
applied about Z Z will therefore, in accordance with 
gyroscopic principles, induce precession of the fly- 
wheel about Y Y in the direction E, that is to say 
in the direction required to reduce the tilt 9 to zero. 
This result also applies if we consider a tilt 9 in the 
opposite direction and further is not dependent 
upon the direction of rotation of the driving shaft 
since the wheel and shaft will always rotate in the 
same sense. 

It follows then that if the driving shaft is horizontal 
the only stable position of the fly-wheel is that in 
which its axis of spin is also horizontal. If the fly- 
wheel is tilted away from that position it will, if left 
to itself, recover it. 

A critical factor in the action of the device is the 
rate at which the fly-wheel after deflection in the 
above manner recovers its stable position. The pre- 
cession about Y Y is proportional to the torque applied 
about ZZ by the force at C. This torque is propor- 
tional to the force at C multiplied by the arm C D. 
Hence if the tilt @ and the radius of the ball are both 
small the torque will be smail and the rate of the pre- 
cession E will be low. Other factors have to be taken 
into consideration in discussing the rate of recovery 
of the fly-wheel from a tilt but they unite in implying 
that it must be relatively slow. Figures derived from 
practical experiment have been supplied to us. They 
show that a rotor 5in. in diameter weighing 1 lb. and 
spinning at 2850 r.p.m. recovered from a deflection of 
4 deg. in very approximately 4 min., from a deflection 
of 8 deg. in about 6} min., and from a deflection of 
16 deg. in about 84 min. These figures suggest that 
the recovery follows an exponential law and in that 
respect confirm the conclusion reached by analysis. 
Since in practice we need hardly concern ourselves 
with deflections as large as 16 deg. or possibly even 
8 deg. we may take it that the recovery of the fly- 
wheel from a tilt under the stated conditions proceeds 
at a rate of about 1 deg. per minute. 

With these facts and figures before us let us con- 
sider the action of the arrangement when the aircraft 
pitches through some angle y, Fig. 49. The pitching 
of the driving shaft is accompanied by a practically 
frictionless movement of the ball relatively to the 
bearings. Hence if the axis of spin of the gyroscopic 
fly-wheel was horizontal before the pitch it will 
remain horizontal after the pitch. The movement of 
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The ball and its bearings being assumed to have 
perfect spherical surfaces the fly-wheel in the con- 
figuration shown in Fig. 49 will be driven by frictional 
contact at the point H. This point lies on the dia- 
metral axis Z Z of the wheel and is not displaced from 
it as at C, Fig. 48. Hence the force at H has no 
moment about Z Z and therefore no precession of the 
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Fics. 48-51—DIAGRAMS ILLUSTRATING ACTION OF P.B. FLY - WHEEL 


fly-wheel about the other diametral axis Y Y is 
induced. 

It may be remarked that even if the fly-wheel in 
Fig. 49 manifested a “ self-aligning’’ tendency it 
would still act effectively to initiate a corrective 
elevator movement. The self-aligning tendency 
would be manifested by a movement of the rod B in 








detector of pitch movement should not retain its 
axis of spin constantly parallel with its original 
alignment but should precess about the transverse 
diametral axis at a slow rate which will preserve the 
pitch datum constantly at right angles to the local 
direction of gravity. The rate of this precession, as 
has already been explained, is determined by the 
speed of the aircraft and the curvature of the earth. 
The rate required may in general be said to extend 
from about 2 deg. to about 10 deg. or 12 deg. per hour. 
The rate of the self-aligning movement of the fly- 
wheel in Fig. 48 is, as we have said, of the order of 
about 60 deg. per hour. Hence numerically it will 
always be fully able to supply the required precession 
of the pitch datum provided it can be made to do so. 

In Fig. 50 we give a diagram which shows that the 
self-aligning tendency acts automatically to give the 
required precession of the pitch datum as the flight 
proceeds. Assume that at the outset of the flight the 
driving shaft is horizontal and that the axis of spin 
of the fly-wheel is aligned with it. If the wheel axis 
preserved this alignment then, as explained in con- 
nection with Fig. 38 ante, after an interval of time the 
configuration of the system would be as shown in 
Fig. 50. Relatively to the local direction of gravity 
J K the plane of the fly-wheel would be tilted at an 
angle » and the aircraft, compelled to follow the 
guidance of the rod B, would be climbing at the same 
angle 9. In this configuration the driving force would 
be transmitted from the ball to the wheel through the 
point L and as L is offset from the axis Z Z the force 
at this point would have a moment about Z Z. Hence 
precession about the other diametral axis Y Y would 
be induced and from Fig. 48 we know that the direc- 
tion of that precession would be such as to tilt the 
axis of spin of the wheel back towards the local 
horizontal. The relative motion between the rod B 
and the aircraft structure would initiate an elevator 
deflection in the direction required to make the aero- 
plane re-align itself with the axis of spin of the fly- 
wheel, that is to say to cause it to seek the local 
horizontal. As already remarked, the “ self-align- 
ing’ precession of the fly-wheel is of ample magni- 





FiG. 52—POLLOCK BROWN RUDDER AND ELEVATOR UNIT 


the direction required to make it coincident with the 
axis of the driving shaft. It would, however, occur 
so slowly that long before the rod reached coincidence 
with the shaft axis the axis, under the corrective 
action of the elevator, would have resumed coinci- 
dence with the rod. 

It will be seen then that the self-aligning tendency 
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FiG. 53—COURSE AND PITCH ADJUSTING DETAILS 


the aircraft structure relatively to the rod B may 
therefore be used in the familiar manner to initiate 
an elevator movement acting to correct the pitch. 
The “ self-aligning” tendency of the fly-wheel dis- 
cussed in connection with Fig. 48 does not interfere 
with the pitch-correcting action of the arrangement. 


of the fly-wheel illustrated in Fig. 48 acts to eliminate 
or prevent any wandering of the axis of spin but does 
not interfere with the pitch-correcting action of the 
arrangement. The self-aligning tendency also 
possesses another important characteristic. As noted 
in our eleventh article a gyroscope employed as a 








tude to provide the required readjustment of the 
datum. In practice the whole action proceeds con- 
tinuously and not in steps with the result that as the 
flight proceeds the fly-wheel and therefore the aero- 
plane are continuously adjusted to the local hori- 
zontal direction. 

A similar form of argument may be applied to a 
study of the arrangement as regards yawing move- 
ments. Fig. 51 represents a plan view of the central 
ball bearing and illustrates the configuration of the 
system after the wheel has wandered through an 
angle 6 from its intended alignment. In this setting 
the driving force acting at M, the highest point on the 
surface of the ball, has two components of which one f 
acts to spin the wheel while the other h is offset from 
the horizontal diametral axis Y Y by an amount 
equal to the radius of the ball. The component h 
has therefore a moment about Y Y and conse- 
quently produces precession of the wheel about the 
other or vertical diametral axis ZZ. From the 
fundamental rule of the gyroscope the direction of 
this precession, N, is such as to reduce 9 down 
towards zero. Hence the arrangement possesses a 
“* self-aligning ’”’ tendency to yawing as well as to 
pitching. 

The same diagram may be taken as representing 
the relative configuration of the parts when the aero- 
plane has yawed through an angle 6 off its set course 
as defined by the alignment of the axis of spin of the 
fly-wheel. It is obvious that in this case the self- 
aligning tendency of the fly-wheel superimposes 
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itself upon the yaw correction. Its rate however 
is so slow, relatively to the speed of response of the 
aeroplane to its rudder, that the course is corrected 
long before the self-aligning tendency can interfere 
to a measurable extent with the course correction 
signal. 

The details of the equipment operated by the 
detector need be. described only in brief. Fig. 52 
shows the complete pitch and yaw control unit. 
The rod which we have called B is, it will be gathered, 
engaged by two pairs of forks, one lying horizontally 
and the other vertically. These forks, moving in 
response to the appropriate movement of the rod, 
operate valves which admit oil under pressure to 
servo-motor cylinders, one of which is coupled to the 
rudder and the other to the elevator. The rudder 
and elevator movements are relayed back to the valves 
on the usual principle in order to provide the requisite 
follow-up motion. 

To adjust the pitch of the aircraft or to alter its 
course provision is made for applying electrically a 
precessing torque to the fly-wheel about the appro- 
priate diameter. The general arrangement of this 
part of the system is sketched in Fig. 53. The rod B 
carries at its end an armature which is aligned with 
the axis of a group of four radially disposed solenoids 
N supported from the base-plate. If one or other 
of the horizontal pair of solenoids is energised a torque 
will be applied to the fly-wheel about its vertical 
diameter Z Z, with the result that it will be caused 
to preeess about its horizontal diameter Y Y and as 
a consequence the elevator valve will be operated 
through the medium of the horizontal pair of forks. 
Similarly if one or other of the vertical pair of sole- 
noids is energised a torque will be applied about Y Y, 
precession will be produced about Z Z and the rudder 
valve will be operated through the agency of the 
vertical pair of forks. The group of solenoids can 
be oriented about the central axis. If with the 
solenoids thus rotated out of their normal position 
the pilot energises one of the pair controlling the 
course setting of the fly-wheel the induced precession 
will be a compound one and the pitch of the aircraft 
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FiG. 54—DETAILS OF AILERON UNIT 


will be altered proportionately to the alteration in 
the course. The orientation of the solenoids may be 
governed automatically in accordance with the 
lateral trim of the aeroplane by coupling the group to 
the aileron control unit. If this arrangement is 
adopted, then when the aircraft is banked an appro- 
priate adjustment of the pitch will accompany 
any alteration of the course. 

The aileron unit is similar in fundamental prin- 
ciple to the elevator and rudder unit. The spinning 
axis of the fly-wheel of the aileron unit is arranged 
transversely with respect to the aircraft. It follows 
therefore that this unit is responsive not only, as 
required, to rolling of the aeroplane, but also, as is 
not required, to yawing as well. If it is to act satis- 
factorily its response to yawing must be suppressed. 
In other words if the aeroplane yaws the aileron 
fly-wheel must be precessed about its vertical dia- 
meter ZZ to an equal extent. This precession will 
be induced if an appropriately proportioned and 
directed torque is applied about the horizontal 
diameter Y Y of the fly-wheel. The arrangements 
made to this end are sketched in Fig. 54. The rod 
which we have called B is embraced by two pairs of 
forks of which the horizontal pair operates the aileron 
valves when the aircraft rolls. The second pair is 
engaged by the rod B if the aeroplane yaws by about 
5 deg. off its set course. In that event a rod P 
operates a small valve Q, oil under pressure is admitted 
to a servo-motor cylinder R and a pin § lying between 
the horizontal pair of valve forks is pressed against 
one or other of them, thereby applying the requisite 
precession about the horizontal axis of the fly-wheel. 
These details are combined, as shown, with provision 
for adjusting the horizontal trim of the aircraft. To 
adjust that trim the fly-wheel has to be caused to 


precess about its horizontal diameter Y Y and 
therefore a torque has to be applied about its vertical 
diameter ZZ. That torque is created by energising 
one or other of the solenoids T between which an 
armature is mounted to swing. The armature is 
coupled to the vertical pair of forks through a parallel 
motion linkage which also couples the rod P to the 
forks. 

It is to be noted that in the P.B. deviator no specific 
provision is made for applying a damping com- 
ponent in addition to the restoring moment deter- 
mined by the amount of the yaw, pitch or roll. 
Reliance is placed upon the natural resistance of the 
aeroplane to motion about its three principal axes. 
This natural damping component is open to the same 
considerations as regards the effect of time lag as 
those mentioned in connection with the Sperry air- 
craft pilot. 

The rudder and elevator unit weighs 28lb. to 
which there is to be added 14 Ib. for the oil tanks and 





pipes, the oil pump and the oil itself. The aileron 


unit by itself weighs 18 Ib. 





MarHematicaL Norte. 

If the force at C, Fig. 48, be designated F then its moment 
about ZZ will be F rsin g, where r is the radius of the ball. 
Hence if I ‘is the moment of inertia of the fly-wheel and w its 
T= velocity of spin the rate of precession g about the axis 
Y produced by this moment will be given by Frsing 
=—wqgi/g or cosec pd p= —Adt, where A=F rg/wI. Inte- 
grating we get tan p/2=B e~At or, if @ is small, p=2 B e~4¢ or 
=, ¢4t, where @, is the initial displacement of the wheel 
axis relatively to the shaft. Theoretically therefore the fly- 
wheel should return to alignment with the shaft with a con- 
stantly diminishing velocity degenerating into a creep. The 
time required for completion of the return should theoretically 
be infinitely long, but the return will be 90 per cent. complete 
in a finite time given by t=log,10/A. ence the average 
velocity p over the first 90 per cent. of the return should be 
0-9 p, A/loge 10 or 0-4, A or, in full, 0-4Frg.g,/w1l The 
same formula is applicable to the rate at which the wheel 
recovers from any displacement @ about the axis of yaw as 
represented in Fig. 51. 
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gpg sro as the four diversion tunnels will not 
be finished and available for service until some 
time this year, the course of the Missouri River 
remains unobstructed, and the stream bisects the 
dam at the present time. Therefore the upbuilding 
operations are being carried on in two sections, and 
the river ends of the two sections are shut off from the 
river by sand dykes that are equipped with staggered 


Felner 





longitudinal flanks inward, so as to concentrate the 
lighter and impervious fine material within the core 
area. The procedure calls for the frequent shifting 
of the discharge pipes and the continual use of timber 
baffles to direct the flow to desired areas, and the 
adjustment from time to time of the waste weirs by 
which the run-off water is carried back to the river. 
Experience gained in constructing the main body of 





DIVERSION TUNNELS — UNDER CONSTRUCTION AND CONCRETE LINED 


and stepped spillways to return the waste water to 
the river from the two impounding pools of the 
hydraulically placed earth fill. The upstream and 
the downstream side of each pool is flanked by a 
gravel fill which was placed from a railway trestle 
that envelops the entire area of the main part of the 
dam. The dam is being raised with a succession of 
berms on the upstream and the downstream slopes, 
and the dredged material is being deposited from the 





the dam, combined with large-scale experiments 
made in the vicinity of the dam, led the engineers 
to decide to build most of the long dyke section by 
the hydraulically placed method—one of the four 
dredges being devoted exclusively to that task during 
the working months of last year. The composition 
and character of the material forming the hydraulic 
fill is carefully determined by daily tests. The borrow 
pits are above and below the dam site, in the valley 
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bottom or river*bed. ‘Those areas’ have been sub- 
jected to extensive exploratory borings, and it is 
therefore possible to shift the dredging operations so 
as to obtain a satisfactory balance and _ selection 
of the dredged material being placed in the dam 
structure. 

In the shipyard at Fort Peck were built the 
four identical dredges, wooden hull craft, bearing 
respectively the names of ‘ Gallatin,” “* Jefferson,”’ 





eonsumption. Changes) made during the - 1935-36 
winter months in the dredges i ed the power 
consumption of the pumps. But in the case of the 
dredge ‘ Jefferson,’ which has been at work on the 
dyke section and has required a long transmission 
pipe line and has operated against a static head of 
240ft., the power consumption has averaged 5-08 kWh 
per cubie yard. The ‘ Jefferson” supplied a pipe 
line, 7850ft. in length, handled 13-6 per cent. solids, 











‘* Madison,”’ and “ Missouri.’”’ The hull of each 
dredge is 170ft. long, 40ft. wide, and 8ft. deep, 
subdivided internally by transverse and longitudinal 
wooden bulkheads. The structure is further stiffened 
by means of steel posts and hog rods. Each 
vessel is equipped with two 28in. centrifugal pumps, 
each driven by a 2500 H.P. motor. The pumps 
are arranged in tandem. An A-frame at the 
forward end of each dredge controls the vertical 
movement of a cutting head, 6ft. long and 7ft. in 
diameter, which is attached to a ladder, 75ft. 
in length. The cutters are of the basket type. At 


first, a 28in. pipe was interposed between the cutter 
and the leading pump—the size being the same as 
the discharge line, but better results were obtained 


DREDGER USED FOR FORMING EARTH FILL DAM 
and pumped at the rate of 1921 cubic yards per hour. 
The longest of the pipe lines for 1936 was that of the 
“Gallatin,” 15,740ft. in length. In that case the lift 
was 96ft., the percentage of solids 17-8, and the 
power consumption was at the rate of 4:29 kWh. 
Each dredge carries two 10-ton manually operated 
overhead travelling cranes that are used in liftimg and 
lowering heavy parts when making repairs. 

Between each dredge and the shore there is an 
intermediate floating booster plant which is made up 
of two pumps of like kind and capacity to those on the 
dredge, and on land there is a second booster plant, 
mounted on rails, and equipped with a single 28in. 
pump. The discharge pipe between the dredge and 
the floating booster and that booster and the shore 
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added experience, the suction: pipe for each dredge 
was increased in diameter to 35in., with an improve- 
ment in performance. During the 1935 operating 
period, the pumps handled 13-4 per cent. of solids, 
and during 1936 the average was 13:2 per cent. 
of solids. In 1935 the power consumption ranged 
from 2-99 to 4-90 kWh per cubic yard, the average 
being 3-85 kWh. Naturally the length of pipe line 
and the pumping head have influenced the power 
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per month, but the xresults during the open 
months of 1935 showed that a higher performance 
was practicable. During the first half of September, 
1936, the four dredges placed 2,513,200 cubie yards 
of fill. The gain in this direction indicated before the 
close of 1935 that the dam was advancing faster than 
the diversion tunnels, and that it would be possible 
to block the river this year and considerably earlier 





than originally scheduled, provided, of course, that 
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the diversion tunnels were ready to accommodate the 
river flow. That situation led early in 1936 to a change 
in the ultimate dimensions of the finished tunnels, 
and a radical alteration in the prescribed lining. In 
brief, the altered plan did away with an embedded 
lin. steel plate lining and substituted in its stead 
an embedded inner hoop made up of 1}in. square 
reinforcing bars and a second hoop adjacent to the 
rock excavation, also made up of 14m. square 
reinforcing bars. The final internal diameter of the 
finished tunnels after concrete lining is placed is to be 
24ft. 8in. instead of 26ft., as first preseribed. Also 
the maximum diameter of the excavated tunnel 
section was reduced from 32/ft: 2in. to 30ft. 8in. The 
alterations will assure the completion of the tunnels 
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in time this year to permit their use, so as to close 
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ARRANGEMENT OF DREDGER 


pumps are driven by electricity. The floating pipe 
lines have flexible cone joints, while the land sections 
are made up of bolted flanged pipe. The pipe lines 
generally are composed of pipe, 28in. in diameter, 
with shell walls jin in thickness. Some of the 
pipe, however, in the main lines, is of 2lin. diameter, 
and shell walls vary. from 4inm. to fin. in thickness, 
depending upon where used. The dredging plant was 





originally designed to, handle 3,000,000 cubic yards 


the river gap in the main dam and to push forward 
the earth-fill work without interruption. 

The four diversion tunnels are driven through the 
shale body of the butte adjoining the eastern abut- 
ment of the main dam, and those tunnels have a 
combined length of 4:79 miles. Individually, their 
lengths are respectively 5379ft., 6006ft., 6629ft., 
and 7254ft. The four tunnels, when operating with 
the reservoir full, will have a combined. capacity of 
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84,000 second-feet. The tunnels are all being enlarged 
to the prescribed maximum excavated diameter from 
a central pilot tunnel, in each case l4ft. by 16ft. 
The work has been difficult because of the broken 
character of the ground and the tendency of the shale 
to spall very quickly after exposure to the air. As 
& consequence, timbering was required throughout 
the drivmg of the pilot tunnels, and to arrest any 
spalling the exposed rock surfaces were immediately 
coated with a bituminous sealing solution. During 
the present year, the enlarging of the tunnel sections 
has been advanced by a top heading and bench 
method adapted to meet the conditions imposed by 
the ground. The top heading procedure is made 
possible by supporting the roof with steel ring beams, 
assembled in sections by bolting and sustained at the 
sides, near the bottom, by removable steel brackets 
and 24in. needle beams. The rings are 3}it. between 
centres and tied to one another by means of bolted 
6in. purlins, and the space between the purlins is 
closed with steel sheeting of 18 gauge. The concrete 
lining has a thickness of 36in. within the outermost 
diameter of the rings, and the space remaining between 
the rings and the excavated rock is filled with grout 
under pressure. The lining is poured in two opera- 
tions—first, the invert section, and then the side wall 
and the arch. The steel form for a side wall and arch 
section is 70ft. long and mounted on rails to permit 
shifting as the lining work advances. The side walls 
are poured through windows arranged in two rows 
along each side of the form—the upper row being a 
little above the spring line. After placing, the side 
wall concrete is compacted with the aid of pneumatic 
internal vibrators. The arch section is placed with 
concrete guns, and each of the two guns is of }-yard 
capacity. Remarkably rapid work is being done in 
enlarging the tunnel excavations and in facing the 
linings. In the course of five days as much as 647 
linear feet of invert and 429 linear feet of side wall 
and arch lining were placed. 

Each diversion tunnel has its own control shaft 
which is 60ft. in excavated diameter and an average 
of 250ft. in depth, sunk through the shale and over- 
burden, and each tunnel also has an emergency gate 
shaft, 16ft. by 34ft. in section and also 250ft. in 
depth. Each control shaft will have a reinforced 
concrete lining 5ft. in thickness. The sinking of the 
control shafts and the emergency gate shafts presented 
unusually difficult tasks when intercepting the 
tunnels, because of the complicated nature of the 
supporting steel work that had to straddle the tunnels. 
The control shafts were sunk by first sinking a central 
pilot shaft and then enlarging to the prescribed 
maximum diameter. Incidentally, each pilot shaft 
served as a glory hole through. which to dispose 
of the material excavated during enlargement. 

The spillway for the great reservoir is no less inter- 
esting than the other outstanding features of the 
Fort Peck project. The construction of the spillway 
has also been made difficult by reason of certain 
characteristics of the shale underlying that cut. 
The spillway taps the prospective basin at a point 
34 miles eastward of the dam, where nature has 
facilitated the creation of an outlet by providing a 
narrow dry valley or coulee that has reduced to a 
considerable extent the amount of necessary excava- 
tion. The final outlet of the spillway will be a channel 
reaching the river at a point about 8 miles down- 
stream of the dam. The spillway is to have a total of 
sixteen Stoney gates, each 40ft. long and 25ft. in 
height. The control gate structure, with its successive 
piers set 52ft. apart on centres, will have a total 
length of 820ft., and that structure will be of concrete 
and arranged to carry a highway bridge and a separate 
railway bridge. The capacity of the spillway is for 
@ maximum flood discharge of 255,000 second-feet, 
independently of any water that may be released 
through the four tunnels. The seventeen piers and 
the abutments of the spillway structure will rest on 
a solid slab vf concrete, 12$ft. in thickness and with 
a width of 80ft. The slab is supported by 520 con- 
crete cylinders, from 5ft. to 6ft. in diameter, that rise 
from shafts sunk by means of a special core drill to 
depths of 35ft. to 40ft. in the shale stratum. 
Beneath the upstream edge of the slab, there is a 
cut-off 30ft. deep and 10ft. in cross section, carried 
down into the shale for *‘e full length of the spillway. 
The bottom of the reservoir immediately upstream of 
the spillway for a distance of 220ft. will be reinforced 
with a concrete paving, 3ft. thick, cast in slabs deeply 
keyed into the underlying shale, and beyond that, for 
a distance of 100ft., there will be a thick riprap rest- 
ing on a gravel bed, both set in an excavation in 
the shale. ‘ 

For a distance of a mile downstream from the 
spillway, the spillway channel with sloping sides 
will be lined on its floor and slopes with concrete. 
The floor slabs will be of reinforced concrete ranging 
in thickness from 28in. to 32in., and will have plan 
dimensions of 20ft. by 40ft., and the reinforced con- 
crete side walls will be of approximately the same 
thickness. Drainage tile will be placed beneath the 
side walls and the floor slabs. A cut-off wall is being 
constructed at the lower end of the lined channel to 
resist scouring action at that point where the released 
water will have its maximum velocity. At that point 
the lined channel has a bottom width of 130ft., a 
top spread of 182ft., and a depth of 60ft. The cut-off 
will have the form of a reinforced concrete box-like 
structure, 70ft. in depth and 100ft. by 189ft. in plan. 





The box walls will be 8ft. in thickness and braced by 
cross walls of the same thickness. This central cellular 
structure is to be flanked by wing walls of similar 
design, that are to extend downstream 290ft., and 
they will have a maximum depth of 130ft. and be 
keyed into deep trenches cut into the supporting 
shale. Much of the excavation for the spillway, 
keyways, trenches, &c., has been done with elec- 
trically driven ‘‘ saws,” which are a modification of 
well-known types of coal cutters, extensively used in 
getting out fuel in certain American mines. 

The preparatory work on the spillway has neces- 
sitated the excavation of 14,000,000 cubic yards of 
material, much of it shale, and in many sections a 
covering of shale, amounting to about 1,000,000 cubic 
yards, had to be left in place as a protection against 
weathering during the succeeding inaction over the 
winter months. Elsewhere the bared rock was 
sprayed with a bituminous solution to shield the 
exposed surfaces until they could be covered shortly 
thereafter with structural concrete. 

The gravel fill for the toe dykes and the sand and 
gravel for concrete are obtained from sources 80 miles 
distant from the dam, and the glacial boulders with 
which the upstream slope of the dam will be paved 
are also being excavated from d its remote from 
the site of the project. Some 800,000 cubie yards of 
Tiprap, also to be used on the upstream face of the 
dam, is to bé quarried from an igneous formation of 
syenite that has been uncovered at a point about 
150 miles away from Fort Peck. The transportation 
of these essential materials imposes therefore long 
railway hauls. However, thanks to the extensive 
employment of the most modern mechanical equip- 





ment, exceptionally well-co-ordinated efforts, and 
the arrangement of a carefully developed schedule, 
there is every reason now to believe that the vast 
undertaking will be completed by 1939. 

Although the flow of the river and the capacity of 
the Fort Peck reservoir will make it possible to 
develop a very large block of electric energy, the pre- 
sent programme includes the installation of a hydro- 
electric plant of only 50,000 H.P. The current will 
be used for operating purposes in connection with the 
dam and its various features requiring electric power 
and also for such repair plants and the needs of the 
permanent population and communal activities of 
the town of Fort Peck. Some power may also be 
used to pump water for distribution to lands in the 
adjacent territory, totalling about 180,000 acres, 


which may be irrigated for agricultural purposes. 


But in the last analysis, the Fort Peck reservoir is 
for flood control service, and for the ultimate exten- 
sion of commercial navigation on the Missouri River. 

The building of the Fort Peck Dam is directly under 
the Corps of Engineers of the United States Army. 
The great task is immediately supervised by Lieut.- 
Colonel Thomas B. Larkin, of the Corps of Engineers, 
and associated with him are numerous other officers 
of the same organisation who are respectively in 
charge of the different d mts or divisions of 
the work. While much of the undertaking is being 
done by charge account instead of by contract, still 
many major phases of the project are being carried 
forward by some of the most prominent of American 
engineering and contracting concerns. The list of 
these contributors to notable progress is too long to 
detail here. 
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Recollections and Reflections. By Sir J. J. THoMson, 
Master of Trinity. London: G. Bell and Sons, 
Ltd. 1936. Price 18s. 

SoMEONE has said that when old men write Memoirs 
they write of those whom they knew in their youth 
and prime. What, matter if it is so? The time 
will come when those who are young to-day will 
appear in the memoirs of their present contem- 
poraries a quarter of a century hence. The practice 
has the great merit of preventing errors of judgment. 
If old scientists wrote about young scientists, they 
might underrate or overrate them. But when they 
write of those whose best work was done twenty, 
thirty, fifty years ago, and whose position in the 
world has been settled, they cannot fall into such 
mistakes. Only the gossip-writer of newspapers and 
best sellers has the impertinence to comment upon 
the personal attributes of people still living. More 
responsible people exercise a decent reserve and select 
for their comments those who cannot be annoyed 
or embarrassed by them. 

We say this by way of introduction to a really 
delightful book, a book about nearly everybody in the 
scientific world, except the author himself. Indeed, 
if we have any criticism at all, it is that in it we only 
know “J. J.” by his notes about other people and 
their work. There is, it is true, a chapter on his 
work, but the reader is rarely told that he it 
was who inspired or made the researches. In a 
single respect does the author take his right 
position, and that is in the reproduction of paintings 
and sculpture. There is a copy, in _half-tone, 
of the Royal Society portrait of him by Fiddes Watt ; 
another of Arthur Hacker’s remarkable picture in 
the Cavendish Laboratory ; a print of the bust by 
Derwent Wood; and a print of a photograph taken 
circa 1922. - One is glad to have all these as some set- 
off against the lack of autobiographical notes. 

We have been turning over the pages idly refresh- 
ing our minds after reading from cover to cover, and 
are struck by a fact which bears out the preceding 
comments in an obvious manner. At the top of 
every right-hand page the principal subject of that 
page is printed—an excellent system. If one flicks 
over the pages, as one use to do those kinetoscopes 
or book-like cinematographs of years ago, an im- 
pression of a portrait gallery results. On page after 
page the names of men famous the world over appear, 
only here and there diversified by the title of some 
institution as famous as the men, for a short time by 
keys to the visit to Canada and America which seems 
to have been all red-letter days in “J. J.’s”’ life, 
and by the headings in the chapter on the war. 

We may say, then, that with a few exceptions 
the book is all about illustrious scientists. And 
there is not a single ungenerous word from end to 
end. That helps one to understand the enormous 
popularity the author has enjoyed during a long life 
and gives a clue to his character which some future 
biographer may be glad to seize. 


Amongst the exceptions we have mentioned, are | pro 


Sir Joseph’s comments on educational and other 
subjects. Perhaps we may interest our readers by 
quoting one or two. Writing of the old days of the 
Mathematical Tripos, he says: ‘“‘No one asked 
whether he was a good researcher or whether he had 





done any research at all. There were no rewards for 
research except the small number of professorships 
in the few universities which then existed. Now all 
this has been changed; the country has got the 
research habit, research is the fashion in all subjects. 
Candidates would have little chance of election 
unless they submitted a dissertation containing an 
account of a piece of original research. For all 
scientific posts the predominant qualification is a 
successful piece of research.” Are we right in detect- 
ing in this passage a little petulance, as if the author 
thought that excessive attention was being given to 
the research work of teachers ? On another page we 
find words which support that view : ‘‘ I am strongly 
of opinion,” writes the author, ‘‘ that in general some 
teaching should be combined with research, and that 
the teacher should not regard his teaching as negligible 
in importance compared with research.” One could 
hardly expect a famous researcher to go further than 
that, but for ourselves we should say that the first 
duty of a teacher is to teach. “J. J.” holds that 
teaching starts ideas for research, and should there- 
fore be practised, in moderation at least. Dare we 
suggest that the converse is still better, and say that 
the value of research in universities is proportional 
to the improvement it effects in teaching ? Perhaps 
we ought to add that we place specialised research 
laboratories like the Cavendish in a distinct category. 
They are dedicated to research, and their instructional 
value is no doubt secondary. 

In the chapter on War Work the author recalls some 
of the amusing suggestions which came before the 
‘ B.LR.”’—the Board of Invention and Research. 
The following proposal may be new to some of our 
readers :—‘‘ It was to collect a flock of cormorants, 
feed them on white food, and peg this in horizontal 
and vertical lines against the walls of the room in 
which they were kept. This would give the walls 
the appearance of brickwork, the food representing 
the mortar. When they had had sufficient training, 
they were to be liberated as near as possible to 
Krupp’s works at Essen. The cormorants, when they 
saw the chimneys, would think the mortar was food, 
peck it away, the chimneys would fall down, and the 
Germans, not being able to receive arms and muni- 
tions from Krupp’s, would surrender.”’ Proposals 
of that nature, and they were not few, formed the 
comic relief in the B.I.R., but others, just as hopeless, 
but more plausible, which Sir James describes gave 
an infinity of trouble. Much labour must have been 
wasted on them, particularly when, as in one case he 
describes, the inventor had ed to catch the 
eye of the daily Press and the House of Commons. 
There is a power of difference between knowing that 
a thing won’t work and succeeding in proving to non- 
scientific people that it won’t. The inventor in this 
instance wanted seven million pounds for his inven- 
tion, and it was well that the taxpayers had the B.I.R. 
to protect them, or he might have got it! Even the 
transmutation of metals turned up. An alchemist 
ymised to convert mercury into gold, and endea- 
voured to float a syndicate to operate his discovery. 

Every now and then, as we turn over the pages, 
we are caught by little “J. J.”-isms, little flashes of 
wit. Here is one about Gauss and his formula for 
the number of prime numbers which are less than 4 
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given number N. Gauss’s formula was actually 
tested up to a thousand million and thereupon 
accepted. But Littlewood showed that it would 
ultimately fail, but only when the primes had reached 
a number so prodigious that it was outside human 
effort to count. On this, Sir James remarks: ‘‘ Thus 
Gauss’s rule may console itself by thinking that, 
though it may lapse from rectitude, it never does 
so when it can be found out.” 

It is practically impossible to pick up this volume 
without coming across some interesting fact, clearly 
stated, or some kindly souvenir of the men famous in 
science whom the author has known. The last 
chapter is entitled ‘‘ Physics in My Time,” and in it, 
as in all the others, Sir Joseph never forgets the men in 
his comments on their work. The human touch and 
the little flashes of humour remain with him up to 
the last page, for even in Relativity he manages to 
see the lighter side. 

We must in conclusion quote a little definition of 
Kelvin which will appeal to all who knew that great 
scientist and his ways. After referring to Kelvin’s 
disinclination to read, Sir James remarks that “ in 
fact, he was a remarkable exception to that very 
important physical principle that good radiators are 
good absorbers.”” On second thoughts, however, 
perhaps it was Kelvin’s extraordinary power of 
absorption from the conversation of his friends that 
his powers as a “ radiator ’’ were due. 

We should like to add, lest anyone should think 
that this is only a book for scientists, that it is, in 
fact, one that anyone with that awareness to science 
which the multitude of to-day exhibits will enjoy as 
greatly as we have. 





Drilling and Surfacing Practice. By Frep. H. 
Cotvin and Frank A. Sranitgy. London : 
McGraw-Hill Publishing Company. 1936. Price 


24s. 

Books dealing with the practical side of machine 
shop practice are somewhat rare, and for that reason 
alone this one is welcomed, and the authors can be 
complimented on the manner in which they have 
presented machine shop data. It is primarily a book 
for the student of practical machine shop work, and 
by such it will be found a useful addition to volumes 
of reference previously published. 

Probably the greatest value of the book to the 
British machine shop engineer is the information it 
gives regarding American machine shop practice as 
compared with British. In the past it has generally 
been supposed that American practice was consider- 
ably in advance of our own, but if the authors have 
given a true indication of the best machine shop 
practice in the United States, the British machine 
shop manager and production engineer will have good 
reason, after reading the book, to conclude that, in 
some respects at least, the home practice has gone so 
much ahead as to leave their friendly rivals far 
behind. 

So far as the practical machinist is concerned the 
authors have given very little that will be considered 
new. Nevertheless, to the student with ambition and 
the desire to become skilled in the art of metal cutting 
and in learning how production costs may be reduced 
by the proper use of specially designed tools and 
fixtures, the information given proves valuable. The 
book is profusely illustrated with examples of certain 
classes of machine tools, and of small tools, such as 
drills, milling cutters, and broaches., 

Many experienced machine shop managers would 
probably consider some aspects of the book old- 
fashioned and out-of-date or at all events redundant. 
For instance, some of the chapters dealing with twist 
drills and drilling operations only reiterate what has 
been said and written times out of number. Particu- 
larly is this the case in the notes on grinding the 
cutting point of twist drills and the care required to 
ensure uniformity of angles; it certainly appears 
superfluous at this date to stress that matter excepting 
to beginners. 

Then again in Chapter V, on deep hole drilling, the 
problem of drilling long oil holes for forced lubrication 
can hardly be considered modern, as the authors 
appear to imagine, as this kind of work was being 
done quite successfully some forty years ago in the 
works of Belliss and Morcom, Ltd., Birmingham, 
where forced or pressure lubrication was originated, 
and is still being done in many machine shops 
throughout Britain. 

Drilling small holes of 0-003in. diameter also 
receives attention, but here again our authors do 
not appear to be fully acquainted with the best 
method or to have heard of the Alfred Herbert high- 
speed air-driven drilling machine. This machine is 
fitted with a safety hand feeding device, which makes 
it impossible to overload the finest drill ever used. 
These machines were shown in operation at the 1934 
Machine Tool Exhibition at Olympia, and for the 
purpose mentioned they are far in advance of the 
belt-driven Meuhlmatt high-speed bench drill illus- 
trated in the book. The Herbert air-driven machine 
runs with a smoothness and balance that is almost 
impossible to obtain with a belt-driven machine. 

The chapter dealing with taps and screw threads 
gives a list of accepted definitions to be used when 
ordering, together with the meaning of the terms. 
This is useful, as it tends to eliminate the chance of 
confusion or misunderstanding. It is interesting to 
note that the American designation differs but very 





slightly from the British terms in general use. A 
paragraph on the use of helical or spiral-pointed taps 
states that they are useful for tapping through holes 
in all metals, and are equally good for blind hole 
tapping, all of which is undoubtedly true; but in 
this country spiral fluted taps have been used for 
many years in tapping blind holes in mild steel, the 
advantage being that the metal cuttings come out in 
long curling chips and do not clog the tap. 

Chapter X deals with-planers, shapers, and slotters, 
and in connection with that useful toolroom machine 
—the Pratt and Whitney vertical shaper—the authors 
remark that ‘this machine is especially useful in 
work requiring flat surfaces at right angles to the 
main body, as this would be difficult to handle on 
either the planer or shaper,” but surely they are over- 
looking one of the functions of the side tool slides, 
which have long been fitted to planing machines by 
British makers. With the use of the side tool it is, of 
course, easy to machine fiat surfaces at right angles, 
and planers are often used for this purpose. 

It is also stated that ‘‘ the planer and shaper were 
among the earliest of the machine tool family,” but 
while that is true, it should not be forgotten that 
Henry Maudslay had perfected the slide rest and fitted 
it to his screw-cutting lathe in 1800, and that the 
first known metal planing machine was made by 
Richard Roberts in 1817. It is to the work of these 
pioneers that the “ machine tool family ” owes its 
origin. 

The cutting speeds of planers given in Chapter XII 
are considerably lower than the present practice in 
this country. For instance, the cutting speed for 
roughing cast iron is given by the authors as 40ft. to 
50ft. per minute, but the cutting speeds of planers 
made by British firms such as Stirk and Butlers range 
up to 200ft. per minute. Cutting speeds of planers 
of 96in. and upward are given as 20ft. to 60ft. per 
minute and from 40ft. to 80ft. per minute for return 
speed. These speeds again appear low compared with 
British practice. Craven’s 12ft. 6in. by 10ft. planer 
will cut from 25ft. to 100ft., while the return speed is 
from 80ft. to 180ft. per minute. 

Cutting speeds given for shapers in Chapter XV are 
similar to British practice, but the British machine 
is heavier than the American. The Butler 36in. 
shaper has a net weight of 11,200 lb., compared with 
the same size American shaper given as 7600 Ib. 

Comparing the motor power supplied to slotting 
machines, we find the authors state that 74 H.P. is 
supplied to an 18in. slotter, while British makers 
supply 12 H.P. for a 14in. slotter and 15 H.P. for a 
20in. slotter. 

Useful chapters are given on milling cutters and 
milling machines, but, as is well known, there are 
many factors which have to be taken into account 
before speeds, feeds, and power required can be 
determined, and the authors are wise in quoting the 
National Twist Drill and Tool Company as saying 
“that milling operations are of such varied nature 
that it is not practicable to set up a general table of 
speeds and feeds for milling cutters.”” In this country 
it is the practice of machine tool makers to offer 
various sizes of milling machines fitted with suitable 
horse-power motors for performing average work, 
and it is left to the user to decide the most suitable 
size of machine for his purpose. The same may be 
said of the choice and use of milling cutters. The 
experienced shop manager will not be much influenced 
by tables and charts of speeds and feeds; he will 
know full well that the milling cutter is an expensive 
tool, and therefore will take care that only such 
speeds and feeds are used as will allow a reasonable 
amount of work to be done before the cutter requires 
regrinding, to say nothing of the danger of ruining the 
tool altogether if ill-considered speeds and feeds are 
used. 

The same remarks apply to broaching tools and 
operations, on the subject of which there are several 
chapters in this book, which are worthy of the atten- 
tion of the student. 


Instrument Transformers: Their Theory, Charac- 
teristics, and Testing. By Dr. B. Hague. London : 
Sir Isaac Pitman and Sons, Ltd. Price 35s. 

THERE is not much doubt that this is the most exten- 

sive volume that has been produced on instrument 

transformers. It contains over 650 pages and nearly 

300 illustrations, and, needless to say, the subject 

is treated very thoroughly. Primarily, the book deals 

with the transformers used for electrical measure- 
ments. Those associated with protective systems 
are only given secondary consideration, and no atten- 
tion is paid to transformers operating at frequencies 
above those of supply systems. The author’s main 
object has been to deal with fundamental principles 
rather than the stern laws governing the economic 
production of a saleable article. Design in this sense, 
he says, is not suitable for academic discussion. 

While the volume is mainly intended to meet the 

requirements of specialists, it is not without interest 

to students and others concerned with the theory and 
practice of A.C. measurements, while the biblio- 
graphical study of British and foreign technical 
literature which it provides should prove useful to 
the research worker in many branches of electro- 
technical and physical investigations. 

The book is divided into five parts, the first of which 
is devoted to the theory of instrument transformers 
and an examination of constructional and other prac- 





tical features as may exert an important influence 
on their operating characteristics. In this part of 
the book the author also discusses the various 
national and international rules proposed as standard 
for satisfactory performance. Apparatus used in 
testing transformers is considered in Part II, and 
certain matters, such as the design of low and high- 
voltage resistors are considered at length. Parts III 
and IV deal respectively with the testing of current 
and voltage transformers for ratio and phase angle 
errors ; while Part V considers other tests, such as 
those for temperature rise, dielectric strength, 
polarity, &e. 

The author calls attention in the preface to the 
considerable number of methods of testing that have 
been proposed and to the small proportion that have 
been adopted in practice. He also refers to the great 
waste of effort that has resulted from lack of co- 
ordination which has led to the repeated reintroduc- 
tion of an old method as new. But in view of the 
fact that Dr. Hague has found in research that a 
method not generally adopted for its original purpose 
may prove useful in other fields, it has been deemed 
advisable to put these methods on record. At the 
same time, however, an attempt has been made to 
indicate those methods that have been found best for 
transformer testing. 


SHORT NOTICES. 


Thermionic Valves in Modern Radio Receivers. 1937. 
By Alfred T. Witts. London: Sir Isaac Pitman and Sons, 
Ltd. Price 8s. 6d.—The application of thermionic valves 
to radio receivers has changed so much within recent years 
that a book of this nature can scarcely fail to serve a use- 
ful purpose. Many aspects of the subject are considered 
of interest to practical men and amateurs who have been 
unable to keep in touch with all modern developments. 
All the circuits and theoretical considerations relate to 
receivers of present-day design. 





The Transmission and Distribution of Electrical Energy. 
1937. By Dr. H. Cotton. London: The English Univer- 
sity Press. Price 2ls. net.—Intended for students and 
practical engineers alike, this book covers an extensive 
field. The author’s aim has been to present a broad survey 
of the fundamental principles involved in electrical trans- 
mission and distribution. Many books covering various 
branches of the subject have been produced by specialists, 
but the present volume is of a more general character, and 
has a wider appeal. Students and others desirous of 
familiarising themselves with the theoretical principles 
of electrical transmission and distribution will find the 
work a valuable help, although it is not, of course, intended 
to replace other books of a specialised character. To 
satisfy the needs of readers who may wish to extend their 
study of any particular branch of the subject the author 
gives reference to various publications. Among the 
branches of the subject discussed are supply systems, 
distributors, feeders, line constants, corona, inductive 
interference with communication circuits, insulators and 
overhead lines, cables, voltage control, principles of feeder 
protection, travelling waves and protection against over- 
voltages. The discussions on theoretical principles are 
amplified by selected examples of practical applications. 
Various features of the National grid system are dealt with, 
for example, in appropriate places, and although circuit 
breakers have been considered by numerous electrical 
writers, they have not escaped attention in this new 
volume. 





Electron Tubes in Industry. 1936. By Keith Henney. 
London: McGraw-Hill Publishing Company, Ltd. Price 
30s.—The second edition of this book deals with many 
applications of amplifiers, oscillators, photo-electric 
cells, rectifiers, thyratrons, cathode ray tubes, &c., in 
industries other than that devoted to communication. 
Since the publication of the first edition in 1935 much new 
material has been added, the original matter has been 
re- , whilst that which is out of date has been 
removed. Although the volume is mainlydevoted to 
American practice, it can scarcely fail to appeal to all who 
are interested in the application of thermionic devices to 
industry. The many uses to which these devices can be 
put are fully described with the help of diagrams and other 
illustrations. No other book, as far as we know, deals with 
the subject at greater length or in greater detail. 
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Materials of Aircraft Construction. Third Edition. 
By F. T. Hill, F.R. Ae.8. London: Sir Isaac Pitman 
and Son, Ltd., Parker-street, W.C.2. Price 20s. net. 

Journal of the Institute of Metals. No. 2, Vol. LIX, 
1936. Edited by G. Shaw Scott, M.Sc. London: Insti- 
tute of Metals, 36, Victoria-street, S.W.1. Price 31s. 6d. 
net. 

Theory of Modern Steel Structures: Vol. I, Statically 
Determinate Structures. By L. E. Grinter, Ph.D. Lonilon : 
McMillan and Co., Ltd., St. Martin’s-street, S.W.1. 
Price 18s. net. 

Erdél-Untersuchungsmethoden (Zusammenstellung und 
Vergleich von in verschiedenen Landern praktisch verwen- 
deten Methoden) I. Folge. Edited by Dr. Erich Molnar. 
Vienna : Verlag fir Fachliteratur Ges.m.b.H., Vegagasse 4. 
Price 10 marks net. 

Metal Plate Work: Its Patterns and their Geometry. 
Sixth edition. Two volumes. By C. T. Millis, MI. 
Mech. E. London: E. and F. N. Spon, Ltd., 57, Hay- 
market, S.W.1. Price: Part I, 4s. 6d. net; Part 2, 
7s. 6d. net. 





























































474 





THE ENGINEER 





Apri. 23, 1937 











Modern Hydraulic Turbines. 


By JOHN 


D. WATSON. 


No, I. 


Macuines FoR High Heap Work. 


byrne hydraulic turbines can be conveniently 
classified as high head, medium head, and low 
head machines, it is not such an easy matter to define 
a high head for the present purpose, beeause while 
those below 50ft. can generally be regarded as low 
ones, more particularly because they are now generally 
to be associated with the installation of propeller 
type runners in Francis settings, the line of demarca- 
tion between a medium and high head is not defined 
with reference to any particular type. If one classifies 
those between 50ft. and 500ft. as medium heads, 
the appropriate type of turbine can usually be regarded 
as the vertical shaft Francis. But if the lower limit 
of high heads be set at 500ft., as it is in the present 
instanee, quite a large number of steel spiral cased 
Francis turbines of large power, including those of 
115,000 H.P. at the Boulder dam, which operate on 
475ft., would be excluded from this article. At the 
same time, it does not exclude the vertical shaft 
machine. This type of turbine which predominates 
on the American continent, has certain advantages 
over any other type of reaction machine. Equipped 
with a propeller type runner, it meets all economic 
conditions up to d0ft. or 60ft. with the necessary 
scroll formed in the conerete setting. With a welded 
or riveted plate spiral or one of cast iron or east steel 
sections according to the head, it produces a machine 
with excellent efficiency, and is usually the most con- 
venient when the generator floor can be set at not 
over 25ft. above the tail water level and suitable 
generators are obtainable. That gives the typical 
lay-out of a modern medium head hydro-electric 
station, as shown in Fig. 3, which as an example 
shows the six 6000 H.P. units at Muhlberg, by Escher 
Wyss. The head here being comparatively low, the 
generators are large for their output, the speed being 
166 r.p.m. on a head of 65ft. Speed, though not 
directly dependent upon head, is largely dictated by it. 
According to the hydraulic department of the 
American Newport News Company, the various 
arrangements can be classified according to head on 
the lines shown in the diagram in Fig. 1, from which 
it will be seen that vertical shaft machines with cast 
steel spirals are actually deemed suitable for heads 
of over 900ft. Actually this setting was adopted a 
number of years ago by the American Pelton Wheel 
Company for three 17,500-kW (25,000 H.P.) units 
to operate on 900ft. head at the Kern River plant of 
the Southern California Edison Company. Allis 
Chalmers adopted the same type of machine in a later 
development at the Pit River plant of the Pacific Gas 
and Electric Company. These machines are rated at 
40,000 H.P. on 810ft. head, while what is believed to be 
the highest head yet applied in this way is the 950ft., 
at which 17,500 H.P. sets by Escher Wyss at Oslo 
(Fig. 2) operate. 
There was keen competition for this last-named 
installation by several German and Scandinavian 
» and an exceptionally high efficiency was 
demanded, so that it is clear that such machines offer 
possibilities of working at high efficiency if conditions, 
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easing, which, coming under the heading of medium 
fall machines, will be dealt with later. What is 
referred to in this section is that compact high-speed 
machine with a steel—now usually a cast steel— 
spiral casing built much on the lines of a centrifugal 
pump. While its efficiency is generally lower than 
that of the corresponding vertical shaft unit, it becomes 
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case when the English Electric Company built the 
15,000 H.P. sets (Fig. 5) in 1924 for the Khopoli 
station of the Indian Tata Power Company, which at 
300 r.p.m. operate on 1655ft. They attracted some 
attention at the time by incorporating the Seewer 
jet dispersion system of governing in place of the more 
usual spear-cum-deflector principle. The same con- 
cern, apparently under American influence, took up 
the spiral cased Francis type. Fig. 7 shows one of 
this type which it built for the San Paulo Company, 
of Brazil, developing 25,000 H.P. on 650ft. head. It 
is of the single discharge type with overhung runners. 
This practice has been followed sometimes, too, in the 
case of Pelton wheels, and is obviously a simple form 
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a relatively simple problem in the matter of the 
foundation work and entails no greater difficulties 
or cost in this direction than the orthodox type of 
Pelton wheel. Seeing that the latter is a machine of 
high speed and efficiency, rather the more compact 
as a rule for a given set of conditions, and usually, 
though not necessarily, cheaper to build, the ques- 
tion naturally arises as to why sometimes the one and 
sometimes the other is selected when the head con- 
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FIG. 1—DIAGRAM SHOWING DESIGN OF VERTICAL SHAFT MACHINES FOR VARIOUS HEADS AND POWERS 


particularly that of full load working, are suitable 
to it. It is, however, generally conceded that 
1000ft. is the economical limit of this type of turbine 
owing to its high initial cost and there are but few 
of them operating at over 700ft. 


SPIRAL-CASED TURBINES WITH HoRIzONTAL SHAFTS. 


The remark as to full load working rather applies 
to horizontal wheels in an open setting or light. drum 








ditions are equally suitable to both. One sees, for 
instance, of the several units at the Walchensee 
station (Fig. 4), some to be of the Pelton class (in the 
background) and the others to be of the familiar 
double-discharge Francis type. As will be alluded 
to again, Pelton wheels of relatively large output have 
been built in Britain, as water power in this country 
has been so largely influenced by the Swedish con- 
nections of Bovings. That was not, however, the 





Fic. 2—17.500 H.P. MACHINE FOR 950 Foot HEAD AT OSLO 


of construction, except for the necessity—in the case 
of Francis turbines—for a thrust bearing. It should 
be realised, though, that such bearings, of a heavier 
type, too, are essential on all vertical shaft machines, 
though eliminated except for small ones for pro- 
tection on horizontal double discharge sets, like those 
shown in Fig. 4. If two single-discharge runners are 
mounted on the respective ends of the generator shaft, 
so that there are actually two turbines driving the 
same generator, it is also clearly unnecessary to 
provide a heavy thrust bearing. 

The Francis units at the Walchensee plant (Figs. 4 
and 6) have the rather more usual arrangement of 
modern times, and they develop 24,000 H.P. on 640ft. 
head at 500 r.p.m. The four Peiton units develop 
18,000 H.P., and contrary to what might be anti- 
cipated their speed of 250 r.p.m. is considerably lower 
than that of the Francis units. They drive single- 
phase generators, however, as opposed to the three- 
phase generators of the Francis sets, and the operating 
head of the Peltons is 620ft.; that is, 20ft. less. This 
difference is accounted for by the regain of energy in 
the draught tubes of the Francis sets. That matter is 
of some moment if Peltons have to be placed at an 
uneconomic height above tail water level to avoid 
interference with the runners in flood time; 20ft. 
on 620ft. is only a matter of about 3 per cent., but 
for a given water quantity it is 3 per cent. more power 
under favourable water conditions, which spells an 
extra, even if small extra, return on the capital outlay 
if Francis sets are chosen. 

The choice of two different types of turbine here 
on an identical static head is of interest, on account of 
the dual purpose of the plant which has now been in 
successful operation for the best part of ten years. 
The Francis units give the best hydraulie conditions 
at the speed of 500 r.p.m. adopted for the three-phase 
generators, and in this respect they are superior to 
other comparable types. But the single-phase 
generators are run for a large part of the time at frac- 
tional loads and sometimes light, and the Pelton wheel, 
in addition to its flat efficiency curve, is the more 
‘economical of water at low loads under such 
conditions. 

It will thus be seen that a choice between one type 
or the other has to be very carefully considered. So 
far as the particular units in question are concerned, 
there are no innovations of any special interest to 








be recorded in their design, except that in accord 
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with modern practice the spiral casings of the Francis 
units are one part steel castings and the runners are 
of bronze. In the important matter of the factors 
which influence the choice between a Pelton or 
Francis turbine for conditions similar to those cited 
above, that is, roughly between 500ft. and 1000ft. 


Fic. 5—15,000 H.P. PELTON 


Fic. 7—25,000 H.P. FRANCIS TURBINE AT SOROCABA 


head, it may be said that the primary criterion is the 
specific speed formula 


n== .m. X  H.P. 
yn IEE 


When H is expressed in feet, values of N below 9 
call for an impulse wheel, values above 11 call for a 
reaction turbine, while those between the two fall into 
a debatable zone where other considerations enter 
into the final choice. Considering the specific speed 
formula alone, there is no theoretical limit to the 
head suitable for a reaction turbine, but the r.p.m. 
are limited by generator speeds, while the H.P. is 
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limited by the volume of water available, which, 
under very high heads, is usually small. With larger 
volumes, again, the weight and cost of the casing to 
withstand the pressure become limiting factors in the 
employment of a reaction turbine. 

With an economical speed corresponding to a bucket 
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the best return on investment, as the Francis unite 
can be kept on full load, and the Pelton wheels used 
for meeting variations in the load, as they have a 
flatter efficiency curve and are therefore more 
economical of water over a wide range of load. 

As an example of a typical plant, though the head 








WHEEL FOR KHOPOLI 


velocity of about one-half the nozzle velocity, and 
certain more or less fixed ratios between the runner 
diameter and jet diameter, the high-powered Pelton 
may prove to be a much heavier machine than a 
reaction turbine to suit the same conditions, and that 
is why the Pelton wheel installation of large output 
is often turned down in favour of Francis turbines, 
which not only prove cheaper, but have a slightly 
higher efficiency at -full load, and can, as already 
indicated, develop somewhat more-power for a given 
water quantity at a given static head by reason of 
the energy recovered in the draught tube. A com- 
bination of the two types therefore will often provide 


Fic. 8—36,600 H.P. DOUBLE RUNNER PELTON WHEEL 


is rather below the 500ft. selected as the lower limit 
of the high head group, mention may be made of the 
5600 H.P. sets at the Sivasamudram hydro-electric 
power scheme, Mysore, as indicating the progress 
made with horizontal shaft cased Francis machines in 
recent years. The original turbines there were Peltons, 
and the eleven units of 1000 H.P. only had a full-load 
efficiency of 63 per cent. The plant, which trans- 
mits a large pruportion of its output. to the Kolar 
goldfields to the tune of about 18,000 H.P., has a 
static head of 406ft., and the substitution of Francis 
turbines enabled a further 12ft. to be obtained as 
suction head. The six present units therefore can 
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develop considerably more power than the eleven 
original ones from the same volume of water, and 
they operate at 83 per cent. efficiency. This station 


has now an output of 500,000 H.P., as two further 
They run at 


units of 9000 H.P. have been added. 





375 r.p.m. on 415ft. head. This is a relatively low 
speed in view of the head available, but the adoption 
of a low speed is often dictated by considerations of 
cavitation, and in this instance this risk had to be 
avoided as much as possible, owing to the destruc- 
tive nature of the silt in the water. The runners of 


Fic. 9—HIGH HEAD FRANCIS 





modern Pelton wheel installations go, a 6ft. diameter 
runner would have an economic speed of about 
350 r.p.m., and on higher heads speeds round 
400-450 r.p.m. are readily obtainable, though there 
are still some wheels of relatively large diameter in 
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use for the direct driving of compressors for mining 
work, and they have been even so applied to rolling 
mill operation. 

Mechanically, as will be readily apparent, the Pelton 
wheel runner is a relatively simple problem. Its 
development has proceeded from large slow-running 




























FiG. 10—PELTONS DRIVING COMPRESSORS, BLOWERS AND GENERATORS 


a 


these turbines are of the overhung type, built in 
Britain to Boving’s designs, and while following 
accepted practice in regard to their general con- 
struction, the governing involved some rather special 
problems, owing to the heavy load fluctuations caused 
by the winding engines, which draw their power from 
this plant. Nevertheless, despite the difficult nature 
of the load and a somewhat unremunerative lighting 
load widely distributed over a rural area, the station 
is producing energy since its reconstruction at 0- 164d. 
per kilowatt-hour, including depreciation costs, and 
shows a profit of 12} per cent. on the average selling 
price of 0-515d. per kilowatt hour. 

Improvements in bucket design have, however, 
brought into more extended use Pelton wheels with 
two and sometimes three jets applied to a single 
runner—quite an old arrangement which had been 
temporarily discarded. 


PELTON WHEELS. 


The inherent simplicity of the Pelton wheel led 
to its use for relatively low head work at one time, 
regardless of either speed or efficiency. Fig. 10 
shows an interesting application of the direct power of 
water wheels not now often met with, in the power 
station of the Granby Consolidated Mining and 
Smelting Company, where compressors, blowers, and 
generators are direct driven. It was so equipped some 
twenty years ago by the Pelton Wheel Company, of 
San Francisco. In its modern conception, the Pelton 
wheel is a compact high-speed machine usually 
running at a speed which gives a bucket velocity of 
about half that of the spouting velocity of the jet. 
Thus on a head of 1000ft., which is relatively low as 





wheels with the old square-shaped bucket through 
still comparatively large ones for their output, like 
that shown in Fig. 12, built by Allis Chalmers in 
the immediate post-war period for 30,000 H.P. units 
at the Great Western Power Company’s Caribou 
plant in California, to the smaller high-speed runners 
of the present day, where the buckets are of a design 





enabling them to cope with the maximum quantity of 
water. Their average diameter ranges round 6ft. 
to 8ft., and a machine typical of present-day practice 
is illustrated in Fig. 18. This is a double-runner unit, 
not materially differing from those of the same 
builders (Voiths) at Walchensee, except that it 
develops 36,600 H.P. on an average head of 1090ft. 
Hence the relatively heavy construction. In the 
earlier days of Pelton wheel practice, when the heads 
were low, anything up to eight nozzles were applied 
round the circumference of the wheel, but in high 
head work there is excessive interference with more 
than two or three, and as a rule rarely more than 
three are applied to any single runner though double- 
runner units are common enough, and sometimes, as 
shown in Fig. 11, there may be three, while still 
keeping the whole machine within a comparatively 
small compass. With this arrangement, it is possible 
to distribute the energy through six nozzles, all con- 
trolled by one governor. Similar turbines by Escher 
Wyss figure in the Schwarzenbach plant, which 
develops 26,000 H.P. at 500 r.p.m. on a head of 1160ft. 
The buckets here are not mounted on separate wheels, 
but on collars forged integral with a shaft of excep- 
tionally large diameter in view of its unsupported 
length between the two main bearings 

In the important matter of governing, there is now 
pretty close agreement between the leading British 













Fic. 12—BUCKET WHEEL FOR PELTON MACHINE 


and American builders. Rotating nozzles at one time 
adopted by Allis Chalmers, deflecting and relief 
nozzles formerly used by the Pelton Wheel Company, 
have now for the most part been discarded in 
favour of the well-known spear-cum-deflector 
system, originated by Bovings or the _jet- 
dispersing system to the Seéwer patents sponsored 
by the English Electric Company. In the first 
named, an initial movement of the governor, when 
called upon to check the speed, does this immediately 
by moving the deflector the appropriate amount into 
the path of the jet, the while the spear is closing the 
nozzle. ‘This effectively prevents water hammer 
without excessive waste of water, and the same 
condition is now usually brought about in the case of 
high head Francis turbines by the immediate opening 
of an excess pressure valve to pass off some of the 
rejected water, the while the gates are closing the 
appropriate amount. The straightforward applica- 
tion of the spear-cum-deflector system is quite well 








Fic. 11—TRIPLE RUNNER 
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illustrated in Fig. 14, which relates to the 17,000 H.P. 
units of the Shanan (Punjab) turbines by Bovings. 
They are of the overhung type operating on 1668it. 
head at 428 r.p.m, These wheels are 6ft. 6jin. 
diameter, and their speed roughly corresponds to 
the previously mentioned ratio. The twenty-two 
buckets of these wheels were cast by Vickers-Firths 
in Sheffield of stainless steel, and that is now becoming 





were put into operation in 1923 and they develop 
9000 H.P. at 330 r.p.m. on 650ft. head. 


VERTICAL SHAFT PELTON WHEELS, 


Though this arrangement was seen in some early 
turbines in Central Europe at the time the Girard 
impulse wheel had a vogue of popularity, it was soon 
discarded and has only but recently been reintro- 








Fic. 13—27,000) H.P. TRIPLE 


common practice, though it is interesting to note 
that the German steel founders are successfully cast- 
ing the whole runner in steel. The 8in. jet orifice and 
needle of the turbine shown in Fig. 14 are also of 
stainless steel, while the interior surface of the buckets 
is ground and polished to a high degree. 

While the head conditions of these particular 
turbines were more suitable to wheels with single 




















RUNNER PELTON MACHINE 


duced. Incidentally, the Girard machine, now wholly 
obsolete, partook rather of the nature of an outward- 
flow Pelton wheel, with a multiple-ported nozzle, 
the governor opening and closing the nozzles in 
succession, according to the fall or rise of the turbine 
speed. There are now recognised to be certain advan- 
tages in having a Pelton runner mounted on the end 
of a vertical shaft, which is, of course, the generator 




















on 1500ft. head. Under test they showed 86 per 
cent. efficiency on half-full load and 806 per cent. at 
3000 H.P. They are three jet machines with over- 
hung runners, so that there are only two sleeve bear- 
ings in addition to the essential thrust bearing, 
though the latter, of course, unlike that of a Francis 
turbine, has not to deal with any appreciable water 
load. Practically the same arrangement is made use 
of in another plant of the same devglopment, except 
that the turbines have four jets and develop 30,000 
H.P. at 428 r.p.m. on 1120ft. head. The buckets, 
cast in pairs, are of pretty well the orthodox design, 
as now associated with Pelton wheels. They, too, 
were cast in stainless steel and the usual spear-cum- 
deflector governing system is employed, while the 
generators, as might be anticipated, follow the lines 
of those usually associated with vertical shaft Francis 
turbines. 

This vertical Pelton wheel arrangement is also now 
sponsored by Messrs. Escher Wyss. In THE ENGDYEER 
of December 23rd, 1927, quite an early plant of this 
type was described in.some detail. The generators, 
rated at 13,330 kVA, were built by Metropolitan- 
Vickers, and the plant is located in Chile on the river 
Maipo, and supplies power in bulk for lighting, rail- 
ways, and tramways in the Santiago and Valpariso 
districts. These turbines, which have an output of 
18,600 H.P., operate on the relatively moderate head 
for Peltons of 670ft. 

But here, as in many other instances, the employ- 
ment of Francis turbines was ruled out by reason of 
the excessive amount of grit in the water, while the 
decision to use vertical shaft wheels was dictated by 
the desirability of operating a four-jet wheel at the 
highest possible speed, in this case 250 r.p.m. The 
jets all deliver at the same level as the plane of the 
wheel in place of doing so appreciably above or below 
that line, which is the rather more usual arrangement. 
There are no appreciable difficulties attendant upon 
the building of these vertical shaft Pelton wheels, 
except in the matter of providing protection against 
the water thrown up by the runner. In this case, 
the turbine is separated from the bottom guide bear- 
ing by cast iron protecting shields, which form a dome 
(as will be seen in Fig. 15). They have in cases like 
this, where the water is heavily charged with destruc- 
tive grit, to be easily and readily replaceable. The 
wheels, for any replacement of the buckets, are 
arranged for lowering into the pit, and then drawing 
through another pit into the power house. Further, 
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Fic. 14—17,000 H.P. PELTON MACHINE AT SHANAN, INDIA 


nozzles, the twin-nozzle arrangement applied to double 
wheels is again well seen in the units of the North 
Wales Power Company at Maentwrog, a concern, 
incidentally, which has been producing hydro-electric 
energy since 1906. The present units at this station 


shaft. Such an arrangement was adopted by Bovings 
in the design of five units constructed by their asso- 
ciated Swedish concern for the Rio Cinca plant at 
Bilbao, Spain. One of these units is shown in Fig. 16, 
of which three are rated at 20,500 H.P. at 500 r.p.m. 





an arrangement of jacks in the pit enables the whole of 
the rotating parts to be raised an amount sufficient, to 
obtain access to the thrust bearing located above the 
generator, while all the necessarily renewable parts 
are made in a sufficiently simple manner_as to be 
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duplicated when necessary in the station repair shop. 

The vertical arrangement was also adopted by 
Escher Wyss at the Handeck power station of the 
Oberhasli Power Company, where there are four 
30,000 H.P. units running at 500 r.p.m., though here 
the head is 1750ft. In this case the decision to use 
vertical shaft runners was dictated rather by the 
facilities this arrangement provides for keeping the 
hydraulic part of the plant entirely separate from the 
electrical, so that any damage to the former is not 
transmitted to the latter. Practically all these units 
are controlled successfully on the spear-cum-deflector 
principle, the only material difference between them 
and the more usual horizontal wheels being in the 
aforementioned protection against erosion in and 
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with those built to the turbine builder’s design, the 
other has a Kingsbury bearing of the type practically 
universal on American Francis turbines of the largest 
output in order to effect a practical test as to the 
relative merits of the two types. 








New Steel Works for Shipbuilding 
Material. 


As a result of the scarcity of iron and steel throughout 


. 





the world and the difficulty os gt by buyers in 
getting delivery, at all events within a reasonable period, 


Fic. 15—18,600 H.P. VERTICAL SHAFT PELTON AT MAIPO, 


around the pit and lower bearing. In the case 
of the Handeck units, in order to deal with 
reaction and also the impact of any of the jets, 
if the turbine should get out of control, there is 
an arrangement of cast iron beams bolted to the iron 
reinforcement of the pit. These beams are protected 
against possible erosion by cast steel deflecting plates, 





while the turbine is completely closed in at the top by 



























various schemes have been brought forward for the 
establishment in certain countries of iron and steel 
works and rolling mills for the production of steel products 
for shipbuilding and other purposes. Among these 
projects may be mentioned that of the Indian Iron and 
Steel Company, which is credited with the intention of 
erecting a new steel works in British India at an estimated 
expenditure of £4,375,000. In South Africa the Iscor 
steel works, near Pretoria, which was constructed for 
an annual output of 150,000 tons, 
is to extend its productive capacity 
to 300,000 tons, while a second 
steel works is reported to be pro- 
jected either at Vereeniging or 
Newcastle. In Holland, new rolling 
mills are to be established at Delft, 
and other plans are announced in 
certain other countries. 

The biggest undertaking which 
is now being considered in European 
circles relates to the construction 
of a self-contained iron and steel 
works and rolling mills for the 
production of ship plates and 











sections for meeting the joint 
































requirements of Sweden, Norway, 
Denmark, and Finland, as no 
works manufacturing shipbuilding 
steel exists in any of the Northern 
countries at the present time. This 
scheme has been brought forward 
by a Norwegian industrialist in 

































































the columns of the newspapers in 
these four countries. The author 
points out that the conditions are 
present for the establishment of 
the suggested works. Thus iron 
ore is on hand, coal can be 





























obtained from Spitsbergen, Poland, 
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Fic. 16—20,500 H.P. PELTON MACHINE AT RIO CINCA, SPAIN 


a cast iron cover, in which the bearings for the; common. 


deflector shaft are mounted and the bearing pedestal 
itself is rigidly attached to the generator seating. 
Each turbine has a braking nozzle. In the matter of 
thrust bearings, while two of the units are equipped 






: necessary 
capital of about 90,000,000 to 100,000,000 kr. could 
be raised with the aid of the respective Governments 
of the four countries and by the subscriptions of ship- 
owners, underwriters, shipbuilders, and the i i 
works in Sweden, Norway, Denmark, and Finland. 


or other countries, and electric 

wer is available, as well as a 
staff of competent workmen and 
officials. In the opinion of the 
author, the problem must be 
solved by the Northern countries 
It is estimated that the 
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One reason for the plan having now been taken up 
by industrialists in the Northern countries, according 
to Mr. Ernst A. Heden, director of the largest shipbuild- 
ing works in Sweden (the Gotaverk), is to be found in 
the prejudicial treatment meted out to the Northern 
shipyards by the a suppliers of materials. Thus 
the English rolling mills, it is said, sell ship plates and 
sections to English yards at lower prices than they 
charge to the Northern shipyards, and a similar policy 
is followed by the German rolling mills in relation to their 
national shipyards. To avoid this detrimental treatment 
the Northern shipyards have discussed the scheme for a 
steel works and rolling mills capable of turning out 
250,000 tons of shipbuilding material per annum, and 
the interest in the scheme is such that it is considered 
that it ought to be carried out. Mr. Heden states that 
the plan is merely in a preparatory stage, and there can 
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be no question of its materialisation at the summit of 
a boom, but when the wave of the boom period has gone 
down it may be appropriate to make a start with the 
project. Another reason for the scheme lies in the fact 
that the Northern shipyards are unable to get delivery 
of shipbuilding materials in a reasonable time from the 
steel rolling mills in England, Germany, and Belgium. 
Negotiations on the subject have been proceeding for 
some time past between the Northern consumers and 
the German works of the Continental Steel Cartel. The 
latest discussions took place in Copenhagen at the begin- 
ning of April, but so far the results of the deliberations 
are own 


In the meantime, the new scheme for a self-contained 
iron and steel works and rolling mills continues to be 
discussed in the circles directly interested. Danish circles 
seem to be of the opinion that the works, instead of being 
established as suggested near Gothenborg, should be 
erected in Denmark, where the conditions for obtaining 
iron ore and coal are considered to be equally as favourable 
as for Sweden. The directors of the largest Danish 
shipbuilding company (Burmeister and Wain) are stated 
to be in favour of the scheme being more closely examined, 
while the President of the Danish Association of Ship- 
builders states that semi-products have to be imported 
to the value of 100 million kronen per annum and that 
a large saving in foreign exchange would result through 
the realisation of the plan. In addition, the Danish 
Industrial Council is engaged on a consideration of the 
project. 

It remains to be seen whether the scheme will be 
brought to maturity or whether it has been advanced 
for the purpose of exercising pressure on the Continental 
Steel Cartel and the works concerned in regard to prices 
and deliveries. Although a period of high prices for 
all machinery and plant required for a self-contained 
iron and steel works and rolling mills is not favourable 
from an economic standpoint for proceeding with such 
@ project, it is considered in some quarters that it would 
be undesirable to wait until a period of trade depression 
caused foreign works to put a stop to the scheme by 

ing large concessions in prices and affording easier 
deliveries. 








DEvELOPMENTS IN OckEAN TRANSPORT.—. with 
the developments in liners, in a paper before the Institute 
of Transport, Sir Thomas Royden said that he put speed 
second to safety, with economy in the third place. 
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Rail and Road. 


New Curnese Raitway.—The Chinese Ministry of 
Railways has made plans to begin work on the first section 
of the Foochow—Nanghang Railway between Yenoing and 
Kweichi. 

OIL-ELECTRIC LOCOMOTIVES IN THE UNITED StTatTEs.— 
It is reported that two 3600 H.P. streamlined oil-electric 
locomotives have been ordered by the Baltimore and 
Ohio Railroad for the on of hauling heavy express 
trains between New York, Washington, and Chicago. 
Each of these 240-ton engines will have four oil engines 
and 700-kW generators and eight traction motors. 


AccIDENT TO THE Irish Mar.—On Wednesday, 
April 14th, when the up Irish mail train was running 
into Crewe Station, a restaurant car and a kitchen car 
left the rails. It is reported that the left-hand wheels 
of the damaged coaches ran up the platform ramp to the 
left of the arrival line and the ies of the coaches struck 
the station roof supports. The carriages were damaged 
and a number of passengers hurt. 


An UnusvaL Rattway Sarement.—The first of two 
passenger and cargo ships of special design was recently 
completed at Sorel in Quebec for service on the Mackenzie 
River. For purposes of delivery the ship was cut into 
sections and loaded on to ten flat goods trucks of the 
Canadian Railways and taken by rail to a point north of 
Edmonton. From this point it will be taken another 1600 
miles by a train of caterpillar tractors to its ultimate 
destination, where it will be welded together again and 
put into service. 

Russtan Rattway Transport PLans For 1937.— 
According to the monthly review of the U.S.S.R. Trade 
Delegation in Great Britain, the Russian railway pro- 
gramme for 1937 provides for a capital investment of over 
5553 million roubles. A number of new railway lines will 
be built, to a total length of 1167 kiloms., and on 1104 
kiloms. of existing lines double tracks will be laid. During 
the year 1100 new freight locomotives, 325 passenger loco- 
motives, 50 electric locomotives, about 43,000 new goods 
trucks, and 1500 new passenger carriages are to be built. 


G.W.R. WeEeED-KILLING TraIn.—For the purpose of 
spraying the permanent way with a weed-killing solution 
the Great Western Railway has put a special train into 
service. This train is made up of an engine hauling three 
locomotive tenders containing 9500 pm of water, a 
tank truck holding 2000 gallons of chemical in con- 
centrated solution, and a guard’s brake van. The water- 
carrying tenders are fitted with three adjustable jets, 
the outer two of which can be set or shut off when not 
required. Before the train starts a solution of six parts 
of water to one of weed-killer is made up. As the train 
moves along steam pumps from the engine force the liquid 
from the tank into the water tenders, where the solution 
is mixed and pumped out through the jets. 


Report or L.M.S8. Raruway Accipent.—The Ministry 
of Transport has recently published the results of the 
inquiry into the collision which took place on November 
19th, 1936, at Roade, on the London, Midland and 
Scottish Railway line from Rugby to London. In this 
accident the 12.5 a.m. express from Manchester to Euston, 
vid Northam when crossing from the up slow to the 
up fast line at Roade Junction signal-box, collided with an 
engine which was standing on the up slow line foul of the 
facing connection. This engine was attached to the rear 
portion of ‘a goods train, which had become divided as a 
result of a drawbar failure. Major Wilson, who con- 
ducted the inquiry, concluded that the goods engine, after 
it had come to a standstill, did not move back and foul the 
connection, but that the signalman who accepted the 
express train failed to see if the line was clear. 


Route Stock AND Ratiway AccipENtTs.—Answering 
a question in the House of Lords on Tuesday, April 20th, 
the Earl of Erne stated that official inquiries had been 
ordered into the circumstances attending the recent rail- 
way accidents, and that the form of construction of the 
carriages would be a matter for careful consideration for 
the officials holding those inquiries. The question of the 
strength of railway carriages had been considered by the 
Ministry of Transport and the Board of Trade, on many 
occasions, and attention of the main line railway com- 
panies had been drawn to the desirability of strengthening 
them. Great progress had been made in recent years, and 
at present the proportion of steel used in railway carriage 
construction was from 75 to 80 per cent. of the total 
weight. Welding had further added to the strength of 
railway vehicles. An analysis of the present stock of the 
main line companies showed that out of a total of about 
42,000 coaches, 33,000 were constructed with steel and 
nearly 6000 with steel and wood underframes, leaving only 
3000 with wood underframes. 


Tae BarrersEA Park Ramway Accipent.—The 
resumed inquest on the ten victims of the Battersea 
Park railway accident, which took place on Friday, 
April 2nd, and was recorded in our issue of April 9th, was 
concluded on Tuesday, April 20th. The jury returned a 
verdict of “‘ Accidental death,’ and a rider was added 
expressing the satisfaction of the jury that the railway 
company had done everything possible to ensure the safety 
of the travelling public. The coroner, Dr. Edwin Smith, 
entered the verdict that the accident was the result of an 
error on the of relief signalman Frederick George 
Childs. For the Southern Railway Company, Mr. William 
Bishop, the chief solicitor of the company, said that the 
Southern Railway Company ac ted full legal respon- 
sibility for the deaths and injuries sustained. In the 
course of his summing up, Dr. Smith pointed out that 
having heard the evidence the jury might think that the 
accident was the result of an honest error, rather than an 
i imi harge. They might think that 

signalman being more or less 
flustered, as he had a lot of traffic on hand, and was con- 
sidering the South London train. He thought that his 
Bi stem had failed, although it had not. He cut 
the of the box and touched the wrong plunger, 
with the result that the “line clear ” — was sent, and 
the train signalled on. The tragedy which followed was 





Miscellanea. 


Deatu or Mr. 8S. W. CHALLEN.—We regret to note the 
death of Mr. S. W. Challen, who was chairman of Taylor 
and Challen, Ltd. 

New I.C.I. Facrorres in Austratra.—For the manu- 
facture of nitro-cellulose and the synthesis and oxydisa- 
tion of ammonia, Imperial Chemical Industries, Ltd., has 
decided to build two new factories near Melbourne, in 
Australia. 


Ravio TeLePpHoNIc CommunicatTion.—What is claimed 
to be the largest radio telephone circuit in the world 
has been ina ted between Tokio and Buenos Aires. 
The circuit is 11,500 miles long, and from Buenos Aires 
connections will be made with other towns in Argentina, 
Uruguay, and Paraguay. 

Om From CoaL.—S ing in the House of Commons 
on Monday, April 19th, the Minister of Mines announced 
that the Government is to appoint a Committee to con- 
sider and examine the various processes for the produc- 
tion of oil from coal and other materials ind genous to 
this country. This Committee will also report on the 
economic possibilities of the processes and on the advan- 
tages obtainable by way of security of oil supplies in 
emergency. . 

Four-coreE TELEPHONE CaBLEs.—The new four-core 
telephone cables, made by Standard Telephones and 
Cables, Ltd., which the Post Office will shortly put into 
service between London, Birmingham, Manchester, 
on to Newcastle, was recently. described by Colonel 
Angwin at a meeting of the Institution of Electrical 
Engineers. Four lines are laid in each cable, and it is 
possible for 320 separate conversations to proceed over 
each line, thus the cable with its four lines will be capable 
of transmitting 1280 conversations. 


Pia Inon Ovrpur 1x THE UnrTEep Srates.—In the 
United States the production of pig iron and ferro-alloys 
in 1936, as officially reported in the bulletin of the American 
Iron and Steel Institute, was 31,029,187 gross tons, as 
compared with 21,372,699 tons in 1935. The number of 
blast-furnaces in operation on December 31st, 1936, was 
176 out of a total of 247, as against 146 on June 30th, 1936. 
The year’s output of ferro-alloys totalled 812,640 tons, 
and included 395,119 tons of ferro- ese and spiegel- 
eisen, 360,490 tons of ferro-silicon, and 57,031 tons of other 
ferro-alloys. 

LenetH or Smica Coke Oven Lire.—In the dis- 
cussion of @ i 
Section of the Coke Oven Mam 
Mr. R. Stancey asked what life could be expected of a 
silica coke oven under normal conditions. He under- 
stood that the maximum life of a fire-clay oven was about 
60,000 tons of coal. One silica oven plant, about which he 
had been given particulars, had already had a life of 
about 100,000 tons of coal, and had been successfully 
reheated up after the 1926 strike. An official at this 
plant told Mr. Stancey that the plan’ 
twice its present life. Another official said that it should 
last about forty years. 


A DancErovus WELDING ProsLeM.—A note in Electric 
Welding describes the method by which an unusual and 
somewhat dangerous welding problem was overcome. 
One of a group of steel used for the storage of 
methany! and other inflammable solvents in a chemical 
works developed a leak in a 2in. screw plug in the centre 
of the bottom. These tanks are 10ft. high and 10ft. in 
diameter, half buried in sand as a safety measure. Several 
hundred gallons of the solvent had leaked into the ground 
before the leak was discovered. It was decided to weld a 
steel cap around the plug hole inside the bottom. The 
cap was l4in. in diameter by 3in. deep. To prevent 
inflammable vapour penetrating from the ground and to 
make the atmosphere in the tank inert, solid carbon 
dioxide was packed round the plug seat, 3in. thick by 
12in. diameter. The cap was placed over this and success- 
fully arc welded to the bottom without any trouble. 


Coat Inpustry Statistics FoR 1936.—The Mines 
Department Coal Statistical Summary, published on 
April 16th, shows that in 1936 the tonnage of saleable coal 
raised in Great Britain was 221,070,884 tons, an increase 
of 6,126,645 tons over 1935. The disposable 
commercially was 205,477,822, or 5,847,624 tons more 
than in the preceding year. Cor i for 
South Wales and Monmouthshire were 31,277,696 tons 
and 29,078,702 tons respectively. with the 
previous year, a decrease of 1,480,367 tons is in 
the tonnage of saleable coal raised and of 1,421,573 tons 
in the tonnage of the i i output. 
Average net costs of production in 1936 were 13s. 8-04d. 
a ton for Great Britain and 15s. 7-64d. for the South 
Wales district, an increase of 8-36d. and 5-48d. respec- 
tively. Average proceeds from commercial disposals at 
14s. 7-50d. a ton were ls. 1-56d. than in 1935 in 
the case of Great Britain ; in South Wales they increased 
by 5-99d. to 15s. 7-06d. 


AvtomoBILE ExrorricaL Equrement.—Except in a 
very few cases it has for many years been the usual prac- 
tice to earth the negative side of the electrical system 
motor vehicles. Now, however, there is to be a reversal 
of this practice, and it is ing the rule to 
earth the positive of the - 
not being made without good reasons, 
quoted in the Electrical Review on the oseph 
Lucas, Ltd., are less burning away of distributor electrodes 
owing to the distribution of the burning over the negative 
electrodes ; ge conditions —- equi es 
less strenuous. e —s plug voltage is t 
largely on the temperature of the negative electrode, the 
voltage falling as the electrode becomes hotter. In general, 
the central electrode of the plug is hotter than the earthed 
electrode, so that lower voltages will be obtained if the 
central electrode is negative. Less corrosion of battery 
terminals will occur. In any electrolytic cell it is the anode 
or positive terminal which is attacked. Those msible 
for the supervision of electrical adjustments and repairs 
in motor garages and service stations should remember the 





the inevitable result. The jury returned the verdict we 


record above. 





change that is taking place and differentiate between the 
newer and the older vehicles. 






Air and Water. 


Air 
Ministry has chosen a site at Gosforth, near Wolver- 
hampton, for a technical college for aircraft apprentices. 


New Arm Force Tecunicat Cottece.—The 


AEROPLANES FOR TURKISH GOVERNMENT.—The Turkish 
Government has ordered four four-engined and three two- 
engined aircraft for civil aviation from the De Havilland 
Company. 

New Ferrysoat Srvks.—When the new chain ferry- 

boat for Kessock, near Inverness, was towed to its 
destination, it sprang a leak and sank about 8 miles off 
Tarbert Ness. 
_ Surpsvrnpine in DeENnMARK.— 1936 Danish 
shipyards completed twenty-five motor ships, aggregating 
67,300 gross tons, and eight steamships, aggregating 
16,700 gross tons. 

State Conrrot or IratiaN Surpyarps.—Under the 
terms of a legal decree just issued in Rome, all Italian ship- 
yards with a capital of over 100 million lire will pass 
under State control. 

Tue TRansaT“antic Arr Race.—As a result of a 
request made by the National Aeronautical Association 
of New York to the Aero Club de France, the Transatlantic 
Air Race has been postponed... 


Tue Iste or Man Arr Races.—The aeroplane race from 
London to the Isle of Man will be held on Saturday, 


and | May 29th, and the Manx Air Derby will be held on Monday, 


May 17th. For the latter race the course will be a circuit 
of the island, to be flown three times. 


New Durcu Susmarrmes.—Orders for four new sub- 
marines, each having a displacement of 1200 tons, have 
been placed with the Rotterdam Dry Dock Company 
by the Dutch Government. Each of the new boats will 
be propelled by two 2500 H.P. engines and have a speed 
of about 19} knots. 

Launcn or New Cruiser.—On Monday, April 12th, 
the new cruiser, H.M.S. ‘‘ Manchester,” was launched 
from the Hebburn yard of R. and W. Hawthorn, Leslie 
and Co., Ltd. The armament of this new warship will 
include twelve 6in. and twenty-two smaller guns, 
and she will have a speed of 32 knots. 


Bureau Veritas Returns ror Frsrvary.—Accord- 
ing to the monthly maritime casualty returns of Bureau 
Veritas, during February the names of fifty-one steam- 
ships, eleven motorships, and three sailing vessels were 
removed from the registér. Of these, seventeen steam- 
ships and three motorships were British. 


New Trix Drepcrer.—An order has been placed with 
the Werf Gusto firm of A. F. Smulders, of Schiedam, 
for the building of the i 
dredger to replace the lost “ Kantoeng.” It is reported 
that the hull of the dredger is to be built in tho East, and 
the superstructure will be shipped in sections to Billiton 
Island for erection. 

New Susmarrmve Depot Ssir.—tThe construction of 
the new depét ship for submarines, to be built under the 
1937 programme, has been entrusted to John Brown and 
Co., Ltd. According to reports the new ship will be 
similar to H.M.S. “ ss now being on, na 
same com under the 1935 programme. ship 
will be of Dbowt 15,000 tons displacement and 850ft. long. 


New Iratran Arrcrart.—For the purpose of maintain- 
ing a high-speed air service between Rome and Addis 
Ababa, a number of large aircraft have been ordered. 
According to the Rome correspondent of The Times, 
each of the new machines will have four 1000 H.P. 
engines, accommodation for fifty passengers, and about, 
30 tons of cargo, and be capable of flying the 2800 miles 
between the two capitals in a little over twelve hours. 


TransaTLantic Fuyine Boats.—For the Trans- 
atlantic service between this country, Canada, and the 
United States, six new flying boats are being built in the 
United States by the Boeing Company. to 
the particulars of these machines which have recently 
been issued, they will weigh over 40 tons each and accom- 
modate seventy-two mgers and a crew of eight. 
Propelled by four 1500 H.P. Wright engines, the machines 
will have a top speed of 200 miles an hour. 


Tue First Harwanp-EtstnorE Enore.—tThe ss. 
“Torr Head,” built by Harland and Wolff, Ltd., which 
recently completed her trials, is propelled by the first 
type of machinery of its kind to be constructed in the 
‘British Isles. The machinery comprises a reciprocating 
steam engine combined with a steam turbine and was 
invented by Mr. Christiansen, of Elsinore. In this instalia- 
tion the main engine is of the triple-expansion type with 
cylinders 22in., 37in., and 6lin. diameter by 45in. stroke. 
The turbine is mounted on top of the main condenser and 
its power is transmitted through a single reduction 
gear and a chain drive to the main thrust shaft. Inter- 
posed between the reduction gear and the chain drive 
pinion is a disconnecting clutch, and the chain wheel 
on the thrust shaft is of the elastic-spring type. 


Scrap anp Bump ScnEmME.—At the annua meeting of 
the Court Line, Ltd., Mr. P. E. Haldin spoke in favour of 
the “ scrap and build” scheme. He said that ninety-seven 
vessels, aggregating about 386,000 tons gross, have been 
broken up and about 186,000 tons gross of new shipping 
has telhia, te plate, Bo Shab Sete Ore eee elie lon 
gross, or about 380,000 tons deadweigh shipping less 
in existence. Of the -seven vessels broken up up 
to date, forty-eight of these, amounting to 148,000 tons 

are foreign. This leaves 238,000 gross tons of 
ritish ; therefore the net difference in the amount of 
British tonnage broken up and new ships added to the 
British mercantile marine is only about 50,000 tens gross. 
Mr. Haldin emphasised the fact that whilst a good price 
was paid to the foreigner for his old tonnage for serap, he 
derived but little benefit owing to the tremendous rise in 
value that has taken place in new and second-hand tonnage 
with which to replace his broken-up ships. Thus the 
scheme had, he said, played an important part in helping 
shipbuilders by adding new vessels to the register and to 








shipowners by removing surplus vessels from the register. 
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NERVES IN THE FACTORY. 


Last week at the banquet of the Federation of 
British Industries Mr. Baldwin delivered a speech 
which was broadcast to the world. It must be 
presumed that several million people heard it. 
Taken as a whole it was an oration which awakened 
the sympathy of all, for it dealt with the broad issues 
of every-day life as it is affected by the progress 
of the arts of civilisation. There is not one of us 
who is not conscious that the conditions of speed 
under which we live impose a strain upon our 
nervous systems. Amongst the young this strain 
is felt so little that it rarely exceeds the pleasure 


which accompanies excitement and effort. They go | ¢ 


out of their way to seek it; are happier in the 
noise and turmoil of great cities than in the tran- 
quility of villages ; they call for exciting books and 
exciting plays and for a class of music and painting 
which aims more often at movement and restless- 
ness than the tranquility and harmony which 
characterises the work of the old masters of music 
and art. In this there is no change ; it was always 
so. Youth seeks naturally for an occupation for 
its superabundant energy. The difference is that 
whilst in the past the excitement had to be sought 
for, it. is now ever at hand. We who live in cities 
are sunk ten fathoms deep in an atmosphere of 
noise, movement, and changing lights, of daily 
“sensations” in the Press, and of daily perils 
on the road. Youth is unconscious of the strain 
that such a manner of life puts upon its nervous 
system, but with the advance of years the effect 
begins to be felt more and more acutely. It was 
of these things that Mr. Baldwin, contrasting fifty 
years ago with the present, spoke, and there are, 
we venture to say, few who have passed the 
meridian of their days who did not sympathise 
with all that he e 

Tf that were all in Mr. Baldwin’ s speech we should 
not feel called to say anything about it. But he 


90 | people or that they are even conscious of it. 





included the factory in his category of the things 
that by their speed were having a harmful effect 
upon human beings. He implied that the speed of 
operation in modern works imposes a strain upon 
the workpeople which disturbs their nervous 
systems. On that point it does seem desirable to 
us that a word or two should be said. There is 
always a danger that the words of a great Prime 
Minister may be taken up by those unfamiliar 
with the facts of modern factory life and used to 
enforce the already too-frequent condemnation of 
it. Wishing to remove the slightest doubt about the 
correctness of our own opinion on the matter, we 
have sought, in writing and conversation, for the 
observations of experienced managers in many 
branches of engineering. With scarcely an excep- 
tion they have replied that nervous breakdown 
from the strain of factory life is practically un- 
known amongst the workpeople. Indeed, as we 
shall show in a moment or two, the factory may 
almost be regarded as a haven of peace and rest after 
the excitements of the leisure hours! There is no 
evidence that the high speed of modern factory 
operations has any injurious effect upon the work- 
It 
must be remembered that concurrently with the 
increase of speed, the machines themselves have 
been improved in a hundred ways. The personal 
element enters into the handling of them very 
much less than it used to do. Once a machine is 
set to do a predetermined job, the operative may 
rest assured that it will do it without any anxiety 
on his part. To detail all the advances that have 
been made to facilitate the setting and operation 
of machines, to make accuracy of production 
almost automatic, and to relieve the workman of 
anxiety, is unnecessary. They are familiar to our 
readers. Everyone of them has moved towards 
the same end, that the production at high speeds 
should be less dependent on human skill and atten- 
tion than the production at much lower speeds fifty 
years ago. There is just the difference between 
driving a four-in-hand at eighteen miles an hour 
and a good modern car at three times that speed. 
Sometimes it is said that the perpetual monotony 
of mass production “gets on the nerves.” That 
idea has been proved false by an investigation into 
Boredom, carried out for the Ministry of Health. 
A few cases occur, but only amongst those tem- 
peramentally unfitted for the work or amongst 
the normally neurotic. Hence we ean find no 
evidence that nervous breakdown is brought about 
amongst operatives by modern workshop con- 
ditions. But if we look outside the work to the 
leisure hours and domestie life of the workers we 
do find some evidence that modern conditions are 
causing nervous disorders. One manager of great, 
and in some cases very painful, experience offered 
us the reason in two words—Hire Purchase. It is 
worth examining that a little. With increased 
hours of leisure the workman seeks for means of 
recreation. He buys by hire purchase a gramo- 
phone, a motor bicycle, perhaps a motor car, a 
wireless set. He commits himself to more than he 
can afford, borrows to pay or pays cumulative 
interest on his debt to the sellers, and at length 
finds himself in “ queer-street.” His nerves 
suffer and he exhibits in his work reactions which 
might be put down by the casual observer as the 
result of his occupation; or, in a desperate 
endeavour to meet his commitments, he puts in 
too many hours’ overtime, and in some rare cases 
ages in remunerative work at the week-ends. 
Without multiplying examples, we may say that 
in many instances leisure is costing more than 
workers can afford, just as it often does in other 
walks of life, and with the same result— irritability 
and nervous conditions which show themselves 
in the workshop and the office. 

The conclusion of the whole question is that, a 
few peculiar cases being excepted, nervous break- 
down does not occur amongst operatives from the 
stress of modern factory conditions. But amongst 
executives it is another matter. From many of our 
witnesses we have evidence that the long hours, 
the constant interruption, the everylasting harry- 
ing, the ceaseless speed, the insistence of modern 
business methods, no less than the actual work 
in hand, does weigh heavily upon those placed 
in positions of responsibility. It is on the staff 
that the acceleration of business life makes its 
toll in sickness and nervous disorders. Mr. 
Baldwin no doubt had that aspect of the question 
in mind. He knows, no one better, that the work 
of a man with great responsibilities rarely ceases. 
Where the workman may have his forty-seven 
hour week the manager is lucky if he gets off with 
sixty or seventy, and then takes his thoughts home 
with him. But even under these conditions of 





stress nervous breakdown is selective in its attack. 
It is not a common complaint of modern industrial 
conditions. It falls only upon those whose tem- 
perament predisposes them to it, men who cannot 
throw their cares behind them in the hours when 
they should be recuperating, men who cannot 
delegate responsibilities, and will not trust those 
under them. From the evidence before us, we are 
left in no doubt that the executives suffer more than 
the operatives from the acceleration of output, 
and that where cases of nervous breakdown occur 
amongst the latter, it is generally traceable to the 
voluntary working of excessive hours in order to 
meet domestic conditions. We have failed to find 
any evidence whatever that the speed of. machines 
has an ill-effect, and but little evidence that the 
constant drive to get work forward causes nervous 
disturbances among the men, though it may, and 
oceasionally does, upset the nerves of the foremen, 
managers, and staff. 


Automatic Control. 


Automatic control, so widely adopted to-day 
in many diverse connections, may for the purposes 
of study be divided into two prime categories. 
What we may call the higher branch, devoted to 
the control of the motion or attitude of massive 
bodies, is represented by a comparatively small 
number of applications, and in practice is typified 
by equipment for the automatic pilotage of ships 
and aircraft. The other branch is concerned with 
the control of quantities, factors or conditions of 
a kind which do not introduce momentum, or its 
equivalent, into the problem as a major considera- 
tion. A typical example of this class is the auto- 
matic control of temperature or of humidity. The 
first branch of the subject is distinguished by the 
fact that all existing instances can usefully be 
brought within the framework of a general theory 
of automatic control. That theory is also applic- 
able to the second branch but the omission of the 
momentum factor simplifies the problem to such 
an extent that it is usually best to consider each 
example by itself without attempting to study it 
in the light of the general theory of automatic 
control. There are however exceptions which 
require an understanding of the general theory if 
the equipment is to operate satisfactorily. For 
example the automatic control of mass flow—such 
as the flow of water or other fluid in a conduit— 
involves the momentum of the flowing substance 
as @ primary consideration and therefore logically 
belongs to the same division of the subject as that 
covering the automatic pilotage of ships and 
aircraft. The series of articles on the principles and 
practice of automatic control, of which the last 
appears in this issue, has been restricted to a dis- 
cussion of the first branch and a description of 
seven systems which have been proposed or tried 
or are in use for governing the course or attitude 
of ships and aeroplanes. It is however hoped that 
they have been found of interest by others besides 
marine and aeronautical engineers. A critical 
study of the devices described, their object and 
mode of action, can hardly fail to be of value to 
anyone concerned with automatic control of what- 
ever nature. 

One of the most obvious criticisms which may be 
passed on most of the automatic control systems 
described in the articles is that their complex 
mechanical or electrical nature renders their prac- 
tical trustworthiness open to suspicion. To that 
contention it may be replied in the first instance 
that while some of the systems are admittedly 
experimental others are, and have been for a 
number of years, in daily use under service con- 
ditions. Ships such as the ‘ Queen Mary” and 
the “‘ Conte di Savoia ”’ are fitted with automatic 
pilots. Numerous civil aircraft such as the Short 
*“* Empire ” flying boats and many service machines 
of the bomber type carry as a regular part of their 
equipment one or other of the systems we have 
described. It is therefore certain that practice 
does not in general condemn automatic control 
as being too complicated to be trustworthy. 
Secondly in view of the nature of the duty which 
the equipments perform it would be unreasonable 
to expect them to be otherwise than somewhat 
complex in their construction and manner of 
action. They have to replace not only the 
muscle but the brain of the human quartermaster 
or pilot. They have to act not merely in con- 
formity with the existing or instantaneous state 
of the body controlled but in conformity with what 
the body is about to do. It was at one time 
argued that no mechanical or electrical device 
could possibly be produced which would be capable 
of replacing the human quartermaster at the wheel 
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of aship. A skilled helmsman regulates the move- 
ment imparted to the wheel not in strict and simple 
accordance with the amount by which his ship 
has swung off its course ; he tempers his knowledge 
of the existing state with a knowledge, derived 
from experience, of what that state is about to 
become. In so far as the correct steering of a 
ship involves in this manner an element of pre- 
diction it was contended that no man-made device 
would ever be produced which would be wholly 
independent of a human brain acting in con- 
junction with it. This contention is erroneous. 
Philosophically the mathematical process of differ- 
entiation is equivalent to prediction. If we know 
the rate at which a given quantity is changing at 
any instant we can foretell what its value will be 
in the immediate future provided the circum- 
stances are such as to justify us in believing that, 
during the immediately succeeding interval covered 
by our prediction, the rate of change is going to 
remain substantially constant. If we are not 
justified in that belief then obviously we must 
take steps to determine in what manner the rate 
of change is varying at the given instant. Our 
prediction of the value of the quantity then 
becomes based on its value at any given instant, 
the rate at which its value is changing at that 
instant and the rate at which the rate of change is 
varying. Our prediction could be made still more 
assured if we went one step farther and determined 
the rate at which the rate at which the rate of 
change is varying but in practice no attempt has so 
far been made to go beyond an observation 
of the instantaneous yaw of the ship, the in- 
stantaneous yawing velocity and the instan- 
taneous yawing acceleration. Rather than com- 

plain of the complexity of automatic controlling 
devices we ought, it would seem, to rejoice in the 
fact that it is possible to unite mathematical 
science and fine mechanical craftsmanship to 
produce mechanism which can replace the pre- 
dictive faculty of a human quartermaster. The 
replacement, further, is not on a mere footing of 
equality. Tests made by Minorsky have shown 
that it is possible to produce mechanism which 
will detect and respond to movements which if 
multiplied fifty times would scarcely be observed 
by a fully trained human being. 

On these grounds we may accept with equanim- 
ity the complexity of construction of automatic 
control equipment. It is however less easy to 
reconcile ourselves to the complexity which some 
of them exhibit in another respect, the complexity 
which they present to us in our effort fully to 
understand their action. The simplest devices 
are not always the easiest to understand. We may 
instance in this connection the “ lost-motion ” 
arrangement in the Sperry gyro-pilot for ships 
which at « stroke cuts out a large amount of 
mechanism but at the same time leaves us with a 
difficult problem to solve if we would explain how 
the arrangement does what is intended of it. 
Another instance of the same kind is to be found in 
the British automatic pilot for aircraft in which 
the addition of two arms, one acted upon by a 
weight and the other subjected to the force of an 
adjustable spring, necessitates, even for a partial 
explanation of their action, a highly involved dis- 
cussion whully disproportionate to the simplicity 
of the mechanical construction of the parts with 
which it is concerned. There are those who would 
argue that if a piece of mechanism is of simple 
construction and is found on test to serve its 
purpose the complete understanding of its action 
may be of interest to the mathematician but need 
not concern the practical man. -It may be so in 
most instances, but as regards the practice of auto- 
matic control, particularly as applied to aircraft, 
the argument is untenable. The study of aero- 
plane coutrol and stability, even when no auto- 
matic pilot is fitted, presents many complex 
problems some of which are still not fully solved. 
It is most undesirable that on top of these com- 
plexities there should be superimposed the com- 
plexities of an automatic pilot the action of which 
is not fully understood. By so doing we may 
increase the risk of overlooking the significance of 
some remote root to an equation or of misleading 
ourselves by some treacherous approximation 
introduced to simplify analytical treatment. 
Sooner or later the ninety-ninth chance is bound 
to turn up in practice and reveal, perhaps 
disastrously, the limitations of our knowledge. The 
history of aviation is sadly marked by disasters 
which have resulted from the partial understand- 
ing of the forces which an aircraft may encounter 
and by the acquisition of knowledge after the 
event. The airship “R38” broke her back 


structure during a rapid turn had not been fully 
investigated. The Meopham aeroplane disaster 
of 1930 called attention to “ buffeting,” an un- 
suspected phenomenon the possibility of the 
occurrence of which had not previously been 
studied. The series of “‘ Puss Moth” disasters 
during 1930-33 revealed in a startling manner that 
our knowledge of wing and tail “ flutter ”’ was not 
as complete as was supposed. It is impossible to 


at least, a full and certain understanding of any 
machine, apparatus or equipment is as great a 
boon as simplicity of construction. We may indeed 
go further and say that mechanical or electrical 
complexity is less likely to lead to trouble than is 
@ partial understanding of the mode of action of a 
device, particularly of a device, such as an auto- 
matic pilot, which is designed and intended to 
control and interact with the vital characteristics 
of the craft on which it is mounted. 





escape the conclusion that, in the realm of the air 








a Journal note of last week we recorded the 

successful launch of the new aircraft carrier 
“ Ark Royal” from the Birkenhead yard of Cammell, 
Laird and Co., Ltd., and her naming by Lady Maud 
Hoare, the wife of Sir Samuel Hoare, the First Lord 
of the Admiralty. As befitted the occasion, the launch 
was attended by one of the largest assemblies of 
people ever seen om Merseyside. On page 480 of 
to-day’s issue we reproduce two views of the ship, 
taken for the builders by Mr. Stewart Bale, of Liver- 
pool, which show the hull leaving the ways and the 
ship afloat in the Mersey. These engravings also 
serve to indicate the size of the aircraft carrier, 
and to illustrate some of the more interesting features 
of the design. 
The “‘ Ark Royal ’’ was ordered as part of the 1934 
programme, and her design was therefore of necessity 
governed by the restrictions of the Washington 
Treaty, then inforce. Under that Treaty the standard 
displacement of aircraft carriers was, it may be 
recalled, limited to 27,000 tons, and the maximum 
total tonnage of aircraft carriers to 135,000 tons, 
circumstances under which the aim of the designers 
would naturally be to provide for carrying as many 
aircraft as possible in each ship. For some time, 
however, prior to the time when the Washington 
Treaty was due to expire, the British Government 
had advocated a reduction in the standard displace- 
ment of aircraft carriers to 22,000 tons. The “ Ark 
Royal” was accordingly designed for a standard 
displacement of 22,000 tons, which it was then anti- 
cipated would be the maximum figure allowable if 
the Treaty were renewed. In the London Naval 
Treaty, however, which replaced the Washington 
Treaty, the limit for the standard displacement of 
aircraft carriers was fixed at 23,000 tons. The displace- 
ment of the “Ark Royal,” it may be noted, is 
therefore below the maximum allowable for this par- 
ticular class of naval vessel. 
The order for the construction of the ship was placed 
with Cammell, Laird and Co., Ltd., in April, 1935, 
and the keel was laid on September 16th of the same 
year. It is expected that she will be completed and 
commissioned during the summer of 1938. Some 
particulars of the vessel will of be interest to our 
readers. The weight of the ship as launched was, we 
understand, about 15,300 tons. This weight of 
steel having been worked into the hull during the 
comparatively short period of eighteen months, in a 
ship incorporating many novel features in design, 
with the use of welding to a large extent, marks, we 
believe, a record in such special construction, and 
reflects the greatest credit upon the shipbuilders and 
the Director of Naval Construction and their respec- 
tive staffs. 
The hull of the “ Ark Royal” has a length of 
685ft. between perpendiculars, and is thus some 50ft. 
shorter than that of the aircraft carrier ‘‘ Courageous,” 
which has a standard displacement of 22,500 tons. 
The beam is 94ft., but the extreme breadth at the 
flight deck is slightly greater. From our inspection, 
the half width of the port side deck appeared, if 
anything, to be slightly greater than the half width 
of the starboard side. We understand that the overall 
length of the ship at the flight deck is about 800ft., 
with a depth of about 84ft. The “Ark Royal” 
bears the distinction of being not only the longest, but 
also the deepest ship yet constructed on the Mersey, 
and it was of interest to note that when passing down 
the ways, her side projections appeared only just to 
clear the crane structures on either side of the building 
berth as can be seen in the upper view on page 480. 
In the lower view of the ship afloat, it may be noted 
that one of the bow anchors is missing. The cable of 
this anchor, which was used to bring the ship to rest, 
was cut and buoyed, as there was no adequate winch 
gear installed in the ship when she was launched 
which could be used to raise the anchor. 
The great size of the vessel and the extent 
of her flight deck may better be realised if it is 
stated that the length of the deck is about four-fifths 
of that of the Cunard White Star liner ‘‘ Queen 
Mary,” and that it extends unbroken from her stem 
to her stern. In the present state of construction we 
could not discern any obvious positions for the navi- 
gation of the ship, but it seems probable that as in 
recent aircraft carriers these will be placed in an 
island formed on the starboard side of the flight deck. 








because the dynamic stresses thrown upon her 


revolutions, 1200 lb. pressure, with a ag oe 
connected in tandem to the main unit. This feed- 
turbine arrangement can be applied to older machines 
which cannot be adapted economically for extraction of 
steam for feed heating. 


H.M. Aircraft Carrier “Ark Royal.” 
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An outstanding external feature of the design is 
undoubtedly the flare at the bows shown clearly in 
the upper view on page 480. 

It is required for housing the two accelerators 
for the launching of aircraft, which can be seen pro- 
jecting from the flight deck at the bows. The large 
overhang at the stern of the ship, with its gradual 
round down, has no doubt been provided with the 
double object of making the flight deck as long as 
possible, and providing good airflow conditions at 
the stern of the ship. By such means an easier land- 
ing is assured, and air bumps are avoided. Similarly 
there is a pronounced round down of the flight deck 
at the bow of the ship, which has been no doubt pro- 
vided in order to assist in giving good airflow con- 
ditions over the deck. 

From the inspection of the ship we were allowed to 
make after she was berthed alongside the fitting-out 
basin, it was apparent that the hangars are 
in two series, one above the other, and that three 
lifts are provided to transport the aircraft to and 
from the flight deck. We were given to understand 
that about seventy aircraft will be carried. Unlike 
those of previous ships, the lifts are designed to carry 
the aircraft with the wings folded, thereby enabling 

to be saved and more aircraft to be stowed in 
the available hangar space. The sponsons on which 
the 4-5in. guns are to be mounted will be seen clearly in 
the accompanying engravings. They are placed at 
the sides of the ship, just below the level of the flight 
deck. The other platforms which are also visible 
are doubtless intended to accommodate the smaller 
guns and the searchlights. 

We understand that a ship’s complement of 
the order of 1600 is to be carried, and that there will 
be cabins provided for as many as 130 wardroom 
officers. A new feature of the cabin appointments is 


that running hot and cold water is to be fitted in all 


these cabins. 
As we stated in last week’s Journal note, the propel- 


ling machinery of the “‘ Ark Royal” will consist of 
Parsons geared turbines taking steam from high- 
pressure water-tube boilers. 
a speed of about 30 knots, with a total shaft horse- 
power of round about 100,000. 


It will be designed for 








STANDARDISING STEAM TURBINES. 





IncrEaSED activity in the construction of turbines for the 


central station power industry in America is said to indi- 
cate a trend in the type of unit and operating conditions 
which best meet its requirements. Economic conditions 
and load requirements are the major factors governing 
such a trend, so that fixed charges rather than operating 
charges have become the main object of study, as shown 
in the present types of turbines. These recent turbines 
may be divided into five classes: First, 3600-revolution, 
non-condensing, superposed units up to 62,500 kW; 
second, 3600-revolution, single-cylinder condensing units 
up to 20,000 kW; third, 
tandem condensing units, 20,000 kW to 40,000 kW; 
fourth, 1800-revolution, 
25,000 kW to 100,000 
two-cylinder tandem condensing units for 100,000 kW 
to 200,000 kW. Units under construction are designed 
for inlet temperatures of 900 deg. to 950 deg. Fah., while 
further experience may faise this maximum. Such high 
inlet steam conditions permit higher speeds and relatively 
smaller parts, with heavier construction, as shown by the 
increase in capacity of machines for 3600 revolutions, 
particularly in the superimposed designs. This super- 
imposed principle permits technical advance in steam 
engineering to be applied in existing stations. The super- 
imposed turbine can be operated with either varying or 
constant exhaust pressure. The most efficient arrange- 
ment occurs when the lower pressure turbine is segregated 
from other sources of steam supply, the two machines 
forming a compound unit, and t 
the superimposed element varies with the load. In 
another arrangement the superimposed 
into a lower p 
operating against 
design 


600-revolution, two-cylinder 


linder condensing units, 
Fifth, 1800-revolution, 
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exhaust of 
turbine exhausts 
ressure boiler header, which necessitates 
a constant exhaust pressure. A recent 
has a 50,000-kW superimposed turbine for — 
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Exhibition of Testing Plant and 
Apparatus. 


N conjunction with the Congress of the Inter- 

national Association for Testing Materials which 
began at the Institution of Civil Engineers on Monday, 
April 19th, and terminates on Saturday, April 24th, 
an Exhibition of Testing Plant and Apparatus is being 
held in the Institution’s Library. The Association 
has as its primary object the promotion of studies 
relating to the properties of materials, and the object 


of the two. The axial magnetisation is produced by 
a D.C, electro-magnet with clamps to be seen in 
Fig. 3 for holding the specimen, while the transverse 
field is produced by a heavy alternating current 
passed through the specimen or, in the case of 
tubes, through a central conductor. With the two 


fields together, the magnetisation sweeps from a 





right to a left-hand spiral, thus crossing all cracks. 











readings taken on precision micrometer condensers. 
The principle underlying the measurements is to 
compare the relative shapes of the resonance curves 
of a tuned circuit with or without the dielectric or 
unknown impedance in cireuit. It is unnecessary to 
take more than two readings for each resonance curve 
or four readings in all to determine the loss and 
capacity of a specimen dielectric. Two separate 
electrode systems are provided for making tests on 
solid and liquid dielectrics. The principle of opera- 
tion is fully described by Messrs. L. Hartshorn and 
W. H. Ward in Vol. 79 of the Journal of the Institu- 
tion of Electrical Engineers. 

One of the principal exhibits of the Foster Instru- 
ment Company is the “ Flexipush ”’ automatic tem- 
perature controller, a direct deflection moving coil 





instrument of simple construction suitable for use 








FiGS. 1 AND 2—APPARATUS FOR 


of the Exhibition is to show some of the plant and 
apparatus for testing materials. While it is obviously 
impossible with the space at disposal to make the 
Exhibition representative of the many things 
employed in work of this nature, an endeavour has 
been made to present exhibits of interest to a wide 
variety of investigators. In addition to various 
research ‘associations, such as the National Physical 
Laboratory, the Department of Scientific and Indus- 
trial Research, the Building Research Station, the 
Chemical Research Laboratory, the Forests Products 
Research Laboratory, and the Research Association 
of British Rubber Manufacturers, twenty-nine firms 
are represented. 

Many of the exhibits are not new to our readers, 
but there are one or two things to which we may 
eall attention. The Metropolitar-Vickers Electrical 
Company is showing for the first time apparatus— 
Fig. 1—for detecting conducting particles in textile 
sleeving used for insulating purposes. When the 
material is in the form of a tape it is tested by passing 
it between contact brushes or rollers, when a conduct- 
ing particle completes the circuit between the contacts 
and causes an indicating lamp to light. Owing to the 
greater thickness of textile sleeving however, this 
method is unsuitable, and it is necessary to thread 
the sleeving over a steel sphere, as shown in Fig. 2 
and through a hole of smaller diameter than the 
sphere. Electrical contact with the sphere is main- 
tained by means of pin wheels penetrating through 
the interstices of the sleeving, whilst the other end 
of the circuit is connected to the metal plate. A 
small electric motor draws the sleeving through the 
hole, and rotates the receiving spool. As the sleeving 
passes through the plate, the steel sphere presses 
against the edge of the hole, and any conducting 
particles in the sleeving complete the circuit, with the 
result that the warning device operates. Different 
voltages can be applied for different thicknesses of 
sleeving, which, in future models, is to be dried and 
marked automatically at the defective parts. 

An improved form of universal magnetic crack 
detector (Fig. 3) is also shown by the Metropolitan- 
Vickers Electrical Company. It detects minute 
cracks in magnetic articles by magnetising them 
while immersed in a bath of fluid containing finely 
divided iron in suspension, when the presence of 
cracks is indicated by dark lines on the surface by 
the concentration of particles. Objects having rough 
black surfaces are first sprayed with aluminium 
paint to give a suitable background for the dark 
lines. As detection is best achieved when the direction 
of magnetisation is at right angles to the crack, 
provision is made for both axial and transverse 





magnetisation as required, and also for a combination 





The suspended iron is attracted to the cracks and 
shows as firm black lines on the lighter metal surface. 

The vibratory fatigue-testing machine shown 
by the British Thomson-Houston Company was 
described in our issue of January 8th of this year 
and scarcely calls for attention here. Most of the 
electrical exhibits have, in fact, been described in 
our columns, notably in articles on the Physical 
Society’s exhibitions. Among the apparatus with 
which we have dealt is the Philips apparatus for X-ray 
crystal analysis, the George Kent Multelee instrument 
for the measurement or automatic control of pH, 
electrolytic conductivity, or temperature, Sun-Vick 
hot-wire switches for temperature control, various 
electrical instruments shown by Salford Electrical 
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Fic. 3—-MAGNETIC CRACK DETECTOR—M.V. 


Instruments, Ltd., illustrated and described in our 
issue of January 15th, 1937, and the portable fluor- 
scope dealt with in the same issue... 

H. Tinsley and Co. are showing, among other things, 
apparatus for the measurement of resistance, induct- 
ance, capacitance, and power factor at radio fre- 
quencies up to 100,000,000 cycles. Briefly, it con- 
sists of a variable frequency oscillator, giving 1 to 
100 mega cycles, and a balanced valve voltmeter in 
conjunction with a tuned circuit. The method em- 
ployed is to measure the inductance, resistance, or 
capacitance, and losses of the tuned circuit before 
and after the insertion of an unknown impedance or 
dielectric. No corrections are necessary, and all 





results are deduced by simple formule from the 





DETECTING CONDUCTING ) PARTICLES IN TEXTILE INSULATING SLEEVING—METROPOLITAN VICKERS 


with all normal types of electrical heat sensitive 
elements. The final control device is in the form of 
a sealed mereury switch capable of breaking up to 
5 kW without the use of auxiliary contactor gear. 
The instrument can also be provided with a multi- 
electrode mercury switch for use in conjunction with 
motor-operated fuel or air valves on oil or gas-fired 
furnaces. 

A multipoint strip recorder shown by this firm 
gives records in different colours of six tempera- 
tures on one chart. It is of the direct deflection moving 
coil type, with a double pole commutator, consisting 
of sealed mercury tube switches operated by a syn- 
chronous motor, which also drives the chart. Records 
are made by the usual chopper bar method, in con- 
junction with a multi-colour ink ribbon in the form 
of a continuous band, which is moved round a short 
distance after each dot, thus giving a clear and dis- 
tinctly coloured line for a very long period. The 
recorder may be fitted with adjustable contacts and 
a relay for giving automatic temperature control. 

The Cambridge Instrument Company, Ltd., has on 
view a representative selection of precision instru- 
ments, including a testing machine for the torsional 
damping capacity of metals. The capacity of a 
material for internal damping is particularly impor- 
tant in cases of resonance between the natural period 
of an element with the actual speed of the whole 
machine, and the amplitude of vibration at a critical 
speed is only limited by the internal damping of the 
material used. A new testing machine has been 
specially designed to measure this property and is 
shown in the engraving Fig. 5. In the machine a 
test piece is subjected to a known twist and suddenly 
released ; the consequent oscillations are recorded by 
a stylus on a circular disc of celluloid. The record is 
examined under a simple microscope, which is 
equipped with a micrometer scale and an adjustable 
rotating table. A single record gives a curve connect- 
ing damping capacity with stress over the whole 
range of working stress. The instrument can be used, 
without modification, for testing many materials, 
such as steel, brass, bakelite, and others. 

The Cambridge universal vibrograph, also shown 
by the company, is suitable for the investigation of 
all vibration problems and by a simple interchange of 
parts can be adapted for vertical, horizontal, or 
rotational tests, or arranged as a portable unit in 
which the vibrations are communicated to the 
recording mechanism by bringing a projecting toe 
into contact with the vibrating body. Our illus- 
tration Fig. 4 shows the instrument set up for 
recording horizontal vibrations. The primary unit 
contains the clockwork drive for a celluloid film, on 
which the records are made by a stylus, and also 
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contains a time marking stylus. The time marker is 
operated by the clockwork mechanism and indicates 
intervals of one-tenth of a second. Most of the adjust- 
ments to the instrument are carried out on this unit, 
controls being provided for film speed, stylus pressure, 


resemble those obtained in the Brinell test, the 
spherical area of which can be easily calculated. It is 
generally agreed that with all tests of this class the 
surface condition of the revolving member is very 
important, and that a high degree of finish is necessary. 

















Fic. 4—UNIVERSAL VIBROGRAPH—CAMBRIDGE 


and for centring the zero position. For vertical and 
horizontal vibrations a mass is provided mounted on 
@ spring stirrup and is attached to the recording unit. 
The complete unit is mounted on a base, the ‘mass 
being arranged for freedom in a horizontal or vertical 
plane, as required. For rotational work a fiy-wheel 
unit is mounted on the base and the stylus is operated 
by a connec ting-rod from the fly-wheel mechanism, 
which is driven by means of a belt by the shaft under 
investigation. 

The Cambridge universal measuring machine, 
another of the company’s exhibits, consists of a 
microscope with a Lucas slow-motion device, fitted 
to the carriage, which has a longitudinal travel of 
340 mm. The record to be examined is carried on a 
table having a transverse movement of 80mm. 
Micrometer readings over a maximum travel of 
50 mm. over any portion of the total field may be 
obtained by locking the microscope and its carriage 
to @ micrometer reader fitted with a large hand wheel 
and divided head. A fine adjustment over 20 mm. is 
similarly provided to the record or transverse carriage, 
but the micrometer reader and the slow motion are 

















FiG. 5—TORSIONAL DAMPING TESTING’ MACHINE 


interchangeable and may be fitted to either the longi- 
tudinal or the transverse travel, as desired. The 
records are placed between glass plates, which can be 
adjusted for alignment, and a scale is provided, in 
metric or English readings, for the longitudinal 
readings. 

C. Baker is demonstrating a new and interesting 
testing machine, known as the Smith wear and 
lubricant tester. This machine is similar to certain 
others, in which a revolving member wears a measur- 
able impression in the flat surface of a test piece. 
It is unique, however, in that it employs as a wearing 
member a hardened steel ball of 10 mm. diameter, 
as used in the Brinell hardness test. The impressions 
worn in the flat face of the loaded test piece also 





The familiar hardened steel ball meets these require- 
ments, together with that of cheap replacement if 
accidentally damaged. The machine consists of a 
horizontal shaft in special bearings, directly driven 
by a variable speed electric motor. The free end of 
the shaft is recessed partially to receive the 10 mm. 
diameter steel ball, which is forced into the recess by an 
opposing shaft under a suitable pressure. A flat-faced 
test piece is advanced under a known load to the 
rotating periphery of the steel ball and at a direction 
at right angles to its axis of rotation. The test is 
conducted under precise conditions as to speed, 
traverse, concentricity of rotation, and freedom from 
vibration, and a supply of the required lubricant at 
the required temperature is provided by a circulator, 
which continuously filters the oil and applies it to the 





ball and the test piece face. A measuring microscope 
is mounted on the test piece carrier and the carrier 
is pivoted at its lower end, so that the microscope 
can be applied for measuring the worn impression 
without removing the test piece from the machine 
or even wiping the oil away. A separate instrument 
board and control panel is provided, on which is 
mounted a tachometer registering directly in feet per 
minute and the various controls. A predetermined 
counter which automatically stops the test after any 
required traverse and controls for automatic inter- 
mittent loading and release of the test piece and 
automatic intermittent starting and stopping the 
machine are also fitted. A series of ten impressions 
can be made on a test piece of fin. diameter. 

Tensometer, Ltd., shows a range of testing machines 
and instruments, including the Hounsfield tenso- 
meter, which we have previously described, and the 
Gerard extensometer. This extensometer is a com- 
pact and sensitive instrument, accurate to 0-005 per 
cent. of the gauge length of 2in. The instrument is 
provided with a simple mechanism, the extension 
between the gauge points being magnified by a single 
lever system, using spring pivots and applied to a 
dial indicator, the scale of which is divided into 100 
parts, each representing one ten-thousandth of an 
inch extension of the test piece. There are no 
external moving parts, and there is no relative rota- 
tion of the gauge points on the test piece, so that ball 
points are substituted for the usual sharp conical 
points, which is specially advantageous for very hard 
or very thin materials to be tested. The extensometer 
is fitted with a locking pin, which enables the gauge 
length to be fixed before clamping on the test piece, 
and the gauge points are automatically centred, thus 
obviating prior marking out of the test piece. The 
range of extensions measurable is 3} per cent. of the 
gauge length, thus the range extends well into the 
region of plastic extension of most metals. 

Griffin and Tatlock, Ltd., are showing a number of 
interesting pieces of apparatus, including a cement 
testing pistol. This apparatus consists of a small 
pistol, with a spring-operated indentation tool, 
which is applied to the surface of the concrete or 
cement to be tested and released by pressure on a 
trigger. Each instrument is calibrated, and it has 
been found that it is possible to establish a relation 
between the diameter of the impression in the material 
under test and its compressive strength. Provided 
that the material under test is of uniform texture or 
has a uniform matrix, the compressive strength, as 
given by this method, is in close agreement with that 
shown by testing in the usual machine. The instru- 
ment can be supplied with a built-in measuring micro- 
scope for measuring the indentation diameter, or this 
may be separate. It presents the advantage of use 
in situ where a testing machine could not be employed, 
as in testing concrete structures. 








Electricity Supply in 1935-36. 


i Sper return of engineering and financial statistics 
relating to authorised undertakings in Great Britain 
for the year ending March 3lst, 1936, or May 15th, 
1936, for public authority undertakings, and 
December 31st, 1935, for company undertakings has 
been issued by the Electricity Commission. During 
the year 1935-36 there was a net increase of upwards 
of 801,000, or 11-6 per cent., in the number of con- 
sumers of electricity connected to the public supply 
system throughout the country. The total number of 
consumers at the end of the year was over 7,704,000. 
Upwards of 80 per cent. were domestic consumers. 
The total sales of electricity to consumers during the 
year amounted to 15,049 million units, representing 
an overall average of about 1953 units per consumer, 
or 330 units per head of population in 1935. The grid 
system of the Central Electricity Board was in full 
commercial operation throughout the year 1935 in 
the scheme areas of Central Scotland, Mid-East 
England, South-East England, East England, North- 
West England, and North Wales, Central England, 
and South-West England and South Wales. 

Inclusive of the Central Electricity Board, there 
were 627 authorised undertakers holding supply 
powers at the end of 1935-36, of whom 622 were 
offering supplies of electricity. Of the total supply of 
electricity by authorised undertakers, about 60 per 
cent. was provided by public authorities and about 
40 per cent. by companies, these proportions broadly 
applying to the aggregate capacity of generating 
plant installed by the respective groups of under- 
takers and to sales of electrical energy to consumers. 
The production of the public supply of electricity in 
1935-36 involved the operation by the authorised 
undertakers of as many as 398 generating stations 
containing an aggregate about 8,100,000 kW of 
generating plant. Over 82 per cent. of this plant was 
contained in 103 stations, each having an installed 
capacity of 25,000 kW or over, and under 18 per cent. 
was distributed among the remaining stations, of 
which 134 had an installed capacity of less than 
1000 kW each. 





The total mileage of underground mains and over- 
head lines provided by authorised undertakers at the 
end of 1935-36, inclusive of the grid system, but 
exclusive of all service lines, was approximately 
126,000 miles, of which 88,000 miles were underground 
and 38,000 miles overhead. 

At the public supply generating stations of 
authorised undertakers nearly 17,971 million units 
were generated in 1935-36, of which over 15,526 
million, or 86-4 per cent., was generated under the 
directions of the Central Electricity Board. The 
output showed an increase of over 2383 million units, 
or 15-3 per cent., as compared with the previous year. 
Supplies given by the Central Electricity Board to 
authorised undertakers in 1935-36 as the result of 
general trading operations in certain of the scheme 
areas and under temporary arrangements pending 
the bringing of the grid system into full operation in 
other scheme areas amounted to 14,718 million units. 
The bulk supplies purchased by public authority and 
company undertakers from one another amounted to 
4508 million units. 

A.C. supplies were being given by 576 undertakings, 
of which 269 also gave D.C. supplies and fifty-six 
other undertakings provided D.C. supplies alone. 
About 1-2 million consumers were supplied by D.C. 
systems. As many as 567 undertakings were supply- 
ing on the standard 50-cycle A.C. system, and as 
regards the supplies given at non-standard frequencies 
further progress was made during the year with the 
standardisation of frequency under the Electricity 
(Supply) Act, 1926, in the areas of certain of the 
regional (grid) schemes. With regard to voltages of 
supply, as many as 417 undertakings were giving 
A.C. supplies at the advocated pair of standard 
voltages, namely, 230 and 400 volts. Among the 
various undertakings, however, supplies were still 
being afforded at as many as thirty-eight other 
declared voltages between the limits of 100 and 480 
volts. 

In the year 1935-36 the gross public supply con- 
sisting of the electricity generated at the stations of 
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the authorised undertakers, whether under the 
direction of the Central Electricity Board or inde- 
pendently, together with supplies purchased from 
outside sources, amounted to over 18,192 million 
units, an increase of 2418 million units, or 15-3 per 
cent., as compared with the previous year. The 
sales to consumers (15,049 million units) accounted 
for 82-7 per cent. of the gross public supply, the 
remaining 17-3 per cent. being accounted for by the 
works requirements of the undertakers themselves 
and by loss in transmission and distribution, &c. As 
regards the different classes of supply, power 
accounted for about 55 per cent., lighting, heating and 
cooking over 36 per cent., and traction supplies for 
nearly 7 per cent, of the total units sold to con- 
sumers. The sales of electrical energy for lighting, 
heating, and cooking purposes increased by 970 
million units, while the sales for power purposes 
showed an increase of over 965 million units as com- 
pared with the previous year. 

The combined maximum load on the public supply 
undertakings in 1935-36, based on units generated 
and/or purchased, was in the neighbourhood of 
6,880,000 kW, and that on the generating stations of 
authorised undertakers in the neighbourhood of 
6,044,000 kW. The capacity of generating plant 
installed was 34 per cent. in excess of the combined 
maximum demand upon it, whilst the load factor of 
the generating plant of public authorities and com- 
panies taken collectively was about 33-9 per cent. 

Public supply electricity undertakings were con- 
sumers of coal and coke to the extent of over 
11,743,000 tons in 1935-36, this figure including 
over 1,880,000 tons of pulverised fuel. The average 
cost of coal and coke, including handling, amounted 
15s. per ton, as compared with 14s. 10d. in 1934-35. 
In steam stations, which were responsible for the 
generation of nearly 96 per cent. of the total number 
of units generated for public supply purposes, the 
average fuel consumption amounted to 1-53 lb. per 
unit generated. 

The total capital expenditure charged to capital 
account by all authorised undertakers, including the 
Central Electricity Board, amounted at the end of 
1935-36 to over £531,000,000, of which about 29 per 
cent. was in respect of generation and about 71 per 
cent. in respect of main transmission, distribution, 
&c. The average expenditure of the electricity supply 
industry for all purposes per kilowatt of generating 
plant installed for public supply was £65-6. The net 
capital expenditure during 1935-36 amounted to 
upwards of £36,335,000, an increase of about 7-3 per 
cent. on the total expenditure at the end of 1934-35. 
From the working of their electricity undertakings, 
exclusive of the sales of electricity in bulk, the net 
total revenue of public authority and company 
undertakings was £76,530,000, as compared with 
£70,369,000 in the previous year. The total revenue 
represented an average of 1-220d. per unit sold, 
the corresponding figure for the previous year being 
1-296d. The average revenue per £100 of total capital 
expenditure by the supply industry amounted to 
over £14. 

The net total working expenses of public authority 
and company undertakers, including the cost of all 
energy purchased from outside sources, but excluding 
all inter-purchases between the undertakers and 
purchases from the Central Electricity Board and also 
capital charges, were about £40,276,000 in 1935-36, 
as compared with about £35,724,000 in 1934-35. 
Working expenses absorbed about 52-6 per cent. of 
the corresponding revenue from working. An 
important item of expense was the works cost of 
generation, which accounted for over 32 per cent. of 
the total working expenses. Of the other principal 
items, transmission and distribution accounted for 
over 13 per cent., management 19 per cent., and local 
rates nearly 15 per cent. The average working 
expenses per £100 of total capital expenditure by the 
supply industry amounted in 1935-36 to £7-6. 

For public authority and Gompany undertakings as 
a whole, the excess of revenue from working over 
working expenses, together with revenue from other 
sources, provided a gross surplus in 1935-36 of about 
£38,970,000, representing about 8-1 per cent. on the 
total capital expenditure of public authorities and 
companies at the end of the year. In the case of 
public authorities the gross surplus was appro- 
priated to the extent of 28-1 per cent. for interest 

charges on loans and deposits, 48-3 per cent. for loan 
repayments and transfers to sinking funds and to 
reserve and renewal funds, 6-2 per cent. for income 
tax, 13-5 per cent. for special expenditure, including 
amounts applied to capital outlay, and 2:5 per cent. 
in relief in local rates, the latter item representing a 
net contribution of about £566,000. The remainder 
of the gross surplus, amounting to nearly £318,000, 
represented the increase in the balances on net revenue 
account. 

In the case of company undertakers the gross 
surplus was appropriated to the extent of 57-7 per 
cent. for interest charges and dividends, and to the 
extent of 38-3 per cent. for transfers to depreciation 
and reserve funds. There was an increase of nearly 
£71,000 in the balances on net revenue account. 
The average rates of the preference and ordinary 
dividends calculated on the corresponding capital 
raised at the end of 1935 were 5-89 and 7-15 per cent. 
respectively. At the end of 1935-36 the capital (or 
loan) accounts of public authority and company 








undertakers were overdrawn to the extent of over 
£39,322,000 ; the balances in depreciation, reserve, 
and renewals funds, including sinking funds in the 
case of public authorities, amounting to over 
£68,893,000, and the balances on revenue account 
amounting to over £6,628,000. 

In 1935-36 the electric supply undertakings of 
public authorities and companies gave direct employ- 
ment to over 87,200 staff and workmen on generation, 
distribution and administration, the total salaries 
and wages charged to revenue account amounting to 
£13,519,000. In concluding the report, the Com- 
missioners point out, as before, that the statistics 
relate exclusively to authorised undertakings pro- 
viding public supplies of electricity in Great Britain. 
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THE PHENOMENON OF CREEP RECOVERY. 


By H. J. TAPSELL, A.C.G.1., A.M.I. Mech. E., Engineering 
Department, National Physical Laboratory. 


In 1934 the author and a colleague briefly referred to 
the phenomenon of “creep recovery.” It had been 
observed that, when test specimens which had been 
creeping under stress at a high temperature were unloaded 
at that temperature, the immediate elastic contraction 
was followed by continuous contraction with time, or 
creep recovery. This contraction, which took place fairly 
rapidly at first, was observed to continue in certain cases 
for thousands of hours after the release of stress. If only a 
fraction of the stress was removed, recovery took place 
for a time, but gave way to renewed extension as a result 
of the continuous application of the reduced stress. The 
data given in Table I, being a selection from numerous 


a change in lattice strain with time in the direction of the 
applied stress, and thus a similar change in lattice strain 
with time should be occurring during the progress of creep 
under stress. 

The fact that the creep recovery in a given time is pro- 
portional to the stress originally applied and then released, 
and that an increase in recovery occurs with increase in 
the duration of the preceding creep test, appears to fit the 
first as well as the second hypothesis. According to the 
first, the maximum difference in elastic stress amongst 
the grains during creep might be expected to be pro- 
portional to the applied stress, increasing in amount with 
the duration of application of the stress. Some tests were 
made in which separate tubular specimens of aluminium 
were subjected respectively to the same maximum shear 
stresses in tension and torsion at 100 deg. Cent. At this 
temperature the creep recovery, following creep tests 
lasting a few days, was complete after a day or two, and 
gave results showing that ratio of the recovery per 
unit stress for pure tension and pure torsion was fairly 
near the ratio of the respective moduli. This information 
fits both hypotheses in its implication that internal strains 
(proportional to the moduli) are released during creep 
recovery. 

The crucial test of the extra-elastic effect appeared to 
be a test on a single crystal. In an earlier experiment a 
specimen consisting of a few crystals of aluminium had 
been stressed at 70 deg. Cent. at a stress of 0-95 ton per 
square inch (1-5 kilos. per square millimetre) for about 
four hours, and on releasing the stress had contracted 
continuously for many hours. Recent tests at 160 deg. 
Cent. on a single crystal of aluminium have so far given no 
positive evidence of creep recovery. If recovery in a single 
crystal is absent or negligible in amount, there appears to 
be no possibility of an extra-elastic effect of any magni- 
tude in an aggregate, and further, since the specimen 
consisting of a few crystals of aluminium showed creep 
recovery, it would appear that recovery is not necessarily 
associated with any dimensional changes arising from 
temperature softening or structural instability due to 
temperature such as occurs in certain metal aggregates ; 





both the single crystal and the specimen consisting of a 
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examples, give some idea of the extent of the creep 
recovery during certain tests on three steels and a lead 
specimen. 

When the initial stress is such that the creep strain is 
small, the creep recovery may become a relatively large 
fraction of both the creep strain and the initial elastic 
strain, as demonstrated by the results for the 0-13 per 
cent. carbon steel in the table. 

Creep recovery is probably seldom of significance in 
practice, since maintenance of temperature after release 
of stress is needed for its development, and further, when 
the original stress is again applied, creep occurs much 
more rapidly than just before the stress was released, so 
that contraction due to creep recovery is soon cancelled. 
Possibly it may have practical significan:e for soft metals, 
which creep at air temperature. The chief interest in the 
subject lies in discovering the nature of creep recovery. 
Certain facts have emerged from work which is at present 
in its initial stage. 

It has been found that the recovery measured over a 
given period after removal of stress is proportional to the 
original applied stress, and the estimated final amount of 
recovery increases with the duration of the preceding 
creep test. The effect of the temperature of the test has 
not yet been systematically explored, but it appears that, 
for a given initial creep strain, the rate of recovery increases 
considerably with increase in temperature. A close 
approximation to a linear relationship has been found to 
hold in nearly all cases between the logarithm of the sum 
of the rapid elastic contraction and the creep recovery, 
and the logarithm of the time. The relation may be 
expressed as: Recovery, R=AT*, where A is a constant 
which is approximately equal to the rapid elastic con- 
traction when T=1 min. 

As the experimental facts have emerged, they have been 
considered in relat on to two hypotheses. In the first it is 
supposed that, if the crystal grains of an aggregate are 
very variable in resistance to deformation under stress 
applied in a given direction, the internal distribution of 
stress may become very variable after a period of creep. 
Deformation would occur more easily in the ‘“ weak” 
grains, leaving them lightly stressed as compared with the 
“strong” grains. If the external load is then removed 
the grains which were lightly stressed are now subjected 
to a compressive stress due to elastic contraction of the 
heavily stressed ones, and it may be presumed that 
reverse deformation would occur in the former grains, 
time being necessary for the stress distribution to become 
stable. It is, of course, presumed that the maintenance 
of temperature would contribute to the redistribution of 
stress by virtue of the softening of grains strain-hardened 
by the initial creep. Eventually, owing to the influence of 
temperature softening, a specimen may reach a com- 
pletely unstressed condition. 

As a second hypothesis, it was considered that a portion 
of the creep recovery might be an extra-elastic effect, #.¢., 
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strain under Creep strain Creep 
Material. Test conditions. stress, under stress, | recovery, 
in. per in. in. perin. | in. perin. 
Nickel-chrome-| Temperature, 450 deg. Cent. 0-00103 0-00070in., 0- 00018in.. 
molybdenum) Stress, 10 tons per sq. in. (15-7 kg. per sq. mm.), reduced to 0-4! 1530 hr. 24 hr. 
steel ... ...| ton persq. in. (0-6 kg. per sq. mm.) 0- 00032in. 
| 1120 hr. 
3 per cent. Temperature, 400 deg. Cent. 0- 00027 0- 00089in. 0-00018in. 
nickel steel’ Stress, 3 tons per sq. in. (4-7 kg. per sq. mm.), reduced to 0-4 2420 hr. 3000 br. 
ton per sq. in. (0-6 kg. per sq. mm.) 
0-13 per cent.) Temperature, 450 deg. Cent. 0-000118 0-000032in. 0-000029in. 
carbon steel..| Stress, 1 ton per sq. in. (1-6 kg. per sq. mm.), reduced to prac-| 1279 br. 840 hr. 
tically zero stress 
Lead . Temperature, 60 deg. Cent. 0-000129 0- 00537in. 0-000056in. 
Stress, 470 Ib. per sq. in. (0-3 kg. per sq. mm.), reduced to 90 Ib. 191 hr. 2000 hr. 





few crystals would be expected to be affected by tempera- 
ture in the same manner. 

If creep recovery is due to redistribution of stress as 
between lowly and highly stressed grains, the redistri- 
bution of stress may become manifest by the appearance of 
slip lines during recovery ; an examination of the surface 
of a speci consisti f a few crystals just before and 





ing o 
after release of stress in a creep test may yield evidence 
of slip during recovery. The use of X-rays may be of 
assistance in the examination of the behaviour of such a 
specimen. 

Since the phenomenon of creep recovery must arise as 
a reverse effect during creep produced by applied stress, 
its study should assist in furthering the knowledge of the 
nature of creep. 





THE MECHANISM OF THE CREEP OF METALS. 


By Dr. C. L. CLARK and Dr. A. E. WHITE, University of 
Michigan. 


ON the basis of researches conducted in the laboratories 
of the University of Michigan during the past ten years, 
certain theories have been developed concerning the mech- 
anism of creep. Though these theories should be regarded 
as such, and not as completely established facts, they do 
afford a plausible explanation of this phenomenon and 
also explain the influence of many of the factors which 
affect the creep resistance. 

These theories are based on the followimg two con- 
ceptions :—First, it is assumed that at all temperatures 
the creep or deformation resulting from the appiieation 
of stress over a given time period is a running balance 
between the yielding of the material and the strain- 
hardening caused by such yielding. At certain tempera- 
tures the strain-hardening characteristics will predominate 
and thus creep will stop unless the stress is sufficiently 
great ; at others, the rate of recrystallisation will be the 
deciding factor and creep will continue even under the 
lowest of stresses. If this is true, then there must exist, 
for each material, a critical temperature, or temperature 
range, which may be defined as the lowest temperature of 
recrystallisation. : 

The second conception assumes that the mechanism of 
deformation changes with increasing temperature. Con- 
fining the discussion to prolonged testing times, at certain 
temperatures the deformation is believed to occur largely 
by slippage along the crystallographic planes and since 
these crystals are elastic bodies, the metal exhibits elastic 
properties. At the more elevated temperatures the 
deformation is believed to occur through the movement 
of the crystals themselves; that is, within the material 
surrounding the grains. Regardless of the nature of this 
intergranular material and whether it is amorphous or 
consists of severely strained crystals, it is generally agreed 
that it is not elastic. Accordingly, metals at these more 
elevated temperatures exhibit plastic rather than elastic 
properties. This conception also requires the existence ofa 
critical temperature or temperature range, and, since in 
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those cases in which the deformation is within the crystals, 
the fracture is transecrystalline and for those cases in which 
the deformation occurs in the grain boundaries the fracture 
is intercrystalline, this temperature is by definition the 
equi-cohesive temperature. 

It is further believed that these two critical tempera- 
tures—that is, the lowest temperature of recrystallisation 
and the equi-cohesive temperature—are one and the same. 
This statement is supported by the fact that whenever 
the fracture is talline, the grains are severely 
strained and distorted; whereas, when the fracture is 
intercrystalline, the crystals are strain-free and equi-axed. 

On the basis of these two theories the influence of the 
various factors on the creep resistance can be readily 
explained :— 

(1) Chemical Compositi El ts which form 
carbides (Cr, W, Mo, V, Ti) and thus interfere with slippage 
along the crys phic planes, as well as with the 
movement of the individual grains, increase the creep 
resistance over the complete temperature On the 
other hand, those elements which are largely soluble in 
the ferrite (Ni, Mn, Si, Al, Cu), and thus strengthen the 
crystals, increase the creep resistance only at those tem- 
peratures below the equi-cohesive temperature or lowest 
temperature of recrystallisation. 

(2) Grain Size.—A fine-grain size, based on either the 
actual or “inherent” grain structure, possesses the 
maximum creep resistance at temperatures below the 
equi-cohesive temperature, whereas at temperatures 
above it a coarse-grain structure is superior. 

(3) Heat Treatment.—The heat treatment producing the 
most suitable grain size imparts the maximum creep 
resistance. For the lower temperatures a quenched and 
drawn (tempered) structure posser_.s the maximum 
creep resistance, while at the higher temperatures an 
annealed or normalised and drawn structure is superior. 

(4) Lowest Temperature of Recrystallisation.—Lead at 
room temperature, 60-40 brass at 400 deg. Fah. (200 deg. 
Cent.), 70-30 brass at 600 deg. Fah. (315 deg. Cent.), and 
a carbon steel at 1000 deg. Fah. (535 deg. Cent.), all 

the same creep characteristics because of differences 
in their lowest temperature of recrystallisation. Like- 
wise, the creep strength of certain alloy steels is superior 
because their lowest temperature of recrystallisation has 
been increased by the proper type and amount of alloy 
additions. 

(5) Previous Deformation.—This factor in general 
increases the creep strength at temperatures below the 
lowest temperature of recrystallisation and decreases it at 
temperatures above. 

The above-mentioned factors are by no means the only 
ones affecting the creep resistance. The examples cited 
are, however, believed sufficient to justify the two theories 
which have been formulated concerning the mechanism 
of creep. 





EFFECT OF TEMPERATURE ON THE PROPERTIES 
OF STEELS. 


By C. E, MacQUIGG, Union Carbide and Carbon Research 
Laboratories, New York. 

TEMPERATURE effects on steels are important in two 
respects, viz., the effect on mechanical properties and the 
effect on surface stability. 

Low temperatures (below 0 deg. Cent.) in general 
increase the tensile strength, but decrease the ductility, 
and particularly the resistance to impact. Because of 
sub-stratosphere flying, low-temperature oil refining and 
other commercial applications, the effect of temperature on 
metals is an ever-growing subject of inquiry. Austenitic 
stainless and a nickel steel have been favourably reported 
on. If temperatures are plotted (as abscissae) against 
impact resistance, a much-distorted S form of curve is 
generally produced, with the rising portion nearly vertical 
for some steels. The problem is to find a steel with the 
‘“‘ break ” occurring as far to the left as possible. Not 
tensile strength, but resistance to impact is the problem 
at low temperatures. 

For efficient design against high-temperature service, 
study is made concerning (a) the influence on strength, and 
(b) the effect on surface stability. ‘ 

In America the so-called short-time test is lapsing 
because the high-temperature strength of the metal in 
rapid loading is of little interest, and most of the testing 
is done to determine resistance to “ creep,”’ i.e., tensile 
tests of hundreds or thousands of hours’ duration. Testing 
procedures for both methods are specified as a result of 
efforts of the Joint A.S.M.E.-A.8.T.M. Research Com- 
mittee on Effect of Temperature on the Properties of 
Metals. ‘“‘ Single load,” “step-down,” and “ step-up ” 
methods have their advocates; relaxation methods are 
accepted only for reconnaissance, although they do have 
a special appeal to power engineers for the study of the 
properties of bolts. Several authorities continue research 
with the theory that some clue may be found which will 
relate’ short-time experiments to the results obtainable 
by long-time testing. It is devoutly to be wished that the 
hope may not prove as forlorn as it now appears to be! 

Tensile determinations alone are not enough information 
from the long-time tensile test. Phase changes brought 
about by prolonged exposure of the steel to definite elevated 
temperatures are well known to metallurgists, and such 
changes may develop properties which must be taken into 
account. The loss of impact strength which may occur 
after holding steels at embrittling temperatures is not 
revealed in those temperature ranges, but may be marked 
when the steel cools to room temperature. Restoration of 
toughness results from proper reheating. Such steels are 
in general tough when hot. In addition to phase changes, 
an intergranular penetration by gases has lately been 
noticed. It lowers elongation and occurs without apparent 
surface deterioration. Chromium, the antidote for oxida- 
tion, seems helpful against this difficulty. 

For lower ranges of high temperatures, creep is the con- 
trolling factor in selecting the steel, while for the upper 
ranges, surface stability is the determining attribute. 
The critical temperature occurs around a low red heat, 
say, 625 deg. Cent., for the reason that below such a 
region the surface attack is not serious and some steels 
are so markedly superior in creep resistance as to compel 
their use. On the other hand, above a red heat, all steels 
tend to reach the same very low degree of tensile strength, 


criterion of serviceability—-with enough metal needed to 
take care of the stress. Because of their toughness, with 
excellent resistance to “sour’’ crude oils, we find the 
5 per cent. range of chromium steels used in oil refinery 
still tubes at temperatures barely above a red heat. For 
certain vapour phase cracking we may find temperatures 
as high as 900 deg. Cent., and here the very high chromium 
steels are in use. 

Surface stability of steels toward liquid media at atmo- 
spheric temperatures is now generally conceded to be a 
matter of film protection. The same reasoning may also 
apply to oxidation resistance. In other words, the oxida- 
tion resistance of, say, 28 per cent. chromium steel, is 
not due to its intrinsic “ nobility ” towards hot oxygen, 
but rather because of the protecting scale formed. The 
constitution of these scales is being investigated, and 
information obtained respecting their ability to seal off 
the penetration of hot oxygen by their enamel-like charac- 
teristics, which must meet many requirements of density, 
impermeability to gases, resistance to thermal fatigue, 
coefficient of expansion, and so on. 

With regard to the effect of various elements on steels 
which are to serve at other than room temperature, the 
following are offered as safe generalisations :— 


(1) For low temperatures, nickel, chromium, copper, 
vanadium, and zirconium have been favourably men- 
tioned. The austenites are particularly good, and for 
improvement by heat treatment the aluminium-killed 
steels have been finding favour. 

(2) For resistance to deformation alone and in the 
absence of marked attack by surrounding media, carbon 
steels containing molybdenum are used. For greater 
chemical inertness, from 2 to 9 per cent. chromium is 
used as the principal alloying element, with its resist- 
ance to creep reinforced chiefly by molybdenum and/or 
tungsten. 

(3) For surface stability at high temperatures, 20 per 
cent. and more of chromium is generally used with or 
without nickel, although as little as 15 per cent. chro- 
mium may be specified, provided considerable nickel is 
present. Great surface stability may be imparted by 
titanium or aluminium, in which case the chromium 
may be lower than in the preceding categories. 

(4) Stabilisation against susceptibjlity to embrittle- 
ment is imparted by molybdenum, titanium, and par- 
ticularly columbium. 








An Electrical Totalising System. 


For totalising the power delivered to the bus-bars 
by a number of alternators aad for similar summation 
and differentiation service, the A.E.G. Electric Company, 
of 131, Victoria-street, has introduced a “ speed- 
balancing ” system in which the measured values are first 
converted into proportional D.C. voltages, which are 
summated in a suitable circuit. The measurements can 
be of a varied character, such, for example, as those of 
single-phase, three-phase, or D.C. circuits. The watt- 
hour movement 1, shown for unbalanced three-phase 


1 — Th watthour movement. 
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loads, receives the value to be measured and rotates a 
brush sliding on an annular potentiometer resistance 2 
connected to a pilot supply through rheostats 5. By 
means of the brush a voltage is supplied through the 
resistance 4 to a D.C. watt-hour movement 3, with one 
pole directly connected to the centre point of the battery. 
Thus the speed and direction of the D.C. watt-hour 
movement varies with the position of the brush on the 
potentiometer. When the A.C. watt-hour movement 1 
rotates the resulting movement of the brush varies the 
current passing through the D.C. watt-hour movement 
which drives gearing 7 and rotates the resistance 2 in the 
direction of the brush. In this way the speed of the 
D.C. watt-hour movement is regulated automatically 
to a definite ‘proportion of that of the movement 1. In 
other words, the D.C. current drawn by the speed balancer 
is a measure of the speed of the watt-hour movement 1, 
and hence, also, of the measured value itself. 

As it is the voltage drop produced by the current flowing 
through movement and resistance 4 that is measured, 
and not the current itself, errors due to temperature 
variation are eliminated. An increase in temperature 
raises the resistance of the aluminium drum carrying 
the winding, and reduces the effect of the eddy current 
brake. A less heavily braked meter rotates at greater 
speed for the same current input or draws a lower current 
for the same speed. In the speed balancer, however, an 
increase of temperature reduces the current in the D.C. 
movement, but, at the same time, raises the resistance of 
4, with the result that the voltage drop remains unaltered. 
The accuracy with which the measured value is converted 


+1:5 per cent. of the rating of the A.C. watt-hour 
movement, 

For feeding the apparatus a 24-volt battery or metal- 
plate rectifier is required, and variations in the pilot supply 
up to +15 per cent. are permissible. The voltage varies 
with the measured value between 0 and 10 volts, and the 
time lag in the rendering of a truly proportional output 
voltage amounts to about five seconds when the measured 
value suddenly rises from zero to a maximum, but an 
additional part is available for reducing the time lag 
practically to zero. Summations or differentiations 
are obtained by applying the voltages delivered by 
several speed balancers to one totalising instrument. 
Provided that lines for D.C. transmission are available and 
the distance is not too great, the system can be used for 
telemetering, although the results will be made inaccurate 
by variations in the line resistance caused by changes of 
temperature up to distances of 6 miles between the speed 
balancer and indicator, the additional temperature error 
can be neglected if the line consists of an underground 
telephone cable with cores of 0-03in. diameter. 








SIXTY YEARS AGO. 





In our issue of April 27th 1877 we published a detailed 
description of train d tching as then practised on 
American railways. At that date fully 95 per cent. of the 
railways in the United States and Canada were single 
track, The merits of the English “ block system” of 
handling traffic were generally acknowledged by American 
railway superintendents. That system had in fact recently 
been adopted by the Pennsylvania Railway, a double- 
track line. On single track roads however it was held that 
the introduction of the absolute block system would 
necessitate the trebling of side tracks and of the number of 
telegraph offices. It was therefore argued that it would 
be cheaper to double the track than to adopt the block 
system. The general principle of the train despatching 
system actually employed was that the absolute control 
of all trains moving within a specified district should be 
placed in the hands of one person. A single track line 
doing heavy business was commonly divided into sections 
of about 100 miles long. Each section had a “ train 
despatcher’s office” either at its centre or end and every 
branch line had another such office at its junction with the 
main line. There were three despatchers to each office 
who relieved one another every eight hours. Inter- 
mediate telegraph stations were established at 5 or 10-mile 
intervals and at each such station sidings were provided 
for two or three trains. A round red target showing a red 
light at night was operated from the telegraph office 
when a train was required to stop at it. The trains were 
divided into two categories namely first-class, including 
passenger trains, and second-class, including goods and 
mixed trains. First-class trains had the right of road over 
second-class trains in either direction. Further trains 
going in one specified direction, say east, had the right of 
road over trains of the same class going in the opposite 
direction. It was however laid down that trains having 
the right of road must wait five minutes before exercising 
it in order to allow for a difference of watches. The train 
despatcher worked on information received from the tele- 
graph station and in return issued orders to the station 
to allow trains to proceed or to shunt them until some other 
train had passed. One of the numerous rules governing 
the system laid it down that if a passenger train was 
more than twelve hours late it lost all its time-table rights 
and was to be run through ‘in special telegraph orders. 
If two or more trains were required to follow one another 
closely in the same direction the first train—and the 
succeeding trains if there were more than two—carried a 
red flag or light on the engine and another on the rear car. 
These emblems gave the succeeding train or trains the same 
rights as the leading one. In fact they were regarded as 
detached. portions of the same train and no other train 
was permitted to occupy the track between them. While 
we admitted that the system possessed distinct merits 
in the way of cheapness and ability to keep a very large 
amount of traffic moving without serious delay we thought 
that it placed very heavy responsibilities upon the judg- 
ment and quickness of decision of the despatchers. 








Islington Refuse Disposal Works. 


Tue reconstructed refuse disposal works of the Metro- 
politan Borough of Islington, at Ashburton-grove, London, 
were officially opened last Saturday, April 17th, by the 
Rt. Hon. Arthur Greenwood. 

About three years ago, after the satisfactory conclusion 
of negotiations with the Hertfordshire County Council, 
the railway company, and refuse removal contractors, the 
Islington Borough Council proceeded to give consideration 
to the entire reconstruction of the refuse disposal works then 
operating and, in particular, to the advisability of install- 
ing a mechanical refuse handling plant. The Council had 
in mind the desirability of centralising refuse disposal and 
installing a plant capable of handling, not only the refuse 
of the borough, but having a say sufficient to deal 
with the refuse of other boroughs. Accordingly, other 
Councils were invited to avail themselves of the facilities 
to be provided, as a result of which Stoke Newington 
Borough Council decided to participate in the Council’s 
scheme. The quantity of refuse annually disposed of by 
the Council amounts to approximately 80,000 tons and 
that by Stoke Newington Borough Council to 10,000 tons 
per annum. Accordingly, it was decided to install a refuse 
i plant capable of dealing with 100,000 to 
135,000 tons of refuse per annum. A large part of the 
refuse is disposed of by deposition on a site in Hertford- 
shire, to which it is taken by 6-ton railway trucks on the 
L.N.E.R. On July 26th, 1935, a scheme was approved by 
the Council for the reconstruction of the depét. Upon 
consideration of tenders received in response to advertise- 
ment for the execution of the several works contracts 
were awarded as follows :—Main handling plant, 





into a proportional D.C. is not, therefore, affected by 





and resistance to hot gases becomes the determining 





temperature variations. The guaranteed accuracy is 
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and reinforced concrete retaining walls and floors to truck 
houses, Heenan and Froude, Ltd., Worcester; reinforced 
concrete and granite sett roads and drainage works, William 
Griffiths and Co., Ltd., 626, Salisbury House, Finsbury- 
circus, E.C.2 ; construction of office, salt store, transformer 
and switch house, &c., Thomas Cole (Barnsbury), Ltd., 
125-7, Offord-road, N.1. In order to ensure the co-ordina- 
tion of the works executed by the several contractors, the 
services of Mr. J. Woulfe Flanagan, M. Inst. C.E., were 
retained. All the works with the exception of the mech- 
anical and electrical plant were carried out under the 
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Tipping Approach 


separated from the west bay by the exit road is a group 
of buildings, which consists of the incinerating plant for 
disposal of certain (mainly trade) refuse; a steam disin- 
fector for dealing with fish offal bins, which is housed in 


the vehicle washhouse ; a drying chamber for workmen’s 
clothing; a paper baling shop and store; a salt and 
miscellaneous store; and an emergency sludge lagoon. 
The whole of these buildings rest on one solid reinforced 
concrete raft. The incinerator has a grate area of 15 square 
feet and is designed to deal with 2 to 3 tons per eight-hour 
day. It heats a horizontal fire-tube boiler with a heating 
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supervision of the Borough Engineer, who was also respon- 
sible for the lay-out and design of the depét in collaboration 
with the Cleansing Superintendent. The electrical and 
mechanical works were supervised by the Borough Elec- 


trical Engineer and the Cleansing Superintendent 
respectively. 
The lay-out is so arranged as to provide for one-way 


traffic and thus to avoid congestion. The refuse collecting 
vehicles will enter the depét by way of Victoria-plaee and 
be controlled by the gatekeeper from the new gate-house 





WEST LOADING BAY 


on their right as they approach—see drawing. Passing 
the new sub-station and main switch house, they will halt 
at the new weigh office, on the left, where they will be 
weighed. They will then proceed to the hoppers at the 
extreme north end of the tipping road and discharge their 
loads, afterwards passing along the road to the exit from 
the depét in Ashburton-grove. Immediately beyond the 
weigh office on the left of the main entrance road and 











ISLINGTON REFUSE DISPOSAL WORKS 


surface of 210 square feet, working at 50 lb. per square 
inch. The latter provides the steam for the disinfector 
and the drying chamber. The fumes from the incinerator 
pass through a dust catcher and thence up a 50ft. steel 
self-supporting chimney. The disinfector is of sufficient 
size to deal with six bins at a time. One vehicle at a time 
can also be washed under cover in this building. Accom- 
modation for the clothing of forty men is provided in the 
drying chamber. The sludge lagoon, which is of reinforced 
concrete, takes the place of old earth lagoons and is con- 


MAIN CONVEYOR, 


nected to the sewerage system. This lagoon is intended 
to be used for emergency purposes only. 

The refuse disposal plant itself is designed to handle 
400 tons of crude household and trade refuse in five hours. 
Special precautions have been taken to prevent nuisance 
from dust and noise arising. At the north end of the 
tipping road is the tipping house, where all normal refuse 


which are the three elevators, main conveyor belts, 
magnetic separator pulleys, tins belts and shoots, motor 
generator set for the magnetic pulleys, control room, and 
main dust extraction fan and filters. The whole of these 
buildings are steel-framed and. sheeted with galvanised 
corrugated steel sheets. The roofing is of asbestos sheeting 
and is glazed where requisite. The floors of the east and 
west loading houses have been designed as reinforced 








LOADING CONVEYOR AND TRIPPER! 


concrete rafts, independently of any other part of the 
structure and incorporate longitudinal beams which 
support the railway trucks. 

At the foot of each of the three elevators is a hopper, 
9ft. 6in. wide, which is the same width as that of the 
elevators. This width is maintained for the full length of 





is tipped under cover. Beyond is the main belt house, in | tipping is actually being done. The elevators are 55ft. 


the elevators in order to prevent the refuse from “ bridg- 





CONVEYOR 


MAGNETIC SEPARATOR AND TINS 


ing” or “ arching.” The capacity of each elevator is such 
that running at 10ft. per minute it can dispose of a com- 
plete load in less time than is required to mancuvre @ 
vehicle into tipping position, tip, and move away. Three 
vehicles can tip simultaneously when necessary. Tipping 
takes place under flexible rubber strip curtains which 
partly close the mouths of the hoppers except when the 
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long between driving and trailing shafts and are each 
independently driven by 12} B.H.P. slip-ring motors 
through two-speed gear-boxes giving speeds of 10ft. or 
15ft. per minute. The choice of speed will depend upon 
the volume of refuse to be handled. The elevators are of 
the overlapping steel plate type, the knuckle joints of 
which are close-fitting to prevent fine dust falling through 
and to ensure a clean discharge at the head. The plates 
are bolted to three strands of chain consisting of alternate 
cast and mild steel links connected by high-tensile turned 
steel pins of large diameter. At the driving and trailing 
ends of the elevators these chains, which are continuous, 
pass over octagonal drums fitted with toothed rims of 
cast steel which are renewable. Between the upper and 


lower drums the chains run over cast iron idler rollers 
which can be lubricated while running. In order to obtain 
a positive feed of the refuse, angle brackets are bolted to 
At the 


the upper faces of the plates at suitable spacing. 





on a single row of stanchions in the 6ft. way between the 
two railway tracks in each house. 

Each of the loading belts passes over the drums of a 
travelling tripper. This tripper is carried on overhead 
rails secured to the roof principals and is propelled by its 
own motor fed with current through collectors on bare 
overhead wires carried on insulators also secured to the 
roof. On the tripper there is a short reversible cross belt, 
40in. wide, on to which the refuse from the loading belt 
falls and by means of which it can be delivered to either 
of the two lines of railway wagons in the loading house. 
This cross belt runs at 220ft. per minute. Each of the 
shoots into which the refuse falls from the cross belt is 
also two-way, so that loading can be continuous from one 
truck to the next on the same track when desired and also 
so as to avoid spillage into the unavoidable space between 
wagons. The tripper has a dust-tight cabin for the 
operator, from{which he controls the loading. The tripper 











TIPPING SHED 


heads of the elevators two-way shoots fitted with deflecting 
valves allow the refuse to be discharged from any or all of 
the elevators on to either of the main conveyor belts. The 
valves are controlled from the first floor of the main belt 
house. The clear passages in the shoots are specially large 
to prevent choking 

The main conveyor belts are of special rubber fabric 
and are 72in. wide. They run at 180ft. per minute. These 
belts are staggered to allow either or both of them to be 
used at any time and run approximately east and west to 
feed the belts in the respective loading houses. The drive 
to the main conveyor belts comes by chains from 10 B.H.P. 
motors, otherwise similar to those driving the elevators. 
These motors, however, in addition to driving the main 
conveyor belts, also drive the tins conveyors and the air 
blast fans. 

The head drums of these belts are themselves the 
magnetic pulleys which act as tin separators. The separators 
are of the “ Rotaflux ” type and, by means.of the magnetic 
field they produce, cause iron articles to cling to the pulley 
beyond the point where the remainder of the refuse falls 
under the action of gravity. These separators are fed with 








INCINERATOR AND BOILER 


direct current from a special motor generator set. While 
the tins are between the gravity point of discharge of the 
general refuse and the point where they are themselves 
released and while falling on to the tins conveyor they are 
exposed to a blast from an electric fan to remove all dust. 
The tins are then released at an appropriate point and 
fall on to smaller belts 24in. wide, which run at 50ft. per 
minute and which, by means of two-way shoots, are dis- 
charged into special vehicles at railway yard level. 
Two of these vehicles can be accommodated at once, so 
that when one is full the stream of tins can be diverted 
into the other. The tins conveyor belts are at such a level 
above the first floor of the main belt house that they can 
be hand picked for the recovery of enamel ware, &c. There 
is space in the vehicle bay for a third vehicle for this 
salvage. 

The refuse discharged from the main conveyor belts is 
delivered by shoots on to the 40in. loading belts, of which 
there is one in the east and one in the west loading houses. 
These belts are 214ft. and 204ft. long respectively. The 
difference in length is due to the staggering of the main 
conveyor belts referred to earlier. The speed of these 





AND ELEVATORS 


is also fitted with an “* inching ” arrangement which permits 
short movements to allow the operator to get better 
loading. 
A complete system of dust extraction, depending on 
suction, which consists of three separate units, is installed 
with the object of keeping down flying dust and also of 
ing the conditions inside the buildings reasonable 

for such workmen as have to be inside them. The main 
unit, which is a fan of a capacity of 48,500 cubic feet of 
air per minute, driven by a 55 B.H.P. motor, draws the 
air through sheet metal ducts from hoods at the following 
points :—Over elevator bins, over tops of elevators, and 
over discharge points from main conveyor belts to loading 
belts. The dust-laden air then passes through the fan and 
is driven through a filter of the fabric bag type, where the 
dust is separated out. This dust can be discharged into 
sacks or paper bags for disposal into the railway wagons 
when desired. Two subsidiary units consist of 10 B.H.P. 
motors driving fans with a capacity of 8000 cubic feet of 





PAPER BALING PRESS 


air per minute and are arranged similarly to the main 
unit. Each of these small units collects the dust from the 
respective tripper shoots only. This is carried out by 
means of a special duct running the full length of each 
loading house with a rubber sealing band along the 
bottom. This duct is kept under alow vacuum. By means 
of a patented device mounted on the tripper the rubber 
band is raised sufficiently to permit suction to be applied 
to the hoods carried by the tripper. Dampers are fitted 
in the ducts between these hoods and the main overhead 
duct and are coupled to the controls so that they are 
reversed to suit the direction in which the cross belt is 
running. 

An emergency tipping opening is provided in each of the 
loading houses so that, if desired, vehicles can tip d.rect 
into the railway wagons. 

The elevators, main conveyor belts and loading belts 
are all started and stopped from the main control room, 
but in the immediate vicinity of each motor is a knock-out 





belts is 200ft. per minute. They are driven by a 10 B.H.P. 
motor in each case. 


The loading belt frames are supported 


switch for use in emergency. The control room also houses 


motor generator set, as well as the voltage regulator for 
the latter. 

The electric sub-station is divided into a transformer 
room and a main switch and meter room. The section 
containing the high-tension apparatus is under the contro} 
of the Electricity Department and contains two trans- 
formers, one of 200 kVA capacity and the other of 100 kVA 
capacity with the necessary switchgear, transforming the 
single-phase A.C, down from 2000 volts to 200 and 400 
volts. 

The Islington Borough Council operates thirty-three 
3-ton 8.D. freighter petrol-driven refuse collecting vehicles, 
which are of the modern low-loading type. In addition, 
nineteen low-loading horse-drawn vehicles, designed and 
constructed by the Cleansing Department, are in com- 
mission for use on short hauls. Two specially constructed 
Scammell lorries for the removal by the container system 
of refuse from housing estates, hospitals, and institutions 









in the borough will shortly be put into commission, and 
four Bedford vehicles are used for the collection of street 

sweepings and four Dennis machines for gully emptying, 
one being equipped for pressure street washing. The 
Stoke Newington Borough Council is providing the follow- 

ing new vehicles for refuse collection purposes in con- 
nection with the scheme :—Three Scammell 15 H.P. M.H. 
municipal type motive units, six Scammell moving-floor 
containers of 12 cubic yards capacity, four horse shaft 
attachments for the containers, and one Dennis single-unit 
dust van of 10 cubie yards capacity. 

On an average, nearly 200 vehicle loads of refuse, street 
sweepings, &c., are collected and conveyed to the depét 
for disposal each day. In addition, various types of refuse 
are brought to the depét by tradesmen. The content of 
house and trade refuse, and the average percentages, may 
be summarised as follows :— 
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Canadian Engineering News. 
(By our Canadian Correspondent.) 


Acetylene. 


At the plant of Shawinigan Chemicals, Ltd., 
Shawinigan Falls, Que., acetylene gas from calcium carbide 
is being produced in very large quantities and is being 
pliner Ba into a very wide range of industrial chemicals. 
A new commercial process for the manufacture of acetone 
has been developed there. This process utilises acetylene 
and steam as raw materials. It is carried out in one stage 
and supplants older methods of making acetone from 
acetylene, which required three separate processes. 


New ‘‘ Still ’’ Invention. 


Invention of a porous disc that looks like a tin 
waffle and may revolutionise branches of the oil refining 
and synthetic chemical industries has been announced by 
the National Research Council of Canada. It is claimed 
that the disc, developed in the Council’s laboratories by 
Dr. D. 8. Stedman, of the Chemistry Division, increases 
the efficiency of chemical stills nine to ten times and has 
made possible the first practical separation by distillation 
of one part of “‘ heavy water ” from 6000 parts of ordinary 
water. The ring, or disc, is made of fine wire gauze and 
contains a great number of cells, each in the form of two 
four-sided pyramids set one on each side of a common 
base. The cells are perforated at the corners with small 
holes to allow the rising vapour to bubble through. Their 
arrangement provides greater contact between the rising 
vapour and falling liquid than was hitherto possible, 
resulting in more accurate partial distillation and separa- 
tion from a complex liquid of components having boiling 
points not more than 1 deg. Cent. apart. Research Bureau 
authorities say that application of the principle in industry 
will lie chiefly in the possibility of obtaining an increasing 
number of chemical raw materials from petroleum and 
coal tar and development of gasolines with higher anti- 
knock ratings. 


New Refrigerator Car. 


A railway refrigerator car which provides colder, 
more constant, and more evenly distributed refrigeration 
at less expense and labour than the type at present in use 
on Canadian railways, has recently been developed by the 
Biological Board of da, in co-operation with the 
National Research Council, and is now receiving the atten- 
tion of the two major railways. If adopted, remodelling 
of old cars or construction of new ones along quite different 
lines would follow. The new design provides for an under- 
slung heating unit, with vents scattered all over the car 
floor, and an overhead refrigerator consisting of a bunker 
running the length of the car ceiling. This latter merely 
requires a couple of extra hatches for icing. On a four- day 
test run from Winnipeg to Montreal a new model car was 
re-iced once, requiring 1600 lb. of ice and 200 Ib. of salt, 
while on the same trip an old style car took three re-icings 
totalling 4000 Ib. of ice and 480 Ib. of salt. The tempera- 
ture never varied by more than 2 deg. to 4 deg. in various 
parts of the car, while in the old car the variation ranged 
from 7 deg. to 16 deg. The temperature in the new car 
never rose above 23 deg. Fah., while the other unit went 
up to 29 deg., then fell after re-icing, though outside tem- 





the starting and stopping gear for the main fan and the 





peratures were as high as 90 deg. 
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Interchangeable Manufacture.* 
By Professor JOSEPH W. ROE. 


By interchangeable manufacture we mean the produc- 
tion of complete machines or mechanisms, the correspond- 
ing parts of which are so nearly alike that they will fit 
into any of the given mechanisms. We are apt to think 
of it as a rather definite thing. In fact, interchange- 
ability is utilised in a varying degree by different industries. 
In some, it is a major objective, of great value to the ulti- 
mate user of the product in repairs, and to the manu- 
facturer in pelt mn as in military firearms and auto- 
mobiles. In others it is important to the manufacturer, 

but of little or no interest to the user, as in Waterbury 
watches. In still others, it may be only incidental, as in 

Portsmouth pulley blocks. This last is primarily mass 

production. The minor advantages of interchangeability 
in such a simple assembly come as a by-product of machine 
production and are hardly utilised by the final user at all. 

Interchangeable manufacture began with military fire- 
arms. This field was the only one at that time which had 
all the conditions calling for it, namely, large quantities, 
of the same design, where uniformity and facility for 
repairs were major considerations. If a lock were broken 
the gun was useless until a skilled armourer either repaired 
it or made some new part and fitted it into place. Even 
in England where skilled workmen were most available, 
there were not enough armourers to meet the demand, 
and in 1811 the Government had on hand 200,000 musket 
barrels which were useless for want of men to make or 
repair the locks. 

Fitch states in his report in the U.S. Census of 1880 
that “sample guns, with parts to interchange, were made 
in France as early as 1717, and again in 1785, at each of 
which dates the attempt to reduce this desirable feature 
to a practical manufacturing result failed, presumably 
through prejudice, improper system, and lack of 
machinery.””! 

Thomas Jefferson, who seems never to have missed a 
trick, wrote home while he was Minister to France, about 
this last attempt. He went to the workman who proposed 
it, Le Blane by name, and was presented with the parts of 
fifty locks taken to pieces and arranged in compartments. 
‘* T put several of them together myself,”’ he says, “‘ taking 
pieces at hazard, as they came to hand, and they fitted 
in the most perfect manner. The advantages of this, 
when arms need repair, are evident. He effects it by tools 
of his own contrivance, which at the same time, abridge 
the work, so that he thinks he shall be able to furnish 
the musket two livres cheaper than the common price. 
But it will be two or three years before he will be able to 
furnish any quantity.”* Due credit should be given to 
Le Blanc, for he was apparently on the right track, but 
for some reason nothing came of it, either in France or 
in Jefferson’s effort to have him brought over to the United 
States. 

Thirteen years later the real development of inter- 
changeable manufacture began. Eli Whitney, who had 
invented the saw cotton gn in 1792, realised that he could 
not make any money from it. With the patent laws as 
they then were, he could not defend his rights as inventor, 
and he therefore turned to the manufacture of an un- 
patented article by what he called ‘‘ a new and improved 
method.” In January of 1798 he obtained a contract 
for 10,000 muskets at 13-40 dollars each, 4000 to be 
delivered the first year, the remainder one year later. 
Whitney says in a letter to the Secretary of War in 
May, 1798,: ‘‘ I am pursuaded that machinery moved by 
water, adapted to this business, would greatly diminish 
the labour and facilitate the manufacture of this article. 
Machines for forging, rolling, floating, boring, grinding, 
polishing, &c., may all be made use of to advantage.’ 
He says in another place that he aimed “ to make the same 
parts of the different guns, as the locks, for example, as 
much like each other as the successive impressions of a 
copper-plate engraving.’ 

Whitney was longer in getting his new methods into 
operation than he anticipated. He,delivered only 500 
guns in the first year, and it was eight years, instead of 
two, before he completed the contract; but he adhered 
to his new methods and the standard he had set. About 
1800, when the Army officials were becoming uneasy over 
the delay, he took the parts of ten guns to Washington, 
and assembled them without. fitting, selecting the parts 
indiscriminately from each pile, to the amazement and 
satisfaction of all. Captain Wadsworth in a letter to the 
Secretary of the Treasury, about 1800, says the principle 
{i.e., interchangeability] ‘“‘was a favourite idea with Mr. 
Whitney from the beginning.’”’ A year later Jefferson, 
writing to Madison, says: ‘“‘He has invented moulds 
and machines for making all the pieces of his locks so 
exactly equal that take 100 locks to pieces and mingle 
their parts and the 100 locks may be put together by 
taking the pieces which come to hand.” 

In October of 1798, nine months after Whitney’s con- 
tract, Simeon North, a gunmaker of Berlin, Conn., and 
later of Middletown, Conn., received a contract for 500 
pistols, followed two years later by one for 1500. Like 
Whitney he began utilising division of labour, putting 
parts through in lots and using jigs, gauges, and machinery. 
Soon each armoury was employing about sixty men, one 
plant making muskets, the other pistols. In 1812 Whitney 
was given another contract for 15,000 muskets. In 
applying for it he stated that the work would be carried 
out upon the plan which he has used “ for the last twelve 
years.”” 

The next year, 1813, North received a contract for 
20,000 pistols, at 7 dollars each, which contained this 
clause :— 

“The component parts of pistols are to correspond so 
exactly that any limb or part of one pistol may be fitted 





* Newcomen Society. Read April 21st in London and New 
York. 

1“ Tenth Census of the U.S.,” 1880, page 618. 

2“*The Writings of Thomas Jefferson,” edited by H. A. 
Washington, 1853, Vol. I, page 411. 

3 Life of Eli Whitney,” by Wm. P. Blake, New Haven 
Historical Society Papers, Vol. V, page 117. 

4 “* Memoir of Eli Whitney,”’ by Professor Denison Olmstead, 
1846, e 50. 
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to any pistol of the Twenty Thousand.”* It is claimed, and 
probably rightly, that this is the first contract with a 
clause specifying interchangeability. It does not, how- 
ever, mark the beginning of a new method, but rather the 
first contractural recognition of methods which had already 
come into use, and were well established in the shops of 
both men. 
So far we have been tracing the beginning of a type of 
manufacture where interchangeability was important to 
the ultimate-user. Meantime, at the turn of the century, 
there was being developed in England a fine example of 
mass production by machinery, where interchangeability 
was not the chief objective. Sir Samuel Bentham, 
brother of Jeremy Bentham, the economist, a brilliant 
officer and example of the naval official at his best, turned 
his attention to wood-working machinery, and took out 
a remarkable patent in 1793. This led him to recommend 
a Government factory to produce y blocks, of which 
the Admiralty used 100,000 yearly. The recommenda- 
tion was approved, a plan of production had been developed 
and work begun, when Bentham met Mare Isambard 
Brunel, later knighted, a French naval officer o ithe old 
Royalist régime, who had escaped the revolutionaries 
and spent six years in the United States, where he became 
a citizen. He worked on the Hudson—Champlain Canal 
and various river improvements, submitted one of the 
designs for the lay-out of the City of Washington, in 
competition against his friend Major L’Enfant, and had 
a hand in planning the fortifications of New York harbour. 
In a conversation at Alexander Hamilton’s dinner table, 
his attention was turned to the production of pulley blocks, 
and he began working on machinery for this purpose. 
Soon afterwards he went to England where he remained 
for the rest of his life. He laid his plans before Lord 
Spencer, of the Admiralty, and Sir Samuel Bentham. 
The latter, who was wholly free from official jealousy, at 
once saw the superiority of Brunel’s plans over his own, 
and broadmindedly recommended them for adoption, 
and the latter was commissioned to install the machines 
in a plant at Portsmouth Dockyard. The machinery was 
executed by Henry Maudslay, who contributed many of 
his own ideas in their practical development. 


There were forty-four machines in all, in four groups :— 


(1) For sawing and roughing the blocks. 

(2) For boring, mortising, and finishing the blocks. 
(3) For turning, boring, and finishing the sheaves. 
(4) For forging, turning, and finishing the pins. 


In addition, there were several machines for making dead- 
eyes or blocks without sheaves, used in the fixed rigging.’ 
These machines were thoroughly modern in their concep- 
tion, and constituted a complete range of tools, each per- 
forming its part in an articulated set of operations. 
With this machinery 10 unskilled men did the work of 
110 skilled workmen. The plant was in full operation 
by 1808, with an output of over 130,000 blocks a year, 
which was greater than the previous output of the six 
largest dockyards, and it continued to supply all the 
blocks for the Royal Navy for many years; in fact, until 
wooden blocks made way for iron and steel ones. Here 
was a well-developed and successful example of mass pro- 
duction, where interchangeability is not even mentioned 
as an objective in any description of it. The Portsmouth 
block machinery was widely known and pointed to with 
just pride, but it had little, if any, influence on the adoption 
of interchangeable manufacture in England. This did 
not come until nearly fifty years later, with the introduc- 
tion from America of the Enfield machinery described 
below. : 

There is an intermediate type of quantity manufacture 
where interchangeability is not important to the user, 
but it is to the manufacturer. It was in this field that the 
next advance was made. Eli Terry, a Connecticut clock- 
maker, like others of his day, had been making clocks by 
hand, a few at a time. He would then make two or three 
trips a year on horseback to “‘ the new country, just across 
the North River,” taking with him a few movements 
which he would sell for 25 dollars apiece.* Influenced, 
we are told, by Eli Whitney, he bought an old mill in 
Plymouth, Conn., and in 1807 he fitted it up to make 
wooden clocks by machinery. The next year he con- 
tracted to make 4000 clocks. It took him a year to fit 
up for it. By the second year he had finished 1000, and 
by the third year he had completed the contract. In 
1810 Terry sold his little plant and shop rights to Seth 
Thomas and Silas Hoadley, two of his workmen, but he 
continued in business himself. In 1814 he invented a 
new 30-hour, wooden-movement, shelf clock, and soon he 
and Thomas were ing 6000 clocks a year, increased 
in a few years to over 10,000 or 12,000. During this time 
Terry reduced the price of wooden clocks from 25 to 5 
dollars. He first systematised the work on the move- 
ments, and then, with the increasing sale of the shelf 
clocks, he began to apply the same principles to the manu- 
facture of the cases, This clock was manufactured in 
great quantities for thirty years, until supplanted by 
brass ones. Terry introduced quantity production of 
wooden clocks. Like Eli Whitney, he never patented any 
of his equipment, and his methods spread to Waterbury, 
Bristol, and elsewhere. He retired in 1833, well-to-do, 
and died in 1852. 

Joseph Ives, of Bristol, Conn., invented a metal clock 
with cast brass wheels in 1818. By 1832 he had worked 
out an eight-day rolled brass clock movement, but the 
art of rolling sheet brass had not advanced enough to 
take full advantage of it before 1840. By that time 
Chauncey Jerome, who, like Thomas, had learned machine 
production from Terry, had developed a 30-hour rolled 
brass clock cheaper than either Ives’s eight-day cast 
brass clock costing about 20 dollars or Terry’s 30-hour 
wooden clock costing about 5 dollars. By machine 
methods these were eventually made at a cost of less than 
50 cents apiece, were being exported to England by 1840, 
and by 1855 were being produced at a rate of 400,000 a 
year. Through all of this one hears little or nothing of 
interchangeability. But, while the principle was utilised 








6 North’s contract of April 16th, 1813. See ‘‘ Simeon North,” 
by 8S. N. D. North, 1913, page 81. 

7 See ‘ Life of Brunel,’ by Beamish, 1862, page 340; ¢f. 
‘“ Industrial Biography,’ by Smiles, 1889, page 220. 

8‘ American Clock Making,” by Chauncey Jerome, 1860, 








hardly at all for repairs, it was used by the manufacturer 
in production and assembly so effectively that the*cost of 
clocks was reduced to a point where it was cheaper to buy 
a new clock than repair an old one. 

In 1848 Aaron L. Dennison first attempted to manu- 
facture watches by machinery. This was first done 
successfully by the American Watch Company at Waltham, 
Mass., where interchangeable methods were used for all 
the parts except the jewel pivots, balance, and hair springs. 
A whole new line of special machines gradually extended 
mass production methods down to finer work than ever 
before attempted. As a single example, Fitch reports in 
1880 the production of iring twenty-five opera- 
tions, weighing 1/130,000 lb., with 260 threads per inch, 
which were produced for 2-27 cents each.® In this field 
interchangeability made steady headway, and is now used 
with practically all watches produced. 

During these years, while the field of interchangeable 
manufacture was widening, the gun-makers still led the 
way. Whitney was called on to help introduce it at 
Harpers Ferry and at Springfield, Mass. Blanchard 
introduced wood-working machinery at Springfield, 
including his lathe for turning gun stocks and other 
irregular shapes, until the accuracy of the operations on 
the stocks over-ran that on the metal parts, and they had 
trouble bringing them into step. In 1815 on Colonel 
Wadsworth’s recommendation, model muskets were dis- 
tributed to the different armouries, Government and 
private, to be followed as models “‘ and no deviations from 
the pattern were to be allowed.” In 1824 100 rifles from 
various armouries were brought together, taken down, and 
reassembled at random. After the Seminole War in 
Florida, a large lot of damaged carbines were repaired 
at Watervliet, New York, and the parts, old and new, were 
reassembled without difficulty. The use of limit gauges 
was greatly extended and improved. The filing of pieces 
in contoured, hardened jaws, which was deadly on files, 
gave way to milling. Drilling jigs and the drop-hammer 
were introduced, and receiver gauges were in use by 1840. 
Shops were springing up where interchangeable methods 
were thoroughly understood, which made machines and 
gauges for producing upon this basis. The American 
Manufacturing Company, at Chicopee, Mass., and Geo. 8. 
Lincoln and Co., in Hartford, were two, but the outstand- 
ing leaders were the Colt Armoury at Hartford and the 
Robbins and Lawrence Co. at Windsor, Vermont. 

Samuel Colt invented his revolver in 1835. It was 
turned down by an Army Board, as nearly every civilian 
invention has been, but its record in the Seminole and 
Mexican wars secured belated approval and substantia! 
orders. His first revolvers were made under contract at 
the old Whitney armoury in New Haven. Because of his 
rapidly growing business, Colt decided to build his own 
plant. He moved to Hartford in 1848, and in 1853 began 
work on the Colt Armoury, which was finished in 
1855, a date which marks an epoch in American 
manufacturing. Colt was not a great mechanic, but 
he was a daring and brilliant manufacturer. Thoroughly 
alive to the advantages of interchangeable manu- 
facture as he had seen it at the Whitney shop, he 
determined to carry it even further in his new plant. 
Although only just starting, he outbid three others to 
bring Elisha K. Root down from the Collins Company, 
axe makers, of Collinsville, Conn., at a salary, it is said, 
of 25,000 dollars per annum, and turned him loose with a 
free hand. The Colt Armoury, which Root built, was the 
most influential shop in the country—certainly of that 
time. It is still one of the leading gun factories of the 
world, and is a monument to a great mechanic. He 
utilised the best tools available and designed many new 
ones, some of them still in operation. Every process felt 
his influence. He invented the best form of drop hammer 
then in use, machines for boring, rifling, making cartridges, 
stock turning, splining, &c., and worked out the whole 
system of jigs, fixtures, tools and gauges. There were in 
all over 1400 machines, and the cost of the special tool 
and gauge equipment exceeded that of the machine, a 
proportion unheard of up to that time. No hand work at 
all was allowed. Even the smallest burring operation 
was done by machine. Critics said he had gone crazy, 
but the result was a brilliant , both mechanically 
and financially. Colt’s revolver has practically dis- 
appeared, but the way Root made it has spread every- 
where. 

The other leader was the old Robbins and Lawrence 
shop at Windsor, Vermont, never very large, and tucked 
down by a water power in the upper Connecticut valley. 
From a small private gun shop it had developed into a 
shop for the design and production of machine tools for 
interchangeable manufacture. Here Frederick W. Howe, 
R. S. Lawrence, and Henry Stone developed the turret 
lathe, plain milling machine, and many of the new tools 
used by Root. It has gone through a checkered history 
of more than 100 years, through various changes of name, 
from great prosperity to bankruptcy, and back again 
several times, and produced more great mechanics than 
almost any plant in the country, all of them conspicuous 
in the field of interchangeable manufacturing. Its greatest 
contribution has been the turret lathe. The successors 
of the firm, the Jones and Lamson Machine Company, 
still holds a leading position in this field. 

As a result of the exhibits of Colt and Robbins and 
Lawrence at the Great Exhibition of 1851 in London, a 
Small Arms Commission, of which Sir Joseph Whitworth 
was a member, visited the Government and private 
armouries in this country in 1853. Upon their recom- 
mendation the British Government resolved to introduce 
“the American System.” An order was placed with 
Robbins and Lawrence and the American Manufacturing 
Company for 20,000 Enfield rifies, and a full equipment of 
tools and gauges for the new Enfield Royal Small Arms 
Factory. For the next thirty years these and other New 
England manufacturers, notably the Pratt and Whitney 
Company, equipped armouries for practically all the 
Governments of the world. Interchangeable manufacture 
spread everywhere. From then onwards it was made the 
basis of production as new products arose to which it was 
adapted. 

During the eighteen-fifties another industry was spring- 
ing up. Elias Howe invented his sewing machine in 1846. 
In quick succession Wilson, Singer, and Gibbs followed 
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with theirs, and in a few years the clothing industry pro- 
vided & market where interchangeability was important. 
As with most valuable inventions, a furious patent litiga- 
tion sprang up which was settled by an agreement for 
cross-licensing and the familiar huddle of the insiders to 
shut out newcomers. This centred most of the manu- 
facturing in the hands of a few large, prosperous plants, 
which adopted all of the tools and technique the gun- 
makers had developed and applied them to complicated 
forgings, castings, wooden parts, needles, &c., a much 
wider range than is present in firearms. From its very 
beginning the sewing mechine industry was developed on 
the basis of interchangeable manufacture and greatly 
widened its application. 

About this time, perhaps a little later, agricultural 
machinery applied the method to a much rougher product, 
but one where interchangeability was important for 
repairs. Many of the parts of mowers, reapers, &c., which 
were subject to breakage were beyond the capacity of 
farmers and local blacksmiths to repair, and ability to 
obtain replacement parts from agents was a factor of 
importance. 

After the American Civil War interchangeable manu- 
facture had become the accepted basis of production for 
all high-grade products made in quantity. When type- 
writers came along in the early ‘eighties and bicycles in the 
‘nineties, it was used as a matter of course. In these, as 
in firearms and sewing machines, it not only made a refined 
and interchangeable product, but permitted manufacture 
at astonishingly low costs. 

After firearms, the product which has had most influence 
on interchangeable manufacture has been the automobile, 
and those of us who drove, rode, or crawled under an auto- 
mobile thirty years ago know what interchangeability 
has done for it. All the early cars in Europe and this 
country were built. It was not until 1902 or 1903 that 
real manufacture began. R. E. Olds produced approxi- 
mately 2500 of his one-cylinder, curved dash, tiller- 
steered runabouts in 1902 ; 4000 in 1903, and 5000 in 1904. 
Henry Ford’s production passed this by 1906, and in 
1909 had reached 10,607. Like the sewing machine 
industry, the automobile industry adopted interchange- 
able manufacture and extended it to still larger parts, 
such as crankshafts, cylinder blocks and fenders, all pro- 
duced in amazing quantities. It made steadily rising 
demands on the tool builders and metallurgists, and called 
into being new types of machines, such as precision gear 
cutters, precision grinders of all types, station type 
chucking machines, and presses for stamping and forming 
chassis, fenders, and bodies. We all know the result. 
Probably nowhere does one get so much for his money as 
in the present-day automobile. Of all the products of 
modern industry, the automobile has pushed interchange - 
- manufacture furthest, and to the benefit of the widest 
public. 

Glance back for a moment and see the effect of inter- 
changeable manufacture on the tools of production. The 
milling machine was developed by Whitney and North 
before 1820, and improved by Howe and Lawrence and 
many others, drop forging by Hall at Harper’s Ferry, the 
lathe for irregular turning by Blanchard in 1818, the 
turret lathe by Stone, the automatic serew machine by 
Spencer, the multi-spindle lathe by Henn and Hacke- 
wessel. We have the broaching process, precision die work, 
drillmg and tapping machinery, and the whole brood 
brought into being by the automobile industry. Parallel- 
ing all this is a century of steady refinement in small tool 
equipment and gauging practice which has made these 
machines effective. What a list, and where would modern 
industry be without them! The output of interchange- 
able manufacture is better in quality, cheaper in cost, and 
more useful than would be possible without it. It eon- 
stitutes one of the greatest contributions of the machine 
age, and we can be proud that when the British Govern- 
ment introduced it into England, they called it * the 
American system.” 








Development of the Two-Stroke 
Cycle Oil Engine.* 
By W. 8. BURN. 
(Continued from page 460, April 16th.) 


Dovusie-actiIne ComBusTION CHAMBERS. 


Wuutst the top cylinders of double-acting engines can 
be identical to single-acting practice, the presence of the 
piston-rod has imposed definite limitations to the shape 
of the bottom chamber. 

The problem has been tackled in two ways :—One is to 
make the top and bottom combustions different and arrange 
the best possible combustion chamber, as in single-acting 
practice, to the top, when a central fuel valve is invariably 
used, and then to make the lower chamber to suit the 
sprays from two or more fuel valves. This latter is done 
in a number of different ways, as shown by the solutions 
of M.A.N., A.E.G., and Sulzer, illustrated in Fig. 5. 
The other follows on the reasoning that, once having 
obtained a good solution of chamber and fuel sprays for 
the bottom cylinder, the same system should be utilised 
for the top cylinder, and so have identical fuel valve and 
fuel-spraying conditions. This is actually done by 
Richardsons, Westgarth, and to some extent by Burmeister 
and Wain, when two fuel valves are used in ends with 
different numbers of spray holes. Once an air swirl can 
be introduced, the solution becomes comparatively simple, 
as the shape is not so critical. Fuller details of the R.W. 
construction is given elsewhere. 


Piston DeEsien. 


Large early two-stroke Diesel engines, especially the 
unsymmetrically shaped piston port scavenge types of 
engines, suffered greatly from piston cracking. The 
earliest port scavenging engines unsymmetrical 
pistons, and the cover troubles were transferred to the 
piston crowns, but gradually the piston crowns developed 
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symmetric proportions, as in the Petter, Fairbanks- 
Morse, and the Scott. This development was expedited 
by the development of solid injection and ‘crankcase com- 
pression engines, which necessitated a more careful con- 
centration of the combustion chamber to make use of all 
the available air. " 

The development of the directional scavenge port was 
greatly encouraged by the necessity of a plain piston top, 
such as had, in the main, given satisfactory service in the 
four-stroke cycle type of engine. Much development work 
of this type was done by Sulzer Brothers, who have had 
great success with the directional port side scavenging 
type of engine. 

As the heat addition to the two-stroke piston is approxi- 
mately twice that of the four-stroke, the heat stresses are 
greater, and generally the piston crowns of two-stroke 
engines are of reduced thickness, and usually arranged 
with a more thorough system of cooling, particularly when 
oil cooling is adopted, when a high velocity oil flow is 
usually provided. 








The author believes that there is considerable scope in 
single-acting engines for utilising hot, insulated surfaces 
on the piston top to reduce the heat transfer to the piston, 
and so to improve the lubrication of the piston and rings. 
At the same time, such hot surfaces would serve as heat 
reservoirs to give out heat during the compression stroke, 
and also to form hot zones to facilitate ignition of the fuel 
if placed in the vicinity of the fuel valve. 


Two-sTROKE ENGINE BEARINGS. 


A characteristic of the single-acting, two-stroke cycle 
is that the cylinder pressure is always positive, and there- 
fore there is no liftmg action, such as occurs during the 
suction stroke of the four-stroke type. 

In the early slow-speed engines trouble was experienced, 
but with larger bearing surfaces, improved bearing metal, 
and scientific oil grooving, this trouble has been largely 
eliminated under normal conditions. 

Bearing troubles following on the difficulties of lubrica- 
tion with unidirectional loading have undoubtedly 
affected a number of engines directly or indirectly. The 
differential wear of a main bearing usually occurs only when 
the lubricating oil is not up to standard, when it causes 
the inherent bearing weakness to be revealed. The mal- 
alignment consequent on bearing wear introduces addi- 
tional bending stresses in the crankshaft, and cases of 
complete fracture are not uncommon. The cause is attri- 
buted (sometimes justly) to critical vibrations and/or 
faulty forging, and/or stress concentrations due to 
inadequate fillets or oil holes, or other mechanical design 
defects. In a number of cases, however, the breakdown is 
associated with uneven wear, “ the last straw that breaks 
the camel’s back,” and fracture results. 

To avoid trouble, greater care should be taken with the 
oil groove location, the quantity and pressure of the oil 
supply, and the oil cleaning and renovating than in the 
four-stroke or double-acting two-stroke types. The 
more constant loading makes the two-stroke engines 
characteristically quiet in operation ; on the other hand, 
this same loading effect can sometimes conceal worn 
bearings when a warning knock would be encountered in 
the four-stroke or double-acting types, and the bearing 
trouble, when discovered, is often serious. 

In the modern crosshead type, top ends of slow-speed 
and medium-speed single-acting, two-stroke engines with 
large bearing surfaces and careful oil grooving, no undue 
wear is experienced. In the main, orthodox double bear- 
ings are used with tin-base white metal. 

The desire for higher speed engines and indirect drive 
will undoubtedly see a move in the direction of trunk 
piston engines, with a highly developed type of gudgeon 
pin bearing for engines up to 2lin. cylinder diameter. 

The separate crosshead bearing was a good solution of 
the top end bearing in the early stages of development, but 
the modern hardened steel gudgeon with oil-cooled pistons, 
as used in present designs, is in a new class. 

The use of the trunk piston will permit increased speeds, 
reduced heights and weights, and reduced first costs. The 
former excessive lubricating oil consumption can now be 
controlled by improved scraper ring design. 
Double-acting running parts tend to become somewhat 
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cumbersome, and hence this type is essentially more suited 


to slow speeds, In Fig. 6 there is shown a comparison of 
two piston assemblies with the actual weights. Tho 
suitability of the trunk piston to high speeds is at once 
apparent. The double-acting parts include an aluminium 
alloy piston and guide shoes, whilst the single-acting piston 
is partly of cast iron, and does not represent the lightest 
construction possible. 


GupGEON Pin BEARINGS. 


In order to improve the bearing conditions of the small 
ends of trunk piston engines, a number of constructions 
have been evolved, as shown in Fig. 7. The trunk limits 
the space available for large bearing surfaces, and the 
temperature conditions are more difficult than in cross- 
head types. In crank case scavenge engines there is also 
a reluctance to use a sufficient oil supply because of 
possible oil splash. 

The first diagram shows the logical method of utilising 
the conventional four-stroke arrangement, i.e., by merely 











increasing the diameter of the pin as far as practical, and 
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Fic. 5—Comparison of Double-acting Two-stroke Combustion Spaces 


arranging for the maximum possible width of bearing in the 
connecting-rod end. The gudgeon pin, which should be 
very hard, is fixed, as the piston landings are small, and 
the bush is arranged with a series of parallel oil grooves 
separated by an angular distance less than the angular 
movement of the connecting-rod. With high-grade 
bearing metal, a good oil supply, and some degree of oil 
circulation at the oil groove extremities, this type of bear- 
ing will give satisfaction, particularly in oil-cooled pistons 
in which the average piston temperature is low. The 
provision of oil circulation calls for some ingenuity, but 
can be arranged in a number of ways. 

The second diagram shows a rational design to get a 
maximum surface in the direction of loading, and has the 
advantages of the previous case, but, due to increased 
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Fic. 6—Comparison of Running Parts of Double and Singles 
acting Engines of Similar Power per Cylinder. 


piston landings, it is possible to arrange a fully floating pin. 
It is not perhaps quite so straightforward to manufacture, 
but is a thoroughly practical design, and gives maximum 
ing surface in the positions where it is required. The 
lubrication can be arranged as in Fig. 7, Diagram 1. 
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The third diagram is in effect similar to the second, but 
the gudgeon pin is attached to the connecting-rod and 
works directly on to’ a special detachable bush bolted on 
to the piston. This is a more elaborate construction, 
chiefly applicable to oil-cooled pistons, and is most suit- 
able for the larger sizes of two-stroke engines. It will be 
noted that white metal is utilised in the bearings, which 
are adjustive. The fourth diagram is similar to the third, 


but has a separate bearing surface of a different form, and 


is used without oil cooling. 
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|. FIXED GUDGEON PIN. 


2. FLOATING GUDGEON 


In the case of a number of the smaller types of trunk 
piston two-stroke engines, particularly’ when oil cooling 
is not used for the piston, such as the Fairbanks-Morse 
engine, needle roller top ends, ‘as in Fig. 7, Diagram 6, 
are proving highly satisfactory. They are also used in the 
Winton engine, which has a simple form of oil jet piston 
cooling. In the latter case the practice is to fit a hardened 
steel bush into the connecting-rod small end and to use 
three rows of rollers with end guide rings, but no special 
cage. The gudgeon pin is made very hard and fully float- 
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5. ROLLING BEARING. 
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As the rotative speeds increase so that the inertia forces 
exceed the forces due to the residual cylinder pressures, 
a lift of the bearings is obtained, and improved lubrica- 
tion will follow when plain bearings are used, so that in 
this respect high speeds are an asset to the single-acting, 
two-stroke engine. 

In the case of plain gudgeon pin bearings, it is important 
that the piston temperature in way of the gudgeon pin 
should be as low as possible, and oil cooling will on this 
account be used to a greater extent than in the four-stroke 
type. 
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Types of Gudgeon Pin Bearings. 


ing. This last construction will no doubt become more 
popular as a greater number of medium-sized two-stroke 
engines are constructed. 


SINGLE oR DOUBLE-ACTING. 


There can be no doubt that in comparison with the 
slow-speed crosshead type of single-acting, two-stroke, 
the double-acting, two-stroke engine offers substantial 
economies in weight, space, and cost. It has been estab- 
lished that for a given bore and stroke, identical rotation 





speeds can be maintained. It has also been proved, to be 








as single-acting types. The piston remains perhaps the 
weakest point in the design, as with all Diesel.engines. 

In the case of the R.W. engine, for example, as the 
scavenging process, fuel spraying and combusti Pp 
for both cylinder ends are to all practical purposes identical 
the combustion conditions are very similar, and identical 
mean pressures are obtained. The power from the lower 
cylinder due to the area of the piston-rod is 90 per cent. of 
that of the top cylinder. 

The author believes that the chief immediate future of 
the high-powered two-stroke engine will rest with the large 
double-acting type when direct propeller drive is desired ; 
for powers below 2000 B.H.P. the single-acting engine is 
more nearly competitive. On the other hand, when the 
indirect geared or electric drive is considered, the really 
high-speed trunk piston type of single-acting engine seems 
to have great possibilities in the future. The type of 
engine envisaged by the author and now being developed 
is one with cylinders of about 12}in. diameter, with an 
18in. stroke, and at 500 r.p.m. to develop about 2560 B.H.P. 
per cylinder. Such an engine will have a considerable 
application, using different numbers of cylinders ; indeed, 
one size of cylinder can provide engines suitable for ship 
types varying from small coasters to large cargo liners, 
with weights of about 50lb. per B.H.P., including the 
gearing. : 

For powers of 2000-10,000 B.H.P. in a single engine, the 
direct drive slow-speed double-acting, two-stroke can be 
built to weigh not more than 100 Ib. to 125 lb. per B.H.P., 
even with very substantial scantlings. The space occupied, 
the number of working parts, and the fuel consumption 
are all a minimum compared with other types. The chief 
fault is its relatively great height tending to limit its use 
to single screw and single-engined vessels, but even with 
this defect it is suitable for a great range of vessels. 
Especially is it suitable for vessels with engines aft, where 
the large engine casing is not of much importance. The 
cost at present is certainly the least of all types for powers 
over 2000 B.H.P., although in the future the high-speed, 
single-acting, two-stroke, with some form of gearing 
built in specialised factories, may quite easily create an 
entirely new set of conditions. 

At this stage it may be of interest to compare initial 
and present constructions representing the development of 
the author’s work in connection with double-acting 
engines, the latest design being very similar to the engines 
recently installed in the mv. “‘Silverlarch” and mv. 
“* Silverpine.” 


The chief improvements during the past ten years have 
been as follows :-— 





(1) The scavenging system is much more developed 
as a result of practical experience and glass model tests, 
the addition being the large area turned back scavenge 
ports to support the central steeply inclined air streams, 
as shown on Fig. 2 ante. These ports prevent any 
reversal of the air flow. 

(2) The inclusion of superimposed tangential super- 
charge ports controlled by a mechanically operated grid 
valve to give not only extra air as the exhaust ports are 
closing and closed, but to give the cylinder air a definite. 
rotary movement to make the combustion space less 
sensitive from a fuel distribution point of view. The 
time area of the scavenge air supply has been increased 
50 per cent. without any loss of expansion stroke. 

(3) The combustion spaces now give better shielding 
of the piston-rod and piston-rod nut, and are more 





Swain Sc 


Fic. 8—EHlevation of 6000 B.H.P., Five-cylinder R.W. Oil Engine, showing Section Through One Cylinder and Scavenge Pump. 


The fifth diagram illustrates a rolling bearing which is 
very suitable for crankcase scavenging engines in which 
the use of copious lubricating oil supplies is prohibitive. 
In this case the gudgeon pin is fixed in the piston, and as 
the rod oscillates the flat hardened insert piece rolls 
round the pin. Very hard surfaces are required for all 
parts. This bearing has been used in Kromhout and 
Gardner crank case scavenging engines with success. 





practicable to run with as high mean pressures in the 
bottom cylinders as in the top cylinders, and, further- 
more, that the safe mean pressure can be almost identical 
to that usual in single-acting engines of the larger type. 
The running parts of the double-acting engine can be 
guaranteed to give every satisfaction without special 
lubrication requirements, and the cylinder parts in orthodox 
double-flow types are now developed to be quite as reliable 





suited to the fuel valve positions, which incidentally 
have been proved to be such as to make the covers 
very reliable. 

(4) Detail improvements have taken place in the 
design of the fuel valves, nozzles, and fuel pumps, the 
latter chiefly from a manufacturing and upkeep stand- 
point, and the fuel valve parts are many times lighter, 
and therefore more sensitive in operation. The prac- 
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tical working efficiency of the fuel system is now 
excellent. The position of the fuel. pump, as in most 
other double-acting, two-stroke engines, has moved 
upwards, and is now adjacent to the lower 
cylinder, a position which gives a minimum length of 
fuel pipes, and yet is in a permanent position and un- 
affected by removal of the liner cover or pistons, so that 
overhaul of the cylinders leaves the vital fuel pump 
settings unaffected 

(5) The exhaust main has now been designed to give 
a greatly superior gas flow. 

(6) The scavenge pump and system has been designed 
to give low maximum pressures for a given average 
scavenging pressure due to the more correct port and 
the more streamlined passage design. The small size 
of the seavenge pump relative to the engine can be 
appreciated from the arrangement in Fig. 8. The net 
excess air ratio is 1-35. 

(7) Welded steel plates have been used for the bed- 
plate, columns, scavenge, and exhaust mains, and all 
possible details. 





developments is that of the American Winton single- 
acting oil engine of the type shown on Fig. 9. The 
largest engine develops 1200-B.H.P. with sixteen cylinders. 
This engine, which develops 75 B.H.P. per cylinder, is 
the result of the most comprehensive research work on the 
part of the Winton Company and General Motors, and has 
an excellent, refined performance. The author was 
privileged recently to see some of these engines in the course 
of construction and operation. With a welded steel crank 
case and cylinder entablature, the weight varies from 
16 lb. to 20 lb. per B.H.P., depending on the size and type, 
and therefore the engine is highly suitable for use in Diesel 
locomotives, submarines, or submarine chasers, as well as 
for general marine or land p 

The scavenging is uniflow with four exhaust valves, 
2}in. diameter and jin. lift, and there is no port swirl. 
There are twenty-four radial scavenge ports, which are 
about lfin. high and about fin. wide. The type of bg 
ing system and combustion chamber are shown on Figs. 1 
and 4 ante. The scavenge pump, which delivers about 
6000 cubic feet of air per minute at 4 lb. per square inch, 

















Fic. 9—Two-cycle Winton-Diesel Engine, V Type, 1200 B.H.P. at 750 r.p.m., Sixteen Cylinders, each 8in. Diameter Bore 
by 10in. Stroke. 


(8) The power output on a weight basis has been 
increased 50 per cent. The arrangement drawing of 
the five-cylinder engine is shown in Fig. 8, and the plain 
general design will be noticed. 

The introduction of the air swirl to a double-flow scavenge, 
double-acting engine with the limited scope in combus- 
tion space design that it affords can be considered a real 
advance in practical combustion efficiency, and makes 
possible relatively high mean indicated pressures. 

In large engines the experience of the author indicates 
that it is possible to obtain by careful research of the air 
streams quite as perfect evacuation of the exhaust pro- 
ducts with scientifically designed directional ports, as 
with any straight-through scavenging system. Swirling 
supercharge is then obtained at the expense of only a small 
valve and operating gear. If a comparison is made of 
the proportions of the stroke occupied by the exhausting 
and scavenging process of the R.W. type engine with that 
of a large straight through scavenging engine, it will be 
found that the side scavenging exacts only a small loss of 
useful stroke to set against the much greater mechanical 
complication of the so-called uniflow types, the loss in 
expansion stroke being 19-20 per cent. in both cases for 
exhaust, whilst the scavenge portion of the stroke amounts 
to 10-11 per cent. in both cases. The similarity of the 
port loss is rather unexpected. 


DovuUBLE-ACTING CYLINDER. CONSTRUCTION. 


The cylinder construction of the two-stroke, double- 
acting engines has become characteristic with a central 
cylinder girder, from which the upper and lower cylinders 
extend, an obvious construction initiated by the Richard- 
sons, Westgarth company some twelve years ago. The 
chief differences between the designs is in the means for 
providing for the differential expansion between the 
cylinder jacket and the liner. The most usual construc- 
tion is to hold the liners at the ends as in single-acting 
practice and to provide a gap in the centre of the liner, 
sometimes of a wavy formation to facilitate the passage 
of the piston rings. This form applies to M.A.N., Stork- 
Hesselman, and Sulzer designs. In the R.W. engine 
the liner is in one piece, and is held in the centre of the 
scavenge exhaust belt and the ends expand outwards, 
a suitable form of spring-loaded gland maintaining the 
gas-tight joint with the covers, as shown in Fig. 8. The 
object is to make the width of the liner in way of the 
scavenge ports independent of other considerations, so 
that deep nozzle ports can be incorporated, to ensure the 
formation of strongly defined air streams. 

The general form of double-flow, double-acting engine, 
i.e., M.A.N., Sulzer, Stork, and R.W., has to-day a distinct 
resemblance, and, furthermore, the cylinder dimensions 
of the largest engines are all similar, namely, 700 mm. 
diameter by 1200 mm. stroke. This size the author believes 
to be the maximum that a Diesel should be manufactured, 
as above this size the parts become too unwieldy for con- 
venient handling. 

The largest double-acting, two-stroke built is a B. & W. 
engine of 22,000 B.H.P. at 115 r.p.m. in eight cylinders 
weighing 1200 tons (122 lb. per B.H.P.), but the author 
cannot envisage the practical utilisation of such colossal 
mechanisms. 


THe HicH-sPpEED Two-sTROKE ENGINE. 


A completely different development to the above huge 
engine and one of the most remarkable recent two-stroke 





consists of a single three-lobe helical Roots blower driven at 
1500 r.p.m. from the forward end of the engine by a chain. 
Both the pump rotors and the stator are of aluminium 
alloys, the former being correctly meshed by external 
gears. The scavenge pump excess cylinder capacity is 
given as 64 per cent., which does not indicate as high an 
overall scavenge efficiency as in many of the slower speed 
engines. 

The weight of the piston and connecting-rod is only 87 lb., 
or 1-73 lb. per square inch of piston, which, even though the 
piston is aluminium alloy, is a very good figure. The 
gudgeon pin has needle roller type bearings, and the crank 
pin bearing has lead-base bearing metal. 

The author feels that high-powered, multi-cylinder 
trunk engines of this style, with perhaps larger and fewer 
cylinders than the above, but with strong automotive 
engine characteristics, will ultimately become the dominant 
type. The most important point is to have a thoroughly 
well-developed standard size of cylinder, perfected to give 
established technical excellence, and then to manufac- 
ture the resultant engine on a mass production basis on 
automotive lines. The highest quality materials and 
workmanship necessary to the oil engine will then be 
economically obtained. 








The Quarter’s Shipbuilding 
Returns. 





THE statistics issued by Lloyd’s Register of Shipping 
regarding merchant vessels under construction at the end 
of March last show that in Great Britain and Ireland there 
is an increase of 50,812 tons in the work in hand, as com- 
pared with the figures for the previous quarter. The 
present total of tonnage under construction—1,014,454 
tons—exceeds by 172,093 tons, or more than 20 per cent., 
the tonnage which was being ‘built at the end of March, 
1936, and is the highest quarterly total recorded since 
September, 1930, and the first since that date to exceed 
1,000,000 tons. It exceeds considerably the aggregate 
tonnage now under construction in the four leading coun- 
tries abroad. About 84,000 tons, 8-3 per cent. of the 
tonnage now being built in this country, are intended for 
registration abroad or for sale. 

The tonnage now under construction abroad*—- 
1,437,597 tons—is about 150,000 tons more than the work 
which was in hand at the end of December last. The 
leading countries abroad are :—Germany, 352,938 tons ; 
Japan, 246,723 tons; Holland, 201,464 tons; United 
States of America, 153,350 tons ; Sweden, 112,050 tons ; 
and Denmark, 92,675 tons. 

Of the tonnage being built abroad, 441,784 tons, or 
30-7 per cent., are intended for registration elsewhere 
than in the country of build. 

The total tonnage under construction in the world* 
amounts to 2,452,051 tons, of which 41-4 per cent. is being 
built in Great Britain and Ireland, and 58-6 per cent. 
abroad. The quarterly total for the world shows an 
increase of 200,830 tons over the figures at the end of 


* From Russia, no returns have ‘been received ; for Spain, 
complete information is not available. 











December last, and is the highest recorded since Septem- 
ber, 1930. 

In Great Britain and Ireland construction was com- 
menced upon 253,493 tons during the last three months, a 
decrease of 19,053 tons as compared with the correspondi 
total for the December quarter. During the quarter ended 
March last, 175,686 room were launched in Great Britain, 
and Ireland, a decrease of 104,711 tons as compared with 
the previous quarter. Similar figures for abroad are 
482,853 tons commenced, and 302,964 tons launched, 
showing, as compared with the previous quarter, an 
increase of 14,295 tons in the tonnage commenced, and a 
decrease of 101,125 tons in the tonnage launched. 

Steam and motor oil tankers of 1000 tons gross and 
upwards under construction in the world amount to eighty- 
five vessels of 689,838 tons, of which nineteen vessels, of 
147,190 tons, are being built in Great Britain and Ire- 
land ; fourteen vessels, of 112,600 tons, in the United 
States of America; ten vessels, of 104,540 tons, in Ger- 
many; fifteen, of 101,790 tons, in Holland; seven, of 
62,350 tons, in Denmark ; five, of 45,800 tons, in Sweden ; 
five, of 36,092 tons, in Japan; three, of 28,250 tons, in 
Italy; three, of 20,220 tons, in Spain; and one, of 
15,456 tons, in France. 

The vessels being built in the world at the end of March 
include eight steamers and thirty-nine motorships of 
between 8000 and 10,000 tons each; four steamers and 
twenty-two motorships of between 10,000 and 20,000 
tons; four steamers and three motorships of between 
20,000 and 30,000 tons ; and three steamers each exceed- 
ing 30,000 tons. Of the 1,014,454 tons under construction 
in Great Britain and Ireland at the end of March, 427,259 
tons consisted of motorships, while at the same date the 
motorship tonnage being constructed abroad, 943,645 
tons, was 468,493 tons in excess of that of the steamers. 

The table respecting marine engines shows that the horse- 
power of steam engines now being built or being fitted on 
board amounts to about 971,000 H.P.; this figure includes 
ninety-seven sets of turbine engines of about 530,000 
8.H.P. The horse-power of the steam reciprocating 
engines, about 441,000 H.P., represents 17 per cent. of 
the total horse-power of marine engines now being built 
in the world. The figures for oil engines aggregate approxi- 
mately 1,618,000 H.P., and comprise 62-5 per cent. of the 
world’s total horse-power of marine engines under con- 
struction. 

Of the merchant shipbuilding in hand throughout the 
world at the end of March, 1,473,443 tons, or more than 
60 per cent., are being built under the inspection of 
Lloyd’s Register. Of this total, 863,300 tons, representing 
85-1 per cent. of the tonnage being built there, are under 
construction in Great Britain and Ireland; while of the 
tonnage being built abroad, 610,143 tons, or 42- pad cent., 
are being constructed under the inspection of Lloyd's 
Register. 








AMERICAN ARTICULATED FREIGHT 
LOCOMOTIVES. 


Although present interest centres on high-speed 
and streamlined passenger trains, the movement of heavy 
freight trains is equally important in American railway 
operation, and there is a definite movement towards 
increasing the speeds of freight trains, both heavy and 
light. Among recent engines for this class of service are a 
number of four-cylinder simple locomotives of the ‘‘Mallet”’ 
articulated type for high speed heavy service on a moun- 
tain division of the Union Pacific Railroad, having heavy 
gradients and sharp curves, They are of the 4-6+ 6-4 
type, in the same service as older three and four-cylinder 
non-articulated engines of slightly less weight and power. 
The boiler is of silicon-manganese steel, with a combustion 
chamber extending 7ft. into the barrel. The fire-box 
sheets are welded and the combustion chamber is welded 
to them. The leading drivers are in a bogie frame hinged 
to the cross frame of the main framing by a ball and socket 
joint, which provides for vertical and lateral movement 
of the driving bogie. The bogies have a geared roller type 
of control for lateral resistance. All axles have roller 
bearings. The boiler is rigidly attached to the saddle of 
the rear cylinders, on the main framing. Some of the main 
dimensions of the engines are as follows :— 


Tractive force ... 97,400 Ib. 
Cylinders, four... 2.2 <i. wn; Seti ~=BEim. X S2in. 
Driving wheels . ded’. cole) Seagal 24 Se as 
Wheel base, driving .. kag ORE ee ane, A 
Wheel base, engine ... Se. 
Wheel base, engine and tender... ... 98ft. 
Boiler, conical, diameter... ... ... ... 8ft. to 10ft. 
Fire-box ... Bt Reve Hane hidsa (pee ma aie 
Arch tubes, 60, diameter Sea pea, haat ee 
Tubes, 222, diameter ide k then) See Si 
Tubes, length Te sed: beds) hay... 00 
tN a err er ee eS 
Heating surface : 
Fire-box and combustion chamber 548 sq. ft. 
Aro tubes 5)" 06 | t-. «-. i' 17 sq. ft. 
Fire-box, total amen Gio toe. das, OD ibs: TBe 
Tubes Ce ye eet ere 
Evaporative, total 5,381 sq. ft. 
Superheating 1,660 sq. ft. 
Combined, total ie eee eee TOBL aq. ft. 
Steam pressure... ... ... «. «+ «+ 255 1b. 
Weight : 
On drivers’. age Sig, Sew 06th, vent er 
On leading bogie ... ...... ... ... 37 tons 
On trailing bogie ... ... ... ... ... 52 tons 
Of engine PTL ETE EMOTE R TO 
Of tender 155 tons 


Coal on tender ... 20. ws. ws ve vs 29 tone 
Water on tender ses vee eee vee 18,350 gallons 








WatTeRLoo Bripce.—The London County Council 
is now inviting tenders for the building of the new Waterloo 
Bridge. The approved design for the new bridge was 
illustrated in THe EnGineer of October 19th, 1934, It 
provides for five spans of about 238ft. each of reinforced 
concrete with stone-faced spandrels and piers. The 
contract includes work at the approaches and alterations 
to Victoria Embankment, and the maintenance and 
eventual demolition of the existing temporary bridge. 
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The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Rise in British Steel Exports. 


Our exports of iron and steel in March totalled 
231,557 tons, valued at £3,852,922, an increase com 
with the February figures of 31,059 tons and £573,368. 
This is the highest total since October, 1930. The increases 
were general in most departments of the trade. Exports 
of pig iron increased from 12,718 tons in February to 
16,374 tons in March, and of the latter total 1588 tons went 
to Denmark, 1952 tons to Belgium, and 1316 tons to 
France. Exports of ferro-alloys, however, showed a 
decrease to 521 tons from 845 tons in February, whilst the 
total of ingots, blooms, billets, and slabs dropped to 862 
tons from 1285 tons in February. Sheet bars, tin-plate 
bars, wire rods and bright steel bars were also down, the 
exports totalling 2123 tons in March compared with 2767 
tons in Feb In the case of general descriptions of 
steel, however, the March total was 12,319 tons against 
10,403 tons in the previous month. Of the former South 
Africa took 1533 tons, India 2715 tons, and other British 
countries between them 2706 tons, whilst 4412 tons was 
sent to foreign countries. Exports of angles, shapes, and 
sections rose to 5953 tons in March compared with 5034 
tons in February, and of girders, beams, joists, and pillars 
to 2980 tons compared with 2818 tons. The total exports 
of hoop and strip rose to 5307 tons compared with 4940 
tons. Plates and sheets, }in. thick and over, were exported 
to the extent of 16,082 tons compared with 13,603 tons 
in February. Of the March total, 1721 tons went to 
South Africa, 1437 tons to India, 2744 tons to Russia, and 
3715 tons to Denmark. Exports of plates and sheets 
under }in. thick reached a total of 21,106 tons against 
17,424 tons in February, the principal customers in the 
month under review being the Argentine with 11,602 tons, 
Mexico 2386 tons, Australia 1682 tons, India 1045 tons, 
and Canada 1061 tons. Exports of black plates also rose 
to 3877 tons against 1590 tons in February. Galvanised 
sheets were exported to the extent of 28,726 tons com- 
pared with 21,604 tons in February, and tin-plates to 
37,104 tons in March against 31,685 tons. The exports of 
wrought tubes totalled 24,180 tons, a decline from 26,714 
tons in February. Exports of railway material were 
8951 tons in March compared with 8124 tons in February. 
Of the March total, 5848 tons were new steel rails and 
1696 tons sleepers and fish-plates. British India was the 
largest buyer in March with 31,098 tons, the Argentine 
Republic coming second with 22,408 tons and South 
Africa next with 20,959 tons; Australia took 10,167 
tons, Denmark 11,506 tons, and Holland 10,098 tons. 


Imports of Iron and Steel. 


Whilst exports showed a notable increase, the 
imports of iron and steel into Great Britain during March 
also improved from 82,896 tons in February, valued at 
£794,074, to 94,281 tons, valued at £951,427. This 
was the greatest total since last December. Imports of 
pig iron were slightly higher than in February at 21,283 
tons compared with 20,883 tons. Of the March total, 
18,989 tons came from India. Imports of ferro-alloys in 
March improved from 5324 tons to 7716 tons, of which 
3943 tons was ferro-silicon and alloys thereof and 1747 
tons ferro-chromium. Imports of blooms, billets, and 
slabs reached 18,734 tons against 19,961 tons in February, 
the highest quantity in March coming from France with 
7290 tons. Belgium sent 595 tons and Germany 203 tons. 
Sheet bars were imported to the extent of 7540 tons, 
against 1868 tons in February. Wire rods, however, were 
down to 5683 tons compared with 7657 tons in February, 
and other descriptions of steel bars totalled 7485 tons, 
against 3974 tons in the previous month. Angles, shapes, 
and sections were imported to the total of 3610 tons, com- 
pared with 2367 tons in February, whilst the imports of 
girders, beams, joists, and pillars rose from 2792 tons to 
4551 tons in March, France being the chief supplier with 
2485 tons. Hoop and strip imports totalled 2213 tons in 
March against 1946 tons in the previous month, whilst the 
total of plates and sheets imported dropped to 1729 tons 
against 1965 tons in February. Only 491 tons of railway 
material was imported compared with 1159 tons in 
February. The largest supplier in March was India, with 
19,001 tons, France coming next with 15,693 tons, Belgium 
third with 15,128 tons, and Germany fourth with 7988 
tons ; Sweden imported 7349 tons and Canada 12,711 tons. 


The Pig Iron Market. 


Although tight conditions have ruled in the pig 
iron market for so long, no relief appears to be in sight. 
The production of pig iron has. been increased lately, 
= ipally in the direction of making more basic iron. 

ven with this additional output, g trea the steel 
works are apprehensive re the future. So far as 
can be seen, the supplies will not be sufficient to meet the 
full requirements of the industry, and in spite of the 
efforts which have been made to secure pig iron from abroad, 
the results have not been entirely satisfactory. New 
business in pig iron has been almost at a standstill; prac- 
tically no basic is available on the open market, and the 
quantities of foundry available are not sufficient. Until 
lately users of Midland foundry could place orders for 
Derbyshire, but the stocks of this description appear to 
have become very much depleted, and in some cases 
makers have cut down repeat orders by about one-third. 
The Northamptonshire producers have been off the market 
for some weeks, and it would now seem that the majority 
of the Midland makers will have to concentrate upon 
making deliveries against existing contracts and to refuse 
new business. Consumers, however, are seriously incon- 
venienced by the delays in the delivery of pig iron, but 
there seems little prospect of these being overtaken until 
production has been considerably increased. On the 
North-East Coast the pig iron producers appear to be 


Markets, Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 


making great efforts to meet the requirements of the local 
foundries. Deliveries are rationed, but, on the whole, 
consumers have been kept going, although supplies have 
been of a hand-to-mouth character. Most of the important 
users are covered for the first half of June, and in some 
cases beyond, but the general tendency is to buy as far 
forward as possible, and the producers could readily sell 
until the end of December. fn Scotland the proposal to 
start up idle blast-furnaces is still under consideration. 
It is not expected that many will be restarted at an early 
date, as a number will have to be repaired, whilst diffi- 
culties re coke and ore supplies will have to be met. 
It is said that the proportion of idle plant in Scotland 
suitable Ko relighting is small, and the report that 
sixty furnaces could be put into commission is regarded 
as absurd. Only a small business is passing in hematite, 
as the makers are declining to add to their heavy commit- 
ments. They are, in fact, finding it difficult to maintain 
deliveries against ing contracts, and the situation 
from this point of view does not seem to be improving. 


Scotland and the North. 


Although the Scottish steel works are operating 
at a high rate of capacity, their production is still handi- 
capped by the shortage of raw materials, particularly of 
basic pig iron and scrap. Recently one or two smelting 
furnaces have had to cease operations for this reason, and 
since there seems to be no immediate likelihood of an 

Pee aie in the position, the date of a restart is 
finite. The scarcity of steel appears to have become 
cane acute, and as a consequence a number of consumers 
have been seriously affected, and have had to limit their 
scale of operations. Notwithstanding this position, how- 
ever, a heavy tonnage of manufactured steel is being 
produced, a proportion of which is going into con- 
sumption at the Clyde shipyards. Much of the work is on 
Admiralty account, but there is an important demand for 
steel for merchant vessels. The constructional engineers 
have a substantial amount of work in hand, and are taking 
good quantities of structural steel. They would take 
more than is being delivered, but the makers are unable 
to meet their demands. Most of the constructional firms 
complain that work is held up by arrears in deliveries 
against contracts, but, on the whole, the steel makers 
appear to be doing their utmost to cope with a difficult 
situation. It is not easy to place orders for plates, and 
most of the works are booked up a long way ahead. The 
engineering industries in Scotland, both marine and 
general, are well employed, and would gladly take more 
steel than is available. The re-rollers are not in so satis- 
factory a position as the steel works, since the shortage of 
billets and sheet bars remains acute, and some of the 
works have been forced to close down for a time. There 
is plenty of work in hand, but naturally the output is 
affected by the prevailing conditions, and the undelivered 
tonnages due to this branch of the industry are accumu- 
lating. In Lancashire trading has been restricted, and 
is likely to remain so, since the producers will not be in a 
position to accept fresh orders for some time. Lancashire 
engineering firms complain that they are unable to quote 
firm prices or give definite dates for the completion of 
orders, and as a result are losing a considerable amount of 
business. In view of these conditions, users are searching 
the country to obtain parcels of steel. There has been no 
slackening in activity at the works on the North-West 
Coast, and at Barrow and Workington the mills have suffi- 
cient contracts on their books to keep them busy for 
months. 


Current Business. 


A new light plate mill is being erected at the 
West Hartlepool works of the South Durham Steel and 
Iron Company, Ltd. A grant of £40,000 has been made 
by the Commissioner for Special Areas to the Tyne 
Improvement Commission to clear derelict sites on the 
banks of the river. One site is to be cleared at Jarrow, one 
at St. Anthony’s, and one at Hebburn. The Commission 
is also to build a new quay at Tyne Dock, which has been 
acquired from the London and North-Eastern Railway 
Company. About £636,000 will be spent on developments, 
which include the building of a transit shed, coal-loading 
and bunkering arrangements, and cranes for the discharge 
of iron ore. The Coltness Iron Company and Imperial 
Chemical Industries, Ltd., have decided that their new 
non-ferrous tube works shall be erected at Hillington near 
Glasgow, and not at Newmains, as had been anticipated. 
Colvilles, Ltd., are to spend nearly £2,500,000 on the erec- 
tion of coke ovens and two new blast-furnaces, as well as 
additional steel works plant at their Clydebridge works. 
Cammell, Laird and Co., Ltd., Birkenhead, have received 
orders for two twin-screw cargo liners of about 10,600 
tons each d.w. A contract for turbo-alternating plant at 
Edmonton, Alberta, valued at £60,000, has been awarded 
to C. A. Parsons and Co., Ltd., Heaton, Newcastle-upon- 
Tyne. Simon-Carves, Ltd., Cheadle Heath, Stockport, are 
to supply boiler plant for the Hackney Borough Council, 
which will include two multiple drum type boilers. Two 
high-speed cargo liners with a capacity of about 4250 
tons each d.w. have been ordered from Wm. Gray and Co., 
Ltd., West Hartlepool, by Ellerman Lines, Ltd. A new 
drift at Marley Hill, Co. Durham, is to be opened 
by John Bowes and Partners, Ltd. It is intended to work 
a seam of coal between 4ft. and 6ft. thick. The Clyde Crane 
and Engineering Company, Ltd., has secured an order for 
four 5-ton movable electric level luffing cranes for the North 
Quay, Princes Dock, Glasgow, from the Clyde Navigation 
Trustees. The Department of Overseas Trade announces 
that the following are open for tender :—Argentine Sanita- 
tion Works Department : 6550 m. of seamless steel casing 
pipes for wells, diameters 14in. to 24in., (Buenos Aires, 
April 20th). Egyptian Ministry of Public Works: One 








150 B.H.P. marine Diesel propelling unit for a 150-ton 





Export quotations are 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


coal barge; one 100 B.H.P. unit for a 100-ton oil tanker ; 
one 50 B.H.P. unit for a tug (Cairo, May 10th). South 
Africa, Port Elizabeth Municipality: Spun iron pipes, 
4in., 6in., and 12in. internal diameters, sluice valves, tees, 
tapers, bends, crosses, and collars (Port Elizabeth, 
May 13th). Cape Town electricity supply undertaking : 
Hard drawn copper wire and sleeve type joints (Cape 
Town, May 13th). Egyptian Ministry of Finance (Survey 
and Mines Department) : 5000 tons of new or second-hand 
tarred light rails (Egypt, May 15th). Fish Hoek, South 
Africa, Village Management Board: Three sets of vertical 
centrifugal sewage pumps, capacity 80, 130 and 250 
gallons per minute respectively, in duplicate, automatically 
controlled and directly coupled to electrical motors (Fish 
Hoek, June 3rd). Johannesburg City Council: Two sets 
of mechanical sludge and scum collectors (Johannesburg, 
May 22nd). South African Railways and Harbours: 
29,320 anti-corrosive steel boiler tubes; 63,430 steel 
boiler tubes ; 2670 steel superheater flue tubes (Johanes- 
burg, June 14th). 


Copper and Tin. 


Conditions in the electrolytic copper market have 
not improved, and there was a sharp setback in prices at 
the beginning of this week. Since the rumour that the 
United States Government would reduce its gold price, 
the market has been in a somewhat nervous mood, and 
speculators have taken advantage of this to build up a 
fair-sized ‘‘ bear” account in the standard market. Later 
on, of course, this is likely to be a source of strength, but 
for the time being it has helped to create an impression of 
weakness. There is some uneasiness also regarding the 
effect of the inerease in production upon the market, 
since it should soon begin to make a substantial show in the 
statistics. Naturally, the result has been that users of 
electrolytic copper refrain from buying wherever possible, 
and carefully watch the market. In America the official 
domestic price has fallen to 15.50 c., but Customs smelters 
have quoted 14.50 c. It has been possible for some time, 
however, to buy metal for delivery two or three months 
hence at a pound or two below the prompt price. Japan 
and India have recently bought fair quantities, but other- 
wise the export markets have been dull. American 
statistics give the world’s stocks of refined copper at the 
end of March at 308,430 tons, compared with 328.200 tons 
for February. Production in March is given as 191,000 
tons, against 172,250 tons in the previous month. ... The 
slightly firmer tone which developed in the tin market 
towards the end of last week did not long survive the 
surrounding depressing influences, and over the week-end 
prices sharply receded. It was generally considered that 
the worst effect of the “ stop-loss”’ orders and liquida- 
tion had been seen, but even with these adverse factors out 
of the way the market showed no signs of reviving. 
American buying has been on a small scale, so far as this 
market is concerned, but some of the important consuming 
interests in the United States are said to have bought 
direct in the East. Generally the consuming trades are 
taking good quantities of tin and both in this country and 
America the tin-plate industries are engaged at a high rate 
of production. Com tively few transactions are 
reported with the Continent, but as is usually the case 
the Continental buyers show little interest in a falling 
market. 


Lead and Spelter. 


The lead market has been weak partly as a result 
of the somewhat depressing surrounding conditions but 
largely owing to the profit taking by speculators. There 
is still a fair speculative account open in this market, but 
recent liquidation has greatly reduced it from the sub- 
stantial proportions of a short while ago. The market has 
been rather nervous this week, as it seems uncertain 
whether the industrial demand will be maintained. Usually 
at this season of the year consumers buy with some freedom, 
but with prices showing persistent weakness it is not 
surprising that there is a tendency to hold aloof until the 
position becomes clearer. A section of the market, how- 
ever, believes that at present prices the metal is not over- 
valued and rather expects a reaction after the steady 
decline. At the moment, it is difficult to see anything 
in the situation which might be likely to bring about an 
important upward movement. Consumption undoubtedly 
remains and the cable makers are absorbing satis- 
factory quantities. The pipe and sheet makers also are 
providing a fair outlet for the metal, but, on the other hand, 
there is plenty of lead available for the market and most 
users appear to have covered their forward requirements. 
It is suggested that the high prices ruling early in the year 
have had the effect of checking the consumptive demand. 
It is doubtful, however, if the majority of consumers were 
greatly affected, since most of them had bought forward 
previous to the upward movement. At any rate, now that 
the quotation has fallen to the lowest figure this year, 
there should be a revival of interest. The fall in the 
price of lead has been accompanied by: a similar movement 
in spelter, and for the time being sentiment im the latter 
market is the reverse of optimistic. It is difficult to 
attribute the change in the market to anything but the 
influence of surrounding conditions, since fundamentally 
the position has not materially altered. Statistically, the 
metal seems to be in a sound position, and consumption, 
if anything, has been expanding. The recent fall has 
checked buying, but it is probable that consumers would 
quickly return to the market if prices showed a tendency 
to move upwards. American figures give the stocks at 
the end of March as 24,562 tons, a reduction over the 
month of 18,183 tons. Production in March increased 
to 53,202 tons, whilst the deliveries amounted to 59,635 
tons. At the end of the month the unfilled orders were 





89,846 tons. 
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PIG IRON. 





Makers’ official home trade prices, per ton, delivered buyers’ stations. 


Home. txport 
(Did Teesside Area) 
N.E. Coast— £ as. d. £s.d 
Hematite Mixed Nos.* *.41° ©... 
No. l Sa, er eS Be 
Cleveland—— (D d Teesside Area) 
No. 1 $i 463+; 8r... 
No. 3 G.M.B. @y bb @aw 
No. 4 Foundry 400. 
Basic (Less 5/— rebate)... 4 2 6 
MripLanps— 
Stafis—— (Delivered to Black Country Station) 
North Staffs. Foundry 4 6 0 
Forge $ 22 
Basic (Lees 5 -—rebate) ... 4 2 6. 
Northampton— 
Foundry No. 3 43 6. 
Forge 318 6. 
Derbyshire— 
No. 3 Foundry t 6 0 
Forge 1 0 
SooTLanp- 
Hematite, f.o.t.furnaces* 4 17 6 
No. 1 Foundry, ditto 410 6 - 
No. 3 Foundry, ditto a es a — 
Basic, d/d (Leas 5/—rebate) 4 2 6. — 
N.W. Coast- | 418 Od/d Glasgow 
Hematite Mixed Nos.* }(5 3 6 ,, Sheffield 
5 9 6 ,, Birmingham 
* Less 5/— rebate. 


MANUFACTURED IRON. 


Lanes. AND YoORKS.— 
Crown Bars 
Best Bars 
MipLaNnDs— 
Crown Bars 


Marked Bars (Stafis. yi 


No. 3 Quality... 
No. 4 Quality... 

SCoTLAND— 

Crown Bars 

Best... 

Coast 

Crown Bars 

Best Bars ben 

Double Best Bars 


N.E. 


mee 


NORTHERN IRELAND AND FREE StaTE— 


Crown Bars, f.o.q.... 


LONDON AND THE SouTH— 


Angles 

Tees... 

Joists 

Channels 

Rounds, 3in. and up 
to under 3in. 

Flats, under 5in, ... 

Zin. (basis) 

> isin. ... 

” din. ... 

fgin. . 


Plates, 


Un. 
Boiler Plates, jin. 


Nortu-East Coast— 


Angles 

Tees... 

Joists 

Channels... 

Rounds, 3in. and up 
4 under 3in. 

Plates, jin. (basis) 
os yo ee ee 
< fin. ... 
ii fin. - 

Un. jin. to Sin. ae 


Boiler Plates, jin. 


jin. to eS Sey Be 


Home. 
Ss. dé. 
11 17 
i 7 
11 17 6 
13 0 
1 5 0 
10 15 
a | 
12 17 
17 6 
12 17 6 
. 12.10 


Or... 


aoe 


MripiLanps, AND LEEDS AND DistRrict— 


Angles 

Tees... 

Joists 

Channels... «, bare 

Rounds, 3in. and up 
under 3in. 

Flats, 5in. and under 


Piates, jin. (basis) 
, fein. ... 
” Lyon 
fy in. 


Un. jfgin. to sin. inl 
Boiler Plates, jin. 





Home. 
£ 38. d 
9 5 6 
10 -5 
9 5 
9 10 
10 5 
9 12 
9 12 
9 15 
10 0 
10 5 6 
10 10 
10 3 
10 5 
£ eed: 
Se 3@2: 
10 3 
9 3 
9 8 
10 3 
9 10 
910 6.. 
aS OFS 
ww, ee: 
a -e ... 
ea ae 
10 0 6. 
£ os. d. 
9 3 0. 
nw. 2 6. 
OS ae ee 
—s a a 
- 10.3 0. 
910 0 
910 O 
913 0 
918 UO 
10 3 O 
10 8 OU 
918 O. 


Export. 
£ s. d. 
ax 32.6 
i2 7 6 
1! 0 0 
11 10 0 
12 0 0 
Export. 
= a. dd. 
10 12 6 
11 12 6 
10 12 6 
1017 6 
11 12 6 
11 0 0 
a2. 8 
ll 0 0 
ll 8 -0 
i1 10 6 
1115 06 
12 2° 6 
1210 0 
£ s. d. 
10 12 6 
11 10 0 
10 12 6 
10 17 6 
11 12 6 
ll 0 O 
ll 0 0 
1k 5 0 
11 10 0 
1115 0 
12 2 6 
12 10 0 
£s. d. 
1012 6 
11 12 6 
10 12 6 
10 17 6 
1112 6 
ll 0 0 
ll 0 0 
1t"O"'s 
635 6 66 
11 lO O 
11 15 O 
ll 2.6 
12 10 0 


Current Prices for’ Metals and Fuels. 





purchasing only from associated British Steelmakers. 


STEEL (continued). 


Home. Export. 
GuLasGow anp DistTrRict- 2. a. eer ey 
ARGIAB,..o0bs -iiect ees Malti Dinar 2 lo 12. 6 
Tees... i 1Q i Bie iby bode ll 12 6 
Jointa:: aisiacnert ail Hie Qaediotaia bo 1012 6 
Cimmmbiols. 6670.2, RE. MD ed: 117 6 
Rounds, 3in. and up IO? HUQ RY | 1k 12° 6 
ze under 3in. a a a eee ll 0 0 
Flats, din. and under ... 9 10 0... Sy ge 
Plates, jin. (basis) ... 9 10 6... 1 0.0 
» Piberiss) i ine BO thiriBy< B/S 60 
= fin. 10 0 6 ll lwo 0 
ie fin. TET VEG SBS 11 15 0 
Un. in. to fin. ssa: i oe 2 °2"°6 
Boiler Plates, fin. ww 0 6 12 10 0 
South Wares AREA o's. a. a. i 
IN nes et, O 2. OL 10 12 6 
Tees... SOE SE Ee ek Se 11.13. 
SRT SIR gene TS ST eal ; 10 12 6 
en ae Cee Sd See AO oe 10 17 6 
Rounds, 3in. and up 10 3 0 11 12 6 
% under 3in. . 9 10.0 li 0 0 
Flats, Sin. and under ... 9 10 0 1! 0 0 
Plates, jin. (basis) ... 913 0 i 4.8 
BAR insisy and: Pees: OR Te lt 5.0 
= tn. 10 3 0 1l 10 0 
” jgin. lo 8 0 ll bb 0 
Un. jin. to fin. ined: 4 ISSO 12 0 
IRELAND-—F.0O.Q. BELFAST Rest or IRELAND’ 
£ s. d. £s. de 
ce eee ee et ees 910 6 
Tees... ... BO: 1G kis wes lo 10 6 
Jette cen. O0k. He, Or Or. caval 918 0 
Channels... ... . 1. Ors Ont. : 915 6 
Rounds, 3in, andup ... 10 8 0. ; 10°10 6 
o under 3in. Bik aye BS coud 8 8 0 
Plates, jin. (basis) ae ve ee 918 0 
” fin. ... RG Md O16 23s Ww 3 0 
qin. ... 20 66 @iisouiv 10 8 0 
fyin. ... 10 12 6 10 13 0 
Un. jin. to fin. incl. ... 10 5 6... lo 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £ s. d. £ ss. d. 
11-G. to 14-G., d/d 13 10 0... ..fo.b. 12 10 0 
15-G. to 20-G., d/d 1315 0... ..f.0.b. 12 15 0 
21-G. to 24-G., d/d 1 Sede sae f.o.b. 13° 0 0 
25-G. to 26-G., d/d BA TF AB ene nee HOD RO: BO OU 


South Africa, 24-G. Basis ‘£13 0s., plus 3% om invoice value ; 
Australia £13; Irish Free State, £14 10s, f.o.q. 

The above home trade sheet prices are for 4-ton Jots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 

Home. £ : 8.05 


4-ton lots and up ... Sy GH 
2-ton to 4-ton lots 17 7 6 
Under 2 tons 19 0 0 


Export: India, £22 5s. c.i.f.; South Africa, £16 10s. f.o.b., 
plus 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.o.b.; 
Trish Free State, £17 15s. f.0.q.; General, £16 15s. f.0.b. 


Tin-plates. 
20 by 14 basis, f.0.b. Bristol Channel Ports, 24s, 0d. to 25s. Od. 
Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 
Billets. &.% Os 
Basic (0-33% to 0-41% C.) Wa’ 2 03 «8 
», Medium (0-42% to 0-60% C.) ait Veni 
» Hard (0-61% to 0-85% C.) MOL 8 TIO 
i ». (08-86% to O99 CO.) V2 2. 9 ge “@ 
pa o» (1% C. and up)... 3. oY fo eee Se 
Soft (up te 0-25% C.), 500 tons and up ie «ae. 
Rails, Heavy, 500-ton lots, f.o.t. ... ... ... 810 0 
» Light, f.o.t. ae 710 0 
FERRO ALLOYS. 
Tungsten Metal Powder 5/3 per |b. 
Ferro Tungsten “= 5/0 per Ib. 
. Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6p.c.carbon £21.10 0 7/- 
b. bd 6 p.c. to 8 p.c. £21 0 O 7/- 
= a 8 p.c. to 10 p.c. £21 0 0 q/- 
fin pe Specially Refined ... 
we Pa Max, 2 p.c. carbon £32 10 O 11 
= rv » Il p.c. carbon £35 15 OU Il 
ms a » 0-50p.c. carbon £36.10 0 12/- 
‘s + »  @arbon-free ... 94d. per lb. 
Metallic Chromium... 2/5 per Ib. 


Ferro Manganese (beens), 76 p.c. £16 0 Ohome 


» Silicon, 45 p.c. to 50 p.c. £12 0 Oscale 5/—p.u. 
oe 75 p.c. £17 O Oscale 6/-p.u. 
» Vanadium 12/8 per Ib. 

» Molybdenum.. , 4/9 per Ib. 

» Titanium lentes free) 9d. per Ib. 


£180 to £185 
7/- to 7/1 per Ib, 


Nickel (per ton) 
Cobalt 











Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 





NON-FERROUS METALS. 


(Official Prices, April 2lat) 


COPPER 
Cash .. £60 10 Oto £61 10 0 
Three months ... £57 7 6to £57 12 6 
Electrolytic £63 0 Oto £65 0 0 
Best Selected re? d/d Bir- 
mingham £64 15 0 
Sheets, Hot Rolled £93 0 0 
Home, Export. 
Tubes, Selid Drawn (basis) 14}d. 144d, 
»  Brazed (basis) I4fd. 144, 
BRASS 
lngots, 70/30, d/d Birmingham £55 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 124d. 124d. 
»  Brazed 144d. 144d. 
TIN 
Cash ... £261 0 Oto £262 0 0 
Three mouths £256 15 Oto £257 0 6 
LEAD : £24 11 3to £24 8 9 


(23.13 9 
£100 to £105 


Spevrer : Cash and forward... 


Aluminium Ingots (British) 


FUELS. 


SCOTLAND. 

LAN ARKSHIRE-— Export. 
(f.0.b. Grangemouth)-Navigation Unsereened 19/— to 19/6 
Heeoiton Mls. to ee ’ 21/6 
Splints 22/- 

AYRSHIRE 
(f.o.b, Ports)}—Steam 19/6 

FirEsHIRE— 

(f.0.b. Methil or Burntisland) 
Prime Steam x 21/6 
Unsereened Nav leahing 19/— to 19/6 
LoTHIANs——- 
(f£.0.b. Leith)—-Hartley Prime 21/- 
Seeondary Steam ... 21 
ENGLAND 
South YorKsHirne, Huy 


22/6 to 23 
18/6 to 19 


B.S.Y. Hards... 
Steam Screened 
NORTHUMBERLAND, NEWCASTLE 


Blyth Best 21/-to 22 


» Second... 20/- 
» Best Small ... 16/— to 17 
Unscreened 19/— to 20 
DurHAmM— 
Best.Gas...  ... Beal! pede 4 22 
Foundry Coke 40/— to 42/6 
SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/— 
South Yorkshire . 24/—-to 26/-— 
Seeonds ... . 22/-to 23 
CARDIEF SOUTH WALES. 
Steam Coals ; 
Best, Admiralty Large ... 25/- 
Best Seconds 25/- 
Best Dry Large 25/- 
Ordinaries 23/6 to 24 
Bunker Smalls 18/— to 18/6 
Cargo Smalls ... 17/— to 17/6 
Dry Nuts 26/— to 28 
Foundry Coke 32/— to 47,6 
Furnace Coke 27/— to 28/- 
Patent Fuel 23/6 
SwANsEA— 
Anthracite Coals : 
Best Large 7 36/— to 40, 
Machine-made C oblilee, 41/— to 48/6 
Nuts 40/— to 48/6 
Beans 27/6 to 35 
Peas ; 19/— to 24.6 
Rubbly Culn.. 14,6 to 16.6 
Steam Coals : 
20/— to 268 


Large Ordinary 


FUEL OIL. 


Inland consumption : contracts in bulk. 
ixclusive of Governmenis tax of Id. per gallon. 
Per Gallon. 
39d. 


44d. 


kx Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 
A Labour Object Lesson. 


Tue failure of the plans to open the Paris Exhibi- 
tion on May 2nd as arranged has revealed to the whole 
country the full significance of what has developed out 
of the labour agitation during the past ten months. At 
the time of writing it is not known when the Exhibition 
will be opened, although efforts are being made to get it 
sufficiently advanced for Whitsuntide, but the delay has 
caused public resentment against those who are responsible 
for this state of things. It is an unfortunate start for 
an Exhibition which will be an unparalleled manifesta- 
tion of modern art, technique and illumination. When 
the Exhibition is in full swing, much of the trouble will 
fade out of the public mind, but the lessons of the past 
four months cannot be forgotten. Right from the begin- 
ning the enterprise was an arduous one because it started 
late, and as the work proceeded the area enclosed was 
increased until now it is more than doubled, Neverthe- 
less, the chief architect, Monsieur Greber, succeeded in 
keeping the work up to schedule until the end of May, 
1936, when the combined Socialist-Communist victory 
was followed by a labour revolution. Employers were 
unprepared for a revolt that took them by surprise. 
Under what they declare to have been compulsion they 
signed, in the presence of Monsieur Blum, the Matignan 
contract which laid the foundation for collective con- 
tracts, including clauses that deprived workers of the 
right to strike until some attempt had been made at 
conciliation. What happened thereafter at the Exhibition 
works was typical of the agitation throughout industry 
while collective contracts in all branches of industry were 
being discussed. There were frequent strikes or temporary 
stoppages of work and disputes of all kinds with con- 
tractors. By the end of the year the Exhibition was so 
backward that a great effort had to be made to complete 
it in time. The forty hours’ week was introduced, and 
the men’s claims became more and more insistent. They 
staked with certainty on contractors being compelled 
to accept their claims in order to avoid a catastrophic 
postponement of the Exhibition. They whittled down the 
eight hours’ day by demanding that it should include 
suspensions of work for some reason or another that 
would reduce the actual working time by probably half 
an hour. Union committees exercised autocratic authority 
over the men, and caused incessant trouble by endeavour- 
ing to compel contractors to discharge non-unionist 
workers. When it was found necessary to accelerate 
work and, finally, to treble the 6000 men already employed, 
the C.G.T. insisted that it should have the exclusive 
right to recruit them. Notwithstanding a huge accession 
of labour, progress was unsatisfactory. There continued 
to be troubles of one kind or another. At the time of 
the reception test of the Alma footbridge work had to be 
suspended earlier than usual, and the men claimed pay 
for the full eight hours, which the Etablissements Daydé 
refused. The men declined to work on the following day, 
and the money claimed, as well as that for the day’s 
strike, was paid by the Exhibition authorities. Con- 
tractors made a vigorous protest, declaring that this 
action of the authorities in giving way to the men on 
all occasions was creating a dangerous precedent. 


Reaction of Authority. 


The Confédération Générale du Travail aims at 
becoming a state within the State. It is working with 
Monsieur Blum as representing the entire wage-earning 
community, and the general secretary, Monsieur Jouhaux, 
has sufficiently explained his policy which, in the opinion 
of his opponents, is perilously on the verge of the 
Marxist. doctrine... He wants a labour control of national 
economy, for which purpose he is endeavouring to bring 
all workers into the ranks of the C.G.T., including pro- 
fessional classes, engineers, technicians, and even doctors. 
Since the C.G.T. was invested with such far-reaching 
powers by Monsieur Blum, associations, groups, and 
unions of workers have flocked to it, but there remains 
a considerable section of the working community that 
refuses to belong to an organisation of advanced political 
tendencies. Nor has the C.G.T. control over all its members. 
Much of the trouble is caused by action taken inde- 
pendently of the C.G.T., which tolerates what it cannot 
control. The activities of Monsieur Jouhaux have aroused 
protests from employers who declare that in all this 
agitation arising out of the Exhibition imbroglio there 
is no longer any question of collective contracts. Had they 
been observed, and had the compulsory arbitration decree 
been enforced, such incidents would not have occurred. 
An immediate effect of the Exhibition experience is to 
strengthen organisation for the defence of authority 
and the right of men to work. Soon after the events in 
July last employers remodelled their federation to include 
all employers of labour throughout the country with the 
idea of presenting a united front to the C.G.T. The 
National Confederation of Employers is firmly established, 
and is backing up resistance to the efforts of the unions to 
invest themselves with full authority, leaving employers 
with no option but to take orders from them. The 
Communist character of this movement is obvious. The 
hoisting of Communist flags on Exhibition buildings is 
regarded as an intolerable scandal, and is deprecated by 
the C.G.T., but the workers submit to it because they 
regard the movement as an experiment which may bring 
profit to them. Employers have, of course, the law 
behind them, but the dilatoriness of the law will not 
prevent abuses. A solution of the difficulty is to leave the 
workers helpless if they try to disorganise industrial 
enterprise. They cannot work without the aid of the 
managerial staff, engineers, technicians, and other 
employees, and if the men know that they will be unable 
to go back after an unauthorised strike without these 
indispensable workers, they may hesitate to violate 
collective contracts. The recently formed National 
Confederation of Engineers is capable of making use of 
this power so far as concerns engineers with degrees, and 
now another organisation has been formed under the 
name of the Confédération Générale des Cadres—that: is 
to say, engineers, shop Ts, engineers, foremen, 
and all who have authority in works and factories. 
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STEAM GENERATORS. 


462,001. August 30th, 1935,—SuperHEaters, Babcock and 
Wileoz, Ltd., Babcock House, Farringdon-street, London, 
ECA. 

This superheater is arranged to maintain a steady degree of 
superheat regardless of the load upon the boiler, and depends 
for its action on the fact that the rate of heat transfer corresponds 
to the velocity of the hot gases past the heating surfaces. 
It is, of course, appreciated that the temperature of super- 
heaters tends to rise as the load on the boiler increases. Con- 
sequently, the inventors provide a free passage for the gases at 
full load and gradually restrict it as the load is decreased, so 
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that the velocity is increased. In the drawing the superheater 
is shown at A, sandwiched in between the steam-raising tubes 
B and C. There are two fixed vertical baffles D and E and a 
series of hinged baffles or dampers F F, These baffles are shown 
closed in the drawing to make a narrow tortuous passage for 
the gases at low load, but they may be opened progressively 
to provide a more free passage as the | increases. It will 
be noted that, unlike a by-passing system, the whole of the 
gases is subject to the same treatment. A system of auto- 
matically controlling the hinged dampers is described.— 
March 1st, 1937. 


INTERNAL COMBUSTION ENGINES. 
462,141. September 9th, 1935.—THermat Power Puants, 
R. P. Pescara, 115, Rue de la Tour, Paris. 

This is a system for improving the efficiency of internal 
combustion plants in which compressed air is used for scavenging 
the engine. It is adaptable to the opposed-piston type of two- 
stroke engine, and consists of separating the hot burnt gases 
from the cool excess air and passing the cool air through a 
heat exchanger, where heat is transferred from the hot gases. 
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The opposed pistons, one of which is marked A, act on 
air compressors such as_ 8B, from which the air passes 
to admission ports C. The burnt gases pass out through 
ports D, uncovered by the pistons towards the end 
of the stroke, to an exhaust turbine and thence to the heat 
exchanger, where heat is given up to the cool 
in turn, be through the same turbine. 


the therm 
escape at a lower temperature.—March 3rd, 1937. 





BATTERIES AND ACCUMULATORS, 
462,004. August 30th, 1935.—Srorace Barrerres, Joseph 
Lucas, Ltd., Great King-street, Birmingham, and G. D. 
Spencer. 
This is a design for accumulator lids which is said to facilitate 
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dismantling. Each section of the battery is covered separately, 


genes, which may, 
t is claimed that | 
efficiency is improved, since the exhaust gases |. 








These ledges are slotted to pass the connectors 
The valley between “the saucer and the case is 
with compound C.—March lst, 1937. 


of the plates. . 
partially filled 


ELECTRICAL APPLIANCES. 


461,936. December 18th, 1935—Heatinc ReEsIsTaNces, 
Dr.-Ing. Schott and Co., Langenhagen-Hannover, Germany. 
This heating element is of the immersion type and is con- 
sequently encased by a metal shéath. The heating resistance 
is insulated from the sheath by short lengths of ceramic tubing 
made of soap stone, magnesium oxide, and quartz sand. These 
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tubes are baked at a temperature of 800 deg. Cent. and are 
comparatively soft. They are made a good fit in the tube and 
are butted closely together. After the resistance wire has been 
threaded in place the interstices are tightly filled with quartz 
sand. It is said that such elements can be bent and deformed 
considerably without fear of the insulation breaking down.— 
February 26th, 1937. : 


462,172. August 29th, 1935.—ExecrricaL Recris1er INSTALLA- 
tions, 5. R. Stevens and the Westinghouse Brake and 
Signal Company, Ltd., 82, York-road, King’s Cross, 
London, N.1. 

This is an arrang t for protecting electrical rectifying 
apparatus from the results in the failure of the normal cooling 
gear. In the drawings Fig. 1 represents the circuit for supplying 
the rectifier through the contacts A from the mains B. © This 
circuit is normally kept closed through the relay switch C, 
so that the rectifier ti to function. (The relay switch 
is shown open in the diagram, which is the position desired 
to protect the rectifier against operation with inadequate 
cooling.) The relay switch is controlled by the thermostatic 
device D, which is more fully illustrated in the sketch, Fig. 2, 
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and is placed in the circuit of the cooling air. It comprises 
a pair of contacts E E, in the relay circuit, which may be bridged 
by the bow F. This bow is urged to open the circuit by the 
spring G, but is normally kept closed by the ratchet and wheel 
H. The spindle J of the wheel is held in a tube K filled with 
an easily fusible alloy, and the circuit of the relay switch, 
indicated at L, is wound round this tube. The whole device is 
placed in the current of air used to cool the rectifier. In ordinary 
cireumstances the cooling effect on the tube K will be such 
that the alloy remains solid and holds the bow F on to its 
contacts, Should the cooling fail, however, the alloy will 
melt, the ratchet will be freed, and the spring G will open the 
circuit to make the rectifier inoperative, The device can be 
reset by the push button M.—March Ist, 1937. 





TRANSMISSION OF POWER. 


462,009. August, 30th,,.1935.—TurBo-MecuanicaL TRANs- 
mission Gear, H. Féttinger, Technische Hochschule, 
Berlinerstrasse, 172-175, i Tberlosventaeae Germany. 

This is a combination of a sun and planet gear with a hydraulic 
turbo-transmitter, having as its object an improvement of 
efficiency by reducing the amount of power peseing Sapugh 
the hydraulic part. The driving shaft A is connected with the 
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frame B of the planet wheels C, which drive the shaft D through 
the internally toothed rmg E. The shaft is also driven by the 
rotor F of the hydraulic transmitter. The sun wheel G is keyed 
to the casing H, which drives the pump wheel J of the trans- 
mitter. There is a clutch K to provide a direct drive from A to 
D. The guide blades of the transmitter are shown at L. The 
arrows indicate the direction in which the power is transmitted. 





as shown in the plan view. The centre part is covered with 








an inverted saucer A which rests on ledges B on either side. 


—March ist, 1937. 
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462,081. March 12th, 1936.—CLamp FoR OVERHEAD ELEcTRIC 
Conpucrors, C. G. Neck, Nossebro, Sweden. 
This is a straining clamp for overhead electric conductors, 
of which the main member A is made by forging a malleable 
steel blank ; itis claimed that this gives a and cheaper 
construction than malleable iron or other castings. The cable 
C is clamped in a U-shaped recess in the bottom of the main 
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member by means of a clamping shoe B and U bolts. The whole 
is arranged to be suspended from the ing pole by means 
of the pivoted links D, which pass raven: suitably disposed 
slots in the forging, the ends of the slots forming stops to limit 
the movement of the clamp. The clamping shoe and the 
central channel for the ption of the ductor are corru- 
gated, by means of which, it is claimed, an increased grip of 
the conductor is obtained.— March 2nd, 1937. 









:; MEASURING AND TESTING INSTRUMENTS. 


461,930. November 30th, 1935.—ConrroL MECHANISMS FOR 
CereaL GRAIN AND LIKE Marteriats, Henry Simon, Ltd., 
Bird Hall-lane, Cheadle Heath, Chester, and J. H. Brian. 

This is an arrangement for ensuring the continuous steady 
flow to the rolls of a grinding machine of the grain delivered by 

an intermittent weighing machine. The grain passes through a 

receptacle A from which it is dispensed by the gate B. is 

gate has notched edges, as indicated in the detail sketch, and is 

pivoted at C. It is held in a normal position by the t 
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weight D, but can be adjusted by the screw E. In the upper 
part of the receptacle there are two vanes F and G, which are 
more or less immersed in the grain. The weight of the grain on 
the vane F tends to open the feed gate B through the linkage H. 
The other vane G is normally pressed over to the right by the 
weight of the grain in the receptacle, but should the grain fall 
below its level, it will be swung to the vertical by the counter- 
weight J and tend to close the feed gate. Backlash is allowed 
by the slot K to prevent one action interfering with the other.— 
February 26th, 1937. 


LIGHTING AND HEATING. 


460,963. A Ist, 1935.—Mzans ror ItLtumtnation Com- 
PRISING LuMINEsSCENT MatTeriats, The General Electric 
Company, Ltd., et House, aaa ae London, 
W.C.2; and H. G. Jenkins and J. W. Ryde, Research 
Laboratories of the G.E.C., Wembley, Middlesex. 

This invention relates to means for illumination of the type 


























comprising « light source, luminescent material excited by the 
radiation from it, and a reflector. Luminescent signi 


street, S.W.1. Annual meeting. 


W.C.2. Annual general meeting and dinner. 6.45 p.m. 


Fulton. 6 p.m. 


means of this type where in the source is a high-pressure mercury 
vapour lamp and the luminescent material is one emitting red 
phosphorescent light under the radiation from it. According to 
the invention, in means of the type specified in which the 
reflector is dome-shaped and has the source (preferably approxi- 
mately linear) on its axis, the luminescent material is confined 
to the lower part of the reflector and the upper — of the 

wing A is 


heh contains no lumin: sean feon. twig en" one 4! 
a -pressure mercury vapour » lying on the of the 
decieehenel reflector B. The height of the reflector is 12in., the 
diameter of its lower edge C is 17-5in., the of the luminous 
— of the lamp is 6in., and the distance of the lower end of this 
uminous part above the plane of the C is 3}in. The lower 
part of the reflector is coated with a layer D of luminescent 
material to such a height that the area of the layer is about two- 
thirds of the area of the internal surface of the reflector B.— 
February 1st, 1937. 


MOTOR CARS AND ROAD TRAFFIC. 


461,587. December 19th, 1935.—Sprinc Suspension, C. 
Heyermans, 55, Holland-road, Kensi m, London, W.14; 
and G. U. L. Sartoris, Rosebury Cottage, Stock, Ingatestone, 


x 
In this spring suspension system the front wheel is mounted 
on a stub axle A which is part of a support B. On the end of the 
main axle C there is mounted a bracket D, which can rotate, for 
steering, on the pivot E. The load is transmitted from the 
bracket D to the support B through a double set of spring-con- 
trolled links. One pair of links is shown at F G and the other; 
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at HJ. The two pairs work at right les to one another, 
that is to say, one in the plane of the wheel and the other trans- 
versely. The load is carried by the helical spring K, which is 
ge to the bell-crank extension L on the lever F.——February 
19th, 1937. 
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Secretaries of I y , &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the In all cases the time and 
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PLACE at which the meeting is to be held should be clearly stated. 





To-pay 


Fripay, Aprit 23rp. 
Junior Inst. or Encinerrs.—39, Victoria-street, S.W.1. 
“* Economics in Relation to Engineering,” K. Willans. 7.30 p.m. 

SaTuRDAY, APRIL 24TH. 
Inst. or MECHANICAL ENGINEERS: GRADUATES’ SECTION.— 
Visit to Brimsdown power station. 2.30 p.m. 

Monpay, Arrit 26TH. 
Royat ArronavuticaL Soc.—Inst. of Electrical Engineers, 


Savoy-place, W.C.2. Presidential address, H. E. Wimperis. 
8 p.m. 

Inst. or MECHANICAL ENGINEERS: GRADUATES’ SECTION.— 
Storey’s-gate, 8.W.1. ‘‘ History and Develop t of Pumping 





Machinery,” R. N. Bower. 


Turspay, APRIL 27TH. 
Inst. or AvToMOBILE EncinzeErs.—James Watt Memorial 
Hall, Great Charles-street, Birmingham. ‘‘ Light Aero-Engines,”’ 
D. R. Pobjoy. 7.30 p.m. 
Inst. or Crvm Encineers.—Great George-street, S8.W.1. 
James Forrest Lecture, “‘ The Crystal and the Engineer,’’ Sir 
William H. Bragg. 6 p.m. 
Inst. or Crvrt ENcinerrs: NEWCASTLE-ON-TYNE AND Dis- 
trict Assoc.—Annval general meeting and discussion on the 
Interim Report of the Committeo on Floods in Relation to 
Reservoir Practice. 


3 WEDNEsDAY, APRIL 28TH. 
Inst. or FueL.—Burlington House, Piccadilly, W.1. ‘‘ New 
Developments in the Treatment of the Products of the Carbonisa- 
tion of Coal and Oil Mixtures,” A. Fisher. 6 p.m. 
THurRspay, APRIL 29TH. 
Inst. or ELECTRICAL ENGINEERS : TRANSMISSION SECTION.— 
Savoy-place, 8.W.1. “ Recent ge are in the Trans- 
mission of Electricity in France,” P. M. J. Ailleret. 6 p.m. 
THurspay, Aprit 29TH, anD Fripay, Aprit 30TH. 

Inon anv Street Inst.—Inst. of Civil Engineers, Great George- 


6.45 p.m. 


Faipay, Aprit 30TH. 
CuEemicaL ENGINEERING GrouPp.—Waldorf Hotel, Aldwych, 


Inst. or MecHantcaL Enoingers.—Storey’s-gate, 8.W.1. 
‘Present Tendencies in Water Turbine Machinery,” A. A. 


Junior Inst. or Enotnerns.—39, Victoria-street, 8.W.1. 





Saturpay, May Isr. 

Inst. oF ExxorricaL ENGIngERS : TRANsMIssION SECTION.— 
Summer visit to works of W. T. Henleys Telegraph Works 
Company, Ltd. 

MANOHESTER Assoc. OF ENGINEERS,—-Visit of inspection to 
the Haweswater works of the Manchester Corporation. 


Wepnespay, May 5rx. 

Inst. or Furt.—Royal Soc. of Arts, John-street, Adelphi, 
W.C.2. ‘ Fuel Economy in the Melting and Reheating Furnaces 
for Steel Works,” R. J. Sarjant. 6 p.m. 

Inst. or Metats.—Inst. of Mechanical Engineers, Storey’s- 

te, 5.W.1. Annual May Lecture, ‘“* The Flow of Metals,” 

rof. E. N. da C. Andrade. 8 p.m. 


Tuurspay, May 6rH. 
Inst. or ELxcrrican ENGINEERS.—Savo 
Faraday lecture, “‘ Electricity in the Hospital,’ 
6.30 p.m, 
Rattway Cius.—Royal Scottish Co 
lane, E.C.4, ‘‘ The London, Tilbury, an 
N. McCracken. 7.30 p.m. 


-place, W.C.2. 
rR 8. Whipple. 
ration Hall, Fetter- 
Southend Railway,” 


Fripay, May 77H. 
Inst. oF MECHANICAL on ar A 9 Bo 
Informal er “Through America with the 
Conference,” J. Rogers. 6.30 p.m. 
Inst. or Santrrary Enormveers.—Caxton Hall, 8.W.1. 
“Storm Water in Sewage Disposal Works,” informal talk. 
6 p.m, 


-gate, S.W.1. 
orld Power 


Sarurpay, May 8ru. 
Inst. or ELecrrican ENGINEERS : Meter AND INSTRUMENT 
Srection.—Summer visit. 


Sunpay, May 9rn. 


Roya Aeronautical. Soc.—Fairey’s Aerodrome, 
West Road, Middlesex. Annual garden party. 


Great 


Saturpay, May 22np. 
Inst. or MecHanicaL ENGINEERS: GRADUATES’ SECTION, 
Visit to Brimsdown power station. 
Monpay, May 24ru. 
Association oF “ Otp CromprTonrans.”’-—Grosvenor House, 
Park-lane, W.1. Annual dinner. 
Tuespay, JuNE 8TH, TO Fripay, June Liru. 
Inst. or British Founprymen.—Annual Conference 
Derby. 
Turspay, June 22Np, To Sarurpay, June 2678. 


British WaTeRworRKs’ Assoc.—-Annual general meeting anc 
Conference in London. 


at 















CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


Tue Liverroot REFRIGERATION Company, Ltd., has recently 
received orders for four complete refrigerating plants for vessels 
under construction to the order of the Ellerman Lines, Ltd. 
Each plant will include a vertical twin-cylinder CO, compressor 
direct coupled to an independent compound steam engine. 


Simon-Carves, Ltd., Stockport, has’ received a contract 
from the Hackney Borough Council for extensions to the boiler 
plant at the Millfields-road power station. Two new Simon- 
Carves multiple drum type boilers are to be installed, each 
boiler having a normal output of 125,000 lb. of steam per hour 
and a maximum of 150,000 lb. per hour. The steam pressure 
will be 400 Ib. petsquare inch at the superheater outlet and the 
temperature 820 deg. Fah. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Grorce H: ALEXANDER Macutnery, Ltd., has been 
appointed licensee for the sole manufacture and distribution 
oF Packard reamers. 


Tue Genera Exvxctreirc Company, Ltd., announces that, 
owing to reasons of health, Mr. P. J. Sims, the manager of its 
Scottish branches, is negning. from the company on May Ist 
next. He will be succeeded by Mr. A, 8. Black, assistant manager 
of the G.E.C. in Scotland. 


Baxter, FELL anv Co., Ltd., 36, Leadenhall-street, London, 
E.C.3, have been appointed sole agents for the United a 
and Northern At for the Koninklijke Nederlan e 
Hoogovens en Staalfabrieken N.V. (Royal Dutch Blast-furnace 
and Steel Manufacturing Company), producers of hematite and 
foundry pig iron, of Ijmuiden, Holland. 

Lievut.-CoLtonet J. H. M. Greenly has been elected Chairman 
of the British Non-Ferrous Metals Research Association in 
succession to the late Mr. Thomas Bolton. Colonel Greenly 
is deputy chairman of Babcock and Wilcox, Ltd. He has been 
sles connected with the non-ferrous metals industry since 
1920 and with the Research Association since 1925. 


Mr. Savitte Sneatu, general sales manager of Burgess 
Products Company, Ltd., has en os that post to become 
ing director of Internatio: Technical Developments, 
Ltd., Thames House, London. International Technical Develop- 
ments, Ltd., is concerned with the development and marketing 
of new devices, processes, and equipment, icularly in the 
electrical, chemical, and acoustical fields. . Sneath will also 
be a director of Liquefied Gases, Ltd., of which Dr. de Laszlo 
direc’ 


is managing tor. am 








CATALOGUES. 





J. H. Fenner anv Co., Ltd., Hull.—New catalogue of the 
“* Gilmer-Fenner ” V-rope drives. 

Morse Cuatn Company, Ltd., Letchworth, Herts.—Cata- 
logue M.S. 237 of standard chain drives. 

- JoHNsON Macuine Company, Nursery-road, Mitcham, Surrey. 
—Particulars of model ‘‘ K A” ungeared capstan lathe. 
Yarrow anv Co., Ltd.. Scotstoun, Glasgow.—A book illus- 
trating and describing the works and a number of different 
types of ships built and equipped by the firm. 

AsxMorE, Benson, Pease anv Co., Ltd., Parkfield Works, 
Stockton-on-Tees.—A booklet dealing with a number of types 
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fluorescent or phosphorescent. More particularly it relates to 





“ Spanning of Openings.” 7.30 p.m. 





of producers for gasifying various kinds of fuel. 
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The Special Areas Bill. 


In moving the third reading of the Special Areas 
(Amendment) Bill, which was passed in the House 
of Commons on Monday, April 26th, Mr. Ernest 
Brown, the Minister of Labour, said that the Govern- 
ment believed that there was no single or simple 
formula for creating new life in the Special Areas, 
which had suffered from heavy and prolonged 
unemployment arising from many causes. The inten- 
tion of the Government’s Bill was to induce other 
industries to come to those areas so that in the future 
their prosperity or their adversity might not be 
dependent on one or, at the most, two industries. 
The Bill gave wide and unorthodox powers to the 
Commissioner, who would not be fettered in the use 
of those powers. The Minister referred to recent 
developments in helping the Special Areas, and 
mentioned new Government factories at Workington 
and at Fishguard. Considerable progress had, he 
said, been made in connection with the West Cumber- 
land Site Development Company,’ which proposed 
to clear sites and to erect factories in that particular 
area. The South-West Durham Improvement Associa- 
tion had been formed, and a good working executive 
was now being secured. At the present time 500 
men were working on the Team Valley Estate, and 
cleven factories had been erected and provided with 
road services and electric supply. Negotiations 
with private enterprises with a view to stimulating 
life in the areas under consideration were constantly 
going on, while Government negotiations under the 
Special Areas Reconstruction Act and in connection 
with the Nuffield Trust were being continued. 


Safety in Mines. 


At the resumed sitting on Monday, April 26th, of 
the Royal Commission on Safety in Coal Mines, held 
at Caxton Hall, Westminster, under the presidency 
of Lord Rockley, evidence was given by Mr. George 
Foster, the President of the National Association of 
Organisers and Fulltime Teachers of Mining. The 
Association, Mr. Foster stated, was of the opinion 
that increased safety in mining might be attained 
by means of improved and extended education, which, 
he suggested, should be coupled with a course of 
systematic training at the collieries. He was of the 
opinion that classes for boys should be made com- 
pulsory. In Yorkshire such schemes were loyally 
supported, and some of the collieries encouraged the 
boys to attend the classes. Some counties were 
behind others in taking full advantage of the educa- 
tional facilities which were offered, and among 
those, he thought, were Kent, Northumberland, and 
Durham. Mr. Foster strongly advocated courses 
of instruction in mining, mine surveying, colliery 
engineering, and colliery electrical engineering, also 
safety instruction, both for boys and for adult workers. 
On Tuesday, the question of examinations in mining 
was dealt with. Since the passing of the Coal Mines 
Act of 1911, it was stated, 17,966 candidates, out 
of a total of 25,668, had presented themselves 
unsuccessfully at the three types of statutory 
examination. The Association pointed out that 70 
per cent. of the candidates had failed, which indicated 
that most of them had not received the necessary 
training to fit them for sitting the examinations. 
The examination conditions were criticised and the 
introduction of a second examination, based on the 
fundamentals of mining technology, was suggested. 


Wandsworth Bridge. 


THE London County Council announces that it 
is anticipated that Wandsworth Bridge, which 
is to be rebuilt, will be closed to vehicular traffic 
from midnight on May 23rd-24th, 1937. Part of 
the bridge will, however, remain open to pedestrians 
for a few days longer until the temporary footbridge, 
which is now in course of erection, is ready for use. 
The existing bridge, which was opened to the public 
in 1873, has a carriageway width of only 18ft., and 
is restricted to loads of 5 tons, including the weight 
of the vehicle, ‘The waterway is divided into five 
openings, the three in the centre having a width of 
126ft. each and the shore being each 106ft. 
wide. The Council decided in December, 1935, 
it may be recalled, to construct a new and wider 
bridge to take all classes of traffic. The new bridge, 
which will be of the cantilever type, will have a 
carriageway 40ft. in width—sufficient to take four 
lines of traffic—and two footways, each 10ft. wide. 
It will be constructed of steel, with granite-faced 
piers and abutments, and will have three spans, the 
centre span having a width of 283ft. and a headway 
at the centre of about 21ft. above Trinity high-water 
level, as compared, with 126ft. and 19ft. 9in. in the 
case of the centre span of the existing bridge. The 


design of the new bridge, which has received 
the approval of the Royal Fine Art Commission, has 
been prepared by the Council’s Chief Engineer, Mr. 
T. Peirson Frank, M. Inst. C.E., F.S.1., in collabora- 
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tion with the architect to the Council, Mr. E. P. 
Wheeler, F.R.I.B.A. The works are being carried 
out by Holloway Brothers (London), Ltd., under 
the supervision of the Councils Chief Engineer. 
The total estimated cost of the scheme, which also 
provides for the widening of the part of Wandsworth 
Bridge-road, between Carnwath-road and _ the 
northern bridge head, to 60ft., and for the widening 
of Bridgend-road to a similar width, is about £400,000. 


The National Maritime Museum. 


On Tuesday last, April 27th, the King and Queen 
travelled from Westminster Pier to Greenwich Steps 
by water for the opening of the National Maritime 
Museum. This collection of historical relics of naval 
and seafaring interest is established in the Queen’s 
House at Greenwich, for many years the home of 
the Royal Hospital School. The building, designed 
by Inigo Jones for James I, has been carefully restored 
by the staff of the Office of Works. Their Majesties, 
attended by Sir Samuel Hoare, First Lord of the 
Admiralty ; the First Sea Lord, Admiral of the Fleet 
Sir Ernle Chatfield; the Chairman and the Vice- 
Chairman of the Port of London Authority, embarked 
in the barge of the Commander-in-Chief the Nore, 
under the command of the Flag Lieutenant, 
Lieutenant Commander H. N. C. Webber, R.N. 
The Port of London Authority Launch preceded 
the barge, and an escort of four of the new high-speed 
motor torpedo boats described elsewhere in this issue 
brought up the rear. At Greenwich College Steps their 
Majesties were received by the Mayor of Greenwich, 
and on entering the College by the President, Vice- 
Admiral 8S. R. Bailey, R.N., and the Captain, Captain 
H. N. Bousfield, R.N. All movement of vessels on 
the river was suspended during the time of the pro- 
cession, and all the bridges closed. The return 
journey was made by car to Buckingham Palace. 


Employment During 1936. 


THE report of the Ministry of Labour for 1936 
reviews the activities of the Department, including 
the finding of work by employment agencies, the 
provision of training, the administration of the 
unemployment insurance scheme, the general super- 
vision of industrial relations, the administration 
of the Trade Board’s Act, and assistance to the 
International Labour Organisation. Regarding the 
position of employment in 1936 the report mentions 
that the numbers available for employment rose 
sharply by 270,000, an increase of nearly three times 
the growth of the previous year; the numbers in 
employment increased rapidly as well, over half a 
million more vacancies being filled than in the 
previous year; these figures were supported by a 
notable decrease in unemployment. Dealing with 
the work of the employment exchanges as agencies, 
the report states that while there was a continued 
inerease in the use made of this service the range 
could, with advantage to industry, be extended to 
cover a wider field. Mention is made of the success 
attending the efforts of the specialised exchange in 
Central London dealing solely with workers and 
employers in the building, contracting, and public 
works industries. During 1936 no change of policy 
regarding permits for the employment of foreigners 
occurred, but the demand for foreign workers was 
greater than in any previous year. The number of 
applications was 18,072, compared with 12,934 in 1935. 
The report mentions the greater trade union activity 
resulting from the improved industrial position and 
the smooth adjustment of differences arrived at by 
means of the existing forms of joint machinery. 


A New Raw Material. 


On Monday, April 26th, an exhibition, organised 
by Imperial Chemical Industries, Ltd., to demon- 
strate the industrial applications of ‘‘ Neoprene,” 
&@ new raw material, was opened at the offices of the 
Federation of British Industries in Westminster. 
The new material can be used for purposes for which 
natural rubber is wholly or partially unsuitable, 
but it is not a substitute for natural rubber. Neoprene 
is polymerised chloroprene, and is claimed to possess 
the elasticity and tensile strength of the best natural 
rubber, and to be superior to it in many respects, 
particularly in its resistance to oils and_ certain 
solvents. It has a higher resistance to ozone and 
ultra-violet radiation than rubber, and: the various 
exhibits were designed to show that it is less affected 
by chemicals, less permeable to gases, and does not 
soften, but tends rather to harden, under the influence 
of heat. In water its absorption is low. The exhibi- 
tion displayed the wide variety of possible applica- 
tions of Neoprene in the engineering, automobile, 
aircraft, electrical, chemical, and many other indus- 

tries. It was pointed out that although its cost is 





three times that of rubber, the fact that it is com- 
pounded like rubber and that goods rarely contain 








more than 50 per cent. of Neoprene, mieans that their 
cost is less than doubled. Each afternoon during 
the exhibition, which closes to-day (Friday), a series 
of lectures on the new material, its working and appli- 
cations, have been given by experts on the subject. 
The organisers of the exhibition point out that thename 
Neoprene is in no sense proprietary or a trade mark, 
but has been chosen to designate a new raw material. 


Mining Royalties. 


In reply to a question put in the House of Commons 
on Monday, April 26th, as to whether the special 
tribunal on the valuation of mining royalties had 
finished its sittings, and when its report would be 
ready for submission to the Government, the Prime 
Minister announced that the tribunal had given an 
award to the effect that fifteen is the proper number 
of years’ purchase to be applied to the agreed royalty 
figure of £4,430,000. The compensation payable 
under the award would therefore be, Mr. Baldwin 
went on to say, £66,450,000. The Government has 
decided to accept the award, and it intends to intro- 
duce the necessary legislation as soon as possible. 
We are given to understand that the drafting of the 
Government Bill on mining royalties has been 
begun, and that good progress has been made, so 
that it will not take very long to complete it. It 
may be recalled that the tribunal, consisting of Lord 
Justice Greene, the chairman, and Mr. Justice Clauson 
and Lord Plender, only began its work in the week 
beginning Monday, April 12th, and Mr. Baldwin’s 
announcement has come sooner than was expected. 
Before the tribunal was appointed there had been 
long negotiations between the Government and 
the owners of coal royalties, who number about 
4300. They first asked £150,000,000, which sum was 
later reduced to £112,000,000, but the most offered 
by the Government was £75,000,000. It seems 
probable that the legislation making possible the 
acquisition by the State of all coalmining royalties 
in Britain will be passed during the present parlia- 
mentary session. 


A Locomotive Building Merger. 


Ir is officially announced that the old-established 
locomotive building firm of George Stephenson and 
Co., Ltd., of Darlington, has decided to merge its 
interests with the locomotive building department of 
R. and W. Hawthorn, Leslie and Co., Ltd., of Hebburn- 
on-Tyne. By the agreement the locomotive depart- 
ment of Hawthorn Leslie, excluding the boiler 
section, along with the goodwill and business of that 
department, as from January Ist, 1937, is to be pur- 
chased for £40,260, which sum will be satisfied by 
the allotment to Hawthorn Leslie of Stephenson 
shares. Hawthorn Leslie also has the right to 
subscribe in cash at par for further Stephenson 
shares. The title of the company is to be altered 
in such a way as will preserve the long-established 
names of both businesses. The official statement 
says that there is at t in hand sufficient to 
oceupy both of the company’s works for some time. 
It is anticipated that the merger arrangement, in 
addition to avoiding competition in selling, will 
result in considerable economies in the operation 
of the business. Some measure of reorganisation 
is e , and Hawthorn Leslie will nominate 
representatives to the board of the new Stephenson 
company, whose chairman will be Major Edward 
C. Straker, the chairman of Hawthorn, Leslie. 


Colloidal Fuel. 


ACCORDING to @ recent statement made by the 
Wallsend Slipway and Engineering Company, Ltd., 
of Wallsend-on-Tyne, which has been associated 
during the past five years with the experiments in 
the use of colloidal fuel at sea, initiated and developed 
by the Cunard Steamship Company, Ltd., the experi- 
mental work undertaken is now complete. Although 
the future of the new fuel has yet to be worked out, 
it can be stated that it has reached the stage of 
economical commercial production. As recorded in 
THE ENGINEER, tests of the fuel have been carried 
out with good results in various ships of the Cunard 
White Star fleet. We may recall the statement made 
in the report of the Cunard White Star Line for 1936, 
in which it was announced that commercial interests 
with which the company had been associated in its 
coal-oil undertaking had continued discussions as to 
the use and development of the fuel, and that definite 
progress had been made. The Cunard colloidal fuel 
is composed of about: 60 per cent. crude oil and 40 per 
cent. pulverised coal, which is kept in suspension in 
the oil by a third ingredient. Great care has been 
exercised in producing a mixture which will retain its 
physical characteristics after long storage, and will 
always be ready for use. It is claimed that colloidal 
fuel is cheaper than oil fuel, and experiments show 





that in practice almost equally good results are to be 
obtained when it is burnt under boilers. 
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Modern Hydraulic. Turbines. 
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(Continued from page 478, April 23rd.) 


FRANCIS, TURBINES FOR Mrepium Hzaps. 
\* pointed out in the previous article, while the 
t\ dividing line between high, medium, and low 
heads is not defined with any exactitude, it serves the 
present purpose to put the lower limit of high-head 
plants at 500ft., beeause above that value the Pelton 


to as a Pelton, the runner may be placed either below 
the guides, within them, or in the form of an annular 
wheel, around them, the third ‘ being: obviously a 
reverse of the second. ‘The first’ arrangement origi- 
nated with Jonval and: the latter with Fourneyron, 
and as both proved’ ‘slow-running cumbersome 
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FiG. 17—HARNESS WORK FOR HYDRAULIC“? MACHINERY 


wheel becomes an attractive proposition and the 
horizontal, shaft Francis turbine is: rather more 
generally employed than the vertical shaft type. 
Then if one puts the higher limit of low falls at 50ft., 
there is a range of 50-500ft. which is normally best 
suited either to vertical shaft turbines of the orthodox 
Francis type or to horizontal shaft double runner 


machines for their output and virtually ungovernable, 
they have long been obsolete, though the parallel 
flow principle is revived in a modified form in the 
modern propeller type turbine to be dealt with m 
another article. While the true inward flow turbine 
of Thompson's design, which was virtually a reversed 





centrifugal pump, has been abandoned for many 
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Fic. 18—54,000 H.P. TURBINE FOR CONOWINGO DEVELOPMENT 


units either in an open setting with a common draught 

tube between them or in a cylindrical (as opposed to 

a spiral) casing supplied from a common penstock. 

The latter form, while a feature of several large 

: Seandiz/avian plants, has been practically abandoned 
on the American Continent during recent years. 

In a reaction turbine, as opposed to an impulse 

or free flow machine, now almost invariably referred 


years, the modern Francis turbine follows pretty 
well the lines of its originator in having the wheel so 
disposed within the ring of guides that the. water 
enters it radially inwards, being varied as to volume 
by the opening and closing of the guides by the 
governor. But by having the familiar form of runner, 
which turns the water through 90 deg., the discharge 





is axial, so that in place of being a truly inward flow 








Fic. 20-—40,000 H.P. 


machine it is really one of mixed flow. In the pro. 
peller type turbine the transition from radial inward 
flow from 4he guides to axial flow takes place prior 
tothe water entering the runner. 

After the introduction of the Francis design it soon 
became apparent that the pivoted guide or ‘“‘ wicket 
gate ”’ system was the ideal means of control, whether 
by hand or by a governor. The early governing 
systems were erude in the extreme, and with the falls 
then attempted—usually below 100ft.—the builders 
confined their attention to quite small units built up 
on the stock pattern principle, of which the American 
firms of Léffels and Morgan Smith were pioneers, the 
latter concern. being still one of the leading builders 
of hydro-electric units. Stephen Morgan Smith was 
actually building hydraulic turbines in 1876, when, 
after abandoning, preaching, he achieved some 
notoriety with his. ‘* Success.’ turbine at the time 
farmers and small industrialists were turning to water 
power. These small units, like the ‘‘ Little Giant ’’ 
turbine, sold in large numbers, and the next step 
forward was the arrangement shown in Fig. 17.. Then 
as powers increased the double runner horizontal 
wheel came into prominence, and later on the 
coupling of two such units. Thereafter the energies 
of designers, after more or less perfecting the 
oil pressure governor, were directed to the evolution 
of the high capacity runner. Finally, being 
checked therein by the slow speed and heavy runners, 
for a given power when the fall was below 50ft. or so, 
they turned their attention to runners of the propeller 
type, increasing the efficiency of this machine and its 
output on variable falls by introducing pivoted blades 
and later a means of altering their tilt in unison with 
the gate motion by the governor. Thus was the 
Kaplan turbine evolved. | This, perhaps, is the most 
important development in the hydro-electric field of 
recent. years, though the work of the American 
designers, Moody and White, in tackling the one-time 
heavy losses in the draught tube, has proved of con- 
siderable value. Rogers improved the general design 
of the guide apparatus and Forrest Nagler came 
forward with the propeller type runner, Lawaeczeck 
improved it, and. Kaplan patented the adjustable 
blade type. 

DEVELOPMENT OF THE MODERN Hypro- 
ELECTRIC UNIT. 
With the exception of one or two instances of 








VERTICAL SHAFT FRANCIS TURBINE 


mining ‘establishments where Pelton wheels are 
directly applied to driving air compressors and in a 
few isolated instances rolling mills, modern hydraulic 
turbines are ' exclusively’ employed in’ generating 
electrical energy. The idea] arrangement is obviously 
a high-speed wheel with a horizontal shaft, and as a 
general rule it is applicable to high heads of over 





500ft. or so. But the early reaction turbines were 
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almost invariably vertical shaft machines in open 
settings,” though the general purpose or “* stock 
pattern ” turbines could be turned through 90 deg. and 
the'shaft taken through a bulkhead into the power- 
house, works, or mill, as the case might be. As this type 





anical difficulties had been ‘overcome, though with 
individual units approaching 50,000 H.P. an increase 
of 1 per cent. or 2 per cent. in overall efficiency still 


meant a good deal. 


This fact led up to considerable improvement, 
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Fic. 21-—95,000 H.P. 


of machine required a thrust bearing it was not long 
before the double wheel horizontal turbine became 
popular. In both cases the water enters the tail-race 
through a quarter turn discharge bend and draught 
tube leg. Then, as the Francis turbine gradually cut 
into the field of the Pelton wheel for higher heads, the 
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FIG. 22—SECTION THROUGH KERN 


spiral casing was developed, and in order to pass a 
large volume of water through a high-speed wheel, 
which is the essential condition here, the double dis- 
charge wheel was evolved, which is for all practical 
purposes two wheels back to back. At this stage, 
with three distinct arrangements, most of the mech- 
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principally by the American designers Moody and 
White, in the draught tube which was designed to 
recover the maximum amount of. residual energy 
remaining in the water after it left the wheel. Even 
for comparatively high heads, there are advantages 
in the vertical setting, though putting the upper 
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limits of low heads at 50ft. below which’ propeller 
type 
vertical shaft machine, of which a typical modern 
unit is shown in Fig 18, is that usually employed on 
heads ranging from roughly 50ft. to 250ft. This unit 
incorporates most of the features already alluded to. 


turbines are now generally employed, the 
















The water is fed to it by a spiral or scroll case. It 
enters the wheel through a series of pivoted ‘guides 
in an inward radial direction, and the form of runner 
causes it to be discharged axially into the draught 
tube. The latter, of the flaring form shown, is 
designed to recover the maximum amount of the 
residual] energy in the water, and units of this class 
approach 90 percent. efficiency at normal load. The 
particular one shown is oné of four, which develop 
54,000 H.P. on 89ft. head at the Conowingo develop- 
ment of the Susquehanna PowerCompany. They run 
at 82 r.p.m., were built by Allis Chalmers, and are 
typical of the larger American hydro-electric units. 
The runners, as is now usually the case, are of cast 
steel. In this instance, they were cast in three sections 
held within a 17ft. diameter continuous outer band. 
The casing is of steel plate construction, while the 
upper portion of the draught tube is protected by 
steel plating against the high velocity at this point. 
Except for the large dise valve, these units are rather 
more notable for their very large dimensions than 
for any special features. Actually, more powerful 
units were built several years befere and installed 
at Niagara m 1923. A shop view of one of these 
70,000 H.P. sets is shown in Fig. 19, and they have 
only recently been exceeded in power by those of 
95,000 H.P. at Diablo (Fig. 21), and those being put 
into operation at the Boulder Dam. The head of 
213ft. at the Niagara plant called for the casting of 
the scroll case in sections of steel, while the runners 
also are of cast steel. At the time they were put 
into operation they represented a big advance in the 
design and construction of their particular type. 
They were installed conjointly by the American 
I. P. Morris Company, which installed turbines at the 
same location in the ‘nineties, and Allis Chalmers. 
Amongst their special features are Moody spreading 
draught tubes, adjustable lignum vite bearings, 
dise guide vanes, offset operating gear, pneumatic 
lubricating .system, labyrinth runner seals, while in 
place of disc valves the penstock valves of these units 
are of the Johnson class. The speed of the turbines 
is 107 r.p.m. Similar sets, developing 28,000 H.P. 
on 330ft. head, are in operation at the Wallenpaupack 
plant of the Pennsylvania Power Company. 

Though perhaps not the ideal from the electrical 
standpoint, the vertical shaft machine, even for the 
largest powers, is not only a comparatively simple 
mechanical problem, but the hydraulic conditions are 
favourable to high efficiencies, and though an enorm- 
ous load has to be taken by the thrust bearing, the 
Kingsbury design has proved remarkably successful 
in dealing with it. Consequently, one sees this type 
being adopted for. comparatively high heads, the unit 
in Fig. 20 being an Allis Chalmers set developing 
40,000 H.P. on 421ft., at the comparatively high 
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Fic. 23-7000 H.P. TURBINE AT STONEBYRES 


speed of 257 r.p.m. This engraving gives a good 
general idea’ of the construction of these tits, 
especially in the matter of control where the several 
guide vane stems are seen projecting from the casing 
and coupled by links to a common actuator moved 


by the two pistons in the oil pressure operating 
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cylinders seen on the left. The field of the vertical 
shaft machine when conditions are suitable to it is 
not, however, limited to heads of this order, as these 
sets are ante-dated by those shown in Fig. 22 by the 
Pelton Wheel Company, which have become relatively 
small for the 25,000 H.P. they develop on 800ft. 
head at 600 r.p.m. The two turbiaes referred to were 
put into operation in 1921 at. the Kern River No. 3 
plant of the Southern California Edison Company. 
A valve coupled to one of the governor cylinders 
functions as an excess pressure valve. Its purpose is 
to release water as the gates close to prevent excessive 





pipe of an ordinary basin, both the axial and the 
whirl components of the velocity are regained by the 
water in its passage down the tube—it was at one 
time referred to as White’s ‘‘ Hydraucone Regainer ”’ 
—so that, reduced to a low velocity, it can be turned 
90 deg. into the tail-race without undue loss. 

This construction, as might be anticipated, works 
out relatively costly in many instances, and further 
experiments favouring the flat base on account of its 
simplicity, demonstrated it to be almost equally as 
effective as the conical arrangement, and when formed 
in the concrete on the lines shown it is a simple and 











- 24—DRAUGHT TUBE FOR KENDOON POWER 


surge in the pipe line. Such valves are now a usual 
feature of high head Francis turbines. 


IMPROVEMENT OF FRANCIS TURBINE. 


As Fig. 18 will indicate, one present-day setting of 
the orthodox Francis turbine with a vertical shaft 
is arranged to give the water issuing from the runner 
a short vertical drop in a slightly tapering draught 
tube, and then to turn it at right angles by a rapid 
flaring out of the tube over a circular base concentric 
with the turbine axis. From this point it is led by a 
short horizontal passage which usually has a slight 
upward inclination into the tail-race. By reason of 
its efficient conversion of the energy of the water in 
the runner, the Francis turbine has always been a 
machine of relatively high efficiency, and more 
especially so in the case of the vertical shaft type, 
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Fic. 25—TYPES OF DRAUGHT TUBE 
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because it can use the last inch of available fall in the 
draught tube. 

Certainly, to an appreciable extent, the gradual 
improvement in the overall efficiency of this type of 
prime mover has been effected by successive improve- 
ments in runner design, and in the case of low falls 
the abandonment altogether of the Francis form for 
the propeller type of runner which forms the subject 
of the next article of this series, but seeing that the 
draught head may be 15ft. or so on a fall of 70ft. or less, 
or as much as 25 per cent., of the total, any loss of 
energy here will be appreciable. That, and the serious 
troubles which arose from cavitation, led to a large 
number of experiments in draught tube design, prin- 
cipally by Nagler, Moody, and White in America in 
the immediate post-war decade. 

That work gave rise, first, to a cone co-axial with the 
shaft and projecting upwards some distance in the 
draught tube with its surface parallel to the flare of 
the latter, or nearly so, which was thus constructed on 
the principle of an inverted vortex. With the flow 
of the water in this form of draught tube just the 
reverse of the common vortex observable in the waste 
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STATION, GALLOWAY 

economical form of construction. While it will be 
noted in the following article that the propeller type 
turbines of Allis Chalmers at the Montreal Island 
plant have conical draught tubes of the form alluded 
to and those at Vargon have a flat, though not a flaring 
base, like that shown in Fig. 18, present-day practice 
inclines towards giving the tube a wide curved sweep 
towards the outlet, and while the Francis units of the 
Conowingo development (54,000 H.P. on 89ft. head), 
by the I. P. Morris Company, and those at the 
Cherokee Blufis plant of the Alabama Power Com- 
pany (45,000 H.P. on 145ft. head), by the same 
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of the limb. The uniformly rising limb, though it is 
@ common arrangement, is considered to give inferior 
results. 

The data compiled from model tests, including a 
working model with the draught tube complete, of 
the Wheeler dam turbines by I. P. Morris, have 
resulted in the adoption more or less generally of the 
form of tube shown in Fig. 24. Not only is this shape 
efficient from the hydraulic standpoint and economical 
in cases where the tube is formed in the concrete of 
the dam or setting, as the case may be, but it is a 
form which can be readily fabricated by welding, as 
has been done in the case of the English Electric 
Company’s turbines at the Kendoon power station of 
the Galloway .Water Power Company by Sir Wm. 
Arrol and Co., Ltd. But apart from efficiency on the 
one hand and problems of construction and cost on the 
other, the draught tube plays its part in reducing the 
risk of cavitation, and that, again, to some extent 
has influenced the adoption of the curved type, too, 
with its upward sloping discharge. 


CAVITATION. 


Notable in these experiments is the work done in 
the hydraulic laboratories of Messrs. Escher Wyss, 
which has been reported from time to time in that 
firm’s house journal. While the subject is too exten- 
sive to allow of any lengthy discussion here, it is well 
known that cavitation, in addition to setting up 
vibration, is a potent cause of pitting in turbine 
runners. Dr. Thoma, of Miinich, collaborating with 
Messrs. Escher Wyss, and M. Elov. Englesson, with 
Bovings, have both contributed valuable information 
on cavitation (Hngineering, April 16th, 1926, and 
THe ENGINEER, October 17th, 1930). Pitting is 
largely influenced by the fundamental property of 
water to evaporate at a sufficiently low pressure, even 
at normal temperature—“ cold boiling.” If the 
outer pressure drops to the vapour pressure corre- 
sponding to the momentary temperature of the water, 
a formation of bubbles will result, which may set up 
intensive corrosion, especially if the water contains 
dissolved gases, which will be simultaneously 
liberated. The function of the draught tube is 
obviously that of reducing the pressure below the 
runner to increase the static head above it, and while 
a simple cylindrical tube can do this, it does not check 
the agitation of the water sufficiently to prevent the 
formation of local spots of intense vacuum. These, as 
indicated, cause local spots of intensive corrosion, from 
which the metal is eroded away by the banging back 
of the water, which sometimes occurs with a loud 
report and considerable vibration. Both the conical 


1981 











1701.5 Dia. 











“Tre Encineen” 


Fic. 26—24,000 H.P. MACHINE 


builders, and the propeller turbines at Great Falls 
of the Manitoba Power Company (28,000 H.P. on 


56ft. head) have conical draught tubes, those at | easy 


Bellows Falls and the Wheeler dam (45,000 H.P. on 
48ft. head) have curved tubes. In the case of the 
Bellows Falls units the draught tubes were designed 
in accordance with modern practice on model test 
data with special reference to producing a com- 
paratively small tube requiring the minimum of 
excavation, concrete work, or steel fabrication, as the 
case may be. The width of the draught. tube. here 
is only 2-17 times the throat diameter and the hori- 
zontal limb is excavated to a rising gradient. This 
arrangement reduces excavation work, which is 
important when rock is encountered, as it was in this 
instance. It has been found in this and other tests 
that there is no loss of efficiency by reason of this 





upward slope if it ig confined to the downstream half 
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FOR TUMMELDEVELOPMENT 


and flaring forms will prevent this action to a large 
extent, though the arrangement indicated, of an 
curvature between the vertical and horizontal 
legs of the tube, together with the upward rise of the 
latter and its flattened cross section, would appear to 
be the most efficient arrangement, certainly for low- 
fall turbines, yet devised. This is confirmed by 
experiments by Dr. Prasil in designing some low-fall 
propeller type machines for the Matte Power Station, 
Berne. They have spiral type runners of the form 
associated. with the work of Dr. Prasil and Messrs. 
Theo. Bell, of Berne, and while they are only small 
machines (320 H.P. on 9ft. head), they run at the 
exceptionally high speed of 250 r.p.m., and as showing 
the advances made in hydraulic turbines design, they 
develop on the same quantity of water 2} times the 
power of the old Jonval machines they replaced. 





They were originally fitted with tubes of the form 
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shown in Fig. 25A, but these proved definitely 
unsuitable. Type B, while only showing a loss of 
4 per cent. efficiency in the model tests, reduced that 
of the full-size machine by 20 per cent. This loss was 
eventually traced in the laboratory to the horizontal 
limb. When this limb had been finally altered to the 
form C the turbine proved entirely satisfactory. 

Of other recent units which fall into the present 
category, those at the Diablo plant of the City of 
Seattle (Fig. 21) electricity undertaking might be 
mentioned. Apart from their size—they are designed 
to develop 95,000 H.P. at 171-5 r.p.m. on 310ft. head 
when discharging 282 cubic feet per second—these 
two units do not show any radical departure from the 
orthodox, being vertical shaft Francis turbines built 
by the Morgan Smith Company with Westinghouse 
generators rated at 66,700 kVA. The plant itself, 
however, is rather remarkable. In the first place, 
unlike most of the large hydro-electric units in 
America, which are part of developments financed by 
the big power corporations like the Edison group, 
they are owned by the City of Seattle, being part of 
their Skagit River scheme. This municipality was 
operating 1200 H.P. hydro-electric units as far back 
as 1904 and bringing the current some 35 miles over 
a 45,000-volt transmission line. It now claims to 
have a revenue of £1,800,000 from the sale of its 
electrical energy, which is available to power users at 
jd. per unit and to all but the smallest domestic 
consumers at under 14d. That certainly suggests 
that the vertical shaft Francis turbine. when operating 
on about 300ft. head at or near the foot of a dam 
thrown across a narrow valley, is about the best all- 
round hydro-electric proposition there is, and the 
installation cost of this development up to the present 
has not exceeded £15 per H.P., while the ultimate 
development, which aims at 1} million H.P., is antici- 
pated to be completed for appreciably less, 


HorIzonTAL SHAFT MACHINES. 


While for various reasons vertical shaft turbines 
show the highest efficiencies and more particularly 
because they facilitate the best arrangement of 
draught tube, the horizontal shaft machine has also 
some advantages. The cased type, for instance, 
which has been reviewed under its appropriate 
heading of a high head turbine, eliminates a large 
amount of heavy constructional work in the “ setting” 
and in the earlier days of American water power 
development it was common practice to build turbines 
for falls of about 100ft. with two wheels on a hori- 
zontal shaft, a practice which has been followed 
extensively by the Scandinavian builders. In a few 
instances two of these turbines have been coupled 
together in the “‘ quadruplex ” arrangement, though 
this is not now often met with. 

Such turbines can be arranged in an open setting 
with quarter-turn discharges leading into a 
common central discharge tube, or they may have 
spiral casings. It is the latter arrangement which is 
shown in Fig. 26 in the form in which it was adopted 
by Bovings in their design for the 24,000 H.P. units 
of the Tummel power station of the Grampian develop- 
ment, where the head of 160ft. is quite favourable 
to this type. These turbines were built for the most 
part at Markhams Foundry, Chesterfield, while the 
stainless steel runners were cast by Vickers-Firths 
in Sheffield. Although the head conditions are some- 
what similar (189ft.), the units at Stonebyres and 
Bonnington by the English Electric Company, which 
acted as adviser, designer, and manufacturer of the 
whole equipment, are vertical shaft machines. It 
is the Stonebyres turbines which are shown in 
section in Fig. 23, and the Bonnington Station in 
Fig. 27. Developing 7000 H.P., they are not, of 
course, in any way large as hydro-electric units go, 
and the vertical setting was chosen here partly on 
account of its higher efficiency, and partly in this 
instance to save space. In the latter connection, 
both views will show how a one-floor turbine house 
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DECK: PARTIALLY DISMANTLED 





is thus arranged with the lower flange of the generator 
support actually resting on the turbine speed ring, 
the latter, too, being extended right down into 
the draught tube. The spiral casings are of welded 
construction, while the runners, though they no doubt 
could have been cast in steel, are formed here in a 
manner quite usual of casting-in steel plate vanes, 
#in. thick, into a crown and rim of cast steel. They 


FiG. 27—INTERIOR 


have a diameter of 5ft. 7in., and weigh 2} tons. 
Otherwise, these turbines, like the Tummel units, 
follow pretty well the accepted practice of their par- 
ticular classes.. The runners of the vertical shaft 
units of the Shannon development were also formed 
in this manner by Voiths and Escher Wyss, who 
built them. They develop 29,000 H.P. to 38,000 H.P. 
on a head ranging from 88ft. to 110ft. at 150 r.p.m. 








A Kaplan set is also on order for this scheme. 

Though they follow accepted American practice 
as typified in Fig. 18, so far as general arrangement is 
concerned, the culminating development in hydraulic 
turbine practice of the last decade is the 115,000 H.P. 
developed by each ofj the Boulder Dam units in- 
stalled by Allis Chalmers. The cast steel sections 
of the casings and draught tubes and the cast steel 
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OF BONNINGTON POWER STATION 


runners were alluded to in an article dealing 
with the use of such castings for hydraulic turbine 
work, in our issue of January 29th so that it is 
only necessary to conclude this article by pointing 
out that these turbines operate on 475ft. head which 
comes just within the higher limit of the medium 
fall selected. They run at 180 r.p.m. 
(To be continued.) 











Naval Training Ship “Caledonia.” 


O* St. George’s Day, Friday, April 23rd, the new 
naval training ship, H.M.S. * Caledonia,’’ for- 
merly the Cunard White Star liner “ Majestic,” was 
commissioned at Rosyth Royal Dockyard. At 8 a.m., 
in the presence of Captain Sir Atwell Lake, Bt., R.N., 
the Captain of the “Caledonia,” and the ship’s 
officers, the White Ensign was hoisted aft, and the 
Union Jack at the bow, with the naval advance guard 
on parade, Soon after the ship’s company arrived, 
consisting of naval ratings and Royal Marines from 
Chatham, Portsmouth, and Devonport. The first 
contingent of recruits who are to be trained as seamen 
boys and!artificer apprentices, is expected on May 
10th, and it is probable that recruitment will then 
follow at the rate of about thirty boys a week. 








AND FINISHED WITH NEW 





>—_ 


Accommodation has been arranged for 1500 sea- 
men boys and 500 artificer apprentices. As the 
“ Caledonia” is the first large Atlantic liner to be 
converted for naval training, some account of the 
ship and the work of reconditioning her for her 
new service will be of interest to our readers. 

It may be recalled that the liner was originally built 
by Blohm and Voss, of Hamburg, for the service of 
the Hamburg-Amerika Line, and was christened the 
‘“‘ Bismark.” Work on her was not completed until 
after the war, when she was finished on Reparations 
Account for the White Star Line, and was renamed 
the ‘‘ Majestic.” A full description of the finished 
liner was given in our issue of May 12th, 1922, and 
until about a year ago she performed excellent service 
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on the Atlantic route, both for the White Star Line 
and the Cunard White Star Line. 

In August, 1936, the ‘ Majestic was lying in 
Southampton Water, having been sold by the Cunard 







White Star Company, Ltd., to Thos. W. Ward, Ltd. of 


shore training establishments contemplated under the 
defence programme were ready. 

-Prior to the commissioning of the ‘‘ Caledonia,’’ 
the existing naval training establishments were :— 
at Harwich, 


At Portsmouth, H.M.S. “ Fisgard’’; 





















Sheffield. Prior to her inspection by the Board of 
Admiralty on Thursday, August 20th, it was expected 
that early in September she would be towed round to 
Jarrow, on the Tyne, where it had been arranged that 
the work of dismantling and breaking her up should be 
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carried out. Shortly after the Admiralty inspection, 
however, it was announced that she had been pur- 
chased for conversion to a training ship, and that 
she would be moored in the main basin at Rosyth 
Dockyard, and would remain at Rosyth until the new 
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Boys SLEEPING SECTION 











Shotley Traiming Establishment; at Devonport, 
H.M.S. “ Impregnable,” “ Ganges,” “ Indus,” and 
“ Colossus”; H.M.S. “St. Vincent”? Boys’ Training 
Establishment at Forton; and the training ships 
* Arethusa ’’ and “ Warspite.” The work of the 








extensive and costly alterations. At that conference 
were represented the staffs of the Director of Naval 
Construction, the Department, of Training and Staft 
under the Second Sea Lord, and the Admiralty 
Educational and. Medical Departments. . Many 














FOREMAST SHOWING YARDS AND RIGGING 





schemes were considered, and tribute must be paid 
to the excellent solution which was quickly found, 
and the speed with which work on it was begun. 
In order to carry out the plan the services of John I. 
Thornycroft and Co., Ltd.,.of London and Woolston, 





Deck: REMOVING BULKHEAD AND COMPLETED MORSE SIGNAL CLASS 
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“Caledonia” will be watched with the greatest 
interest. 

Following the decision to use the ship, a conference 
was held aboard the ‘“‘ Majestic ” to settle how best 
the plan could be carried out without involving too 








DECK: ARTIFICER APPRENTICES SLEEPING SECTION 


were enlisted, on account of the firm’s long experi- 
ence in the repair and maintenance of Atlantic liners, 
which are very different from naval ships in their 
general lay-out. 
by obtaining the services of former members of the 


The work was further accelerated 
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RECONSTRUCTION OF 1ST CLASS STATE 


ship’s staff, including the late chief engineer and also 
plumbers and electricians, who were assisted by the 
Admiralty overseers from the Portsmouth and South- 
ampton districts. 


DISMANTLING AND RECONSTRUCTION. 


In beginning the work the absence of accurate lay- 
out plans, pipe plans, and wiring diagrams rendered 
it difficult to decide what exactly should be cut out 
and what should remain. To pass under the, Forth 
Bridge necessitated the shortening of the three funnels 
and cutting down the foremast and mainmast to a 
height of about 180ft. The general appearance of the 
altered ship is shown on page 502, while we also 
reproduce a view of the foremast showing the yards 
and the rigging. It may be noted that a new top has 
been fitted, so that the masts may be used for practice 
in going aloft. There are safety nets below the masts, 
and new top masts are to be fitted for use at Rosyth 
when dressing ship. 

One of the first operations was to remove 
the boats and boat davits. Only two boats 
were retained for the use of the officers and crew 
when going round to Rosyth, these being sufficient 
for 150 men. On one of the decks, however, a 
number of different patterns of naval pulling boats are 
carried for instructional purposes. Some of these 
boats are shown in an engraving on page 510. Besides 
removing top hamper, which was done by taking out 
the boat gear and some of the unwanted deck auxiliary 
machinery, it was decided to clear generally both 
“A” and “B” decks for instructional classrooms 
and recreation rooms, to construct hospital accom- 
modation, and to alter the main dining room spaces 
for the use of the boys. The accompanying engravings 
illustrate the carrying out of this work in different 
parts of the ship. 


DRAINAGE AND SANITATION. 


As the problems of drainage and sanitation connected 
with the berthed ship would be very different from 
the service conditions of the liner at sea, especially as 
accommodation for 2000 boys had to be provided, 
they received early attention. Various schemes were 
considered, but it was finally decided to adopt a very 
simple system, whereby all drain outlets were taken 
to one side of the ship, which outlets were then con- 
nected by flexible connections to the shore drains. 
When this work was started it was found that over 
200 drain outlets and connections on each side of the 
hull had to be cut, stopped, or connected to new main 
drains. In all it is calculated that from four to five 
hundred tons of lead piping were cut out and some 
seven miles of new steel piping, including the 7in. and 
9in. main drains, were fitted. The existing wash- 
basins were not suited for boys’ use and complete 
new seamen’s heads were provided. All the sanitary 
fittings and arrangements were.made to conform to 
Admiralty medical requirements. 


OFFICERS’ AND Boys’ ACCOMMODATION. 


For the officers some of the ship’s original passenger 
accommodation was retained, the decorations being 
somewhat toned down in order to be more in keeping 
with the new purposes for which the liner is being 
employed. Engravings on page 510 and these pages 
show parts of the ship as she now appears. With regard 
to the sleeping accommodation, it may be noted 
that the unusual height of the ’tween deck spaces 
is too great to allow the hammocks to be slung from the 
roof, so that new hammock bars have had to be built 
at the proper height, with the clothes lockers 
arranged below. On the main deck the large social 
hall has ‘been equipped as a gymnasium, and, a 


removable boxing ring forms part of the apparatus | para’ 


provided. The Palm Court has been transformed into 
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a recreation room for the boys, and it is complete 
with canteens. The main dining saloon has 
been altered and the small tables removed and 
replaced with naval service tables. The galleys 
are used to supply all food for the officers and 
the boys. The hospital space, is provided with 250 
beds, isolation ward, operating theatre, and dental 
department, &c. The original beds used in the ship 
have been retained for hospital use. All the ship’s 
company, including petty officers, are provided as 
far as possible with separate cabins and rooms for 
recreation and rest. For religious services three 
chapels have been reserved. 

Our engravings on page 510 show some of the 4in. 
guns on the gun deck aft and also a view in the 
gunnery classroom on “B” deck aft. The classroom 
for marine signals is illustrated on page 502, and there 
are also class and demonstration rooms for wireless and 
signals and seamanship and navigation. The bridge 
of the ship has been retained intact with all the 
navigational instruments. While some instruction is 
given on board to the artificer apprentices, new large 
workshops with instructional equipment for hand 
and machine shop practice are being built on shore. 
Alongside are ample recreation and sports grounds. 
The ship’s swimming pool is used, and in connection 
with this part of the machinery installation, a new 
chlorination plant has been installed. 
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ROOMS TO FORM HOSPITAL SPACE 


Marin anp AvuxiLiaRy MacHINERY. 

The main machinery was left intact, and although 
it had been out of commission for some time, it was 
quickly prepared for the voyage round to 
Out of the total of forty-eight boilers, all of which are 
oil-fired, forty-two have been retained for the main 
machinery and six separated for the normal service 
of the ship in dock. On her voyage from South- 
ampton the machinery worked excellently, and speeds 
up to 17 knots were recorded. The six auxiliary 
boilers have been provided with their own steam pipes, 
apart from the main range, and also separate feed 
arrangements. The auxiliary generating sets which 
were utilised during the reconstruction work now work 
from the auxiliary boilers. They supply the power 
for lighting, pumping, and fire services, and also 
heating steam. It is of interest to place on record 
that during the disposal stage several important spare 
machinery parts were sold, which at a later stage were 
urgently required. Although these parts had already 
passed through several hands, it was happily possible 
to recover some of them for the ship’s use, and in 
some cases they were again secured at scrap prices, 
thereby saving the heavy expense which would have 
had to be incurred had it been necessary to make new 
parts specially. All the underpart of the hull was given 
a full coat of Wailes-Dove bitumastic paint, which, it 





is hoped, will be good for a life of over ten years. 








Energy Consumption in Electric Mine 
Winders. 


By T. H. PETCH, M.A., A-M.LE.E, 


HEN the installation of a mine winder is being 

considered, a very natural point of interest is 
the energy it will consume when working to a specified 
output, as on this depends the running cost of the 
equipment. It is common therefore in inquiries for 
winders to find that an estimate of energy consump- 
tion is required. As the estimates admit of different 
points of view, and as estimates will sometimes vary 
more according to these than according to the actual 
efficiencies and losses of the apparatus involved, it 
is thought that a discussion on some of the details 
involved in the make-up of an energy consumption 
figure will be of interest. 

To eliminate the elements of uncertainty intro- 
duced into consumption figures by different points of 
view, a degree of standardisation in the methods of 
declaring them would seem desirable, and with this 
object it is suggested that in addition to declaration 
of a consumption per wind, declaration should be 
made of a consumption per hour for a specified number 
of winds per hour, and of an analysis of the con- 
sumption per wind in the manner described later in 
this article. 

The cases discussed are for winders with Ward- 
Leonard drive. It is found in practice that in almost 
all cases of this drive- consumption figures are 
requested, whereas in cases of induction motor 
drive they are seldom required. Nevertheless, some 
of the following remarks apply equally well to both 
types of equipment. 

In the first place, we will consider the case of the 
winder for which di are shown. This is a 
lel drum winder with Ward-Leonard drive. The 











first diagram (a) is the torque/time diagram for the 





winder motor, and, as is usual, the figures shown 
are expressed in horse-power at full speed, so that the 
figures for the beginning and end of the wind are 
expressed in horse-power as if the winder were 
running at full speed at these points. At (6) is shown 
the actual horse-power/time diagram. The corre- 
sponding kilowatt input/time diagram for the motor 
of the motor generator set is shown in (c). Although 
it would seem obvious that the total consumption 
belonging to each wind is the total area of this curve 
for the whole winding cycle of 120 sec., including the 
decking period, shown shaded in the diagram, there 
are other points of view. 

A second aspect is that of the energy consumption 
per wind, shown shaded at (d), the light running 
loss during decking being omitted. The energy 
consumed is that during winding alone. It is held 
that the consumption during decking is light running 
loss, and as such should be dealt with separately. 
Consequently, the figure quoted as consumption per 
trip will be for this point of view less than that for 
the first point of view. 

A third point of view holds that the light running 
loss can be regarded as a continuous liability, the 
consumption per trip for winding being over and 
above this. Hence the area shown shaded in (e) is 
quoted as the consumption per trip and is con- 
siderably less than either of the above cases. 

The difficulty can be overcome if a statement is 
made of the energy consumption per hour for a 
specified number of winds per hour. The diagrams 
are based on a specified number of winds per hour. 
The correct figure for consumption per wind from the 
mineowner’s point of view is the total area, as in (c), 
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since the product of consumption per wind by the 
specified number of winds per hour gives the con- 
sumption per hour. The consumption per trip, as 
represented by (c), is approximately 7 kWh, the 
number of winds per hour is 30, and therefore the 
consumption per hour is 210 kWh. 

It is not true, however, if the number of winds per 
hour is less than the specified number, that the pro- 
duct of the consumption per wind and the number of 
winds in an hour will then give the consumption per 
hour if the motor generator set is kept running all 
the time, because the light running losses have to be 
taken into consideration. Suppose we take the same 
winding cycle with a consumption of 7 kWh per 
trip, and only 15 trips are made in the hour instead 
of 30. The motor generator set will run light for an 
extra 30 min. if t running all the time, during 
which time the light running losses are 22 kW. 
ai) 
60 
=105+11=116 kWh. In giving consumption per 
hour therefore it is necessary to take care that energy 
consumption for winaing and light running losses are 
properly taken into account, and in consequence such 
a figure sho. id only be based on a stated number of 
winds per hour. 

If an analysis is made of a consumption figure for 
a Ward-Leonard winder, it will be found that the 
following are taken into account :—(a) The actual 
work done ; (0) the shaft losses (¢.e., the friction and 
windage caused by moving the cages or skips) and 
the friction and bearing losses of the various parts of 
the winder ; (c) if the winder is gear driven, the gear- 
ing losses; (d) winder motor losses; (e) generator 
losses ; (f) excitation; (g) induction motor losses ; 
(2) oil pumps, air compressors, lubrication pumps, 
ventilation equipment, or other auxiliary equipment 
necessary for normal operation of the winder ; (7) an 
allowance should be made for stray losses. If the 
winder is of Ward-Leonard Ilgner type, additional 
allowances will have to be made for :—(k) the fly- 
wheel windage and bearing losses; and (I) slip- 
regulator losses. 

If a consumption figure for a winder is analysed 
in this manner, the actual loss included for each item 
being put down separately, the sum total of the items 
should be the same as the calculated consumption 
figure, and consequently such an analysis will pro- 
duce a very useful check. Also if such an analysis 
were included in <uotations it would provide a valu- 
able means of checking the relative merits of the 
different consumption figures quoted by different 
manufacturers. 

The analysis would show the different allowances 
made for different items, and would enable the con- 
sumption figures quoted to be put on a common basis. 
The factors causing different figures to be given for 
the various items as between different quotations 
will be evident from the following detailed comments 
on the various items set out above. 

(a) For a specified load of, say, W lb., to be raised 
a specified distance of, say, S feet, this figure is the 
only one that cannot vary between one quotation 
and another, for the work done is fixed by the load 
and the distance it is to be raised, and will be 

WS x0-746 
W § foot-pounds, or 33,000 X60 kWh. 

(6) Shaft, friction, and bearing losses for a winder 
are generally allowed for together, and are therefore 
represented by a common figure. Various schemes 
are adopted for arriving at this arbitrary figure, and 
these methods vary amongst different designers. For 
instance, one will take a percentage of the total load 
suspended in the shaft (for a balanced winder, weight 
of load, two cages or skips, tubs, if any, and one 
rope); another will allow, say, 80 per cent. shaft 
efficiency, 1.¢., (22 A008 net load) ; while another 
will allow a percentage of the total suspended load, 
and will add an allowance at the beginning and end 
of a wind for supposed extra friction at these points. 
Moreover, the percentage allowance made for the 
total suspended load may vary from, say, 2} to 5 per 
cent., so that if one designer allows 5 kWh for winder 
shaft and friction losses, another may perhaps allow 
10 kWh, thus making a difference in the total con- 
sumption figure of between 60 and 65 kWh per 
trip, or something like 8 per cent. It is perhaps 
unfortunate that there is no commonly accepted rule 
for arriving at these losses. and designers therefore 
have to use their judgment as to the most suitable 
figure to be used for a particular case. _ 

(c) For single reduction gears, gear manufacturers 
will sometimes quote efficiencies of the order of 
98 per cent. It is probably safer, however, to allow 
for an efficiency of, say, 95 or even 93 per cent. to 
cover both the gear wheels and the bearings, while 
for double-reduction gears the allowance may be 
90 to 85 per cent. Suppose for present purposes we 
assume a single gear reduction of 95 per cent. effi- 
ciency the actual figure for gear losses allowed for 
in the analysis make-up may correspond to only 
about 89 percent. This is because in some torque/time 
diagrams negative torques appear, meaning that 
before the wind has been completed more work has 
been done than is absolutely necessary to raise ‘the 
specified load through the specified distance, with the 
result that power is returned to the line at the end 


The consumption per hour is then (7 x 15)+ (22 x 


ofthe wind. Thisinvolves extra gear losses. Although 
the gear efficiency is 95 per cent. in terms of torque, 
the actual gear losses in terms of consumption per 
trip may correspond to an apparent efficiency of 
only 89 per cent. 

The figures given are, of course, for one particular 
case. In another case a 95 per cent. gear efficiency 
may produce in terms of consumption Bh an 
apparent efficiency of, say, 92 per cent. results 
will depend entirely on the particular torque/time 
diagram for the winder under consideration. It is 
safe to say, however, that if negative torques appear 
in the winding diagram the gear efficiency in terms of 
consumption per trip will always be less than the 
gear efficiency in terms of torque. 

(d) Depending on the proportions of core, friction, 
windage, and copper loss, and on the shape of the 
torque/time diagram, the efficiency of the winder 
motor in terms of consumption will generally be 
worse than the rated full load efficiency and the same 
remarks apply to (e) the generator losses. 

(f) Excitation should include the power required 
for the control circuits, such as contactors, relays, 
brake solenoids, &c., as these are generally supplied 
by the exciters. Allowance has to be made for exciter 
efficiency, and, if the exciters are separately driven, 
for the efficiency of the motor driving the exciters. 
Although excitation must be taken into account, it 
does not as a rule contribute much more than, say, 
2 per cent. to the total consumption figure, so that 
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variations in the allowance made for excitation will 
generally only effect the total consumption figure 
to an inconsiderable extent. 

(g) The same remarks apply for the induction motor 
as for the winder motor and generator, so that the 
efficiency by consumption may generally be expected 
to be less than the quoted full load efficiency. 

(h) All auxiliaries without which the winder 
cannot be operated should be included here. 

(j) Stray losses should include indeterminate losses, 
such as the stray losses of electrical machines not 
generally measurable, cable losses, or any other losses 
not otherwise taken care of. The proportion allowed 
for these must depend on the designer’s judgment, as 
based on experience. 

(k) With Ward-Leonard Ilgner winders, a fly-wheel 
is added for equalisation purposes. Some fly-wheels 
are very large, and the losses involved by windage 
and bearing friction can be considerable ; for instance, 
with a wheel of 40 tons running at 750 r.p.m., losses 
are something in excess of 100 H.P., and this has 
quite a considerable effect on the total consumption 


(l) Slip regulators are also used with Ward-Leonard 
Ilgner winders, so that the energy of the fly-wheel 
on the motor generator set may be made available 
by a change of speed. Various types of slip regulator 
are in use. A fixed resistance may be used in the 
rotor circuit of the induction motor or one of the 
constant torque types of slip regulator may be 
employed, such as metallic resistances varied by 
contaetors or liquid resistance varied by a torque 








motor, where the resistance is in the rotor circuit of 


an induction motor, and is varied to give a constant 
torque output with constant horse-power input to the 
induction motor. Again, a hydraulic coupling type 
slip regulator may be used with a synchronous type 
motor, so that power factor correction can be obtained. 
This also can be classified as of the constant torque 
type, since the hydraulic coupling is regulated in such 
a way that the torque output from it is constant with 
constant horse-power input. In all these types of 
slip regulator, it is usually arranged that the slip, as 
measured on the i motor or fly-wheel is 
increased from about 3 to about 16 per cent. A 
slip much greater than 15 per cent. below synchron- 
ism generally increases the losses due to slip by an 
amount out of proportion to any other advantages, 
and therefore the above range may be regarded as 
appropriate in most cases. With such a range of 
slip and with any of the above types of slip regulator, 
the slip regulator losses (due to the drop in speed at 
a constant torque) will normally increase the total 
consumption figure by some 8 or 9 per cent., and 
perhaps more. 

With the recently introduced rotary type slip 
regulator, however, there are no losses proportional 
to the slip as with the constant torque types men- 
tioned above. The rotary slip regulator gives a 
constant horse-power output with constant horse- 
power input, and also gives power factor correction, 
so that the induction motor can be run at unity power 
factor. Its only losses sre those found in all rotating 
machines, namely, coré, windage, copper, and fric- 
tion losses, and these are responsible for an increase 
of only about 1 per cent. in the total consumption 
figure instead of 8 or 9 per cent. for the other types 
mentioned above. 

In most cases it will be more convenient to include 
the slip regulator losses with the induction motor 
losses, as, for instance, in the case of the induction 
motors with either fixed resistances or variable 
resistances in their rotor circuits, the slip regulator, 
or resistance losses can be regarded as rotor losses 
of the induction motors. Similarly, the rotary type 
slip regulator is more conveniently regarded as being 
of one unit with the induction motor, and it is found 
convenient to deal with the losses in this way. 











Tass I. 
! 
| Consump- | Efficiency , Rated 
Item. | tion per | based on | full load 
trip. energy | eff. 
per trip. | 
kWh. Per cent. | Per cent, 
RGME COMO 505. bide ced: ieee ee mo -—- 
Friction, shaft losses, &c. ... 6-36 a --- 
ee Pe ee eae -80 89 95 
Winder motor losses ... 3-97 90 95-5 
Generator losses... ... -.. 7°19 84-5 93 
Fly-wheel losses... ... ..., 6°49 -_- — 
Induction motor and slip! 
tor losses wo CANE] 2 B1 OL 81-5* | 95T 
Motor excitation 0-52 — } —_ 
Generator excitation ... 0-43 - | —- 
Oil pumps, &e. ... 0-13 - 
Stray losses ... RD PP tas OT eae Bo 
ee | } 
Total es 66-20 | 





* Includes slip regulator losses. 
t Induction motor efficiency only. 


Table I shows a typical analysis for a 2500 H.P. 
Ward-Leonard Ilgner winder with a liquid slip regu- 
lator of the constant torque type. The third column 
shows the efficiency based on energy consumption of 
the various machines, while the fourth column shows 
the corresponding rated full-load efficiency, and 
therefore illustrates the differences sometimes to be 
expected. The figures shown include the light running 
losses during the decking period. 





Tasie LI. 
Consump- | Efficiency 
Item. | tion per | based on | full load 
trip. energy eff. 
per trip. 
kWh. | Percent. | Per cent. 
Work.donme ... ... ..- «| 24:8 — _— 
Friction, shaft losses, &c. ... 6-36 —_— — 
Gear losses ... ... «.. «| 8-80 89 95 
Winder motor losses ... 3-97 90 95-5 
Generator losses ... 7-19 84-5 93 
Fly-wheel losses... ... ... 4°64 “= — 
Induction motor and slip 
regulator losses =... ~.... 6-16 89-3* 04-1* 
Motor excitation ses}, 0°62 —_ -—- 
Generator excitation ... , 0-48 — _ 
Oil Pumps, &c. ... sol OFES — —_ 
Stray losses ... | 0°60 aa - 
Total 58-60 | 
' U 








* Includes slip regulator in both cases. 


Table IL is for the same winder, but in this case 
a rotary type slip regulator of the constant horse- 
power type is used. Hence a different figure appears 
for the slip regulator losses, as these are now very 
small. Also the rotary type slip regulator can be so 
used as to produce above as well as below 
synchronous speed, and this means that the slip range 
is altered accordingly. This often enables a smaller 
fly-wheel to be used. As this is the case for Table II 
the analysis shows lower losses for the smaller fly- 
wheel. 

The consumption per trip for the equipment repre- 





sented in Table I is 66-2 kWh, while for the equip- 
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ment in Table II it is 68-6 kWh. Bare statement of 
the figures gives no indication of the reason for these 
figures being different. The analyses, however, show 
that for the cases under consideration the difference 
is caused by the different slip regulators, that is to 
say, different plant—one equipment therefore being 
more efficient than the other. 

Supposing, however, the analyses showed that 
the difference was entirely due to the friction allow- 
ance and not to any part of the equipment. It must 
be remembered that there is no one fixed rule for 
obtaining friction, and the difference may be entirely 
due to the different methods used for obtaining a 
figure for it. In this case therefore there would be no 
real difference between the equipments offered ; one 
would be as efficient as the other, and the probabilities 
are that if either equipment were installed for the 
same duty, the actual consumption figures obtained 
in practice would be exactly the same. 

Of course, each case must be judged on its merits, 
but it would seem that a reasonable comparison of 
consumption figures can only be obtained if the con- 
sumptions per trip are stated on the same basis, 
and if they are accompanied by an analysis on the 
lines indicated in Tables I and II. Moreover, in 
order that a check may be provided regarding the 
basis on which a consumption per trip is made, a 
statement should be made of the total consumption 
per hour for a specified number of winds. 

The importance of a consumption figure and the 
correct interpretation of it will be appreciated if we 
consider the total figures of Tables I and II. The 
difference between them is 7-6 kWh per wind. If 
we suppose that the maximum number of winds per 
hour is 18, then the difference in consumption per 
hour is 136-8 kWh. If the winder works at this 
rate for 24 hours a day for 300 days in the year, and 
if the cost of power is only at the low rate of 0-25d. 
per unit, this represents a cost of 


£136-8 x 24 x 300 x 0-25 
240 


This is the extra running cost per year represented 
by Table I as against that represented by Table II. 





== £1026 per annum. 








The Natural Limits to Human 
Flight* 
By H. E. WIMPERIS, F.R. Ae. 8. 


InTRODUVOTORY. 


Tue more I think about the subject chosen for this 
address, the rasher does it seem. To proclaim limits to 
human flight is to do two things. To say what can be 
done and to suggest what cannot. Now, though there may 
be little rashness in the one, there is much in the other. 
If I say that such and such a thing can be done and some- 
one in the distant years points out that actually it has 
not been done, my shade has the easy reply that achieve- 
ment requires effort and that my critics should use their 
brains. . 

But if I suggest that certain boundaries cannot be 
crossed, what more fun for the coming race of engineers 
who cross them (if they do) than to poke fun at the memory 
of your lecturer to-night ! 

It must be rash since wise men have diligently avoided 
such issues. Can one think of any ineer who has 
endeavoured to lay down for all time what is the height 
of the highest skyscraper that can be built or the longest 
bridge that can ever be thrown across a river or the fastest 
motor car that the world will see ? Again, does any ship- 
builder dare specify a natural limit to the size of future 
me or to the power of the engines they will carry ? 

Thy in the field of aeronautics is this rashness found ? 
It must, I submit, either be because the subject is so well 
knit to its scientific foundations that prophecy is tempt- 
ing, or else, I tremble to say it, that the impetuous youth- 
falteds of aeronautics blows caution to the winds. But 
if impetuosity be the key to the answer, I urge that by 
assembling this row of aeronautical ninepins, I encourage 
the resourcefulness of coming generations by providing 
them with the zest of knocking them down. And that, I 
think, is worth doing. 

The globe on which we live is a nearly spherical ball, 
8000 miles across. Its highest mountain, like its deepest 
sea, is about 5 miles from the surface. Let us make a 
model. We take in our hands an 8in. globe to represent 
the earth and show on it all mountains and all seas. The 
noblest mountain will project but one two-hundredth of 
an inch, and the greatest sea be a depression of no more. 
In handling such a globe, it would difficult even to 
feel the roughness of the mountains or to detect the damp- 
ness of the ocean. Still more surprising is it that if the 
Bristol airplane were actually flying through the atmo- 
sphere at the ceiling of its record-breaking height, it 
would only just be possible to squeeze under it a sheet of 
or writing r! 

This shows the scale of things in true proportion. We 
are confined to a very thin shell in which to move and 
have our being, and this is the first of Nature’s bounds to 
the limits of human flight. If ever we are to hatch out 
from our shell, we must discover some lifting power which 
does not require an atmosphere. 

It is easy to forget that our present attainments in 
human flight have all grown from the endeavours of a 
single generation. Our immediate predecessors in the air 
followed a much more leisurely course. Professor Julian 
Huxley} writes of bird evolution: ‘‘ One thing at least is 
certain and significant ; whereas in the general stock of 
mammals, proensne was being made and new and 
specialised lines budded out up till a mere five or ten 


* Presidential Address delivered before the Royal Aero- 
nautical Society on Monday, April 26th, 1937. 
t “ Bird Watching and Bird Behaviour.” 











million years ago, the birds settled down to stability about 
half-way through the Tertiary Epoch, about twenty or 
thirty millions of years back, and since then, though they 
have doubtless sprouted out innumerable tiny side-twigs 
or new species and genera, do not seem to have made any 
real evolutionary progress.” Nor, he adds, are they in the 
least likely to achieve any in the future, since they appear 
to have reached the limit of perfection attainable in the 
circumstances prevailing =< the earth, by the kind of 
creature which they are. ind has certainly speeded 
up the previous rate of aeronautical evolution. 


Hien Speep. 


I think I cannot do better than approach the problem 
of the attainment of high speed by quoting from the 
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Creevey papers. The adventure related took place just 
over 100 years ago. 

“To-day we had a lark of a very high order. Lady 
Wilton sent over yesterday from Knowsley to say that 
the locomotive machine was to be upon the railway at 
such a place at twelve o’clock for the Knowsley party 
to ride in if they liked, and inviting this house to be of 


the party. So, of course, we were at our post in three | Pp’ 


carriages and some horsemen at the hour appointed. 

I had the satisfaction, for I can’t call it pleasure, of 

taking a trip of five miles in it, which we did in just a 

quarter of an hour.... The machine was occasionally 

made to put itself out or go it ; and then we went at the 
rate of twenty-three miles an hour. ... But the quickest 
motion is to me frightful; it is really flying, and it is 
impossible to divest yourself of the notion of instant 
death to all upon the least accident happening. ... 

Altogether I am extremely glad indeed to have seen 

this miracle, and to have travelled in it. Had I thought 

worse of it than I do, I should have had the curiosity 
to try it; but having done so, I am quite satisfied with 
my first achievement being my last.” 

Perhaps it was his last, but others were more adven- 
turous. Around the attainment of high speed, immense 
human interest has always centred. The breaking of such 
records now rank as international events, and the world 
probably spent a million pounds over the last Schneider 
Trophy Race. It is estimated that the “ record ” has been 
rising steadily for twenty-five years at an average rate of 
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16 m.p.h. annually. Where is this to stop? Must it 
stop ? 

The attainment of very high speed depends upon com- 
bining great engine power with low airplane drag. It is 
less obvious how it will depend upon the altitude of flight. 
The latter question, however, is very important, and 
perhaps we may consider it first. As we increase height, 
we decrease air density ; and therefore decrease drag, so 
that flying at altitude, if speed is desired, seems good 
sense. But this simple conclusion is complicated by the 
engine factor and several.others. Let me deal first with 
the engine. The engine power is as much affected by 
change of air density as is the drag, and how do these con- 
flicting tendencies balance the one against the other? 





This is, I think, most easily seen by drawing a single curve 








showing for a representative design the amount of engine 
eet necessary at all heights in order to produce a specific 


level air . With such a curve sheet (kindly drawn for 
me by Mr. A. R. Collins), it is simple to add a graph showing 
the power which would be given at each height by the 
engine; then when the engine is shown by the curve 
sheet to be giving more power than is réquired for the 
basic speed chosen, it is clear that a higher speed is attain- 
able. A glance at this illustrative diagram shows that this 
increase of speed is at ite maximum at the rated height 
of the engine (i.e., the height at which the supercharger 
just maintains the power at its sea level value), and that 
afterwards the surplus power, and therefore the additional 
speed, will fall off till the two curves cross, which they do 
at the altitude at which the speed is again at ite original 
value. This diagram shows in a simple way that merely 
pushing up the height of flight without paying attention 
to the way in which the engine is affected by that height 
would be foolish. Merely pushing up the altitude will not 
ive ter speed. 

Y Manlove; increase of altitude brings in other effects 
which we must not ignore. One is that when flying near 
the ceiling, the angle of incidence is increased, and with 
that increase comes a growth in the relative proportion of 
induced drag to parasitic drag. This formerly quite small 
fraction now becomes too large to be ignored, and its 
effect is to bring down the speed attained. Further, there 
has to be considered the effect of change in Reynolds 
number with height of flight. 

The Reynolds number is too well known to need deserip- 
tion, but it is less well known that change in that number 
as an airplane climbs to a height has an important and 
adverse bearing on the drag coefficient. For a given wing, 
wing loading, and angle of incidence, the dynamic pressure 
(4 p V2) is the same at any altitude. But since Reynolds 
number is proportional to both density and air speed 
(ignoring for the moment any change in the viscosity of 
the air which affects but does not change the conclusion), 
it follows that the Reynolds number must fall as the air 
speed rises. Hence the Reynolds number at a high altitude 
of flight, despite the higher speed, will be lower than at a 
less altitude.{ Any lowering of the Reynolds number 
means an increase in the drag coefficient for both laminar 
and turbulent skin friction. Hence for flight at altitude 
one must allow a higher drag coefficient than would corre- 
spond to sea level conditions. This is a factor adverse to 
attaining great speed at height. 

Apart from these particulars, the question of getting 
the highest possible speed is one of providi an 
airplane which, while comfortably containing pilot and 
engine, will have the minimum amount of “ wetted” 
area in proportion to engine power. Obviously, the body 
must be such as to house the pilot comfortably. This 
rovides a certain cubic capacity for the engine space 
in front of him, which, in turn, governs the amount of 
power that can be derived from the engine. Would one 
get any more speed by building a more spacious airplane ? 
Since a 10 per cent. increase in dimensions would put up 
the engine power possibilities by 30 per cent. and the 
wetted area by only 20 per cent., it is clear that it could, 
although with the disadvantage of an increased landing 
speed. For any size of airplane, however, the amount of 
power available related to the drag coefficient which corre- 
sponds to turbulent skin friction gives a definite limit to 
the speed attainable unless some method of getting still 
more engine power from that given space, or of reducing 
(if we know how to) some part of the drag to the lower level 
which corresponds to laminar flow. As Relf pointed out 
in his 1936 James Forrest Lecture, to make the flow remain 
laminar over the whole surface would be to reduce the 

to one-tenth of the values now normal. This I do 
not think we shall ever attain, but whether we oe or not, 


exceedingly smooth, particularly near the leading edge 
and very particularly on the upper surface of the wing ; 
and we can see that when flush riveting cannot be used, 
the shape and place of the rivets is such that they do not 
project through the laminar layer. Steps can also be 
taken, now that the technique is known, to reduce greatly 
the engine cooling drag—even, it may be, to convert it 
most marvellously into a small thrust. 

Action on these lines applied to the designs of to-day 
soon brings oné close to the most formidable of all Nature’s 
fences ; that is, the natural limit to the speed with which 
the air is able to get out of the way of the advancing 
airplane. The speed at which air can move when pushed 
is the same as the velocity of sound, and once the air- 
plane speed approaches this boundary, it becomes more 
and more difficult to push away the air in front. And there 
is nothing we can do to increase the velocity of sound. 

Perhaps we should study the mechanism more closely. 
When a body moves it compresses the air just in front 
of it, and the resulting pressure is communicated to the 
air further ahead. This communication is, as I have said, 
carried out at the velocity of sound in the medium. In 
air of normal sea level pressure and temperature, this 
velocity is 750 m.p.h. At greater altitudes it is less, not 
because the pressure is less, but because the temperature is. 
If the temperature were everywhere the same, the velocity 
of sound would not change. Actually, the square of the 
velocity is directly proportional to the absolute tem- 
perature, so that in the stratosphere instead of being 
750 m.p.h. it is only 650 m.p.h. 

What precisely happens when the speed reaches this 
limit ? When that happens, the air ahead cannot be 
““warned” of what is coming. This leads to as many 
shocks and collisions as if an unlighted motor car tried to 
get through a crowd of deaf people on a dark night. 
When an airplane moves as fast as, or faster than, the 
velocity of sound collisions with the air particles are 
inevitable and there will be an enormous loss of energy, 
through conversion into heat in the resulting shock waves. 
Hence the drag coefficient rises to a high value as the 
velocity of sound is reached, and although it subsequently 
recovers somewhat it still remains very much higher than 
the sub-sonie figure. Moreover, every roughness point 
on the airplane produces its own shock wave, and there- 
fore its own particular loss of energy. It is true that the 
lift coefficient also increases at this time, but the ratio 
of the lift to drag is substantially reduced and a less effi- 
cient airplane results. To some extent this might be 





t Cf. Von Karman on “ The Problem of Resistance in Com- 
pressible Fluids,” Rome, 1936. 
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thought to be overcome by a change of wing section, but 
since the wing section cannot well be changed during flight, 
no compromise wing section can be the best both at sub- 
sonic and super-sonic speeds. 

The forms of aerofoil employed for the air speeds cus- 
tomary to-day have been studied unremittingly—even 
exhaustively. Much less is known of those suited to super- 
sonic speeds though work: on air screws gives us some lead. 
But it seems that sharper ing edges will be needed, 
and wings less deep than at present. Even so, the best 
lift to drag ratios may be nearer five than twenty, and this, 
if it continues, will have striking consequences. Let us 
consider what could be the physical requirements of an 
airplane flying at a speed equal to the velocity of sound. 
An airplane weighing a ton will have a drag of one-fifth 
of a ton on wing drag only, and perhaps as much as one- 
third of a ton over all. is for a speed equal to the 
velocity of sound will require 1500 H.P. per ton—and as 
this is the net figure the gross may be roughly put at 
2000. But a present-day engine of this size would require 
the whole of this weight allowance, and there would be 
none left for the airframe and its contents! If speeds 
such as these are to be attained it cannot therefore be by 
the engine as we know it to-day. 

In point of fact, the limit to speed is reached even more 
rapidly than these considerations indicate, since the air 
speed just above the top of the wing is appreciably higher 
than the air speed of the machine itself. Hence the critical 
boundary will be reached while the air speed of the air- 

lane is still substantially below the velocity of sound. 
ing everything into consideration, there is much to be 
said for assessing the maximum possible speed of level 
flight with the present type of engine as over 500 but less 
than 600 m.p.h. It is true, however, that if we could 
suppress everything but laminar drag, or if there were some 
entirely new prime mover invented giving vastly greater 
thrust than an internal combustion engine of the same 
cubic capacity (even one using the very latest fuels of 
the highest octane numbers), it might be still possible to 
force the airplane through the air at even higher speeds. 
But there is not the least present indication of either of 
these being practically possible. So 600 m.p.h. is likely 
to remain the limit to the speed of human flight. 

The highest speeds to-day are all sea level speeds, but 
the greatest speeds in the near future are likely to be 
attained at high altitudes, though as they will be the 
achievement of military types, we shall not hear much 
about them. A few years later they will again be attained 
at sea level—since at sea level the velocity of sound barrier 
is not so soon encountered. At sea level therefore it is 
that human flight will reach the limit imposed by Nature’s 
unclimbable fence. 


Toe Power or MancuveeE. 


In many forms of aircraft, power of manceuvre is vital’ 
Does the increasing speed of flight have any effect on this 
vital requirement whether because of a limit to the endur- 
ance of the human body or of the airplane itself? It is 
also important to know whether we are approaching some 
physiological limit to either the rate of climb or the 
vertical speed of dive. We are all more or less familiar 
with what is known as caisson disease. This trouble 
arises when a diver working under several atmospheres of 
pressure, with much oxygen absorbed into his blood, 
comes to the surface, and the surplus oxygen bubbles out 
as the pressure is relieved. During the climb of an air- 
plane, the atmospheric pressure is also gradually relieved, 
but here the rate of change of pressure is so slight, and the 
total change of pressure so small, that the physiological 
effect is unimportant. Since, however, the rate of dive 
is vastly greater than any possible rate of ascent, it is 
reasonable to ask whether in this more rapid action 
physiological difficulties may not occur. Here an arith- 
metical parallel is of service. Even if we take a direct 
dive through 8000ft. at as high a speed as 400 m.p.h., 
the total change of pressure is no more than any swimmer 
would encounter who dived 10ft. deep into water; more- 
over, the total time taken by the air dive, some seven or 
eight seconds, does not represent anything more sudden 
than would be encountered by such a swimmer. We may 
therefore conclude that there is little to fear in this case 
also. As Wing Commander G. 8. Marshall, of the R.A.F. 
Medical Service, put it in his lecture§$ to the Society 
‘“* Power dives are done at the almost unbelievable speed 
of 30,000ft. per minute without apparent harmful bio- 
physical effect.” As regards acceleration in taking 
off or deceleration in landing, these are not anything 
to which the human frame does not easily adapt itself. 
This applies also to the catapulted take-off. The accelera- 
tion to which we are all subjected in a motor car driven in 
normal London traffic is just as severe ! 

There are, nevertheless, other accelerations which arise 
during flight which are of a totally different character. 
These are the ones due to centrifugal force. An air- 
plane steadily banked on a turn at 45 deg. will impose 
a horizontal force on its occupants equal to their own 
weight, and this combines with the normal weight of the 
body, so that the total weight on the passenger’s seat is 
increased by almost half as much again. Banking at 
60 deg. would double this load. 

There are also large centrifugal forces introduced when 
an aircraft suddenly pulls out of a dive. In almost any 
aircraft the controls are so powerful that it is mechanically 
possible for the pilot so to manipulate the elevator as to 
break a wing. Of course, for this to happen the accelera- 
tion imposed has to be exceedingly great, equivalent 
perhaps to twelve times the gravitational acceleration, 
commonly known as 12 g. It fortunately happens, how- 
ever, that the human body shows warning signs of distress 
long before the airplane. When, for instance, an accele- 
ration force of 5 g. is encountered, the body is affected 
in the same way as it would be were the blood suddenly 
increased to five times its normal specific gravity. The 
effect naturally is that the blood seeks a lower level, and 
by denuding the brain of its normal share, causes the 
failure of visual faculties known as “ blacking out.” This 
produces no permanent effect, but for the time being the 
pilot sees nothing, and even though he still maintains 
control of the machine, it is a control unguided by any 
visual information from either the instrument board or 


the external world. Even higher accelerations than} P' 


this have been endured by pilots, though not with any 





degree of happiness. I have read of an American experi- 
ence of 11 g. requiring subsequent hospital treatment, 
and of 15 g. leading to a complete crash, though in the 
latter case it was difficult to distinguish between the 
results of human failure and the failure of the airplane 
structure. Nature does, then, impose a definite limit to 
the safe rate of pulling out from a dive, and that limit is 
a physiological one and difficult to modify by human 
ingenuity. One alternative is to await the long process 
of normal human evolution, and another to induce pilots 
to adopt the prone position when flying—the one change 
might take as long to bring about as the other. 

It will be natural to ask what happens to the human 
frame when the acceleration comes in the opposite direc- 
tion ; that is, towards one’s head instead of towards one’s 
feet. This is what happens in the maneuvre known as 
“the bunt,”’ and there then arises a suffusion of the brain 
by more than its normal supply of blood, leading to what 
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is known as the “ redding out ” of vision. This manceuvre 
is, however, always a dangerous one, and on it authority 
frowns. 

We have lastly to consider what I mentioned first, 
the effect on manceuvre of the steadily rising air speeds 
of modern aircraft. The relationship is a simple one. The 
measure of the acceleration which has so marked a physio- 
logical effect is proportional to the product of the angular 
rate of turn by the linear velocity. If therefore the linear 
velocity be doubled, as has, indeed, happened over a com- 
paratively short range of years in typical aircraft, the 
rate of manceuvre must be halved if the safe acceleration 
limit is not to be It follows from this that as 
machines become more and more speedy, so they must 
become less and less manceuvrable. The effect of this 
on the dog fighting of the past is outside the scope 
of this address, though it is an interesting subject on 
which to speculate. 

Let the speeds of aircraft increase as they may, the 
speed of nerve impulses in the human pilot will remain 
unchanged, namely about 100 m. per second. Moreover 
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carried out a number of years ago at Farnborough. It 
was then thought that it would be a good thing if an 
indication could be given to the pilot when he pulled out 
from a dive of the moment when he put on an accelera- 
tion higher than was safe. This indication was given by 
having inside the control lever a tiny accelerometer unit, 
which when the acceleration passed any set limit, say, 
4 g., jerked the pilot’s hand. The jerk warned him that 
it was advisable to slacken off the rate at which he was 
pulling out. The instrument worked well, but the idea 
failed because although the indication was given to the 
ilot’s hand and thence to his brain, the airplane was too 
quick for the combination. Careful laboratory tests 
showed that it was impossible for the pilot to push the 
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control lever forward in less than one-fifth of a second 


as in other means of signalling, terminal delays need to be 
taken into account. It appears that when a nerve impulse 
starts from, say, the hand to reach the brain, the overall 
time taken for the response is very much longer than that 
of the mere passage of the signal along the nerves. This 
time lag before the brain is able to act on information 
received was, I feel sure, an important factor in some tests 


after the indication had been given by this device to his 
hand. In actual flight the time lag might be longer. In 
the words of the report| permenters to the Aeronautical 
Research Committee: “ the case of intentionally 
violent use of the controls, no warning, however swiftly 
given, could be of service to the pilot.” 

Incidentally, anyone who wonders what an accelera- 
tion of 5 g. is like can obtain the information without 
getting into an airplane at all. Consider a child swinging 
in an ordinary en swing. If the child swings up to 
such a height that he can just see the horizon over the 
top bar, he will experience as he rushes past the bottom 
of the swing an acceleration force of 3 g. If the swing be 
of the fair type, with iron rods in place of ropes, we can, 
in theory at any rate, start the swing from the very top 
(so that the poor child is inverted has to be strapped 
in). In this extreme case the acceleration force when the 
seat swings through its lowest position will be exactly 
5 g., and this it will always be whatever the height of the 
swing or the weight of the child. 

(An experiment with a recording accelerometer was 
exhibited at this point to show the acceleration reached 
at the bottom of a swing.) 

The effect of applying to the human body a steady latera! 
acceleration can also be illustrated by an ingenious device 
at the University of Géttingen, where a cylindrical room 
is mounted on bearings so that it may be rapidly rotated. 
People standing in that room see nothing but a dial to 
tell them that the room is being rapidly turned round, 
but the effect upon their limbs when they try to use them, 
and still more on their mental sensations when they 
suddenly incline their head, serves to show how easy it is 
to deceive the brain as to what is taking place. The relation 
of this to the spinning airplane is of interest. 


Tae Extreme ALTITUDE oF FLIGHT. 


I come now to the problem of high flying. What are 
the conditions which limit the altitude of flight? We 
know that the higher one flies the lower the air density 
and the smaller therefore the quantity of oxygen that 
passes into the human lungs and into the engine cylinders. 
The engine itself is really almost human. It breathes in 
air, it take in fuel, it changes it chemically, gets rid of 
waste products, maintains its own warmth, and does not 
like being either too hot or too cold. Like the human 
body, it is liable to suffocation and needs supercharging 
or the equivalent thereof. There are two effects to consider 
—the effect of oxygen want in the human body and of a 
similar lack in the airplane engine. It so happens that the 
effect on the former operates much more rapidly than it 
does on the latter. Both are accustomed to working under 
normal atmospheric conditions at sea level where the 
pressure is about 15 lb. per square inch, and the propor- 
tion of oxygen in the atmosphere about one-fifth of the 
whole. 

We are fortunate in having a careful study of this ques- 
tion in a lecture delivered by Professor G. T. R. Hill 
before the Royal Society of Arts in 1935. I think his 
conclusions are entirely correct—certainly on this point— 
and it is worth summarising them. Since the air pressure 
at 35,000ft. is just one-fifth of what it is at sea level, it 
follows that human beings will be as well off with oxygen 
at that altitude as by breathing ordinary air at sea level. 
But experience has shown that even without any artificial 
supply of oxygen, flight at 15,000ft. is possible ; the lungs 
can adapt themselves to that condition of slight oxygen 
starvation—provided that no particular bodily exertion 
is called for. Supplying pure oxygen at 42,000ft. would 
correspond to this same degree of starvation. But when 
45,000ft. is reached oxygen starvation reaches the faint- 
ing point—a condition similar to that which arises in the 
absence of oxygen at some 20,000ft. The supply of pure 
oxygen to the pilot, making the oxygen richness approxi- 
mately five times as large as it would otherwise be, has 
therefore the effect of postponing the normal fainting point 
for the average pilot to some 45,000ft., which corresponds 
very closely to the altitude records obtained in recent 
years when the pilot was fed in this way. Thus Uwins 
reached some 44,000ft. in 1932, and Donati 47,000ft. in 
1934. The opinion expressed by Wing Commander G. 8. 
Marshall{ some four years ago was that whilst the safe 
limit of height for a person breathing pure oxygen was 
44,000ft. on a flight straight up and down again, he would 
not state this to be the limit of possible human endurance. 
How high birds can fly I do not know, but Mr. Hugh 
Ruttledge showed in a recent lecture on an Himalaya 
climb a photograph of a lark sitting on her eggs at a 
height of 18,000ft. And I suppose she did not get there 
on her feet ! 

The existing altitude record of 50,000ft., obtained in 
1936 by Flight-Lieut. Swain in a Bristol airplane, was 
reached in a different way. In this case the pilot was 
enclosed in a suit—rather like a diver’s suit—which could 
be kept at a pressure of several pounds per square inch 
higher than that of the external atmosphere. Oxygen is 
preferred for such a suit because of the lower pressure 
required and hence the greater ease of movement. 
Actually, 24 Ib. per square inch is found to be a convenient 
pressure, and such a suit has been tested in a low-pressure 
chamber to a “ height ” of 80,000ft. 

Of course one may go further than a special suit and 
provide an enclosed cabin in which a suitable internal 
pressure is artificially maintained. Although there 
would be grave objections to this in a military aircraft, 
there would be none in civil machines other than perhaps 
a reluctance to face the necessarily cramped space in which 
the occupants would be confined. though the tem- 
perature is low in the stratosphere, flight at high s 
brings its compensation, since any entering air would be 
heated by compression by the number of degrees Centi- 
grade that is equal to the square of the speed in hundreds 
of miles an hour, ¢.g., 9 deg. Cent. at 300 m.p.h. 

By these expedients it is possible, theoretically at any 
rate, to postpone indefinitely the failure of the human 
mechanism, and the limit to the altitude formance 
becomes solely that of the engine. Does Nature here 
impose a definite limit? At 50,000ft. the air density is 
but a ninth of that at ground level, and since for practical 
reasons there is no question of supplying the engine 
with oxygen, the task of supercharging’ the cylinders 
adequately is a severe problem, beyond the capacity, in 
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fact, of any single a Efforts to increase the 
altitude still higher the present limit must impose 
more and more severe duties on the supercharging mechan- 
ism, which, therefore, must needs increase in bulk and 
weight. In the limit this very increase in weight makes the 
attainment of higher altitudes more difficult. So far as 
present-day possibilities in are concerned, I may 
cite the estimate given by Mr. peel in his lecture at 
Bristol in February last that if one went “all out” for 
an altitude record a height of 61,000ft. should be attainable. 
There must at any future time be a design limit to what 
is possible in the light of the materials then available, but 
it would be rash to forecast finality, since the one thing 
which does seem limitless.is the fertility of the brain of a 
designer once new materials become available. At present 
we have no means of . redicting what new materials may 
arrive in the future. e are but beginning to grope our 
way through knowledge of crystal lattice structure towards 
a coming technique of alloy design. 


Tue Rance or Fiicar. 


It is far from easy to find any limits imposed by the laws 
of Nature on the greatest distance that an airplane can 
fly without refuelling. How, for instance, does range of 
flight depend on the size of the aircraft, the power of the 
engine, and the height chosen? It is sometimes thought 
strange that airplanes of what I may call the same vintage, 
using the same fuel and with equally efficient engines, 
show when flying at their most economical speed precisely 
the same figure of ton-miles per gallon (the figure is the 
same as that commonly obtained in the ordinary motor 
car). This is true, whatever the size of the airplane may 
be, and whatever the altitude of flight. I suggest that the 
simplest way to understand this seemingly strange result 
is this. At all air densities there is one particular incidence 
for a given airplane which gives the maximum value of 
the ratio of lift to drag, and therefore the lowest value of 
the drag for that particular airplane. Hence, when flying 
level at this incidence, the lift being equal to the weight, 
the drag must have a constant value. (I ignore for the 
moment the effect of any change of weight due to fuel 
consumption.) Now, with a constant drag force the work 
done to cover a specific distance through the air must be 
a fixed and definite amount, independent of the air density, 
and therefore of the altitude of flight. If the engine is 
equally efficient at all air densities, it follows that the 
work done by the engine must also be the same 
for any given distance through the air, whatever the 
altitude. Hence, the minimum ton-miles per gallon must 
be independent of the altitude. There is no advantage 
therefore under still air conditions in flying high in order 
to beat the record for range of flight. 

In practice, of course, one has to allow for the fact that 
the total weight will gradually diminish as the fuel is used 
up. And in normal flying one must also allow for the con- 
sideration that flight at a speed which corresponds to the 
most efficient incidence may not always be operationally 
convenient, and that what is found convenient cannot 
but be related to the speed of the prevailing wind, and since 
winds vary with altitude, the problem is complex. 

Nevertheless, it is a convenient starting point to realise 
that for airplanes having engines of a given efficiency 
using specific fuels, the maximum possible ton-miles 
per gallon tends to be independent of altitude. Hence, 
the natural limit to range of flight depends far less upon the 
altitude than upon the attainment of high engine economy, 
of low airplane drag, and of so low a structure weight as 
to allow really large fuel tanks to be carried. 

Messrs. Rockfeller and Moore have recently published 
a forecast that a range of 20,000 kiloms. without refuelling 
may ultimately be attainable. If they are right, we shall 
attain a range enough to enabie every single spot on the 
earth to be reached from every other. A conclusion which 
will please those who have neat minds, but alarm those 
who love solitude. 


Some REFLECTIONS. 


I think it would be fair to say of all of us that our 
reflections on this intense aeronautical activity are mixed, 
even confused. There is the view expressed by Lord 
Trenchard many years ago (Cambridge in 1925) that if 
he had his way he would “ abolish the air.” The same view 
was wittily expressed recently by a writer in Truth, 
““ What a pity, though, that the Creator, when he made 
flight so difficult to achieve, did not do the job thoroughly 
and make it absolutely impossible!”’ But, “ Unfor- 
tunately, as Adam and Eve learnt to their cost, it is 
easier to obtain knowledge than to escape from its con- 
sequences.” 

There is, however, another side to this great question. 
The fears expressed are largely those engendered by a form 
of warlike attack against which there is thought to be 
little or no defence. But the struggle between attack 
and defence has taken place in all ages, and with all forms 
of weapon ; sometimes the pendulum swings in favour of 
the one and sometimes in favour of the other. With air- 
craft, the attack has for years been in the ascendant, 
the pendulum is even now over on that side; but this, I 
am glad to think, is a passing phase, and already the 
pendulum is on the move. 

May I quote two striking sentences used by Colonel 
Lindbergh during a recent visit to Germany? ‘ The 
responsibility which we incur by creating a powerful 
destructive force is lightened by the knowledge that this 
force is being controlled by reason and experience, and 
that we have separated such a force from ignorance. I 
find hope in the belief that power which goes hand in hand 
with knowledge will not be a menace to civilisation. ”’ 

As I suggested by way of comfort at one of our recent 
meetings, no country can become materially strong in the 
new Arm of the Air unless there exists in almost limitless 
degree noble gallantry in its young men and fine intelli- 
gence in the engineers charged with the development and 
construction of this arm. Changes now in sight will, I 
am certain, call in future years for these great qualities 
even more intensely. And though the qualities of gallantry 
and fine intelligence may perhaps not be the supreme 
human qualities, they are nevertheless most noble ones, 
and it is a happy thought that those countries alone which 
— them can become great in the strength of the new 





Pneumatic Tools for Aircraft 
Construction. 


On @ recent visit to High Wycombe we called upon 
Broom and Wade, Ltd., at the firm’s Bellfield Works. 
This firm, which was originally founded with the object of 
producing woodworking machinery for the supply of the 
needs of the local furniture industry, is now, of course, 
well known for its air compressors, the production of which, 
once taken up quite early in the firm’s history, soon grew 
so important as to lead to the complete discontinuance of 
woodworking tool manufacture. Soon after the war the 
business and works of Clement Stevens Pneumatic Engi- 
neering Company was bought and the firm added to its 











5 lb. and 7 lb. were employed in closing small duralumin 
rivets. 

The evident unsuitability of the pneumatic tools then 
available for the aircraft industry led the firm to investigate 
the possibilities of prod: tools specially designed for 
aircraft production, with the result that, for instance, 
drills which were considered light at 6 lb. have now been 
reduced to 1} lb. They employ high-speed rotary motors 
with minute epicyclic nickel-chrome gearing. Riveting 
hammers which will comfortably close {#,in. duralumin 
rivets have been reduced to 2}]b. in weight, pneumatic 
hoses and accessories have been similarly reduced, and a 
pneumatic hose to operate a riveting hammer is to-day 
only a little bigger than a portable hand tool electric cable. 

The Broomwade type ‘‘ SX1” drill is an example of a 
really light-weight power drill. The four-bladed motor 





Fic. 1-TWO-STAGE DOUBLE-ACTING COMPRESSOR 


products pneumatic tools of almost every kind. So much 
did it prosper that by 1928 no possibility of extending the 
shops at either of the two works the firm then owned 
existed, and the decision was made to purchase a factory 
building erected during the war for the purpose of aero- 
plane manufacture, but in fact never used either for that 
or any other business. This new building constitutes the 
Bellfield Works, and the whole of the plant from the other 
two works was brought here in 1928. The transfer was 
most efficiently carried out and was in fact an example of 
how much can be effected by the enthusiastic co-operation 
of employees and staff. The position each tool was to 
occupy in the new works was planned and carefully marked 
out. On a certain Friday night the belts were taken off 
in the old shops and during the following week the transfer 
took place, the workmen themselves for the most part 
acting as their own millwrights. On the following Monday 
week the Bellfield Works came into full production with 
the only exception that the foundry was transferred some 
weeks later. In our issue of May 17th, 1929, we described 
and illustrated the firm’s new works. 

Our recent visit revealed that since we last wrote about 
these works few alterations have taken place except for 
those continual small improvements in manufacturing 
processes that are always to be found occurring in pro- 
gressive works. But a significant and very interesting 
development has taken place in the design of pneumatic 
tools, especially of those intended specifically for the air- 
craft industry 

With the advent of the all-metal air frame the problem 
of drilling and rivet closing became one of great importance 
to the aircraft industry. Five years ago there were very 
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runs at 15,000 r.p.m. and the rotor of this motor has a 
pinion cut on it which drives the drill chuck at 2700 r.p.m. 
through a robust but minute epicyclic gearing with planet 
gears carried in a hiduminium cage, ti ing 
mounted on needle rollers. This little drill develops 
+ H.P. for an air consumption of 7 cubic feet per minute. 
The riveting problem has numerous aspects. It is 
evident that with all-metal structures employing very 
thin sections there are many thousands of rivets in an air 
frame or, for that matter, in the floats of a flying boat, 
and speed is therefore essential. It is also evident that 
with such intricate structures as are now employed space 
is often very limited in the final riveting operations and a 
cumbersome tool dropped inside an all-metal hull could 
cause damage which would render it necessary to replace 
complete sections of a very expensive structure. It is also 
essential that the metal itself must not be damaged or 
the surface of highly rolled sheets marked. Duralumin 
rivets have to be closed quickly and in an annealed con- 
dition or they will become crystallised and their shear 
strength will be below that anticipated by the designers. 
There are really three types of rivet closing machines :-— 


1. The slow-speed hammer, which gives a minimum 
number of blows in closing a rivet and therefore mini- 
mises the risk of crystallisation. 

2. The high-speed percussive riveter, which hits a 
number of blows in a very short space of time. 

3. The squeeze riveter. 


The first and third types of hammer are comparatively 





bulky and can only be used where plenty of space is avail- 
able, but the types are used as far as it is possible for cup- 
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FiG. 2—SECTION THROUGH LONG STROKE RIVETER 


few special tools for this purpose and drills and riveting 
hammers which had been employed by general engineers 
for boilermaking, tank and in the automobile 
industry were ‘odaguea for the purpose. These tools were 
very heavy and there was a great danger of damaging the 
sheet metal plating and delicate intricate spar and rib 
structures with them. The jin. capacity drilling machine 
of the multi-cylinder reciprocating motor type was con- 
sidered quite light if it weighed no more than 10 Ib., and 
so-called light duty riveting hammers weighing between 





headed rivets, whereas the high-speed percussive type is 
particularly suitable for flush rivets. The Broomwade 
LS6 and LS8 long-stroke riveters have been designed to 
meet the requirements of the first type mentioned above. 
The valve (see Fig. 2) operates by direct pressure action 
and is locked in its end position by air pressure. The 
drawing shows the piston at the bottom of its stroke and 
the valve in its upper position. Pressure air occupies the 
annular space C and finds a way open vid the ports D and 
the passage D, to the space beneath the piston. it should 
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also be noticed that the cylinder above the piston is open 
to exhaust vid the ports E. Consequently the piston is 
driven upwards. At the top of its stroke it passes up 
through the valve and traps air in the head of the cylinder 
compressing it. The pressure so produced acts on the 
upper face F of the valve, the lower face of which is open 
to exhaust vid the port E,. Despite the fact that pressure 
air can still travel vid port D passage D,, the lower part 
of the cylinder and passage B to the underside of the collar 
of the valve, the pressures and areas are so adjusted that 
the valve is forced into its lower position. Conditions are 
now so altered that the valve is locked by air pressure in 
its new position. Pressure air from the annular space C 
enters above the piston and above the valve vid port C, 
and air from the lower part of the cylinder is exhausted 
through passage D, and the port E,. Vid passage B the 
annular space A beneath the collar of the valve is 
exhausted. This condition persists while the piston 
travels downwards until it has passed the lower aperture 
of passage B. Pressure air then passes through passage B 
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Fic. 3—HIGH-SPEED RIVETER AND VALVE 


to the annular space A beneath the collar of the valve, the 
upper side of which is o to exhaust vid port E,. The 
upper and lower faces of the valve being equally acted on 
by the pressure air in the upper part of the cylinder, the 
pressure in space A causes the valve to rise to its upper 
position. Conditions are now precisely those existing at 
the time the cycle of operations began. 

It is claimed that with any other type of valve back- 
kick or vibration would be set up, which would make this 
hammer almost impossible to hold on light rivets, but that 
owing to the free exhaust obtained with this valve little 
or no pressure is necessary to raise the piston apart from 
its normal recoil after str.king the snap and, furthermore, 
pressure is never built up during the power stroke in front 
of the piston and the snap is never thrown out of the 
cylinder in a manner which would give rise to jumping off 
a small rivet. 

Perhaps the best example of the second type of riveter 
—i.e., the high- percussive type—is the Broomwade 
PB120. It is fitted with a plate type valve only a few 
thousandths of an inch in thickness, which operates at 
right angles to the axis of the hammer. The piston is of 
the differential type, so that any air which might other- 
wide be trapped between the snap and the end of the 
piston can be entirely released, and as-in the long-stroke 
hammer, the snap is not thrown forward in a manner which 
would allow it to jump off a rivet. It will be seen in this 
type of hammer that only a very small annular surface is 
employed to return the piston to its uppermost position. 
The operation of the valve will be understood by reference 
to the drawing Fig. 3. During the forward stroke of the 
piston air passes from the holes A to the upper side of the 
valve plate and thence by the holes C, which are shown 
dotted, to the cylinder. Immediately the exhaust ports 
are uncovered by the forward moving piston the pressure 
on the upper side of the valve plate falls and the valve 
plate is moved over by pressure which is built up on its 
opposite or lower face through the air supply B, which is 
shown dotted. Air then passes from the holes B across the 
valve face to D and thence to the underside of the piston, 
giving rise to the return stroke. Once more the exhaust 
port is uncovered by the piston and the pressure in D falls, 
changing the valve over. The piston is cushioned by the 
air which it traps after passing the exhaust port on the 
upward stroke. 

Numerous variations of the squeeze riveters manu- 
factured by Broom and Wade, Ltd., have been employed ; 
the type BSM9 and BSM6 bench mounted riveters are used 
with success on all smal]l detail work which can be easily 
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Fic. 4—BEAM RIVETER 


handled. This bench mounted press is direct acting, the 
piston being spring returned, and stops are provided for 
the piston movement so that an over-closed rivet or 
damaged plate is impossible. The standard types SHH2 
and SHH3 represent two very useful squeeze riveters, 
but they are varied in numerous ways to suit special con- 
ditions, and special forms, such as the Broomwade beam 
riveter, have been designed to meet conditions where 
space is limited. A drawing of this beam riveter is repro- 
duced in Fig. 4. 
Arm COMPRESSORS. 


For delicate tools, such as have been described above, 
clean, dry air is an essential. Broomwade compressors 
need little introduction. The company’s latest two- 
stage, double-acting compressors—see Fig. 1—are made ina 
range of 320 to 2500 cubic feet free air per minute at 100 lb. 
per square inch pressure. Valves of the multi-port type 
contained in chambers on the side of the cylinder are 


effective intercooler has cast iron headers, bronze tubes, 
and steel tube plates. It is mounted directly on the 
cylinders and, on the small sizes, arranged vertically at 
the back of the compressor with a suitable supporting 
foot. The cylinders are lubricated by a mechanically 
operated side feed lubricator driven by a mechanism from 
the inside of the crank case. Crankshaft journals, con- 
necting-rod ends and guides are force lubricated by a 
valveless plunger pump driven by an excentric on the 
crankshaft. An after-cooler is sometimes employed to 
facilitate the collection of the last atoms of condensed 
moisture and oil out of the air. 








The British Oil Engine Industry.* 


We take the following introduction from the 1936 
Bulletin of the Diesel Engine Users Association, which 
was presented and discussed on Wednesday, April 14th. 
It deals with such aspects of the industry as design and 
research, agricultural, stationary, and marine propulsion. 
Engines for rail and road traction are also reviewed and 
the aero-engine position discussed. There are sections on 
fuels and lubricants, and a valuable feature is the excellent 


bibliography. 


The satisfactory technical development reached by the 
British oil engine industry to-day constitutes strength of 
a particularly sound character. 

There are about 120 making oil engines of one kind 
or another, one type or another, one speed or another. 
There is the prestige of the pioneer’s reputation ; there is 
the pride of the family name; there is the sheer asser- 
tion of traditions; there is the punch of progress coupled 
with courage of conviction. Probably not to the whole 
extent of these 120 manufacturing organisations—some 
merely existing, some subsidised from other more profit- 
able departments or subsidiary companies, some continu- 
ing out of capital resources, some just hoping. In fact, 
from an industrial and commercial point of view, one 
cannot help feeling that a kind of saturation point has been 
reached; this despite the important fact that the high- 
speed type has once more enlarged the field of application. 

On the Continent the oil engine always had the widest 
scope; this and other countries bought that experience 
through licences, yet the licensors not only secured thereby 
news as to current development in these countries, but 
the royalties received paid for further research develop- 
ment, simplified designs, cheaper manufacturing methods 
—all for the primary and ultimate benefit of competitors 
abroad. 

British manufacturers who felt strong financially and 
sufficiently skilful technically launched out on their own. 
Not all of them were successful; the untimely death of 
the inventor, inadequate support by the licensor, sheer 
lack of experience, over-confidence without support of 
old-established and long-experienced organisation. When 
it takes the best part of £50,000 to develop and get ready 
for the market an engine that shows merit on paper, the 
speculative nature of any investment of this character will 
be appreciated. 

The aggregate capital invested in or loaned to the British 
oil engine industry and its specitic ancillary manufacture 
is some £75,000,000, making reasonable allowances in 
cases where the capital invested in manufacturing organisa- 
tions serves a dual production purpose. Yet one still 
hears of attempts to add to an overcrowded industry long 
past its saturation point from the view-point of economical 
production. An entirely new and self-contained manu- 
facturing organisation put down for the specific purpose 
of making oil engines of a novel design and versatile con- 
struction requires about £1,000,000. That amount is 
obviously an uneconomical , because the production 
costs are probably not less than £3 10s. per horse-power 
against a current selling price of little more than £4. 
Moreover, oil engine practice must remain progressive ; 
henee experimental and development charges continue, 
although perhaps heavier than need be. Why? More 
and more we are getting out of perspective when reflecting 
on the basic function of the oil engine, namely, to change 
the chemical energy of the fuel into reciprocating or rotary 
mechanical motion. 

The two major steps of obtaining this object are, first, 
to inject at the correct moment into, and to burn at the 
proper rate in, an engine cylinder, a small—a very minute 
—amount of fuel oil; secondly, to change the expansive 
force of the burning gases into a steady mechanical push 
or pull, to and fro, round and round. 

These simple facts have not prevented the archives of 
the Patent Office from being stocked with innumerable 
ideas, gadgets, and devices. A drain, from every point of 
view, on the financial resources of the manufacturer, an 
addition to the selling cost, a refinement of a value hardly 
commensurate to the likely improvement in the running 
or reliability of the engine. What is the solution ? More 
co-ordination, more pooling of experience, more standardi- 
sation not only of fittings, accessories, but even of cylinder 
dimensions and engine parts. 

The lack of these co-ordinating factors has been n- 
sible for many failures and mismanagements. Either the 
potentiality of a certain design has been overrated or 
inadequate or unsuitable manufacturing equipment has 
been in use or out-of-date or inefficient selling policy has 
been adopted or weak financial control has been in force. 
The total horse-power in the world generated by engines 
utilising heavy fuel oil is round about 300 million 
horse-power :— 








Million. 
Industrial power generatio see 
Marine propulsion ... ... ... RS | 
Road, rail, and air transport ... -.. 280 
Unclassified ... .., . 3 


One may take it that commercial oon obsoleteness, 
and renewals account for about 2 million horse-power for 
industrial power and marine propulsion ; about 75 million 
horse-power for transport, 

The capacity of the British oil engine industry is about 
10 million horse-power, or, say, nearly one-tenth of the 


* Diesel Engine Users Association, Bulletin, 1936, presented 








employed, and by this means the whole of the cylinder 





head is available for water cooling. A very neat and 


world’s annual requirements. Too high a percentage ; 
still, if we assume that the major progress is due to change- 
over from petrol to oil fuel (at p: t a ratio of 3 to 1), 
the era of the oil ine is only just commencing. 

In the purely industrial and agricultural sections, we 
in this country are far behind others. The British farmer 
is not exactly mechanically minded, and is certainly 
cautious. His needs have not been studied sufficiently, 
and an over or under-developed and badly served market 
must affect our competitive force abroad. ‘ British ” 
stands for a great deal, but is insufficient to retain for the 
industry that strength, commercially and _ financially, 
necessary to control proper proportion of overseas and 
foreign business. in and again, the argument points 
to more standardisation, not only of products, but of 
their marketing, ially overseas and in foreign 
countries ; more rationalisation, more concerted action. 

Power generation by oil engines has suffered many 
setbacks. 

The Central Electricity Board’s function is to popularise 
electricity, but despite ample resources, financial and 
technical, ample scope for future development, effective 
means of distribution, the Board’s product is not neces- 
sarily in every case the most efficient, reliable, and 
economical medium. 

It is not fair to hasta, i to destroy ruthlessly and un- 
scrupulously an industrial organisation which in the early 
stages of development gave much help. After all, there is 
reasonable proof that the grid system is not infallible ; 
in fact, this system continues to show more and more 
difficulties in the light of future requirements for national 
defence, an t which is once more directing serious 
attention to the merits of the oil engine. 

The desire is not one of preferential treatment, but 
merely fair play and results on merit; a simple policy, 
but defeated very largely through lack of co-ordination 
in the right direction within the industry. 

For transport—water, rail, road, and air—the oil engine 
has done much to alter the economic outlook. 

In the case of marine propulsion, the many advan 
were recognised very early; failures were few. he 
secretiveness of shipowners as to savings in running costs 
and increases in ing capacity was merely another 
testimonial to its superiority over steam. This state of 
affairs has stirred steam engine builders to further efforts, 
and the continuous struggle for primary position takes 
inventors to innovations not always too suc ; in 
fact, embarking on new lines of development with insuffi- 
cient knowledge or study of the problem only produces 
heavy and non-productive capital expenditure. 

Those who did purchase foreign designs for licensed 
manufacture were more successful, but were handicapped 
in other ways. There was also here an inherent objection 
to the impoverished shipbuilder sending part of the pur- 


chase money abroad. 

The renewed rity of our coastal trade has been 
entirely due to the compactness, flexibility, and economy 
of the oil engine. The cumulative effect of this progress 
has been felt everywhere, but unfortunately here, again, 
this very extensive market for small and medium-sized 
engines has attracted builders not hitherto experienced 
in this class of machinery ; once more the scope has been 
disappointing for those who have toiled as pioneers and 
who are responsible for to-day’s achievements, 

The position held by British locomotive builders through- 
out the world is beyond dispute. That the mechanical 
perfection of the oil-engined locomotive is as yet not up 
to steam standard is not disputed, but technological 
progress continues rapidly ; for shunting and branch line 
service the advent of the high-speed type has filled a very 
important gap. 

For road transport—commercial and pleasure—the 
British industry remains in the forefront of oil engine 
manufacture. Whatever restrictions in legislation, what- 
ever burden in the way of unstable and ever-increasing 
fuel costs, whatever any handicap, this type of propelling 
unit has come to stay. 

Whether this potential commercial market is going to be 
cut to ribbons similar to other fields of oil engine applica- 
tion remains to be seen. Anyhow the survivors will be 
those who have had the most experience as builders of the 
complete vehicle. Each of the larger concerns has heavily 
capitalised shops and plants which must be kept in 
commission. 

Let there be therefore an early beginning to avoid undue 
overlapping and duplication. With the problem con- 
solidated in a proper manner, the disappointments which 
have broken the spirit of manufacturing members of other 
branches will be avoided. 

As to the fuel problem, even the suppliers are hesitant 
about the continuity and consistency of supply or stability 
of prices. The price does not fluctuate—as is the case in 
most commodities—according to supply and demand. 
The sudden discovery of a new oilfield, the sudden drying- 
up of an important source, increased drilling activities 
for strategical reasons, or even withholding production ; 
such are the influences on the conditions of supply. 
Home-made fuels, both hydrogenated and carbonised, 
are being marketed, although there are technological 
reasons for a time-lag in their commercialisation. But 
they are bound to come, and in a manner of a magnitude 
that must have the widest beneficial effect on our economic 
position, both nationally and internationally. 











Rattway WorxKsHop CENTRALISATION IN CaINA.—Plans 
are being p by the Chinese Ministry of Railways 
for the erection of central railway workshops to meet the 
needs of the various railways. According to the Railway 
Gazette, half the cost of the plant, which is estimated at 
10 million dollars, will be met by the Ministry and the 
remainder by private firms, Under this arrangement it 
is expected that a considerable saving will be made in the 
cost of plant and in the standardising of certain equip- 
ment. At first the new o isation will take over the 
workshops of the Canton- “. —— vd ee, 
the Nanking-S) i-. iow—Ningpo ilway a 
Sehioou, end she Tieeteh roi te Railway. The establish- 
ment will be administered by a joint board under the 
chairmanship of the Minister of Railways, and the indi- 
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vidual railways will only carry out minor running repairs. 
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Rail and Road. 





CrEWE Station ImpRovEMENTS.—The L.M.S. Railway 
Company announces that alterations at Crewe Station 
include the provision of a centralised booking-office to be 
built on girders parallel to the footbridge. This new office 
will take the place of the existing three booking-offices 
on Nos. 1, 4, and 5 platforms. Improvements are also to 
be made to the station frontage. 


Ramee ACCIDENTS IN THE grag Srarrs.—Accord- 
ing to preliminary given Railway Age, there 
were 8286 train accidents in the United States during 


1936. The number of people killed in these accidents, 
including , trespassers, employees, &c., was 
5398 and inj 34,706. The num of passengers 


killed in train accidents was only seven. 

A STREAMLINED Russtan Locomotive.—A streamlined 
2-8-4 two-cylinder Russian locomotive has been i 
a series of test runs. The engine is capable of a top 


of about 87 miles an hour, and has un me t: in 
hauling heavy goods trains on the trans-Caucasian line 
between Baku and Batoum. With trailing loads of 2500 


tons, 54 hours were cut off the normal time of twenty- 
five hours for the 556 miles journey. 

L.M.S. “ Coronation” Locomorives.—The L.M.S. 
Railway Company announces that the following names 
have been chosen for the five new streamlined locomotives 
of the “‘ Princess” series, now under construction at the 
company’s Crewe works and intended for the impending 
6}-hours express service between London and G iW i— 
“Coronation,” ‘“‘ Queen Elizabeth,” ‘‘ Queen Fg 
“ Princess Alice,” and “ Princess Alexandra.” 

ACCIDENT TO THE InisH Mar.—The inquiry has been 
held into the cause of the accident to the Irish mail train 
at Crewe Station, which was reported in this column last 
week. In giving his evidence, Mr. Spinks, the super- 
intendent of the carriage and wagon department, said 
that he found the leading axle of the trailing bogie of the 
kitchen car had broken off flush with the left-hand wheel. 
He discovered subsequently that there was a flaw in the 
axle. The flaw was of a type which was not discernible 
in any normal inspection. 

SIGNALLING aT PappIncTon.—For the purpose of 
operating the signalling system in case of the grid supply 
failing, the Great Western Railway Company has installed 
an oil engine-driven generating set at Paddington. The 
plant will — power for the signals from 
Paddington to thall, and consists of a Paxman-Ricardo 
engine driving a 150-kW alternator. In the case of a 
grid failure the attendant at Paddington merely 
a button and the set comes into operation, full load 
being available in about seven seconds. ~ 


PuRCHASE OF Ratbway EqQuipMENT IN THE UNITED 
StatEs.—The Railway Age has prepared a summary of 
the railway equipment bought in the United States during 
1936. The is based upon from more 
than 200 railways, a 98 cent. of the 
Class I railways and about 100 separately operated short 
lines and other companies. The total purchases made are 
estimated at 1041 million dollars, of which over 567 
million dollars was for materials and supplies, over 192 
million dollars for new locomotives and rolling stock, 
and the remainder for fuel. 


Essex Levent Crossine Scueme.—To avoid the level 
crossing at Alresford, on the road from Colchester to 
St. Osyth, Essex County Council proposes to build a 
by-pass on the north-east side of the village. On the 
application of the Council, the Minister of Transport has 
now made a grant from the Road Fund towards the cost, 
estimated at nearly £17,000, of building a bridge and 
viaduct to carry the by- over the London and North- 
Eastern Railway. The bridge will accommodate a 30ft. 
carriageway and two fi and is expected to be 
completed in about nine months. A separate gran 
already been made by the Minister towards the cost of 
the approaches. ‘ 

ACCIDENT ON THE G.W.R.—The Ministry of T: rt 
has issued its report of the inquiry into the accident which 
occurred on March Ist at Langley, on the Great Western 
Railway main line between London and Reading. In this 
accident the 7,45 p.m. empty spoil train, ing West 
Junction to Old became derailed at the 
exit trap points of the Dolphin Junction- ley up goods 
running loop. The engine was thrown clear of the adjacent 
up relief line, but the four wagons in rear of it were 
derailed, two of them coming to rest across the up relief. 
Some 10 sec, later the 6.35 p.m. up mger train from 
Oxford, which was fortunately slo down to stop at 
Langley, but running under clear si on the up relief, 
collided with the two wagons referred to. The engine and 
three leading coaches were completely derailed, the engine 
being thrown foul of the down relief line. Three passengers 
were slightly injured and of the three railway servants 
injured, one died. The driver of the spoil train admitted 
entire responsibility for the accident, which was brought 
about by his not having noticed the loop exit signal set 
at danger. 

Roap Works IN THE HicHtanps.—Further schemes 
for the improvement of roads in the Highlands of Scotland 
have been — the Mini of Transport, in 
conjunction with the way authorities concerned, and 
work will be put in hand in the near future. They include 
the reconstruction of parts of the road from Laxford 
Bridge to Durness—one of the most northerly points on 
the Scottish mainland—the Uig-Staffin—Portree road, 
in the Isle of Skye, and the iphead—Inveraray 
road, in Argyllshire. The cost of the work on these three 
roads is estimated at about £184,000, and grants for the 
whole of this amount have been made by the Minister 
of Transport from the Road Fund. On the Laxford 
Bridge-Durness road it is proposed to widen and rebuild 
two lengths of road totalling nearly 15 miles at an esti- 
mated cost of over £72,000. Work on the Lochgilphead— 
Inveraray road will include its reconstruction for a distance 
of nearly 7 miles between Furnace and Inveraray and 
the building of two bridges at Leacon and Auchindrain. 
The width of the existing carriageway will be increased 
to 16ft., and the road will be straightened out in several 
places. 


Miscellanea. 





Atumina From Ciray.—A process for the production of 
alumina from German clay has been developed in that 
country, and a factory to work the process is to be built 
shortly. 


Soviet Purcaases or ENGINEERING MATERIALS.— 
During February the U.S.S.R, placed orders valued at 
£1,400,840 for machinery, equipment and ships, £36,976 
for steel and ferrous alloys, and £231,258 for non- 
ferrous metals in this country. 


WetsxH Trn-PLATE Works To Reoren.—The Cwmfelin 
Tin-plate Works of Richard Thomas and Co., Ltd., at 
Swansea, are to be eee Four of the twenty-one mills 
are to be commissioned at first and it is expected that others 
will be put into service later on. 

CuemicaL Inpustry Mepau.—It is announced that the 
Medal of the Society of Chemical Industry has been 


awarded to Professor G. G. Henderson, Regius Professor 
of at Glasgow University. The medal, which is 
one of the hi awards in the chemical 


world, is pre- 
sented every alternate year for conspicuous service to 
applied chemistry. 

Tue death is announced of Mr. B. J. Jacobs, of Yeovil, 
who built, in conjunction with Sir Ernest Petter and his 
brother, Mr. P. W. Petter, the Petter horseless i 
exhibited at the Crystal Palace Exhibition of 1896. Mr. 
Jacobs, who at the time of his death was seventy-seven 
years of age, was the first chief designer at the Petter works 
and was associated with the firm throughout his whole life. 


Diese. Encrve wire Gas GENERATOR.—An experi- 
mental Diesel four-cylinder engine of 140 H.P. with a 
gas generator working on wood fuel is being manufactured 
at Gorky (formerly Nizhni-Novgorod). Experiments 
in obtaining gas from peat, being by the Diesel 
Research Institute in Moscow, are said to have shown 
that with a slight alteration of the gas generator a gas 
engine can be run on peat fuel. 


Execrric Insutator MaTEeriaLs.—Basalt and andesite 
are being used for the manufacture of insulators in the 
electrical laboratory of the Japanese Department of 
Communications, says a note in the Electrician. Dr. 
H. Kaji, the inventor, describing the process, states that 
basalt or andesite is melted at between 1300 deg. and 
1400 deg. Cent., and poured into the moulds. The insu- 
lators bear sudden cooling from 180 deg. Cent., as against 
150 deg. in the case of ordinary porcelain insulators, and 
their cost is only one-fifth of the latter. Although these 
new insulators are black, the heat absorption is not great. 
Basalt and andesite are abundant in Japan, and if the new 
insulators prove successful in actual service they are 
expected to replace to a large extent the present porcelain 
insulators. 


Corrosion RESISTANCE oF Merats.—In a paper on the 
protection of metals by paints before the Oil and Colour 
Chemists’ Associat Dr. J. C. Hudson of the 
various methods of surface treatment of steel to increase 
corrosion resistance. He said the application of surface 
washes of phosphoric acid in alcohol solution to de-scaled 
steel surfaces, which give a very good surface for painting, 
had been rendered an economical one as the result of 
research work by Dr. H. B. Footner and his colleagues 
in the research laboratories of the Asiatic Petroleum 
Com . They have also shown that equally good results 
can be obtained by a duplex in which the actual 
de-scaling is conducted in uric acid, and after an 
intermediate washing the steel is finally dipped in a hot 
dilute solution of phosphoric acid. 

Tue Cost or Compressinc Arr.—In the course of a 
recent paper, “Air Compression, issi and 
ese before the South Wales Institute of Engineers, 
Major E. I. David gave a table showing the soap ore 
of compressing air. He showed that with an all-e ic 
compressor with current costing $d. per unit, the cost of 
compressing 1000 cubic feet of air was 1-533d. For a 
steam-driven medium-pressure i ion the cost for 
1000 cubic feet was 0-792d., whilst a high-pressure elec- 
trically driven set compressed the same amount of air 
for 0-:75d. Major David pointed out that a very fair 
estimate for electrically driven compressors using pur- 
chased power at 0-4d. per unit would be 1d. per 1000 
cubic feet, while a large high-pressure or medium-pressure 
central turbo plant should produce at 3d. per 1000 cubic 
feet. 


Tue Wortp Iron OrE Outrrut.—According to a note 
in the Iron and Coal Trades Review, since 1900 world 
steel output has increased by 300 per cent., but iron ore 
output by only about 74 per cent., from 92,000,000 tons 
in 1900 to 160,000,000 tons in 1936, after reaching record 
figures around 178,000,000 to 179,000,000 tons in 1913 
and 1930. Last year iron ore output was about 10 per 
cent. under the 1913 figure. The principal changes in 
output were increases of 51 per cent. in French output ; 
47 per cent in Swedish; and 228 per cent. in Russian 
output ; and decreases of 81 cent. in German output, 
29 per cent. in the United States figure, and 19 per cent. 
in British output. The ch in German and French 
output compared to 1913 are due to the cession of Alsace- 
Lorraine to France, and the increase in Swedish output 
to the heavy demand for ore from Germany. 


INSTITUTION OF MINING AND MreTatLuRGY.—The annual 


dinner of the Institution of Mining and Metallurgy was 
held at Grosvenor House on Th y, April 22nd, under 
the chairmanship of Mr. Robert Annan, ident. Over 


260 members and guests attended, there being a —_ 
number of mining engineers from overseas t. 

toast of ‘‘ The Institution” was proposed by the Right 
Hon. 8. M. Bruce, High Commissioner for the Australian 
Commonwealth, who, in a closely reasoned statement, 
referred to the foundations of national prosperity, and paid 
a high tribute to the work of the Institution. In his 
reply, the President stressed the value of the work done 
by the Institution with regard to safety in mining work, 
and the prevention of mining diseases. Dr. Gilbert Cullis, 
President-elect, proposed the toast of “‘ Our Guests ” and 
drew attention to the need of new recruits for the mining 
engineering industry. Mr. John A. Agnew and Sir John 





Maffey responded. 





Air and Water. 





New Arr Rovte.—Imperial Airways has diverted its 
London—Budapest air route in order that the daily service 
may call at Frankfurt instead of Leipzig as hitherto. 


SHIPBUILDING. ORDERS FoR. SUNDERLAND.—Orders for 
a 14,500-ton motor tanker for foreign owners and a 
12,000-ton steamship for this country have been placed 
with Sir James Laing and Sons, of Sunderland. 

Wrmetzss Communication at Sea.—At the annual 
meeting of the Marconi International Marine Communica- 
tion Company the chairman said that during 1936 over 
80 per cent. of the orders for wireless apparatus for new 
ships were placed with the company. 

New R.A.F. Sration.—The seventeenth new station 
for use by regular squadrons of the Royal Air Force will 
begin to be used at Cranfield on May 4th next. This 
station, which has been built at an estimated cost of over 
£455,000, will be used as a headquarters from June Ist. 


Tae Danish Mercantite Fieetr.—According to the 
latest official returns, the Danish mercantile marine on 
April 16th totalled 2077 ships aggregating 1,201,388 gross 
tons, namely, 1510 motorships of 605,034 tons, 542 steam- 
ships of 594,132 tons, and 25 sailing ships of 2222 tons. 

Suresurmpine ims GeERMANy.—According to recent 
statistics, during the quarter ending March 31st last 
German ship received orders for forty-two ships, 
aggregating 153,585 tons, and twenty-two ships of 70,000 
tons were completed. Work and orders in hand at the 
end of the quarter totalled 266 ships of over one million 
tons. 


New P. & O. Commoporze.—Captain J. B. Browning, 
co. i the “Maloja” and Commodore of the 
P. & O. fleet, is retiring on the age limit, and Capiain R. 
Harrison, of the “ Strathmore,’’ became Commodore of 
the company’s fleet on Friday, April 23rd. Captain J. B. 
Browning will be succeeded in command of the ‘‘ Maloja ” 
by Captain R. C. Dene. 

Sournampton Docks Rerurns.—According to the 
statistics for March, there were 259 inward and 261 out- 
ward vessels from Southampton Docks during the month. 
Gross to: inward was 1,649,663 and outward 1,575,950 
as com with 1,482,973 and 1,272,190 tons in March, 
1936. Passenger traffic also imcreased, the arrivals 
totalling 15,136 and departures 14,481 persons. 

Iptx Tonnace mv Great Brrrary.—The quarterly 
report issued by the Chamber of Shipping of the United 
Kingdom shows that on April Ist there were seventy-seven 
ships of 90,345 tons laid up in this country. Of this 
number, eight of the ships were foreign vessels and the 
actual British net tonnage was 74,976. The figures do 
not include British tonnage laid up in foreign ports. 

Ayoruer Sartive Sur Lost.—As a result of colliding 
with a steamship, the “ C. B. Pedersen,” one of the pe ao 
known sailing shi oe part in the grain race from 
Australia, has Saandbeed off the Azores. She was a four- 
masted steel barque of 2142 tons gross, and was built in 
an Italian shipyard in 1891. The loss of this ship reduces 
the number of sailing vessels normally taking part in the 
Australian grain trade to thirteen. 

SHIPBUILDING IN France.—At the launch of the French 
tanker ‘‘ Emile Miguet,” the French Under-Secretary of 
State for the Merchant Marine said that shipowners in 
that country, contrary to their foreign competitors, were 
placing no orders. French shipyards had not received a 
single order for a merchant ship for the past eight months. 
The shipbuilders, he added, were living on orders placed 
by the tary and on the five cargo motorships ordered last 
year by the Government. 


Barrrisn Armsare Services.—According to the aero- 
nautical correspondent of The Times, plans are being con- 
sidered for the establishment of British-owned airship 
services between this country, Canada, India, and South 
Africa, It is stated that a British Zeppelin syndicate has 
been formed and a number of shipping companies are 
interested in the project. It is pointed out that the airship 
bases built at Montreal, Karachi, and Cardington are still 
in existence and could easily be made fit for use by airships. 


Icz Formation on Arrcrarr.—Recently, in the House 
of Commons, Sir Philip Sassoon stated that only eight of 
Britain’s 150 civil aircraft are fitted with apparatus to 
combat ice formation. Four Lockheed “ Electra” air- 
craft fitted with this safety device are now operated daily 
by British Airways, Ltd., on its Paris and Scandinavian 
routes. The de-icing equipment consists of a rubber 
coating over the leading edges of the wings, through which 

ulsating air is blown often enough to crack the ice as it 
Toaas, leaving it free to be blown off by the slipstream. 
It is also announced that Imperial Airways has had one 
of its four-engined air liners equipped with a system which 
has been developed by the Dunlop Rubber Company. It 
consists of perforated rubber tubes set along the exposed 
. Through the perforations ethylene glycol perco- 
lates on to the strips of gauze and leather at the leading 
edges of the wings and struts of the machine. 

PRELIMINARY CALIBRATION OF FARNBOROUGH WIND 
TunNnEL.—A report recently issued by the Air Ministry 
gives particulars of a preliminary exploration of the 
air flow in the Royal Aircraft Establishment’s 24ft. wind 
tunnel. The work included a calibration of the air speed 
at certain sections of the working jet. The measure- 
ments were not intended to cover a complete investiga- 
tion of the conditions of flow in the tunnel, but to provide 
sufficient data to be used for the first series of full-scale 
tests on the tunnel programme. The working of the 
tunnel in its present form is satisfactory; within the 
centre 20ft. of the jet the distribution of the velocity at 
any one section was within 1} per cent. of the mean. As 
originally designed, severe pulsations occurred in the air 
flow at high s By introducing fifteen tabs, 6in. 
square, into the jet at the nozzle the periodic fluctuations 
of the air stream were eliminated. The addition of these 
tabs did not affect the energy ratio of the tunnel appre- 
ciably, but the static pressure gradient down the axis 
of the jet was adversely affected. The tunnel was fully 
described in THz ENGINEER in a series of articles, the first 





of which appeared in April 5th, 1935. 
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CONGRESSES. 


THROUGHOUT last week an International Con- 
gress organised by the International Association 
for Testing Materials was held in London. Dele- 
gates came to it from all parts of the world, and 
over two hundred—actually 208—short papers were 
contributed, though not all were read. On the 
whole, the arrangements gave satisfaction, for 
the little difficulty over interpretations in one or 
more of the sections may be regarded as balanced 
by the brilliance with which that difficult work 
was performed in at least one other section. The 
consensus of opinion, as far as we have been able 
to ascertain it from delegates, is that the Congress 
was a success. But, as usual on these occasions, 
there was more praise of what we may call the 
social side than of the technical meetings. Without 
exception, our foreign visitors were delighted 
with their reception, and we gather that many of 
them have gone back to their own countries with 
a kindlier feeling for this, and with increased 
respect for our scientific work. Everyone who 
studies foreign scientific periodicals is aware that 
foreign scientists are rather prone to overlook the 
work of British scientists, even when the work 
done in this country is of outstanding merit and 
importance. On the other hand, British writers 
are very generous in their acknowledgment of 
foreigners, even quoting them when their researches 
are of but little significance. It is difficult to say 


why this difference should exist, but some of it, 
we suggest, is directly ascribable to the fact that 
we ourselves depreciate our own devotion to 





science. We are taken on our own valuation, and 


foreigners do not, in consequence, examine with 


the care that they should the work that is done 


here. Conversely, we are inclined perhaps to over- 


rate the scientific standing of other lands, and in 
consequence are prone to give them more than 


their due, Whilst, then, we trust that our gener- 
ous recognition of the scientific work of other 
countries will not abate, we may express a hope 


that the impressions which our visitors received 
during the week of the Congress will lead them to 


re-examine their opinion of the scientific attain- 
ments of Great Britain. 
It is as yet too soon to say what value is to be 


attached to the discussions. We understand that 


the general chairmen of the four sections are to 


summarise the debates. This is a departure from 
the practice followed by other Congresses, whereby 
a Reporter for each group prepares in advance a 


précis of all the papers received. This précis is 
presented for reading and discussion. 


reading of papers, and because, in a mass of detail, 


the audience cannot see a composite picture of 
the problem before it. What it requires is a general 


conspectus ; what it gets is a multiplicity of 
facets. The second fails because the Reporters 
are too often content to epitomise the contents 
of numbers of papers rather than to give a reasoned 
summary of the conclusions to which those pa: 

lead them. It is not inconceivable that the plan 
followed by the recent Congress will work out 
better in this respect. The chairmen may be able 
to write such broad reviews of the contributions 
and debates that they will give the world invaluable 
essays on the trend of thought and practice in the 
subjects they cover. But even if that be so, even 
if we have to congratulate them on the excellence 
of their work, we shall have to recognise that it 
is post hoc, and that it does not completely meet 
what we conceive to be the ideal method for an 
international congress. Let us endeavour to out- 
line that ideal. If some of the greater addresses 
of the Presidents and Sectional Presidents of the 
British Association be turned up, it will be observed 
that each of them presents a broad picture of the 
state of knowledge of the subject selected. In the 
hands of masters the details and minutiz are woven 
into a single fabric. If a number of diverse obser- 
vations all point to the same conclusion, the con- 
clusion is presented and the individual contribu- 
tions to it are omitted. Thus great clarity is 
attained. If we endeavour to look through a mass 
of crystals the light is so broken up by the multi- 


te | plicity of faces that we see nothing but those 


nearest to our eyes; dissolve the crystals into a 
single mass, and it becomes transparent ; we can 
see into its depths and conceive it as a single unity. 
Thus might it be with the opening papers for dis- 
cussion at congresses. They might give a limpid 
and lucid review of the matter in hand, and so 
stimulate discussion of broad issues. That we 
conceive to’ be better than the of 
many small papers in which considerable over- 
lapping is unavoidable. 

We are not blind to the great difficulties which 
stand in the path of such an ideal scheme as we 
have suggested. But at the same time we feel 
that some new method of conducting huge inter- 
national conferences is needed. Under the present 
system there can be no doubt that the social 
engagements, either casual or according to plan, 
and the visits to places of interest, occupy far more 
attention than the meetings for the discussion of 
papers. That fact suggests that a convention 
without technical meetings might prove highly 
successful. But it must be remembered that, taking 
the British Association as an example, even when 
the technical meetings are not well attended, lec- 
turers are faced with crowded audiences. From 
that arises the thought that lectures should be 
included. It might be desirable, too, to have a few 
international technical committees to resolve 
points of universal interest. The manifest objec- 
tion to this plan as a whole is the language diffi- 
culty. We do not see how it can ever be satis- 
factorily overcome, but there are ways of circum- 
venting it in part, if not wholly. 


The British Oil Engine Industry. 


We would extend to the Diesel Engine Users 
Association our congratulations on the decision 
of its committee to prepare and discuss at its 
meetings a yearly bulletin on the outlook in the 
industry, and the progress which is being made 
in its many and varied branches. The first of 
such reports was recently presented, and it evoked 





Neither 
method is entirely satisfactory. The first fails 
because it involves the giving up of time to the 











a long and valuable discussion. We 
elsewhere in our the introduction, which 
will be read with interest by all who are associated 
with the industry or concerned in its welfare. 
The Association was brought into being in the 
early days of the heavy-oil engine, when difficulties 
with fuels, particularly tar oils, and in engine 
operation and management, made the co-operation 
of the builder and the user particularly valuable 
in the solution of these troubles. When the 
initial difficulties were overcome, the Association 
set itself the task of collecting and analysing the 
working costs of oil engines used for the generation 
of electric current, for pumping, and for industrial 
drives. Its annual returns have come to be looked 
upon as authentic statistics of proved worth. 
The decision to survey the whole field of the 
heavy-oil engine, the progress made in design and 
research, and its use for agricultural work, for 
industrial driving, and for propulsion on the road 
and the rail, on water, and in the air, presents a 
much more varied and perhaps less easy task, 
but, nevertheless, one which, if carried out care- 
fully and thoroughly, may prove extremely useful, 
both to the oil engine builder and to the user 
himself. 

The Bulletin expresses satisfaction with the 
sound position of the British oil engine industry, 
and the state of its technical devélopment. The 
number of firms in the industry is estimated at 
120, with a total amount of capital involved of 
about £75,000,000. The industry is warned, 
however, that it has probably reached a point 
of saturation, and those who seek to put on to 
the market new designs of engines are told that 
the probable cost of setting up a complete manu- 
facturing organisation for producing and market- 

engines of novel construction would, in all 
likelihood, be close upon £1,000,000. This, it 
is held, is an uneconomical figure as an engia» 
which might cost £3 10s. per horse-power to pro- 
duce would, at current market prices, only 
bring in a little over £4 per horse-power. Very 
few representatives of oil-engine building firms 
attended the meeting, and none denied or con- 
firmed the figures and prices above quoted. The 
figures would seem to point, however, to the 
value of even more intense specialisation, so 
successfully adopted by the parent oil-engine 
building firms on the Continent, and to the greater 
strength of the larger companies, which make 
complete electrical installations, motor ships, 
motor vehicles, or railcars. On the other hand, 
there are excellently designed oil engines which 
are being produced and sold at a profit by the 
smaller firms. Initiative and invention, whether 
in this country or abroad, must not be stifled 
by too much standardisation. Wise co-ordination 
and pooling of experience will help the industry, but 
standardisation should not go further to begin 
with than engine fittings and accessories, and 
possibly cylinder dimensions, which would tend to 
reduce first costs and simplify the production of 
spare parts. 

As regards the future of oil engine design, 
Mr. H. R. Ricardo, who opened the discussion on 
the Bulletin, and who reviewed the present position 
of the high-speed oil engine and its future prospects 
in last week’s issue of THE ENGINEER, indicated 
that high speeds no longer presented difficulties, 
and that mechanical improvements were leading 
to wider fields of use. In the improvement of 
existing types of engines and the creation of new 
uses and fresh markets for the oil engine, much, 
we think, can be learned by the industry from 
the user. It is practically impossible with the 
same design of engine to meet the requirements 
of the owner of the luxury motor car or bus, the 
operator of the aeroplane, and the airship, and the 
requirements of the agriculturist and the fisher- 
man. The former services demand a refined 
engine performance, silent and flexible running, 
with light weight, good fuel economy, and not too 
long a life; whilst the latter postulate engines of 
cheap production, running with little or no 
attention under all sorts of conditions of operation. 
Again, the closely governed high-power oil engine 
for electricity supply, mining service, and ship 
propulsion, with a variable demand, must 
always remain a specialised type. For all these 
services developments should result from a close 
study of the special needs. Fuels, too, offer 
opportunities for further advances. For reasons 
connected with the Defence Programme the 
heavier oils obtained from the distillation of coal 
are not yet available for commercial use. They 
will, certainly, ultimately come into their own, 
and it may be essential to use them in cases of 
a national emergency. Work on engines specially 
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designed to deal with home-produced fuels, 
whether in liquid, colloidal, or powdered form, 
must not be neglected and should even be pressed 
forward. In the case of the coal-dust engine 
it is of interest to record that the experimental 
motor constructed at the Schichau Works has 
recently completed a non-stop run of over 180 
hours with a very satisfactory fuel economy. 
British bituminous coals from the North of 
England are, it has been determined, no less 
successful than. the German coals and lignite 
fuels, a fact of national importance. On the 


whole it may be said from a consideration of 


the Bulletin and the debate upon it that there 
appears to be no doubt of a brighter and 
more successful future for the British oil engine 
industry, and we may express the hope that the 
co-operation of user and builder may long continue 
to spur it on to new developments and new 
inventions. 








Obituary. 





DONALD MacNICOLL. 


Ir is with deep regret that we have to record 
the death, last Week, at his home, Eildon, Langbank, 
of Mr. Donald MacNicoll, the joint managing director 
of Cockburns, Ltd., of Cardonald, near Glasgow. 
Mr. MacNicoll, who had been connected with his 
firm for about thirty years, served his apprenticeship 
with the Fairfield Shipbuilding and Engineering Com- 
pany, Ltd. He made an early study of the design 
and construction of marine safety valves, and 
in later years was looked upon as a leading 
authority in this important branch of marine boiler 
design. He designed safety valves for naval and 
mercantile ships and was particularly successful with 
valves for the higher boiler pressures which are now 
being employed. He was the inventor of a full-bore 
safety valve and also perfected safety governors for 
marine steam turbines. Valves of his special design 
were chosen for the French liner ‘“‘ Normandie ” and 
the Cunard White Star liner ‘‘ Queen Mary.” In 1932 
Mr. MacNicoll read a paper before the Institute of 
Marine Engineers on “‘ Safety Valves,” for which he 
was awarded the Denny Gold Medal. Mr. MacNicoll 
was a greatly respected engineer, well known on Clyde- 
side, whose particular place among marine engineers 
will be hard to fill. He was a valued member of the 
Institution of Mechanical Engineers, the Institute of 
Marine Engineers, and the Institution of Engineers 
and Shipbuilders in Scotland. He occasionally con- 
tributed to the technical Press, and we recall his 
special articles in the annual Technical Supplements 
of the Glasgow Herald, which were always read with 
interest. 
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Field Engineering : A Handbook of the Theory and 
Practice of Railway Surveying, Location, and Con- 
struction. By Wiit1am H. Searwzs, Late M. Am. 
Soc. C.E. Twenty-first edition, revised and 
enlarged by Howarp Cuarin Ivzs, C.E. Vol. I, 
Text ; and Vol. II, Tables. London: John Wiley 
and Sons, Ltd. 1936. Price 20s. 


It is now just over fifty-seven years since the late Mr. 
William H. Searles wrote the preface to the first 
edition of this evergreen standard work, the total 
issue of which has passed the 81,000 mark. Its con- 
tinuing value is largely due to the maintenance, 
through successive editions, of Mr. Searles’ original 
purposes in respect of a progressive and logical order 
of presentment, classification of problems, discussions 
in which non-essential matters are avoided, a uniform 
and systematic notation, the adaptation of the result- 
ing formula of every problem to convenient numerical 
computation, and the provision of a large variety of 
useful tables. 

In his preface to the nineteenth edition, 1924, Mr. 
Ives explained that, as in the case of the seven- 
teenth edition, the changes were so extensive as to 
require a resetting of the entire text. The chief new 
feature, in the present edition, is a chapter on String 
Lining Curves, furnished by Professor P. Kissam, of 
Princeton University, in which that useful method of 
re-aligning curves with the minimum of “ throwing ” 
of the track is fully described. The chapter on 
Highway Curves has been re-written, but is little more 
than an eight-page introduction to Mr. Ives’ book on 
that subject and an aid to the employment of the 
book under review for setting out road curves. It is 
interesting to note that, in his preface to the first 
edition, Mr. Searles claimed that his treatment of 
compound curves was novel and exhaustive, and that 
in the present edition 136 pages are devoted to curves 
of that class, while the larger portion of the chapter on 
Spirals relates to the “ Searles’ spiral,” which nearly 
conforms to the cubic parabola and is described as a 


Wurtz much has been written on switchgear, this 





progresses in arithmetical ratio from chord to chord. 
The other spiral curve described (as in four preceding 
editions) is the ten-chord spiral of the American 
Railway Engineering Association. Pondering over 
the fact that Mr. Ives does not, in respect of railway 
engineering, enter the field of controversy in regard to 
the merits of the various transition curves, readers 
of his book may conclude, perhaps, that factors of 
significance in the alignment of roads may be rela- 
tively unimportant in the alignment of railways, and 
that, in any case, the subject needs to be more fully 
discussed before its application to railway engineering 
can usefully be explained in a practical hand book, 
In one aspect, the work is disappointing ; for, 
despite the diversity of the geographical and climato- 
logical regions covered by the United States and in 
the wider fields in which American railway engineers 
practise their profession, the expositions relating to 
reconnaissance, the preliminary survey, and the 
location survey are very meagre. Only thirty-seven 
pages are devoted to those subjects, and the descrip- 
tions of instruments and examples of procedure, 
though acceptable enough, are given an importance 
emphasising the lack of due consideration of various 
aspects of the country traversed, its topography and 
geology, and conditions in regard to water, Except 
as regards earthwork calculations, the mass-haul 
diagram, and related topics, the presentment of engi- 
neering in relation to the country passed through 
seems to be regarded as of secondary importance 
compared with equipment, procedure, and the appli- 
cations of geometry. In view of the activities of 
American railway engineers in tropical countries, 
conditions in such regions might usefully have been 
considered, It might, for example, have been 
pointed out, in a work of this scope, that under con- 
ditions prevailing for large portions of the year in the 
tropics, the twenty-four-hour curve of barometrical 
pressure renders very useful, in the reconnaissance 
and even the preliminary survey, a single aneroid 
barometer, the readings of which, in default of very 
numerous readings of a local stationary barometer, 
may be corrected by the values of the curve. In any 
case, the curve, which may be established for the 
region by a few days’ observations, is a useful check 
on the accuracy and synchronising of the stationary 
barometer readings. A similar criticism applies to 
the brief description of the compass, which occupies 
less space than that accorded to the axes, stakes, 
basket and hand saw. There is no mention of that 
useful instrument, the box-sextant, nor any mention 
of handy instruments of a simple kind which may be 
used for levelling in reconnaissance and preliminary 
surveys. On the other hand, there are many passages 
in which instructions are given more fully and more 
precisely than is usual in English books on the same or 
similar subjects in regard, more especially, to organisa- 
tion, and the care and use of tools and equipment. 
A study of the chapter on calculation of earthwork 
conveys two impressions: first, that the method is 
thorough and the exposition very clear; secondly, 
that the computations, thus laboriously made by 
American and British engineers, might more readily 
be worked out by other methods, not involving tables. 
The subject of tunnelling may be regarded as ade- 
quately treated, except that there is no mention of 
dual tunnels; a notable omission, in view of the 
advantages which, as compared with a two-track 
tunnel, a pair of single-line tunnels may offer in 
respect of economy in construction and the safety 
and convenience of train operation. A sentence, in 
the chapter on track laying, which attracts attention 
runs: ‘‘ Owing to the difficulty of properly adjusting 
the elevation of rail, it is dbjectionable to have arcs 
of very dissimilar radii join each other; and the 
objection is much greater in the case of reversed curves 
unless separated by a short tangent.” The “ diffi- 
culty ”’ is, in fact, an impossibility, and the objection 
is that proper adjustment is impossible, not that the 
disposition gives trouble in track laying. 
Vol. II (in the English use of the words, Part II of 
the single volume) now contains fifty-two tables, the 
uses of which are explained in some twenty-five pages 
of text. Other features need not separately be men- 
tioned, for it may confidently be stated that this 
portion of the book so comprehensively and con- 
veniently presents both the basic and the specially 
prepared numerical values and relations pmployed 
by civil engineers, that it constitutes one of the best 
collections of the kind. 
Of the first ‘“‘ volume,’ or main text, a very favour- 
able conclusion may be reached in regard to the main- 
tenance of the original character of the work, the 
extent to which it yet fulfils its author’s well- 
conceived intentions, and the value of recently added 
matter; but it is due to Mr. Ives to add that, if 
regarded as though it were a new work, it bears no 
sign of decrepitude, being a sound presentment of 
American practice of the present day. Its defects are 
few, and chiefly of minor importance, and its 
deficiencies mainly such as are evident and can be 
covered by recourse to books dealing more fully with 
the respective subjects. 
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has the merit of being based on practical experience. 
Both the authors can boast of a long association 
with the design of this apparatus, and are therefore 
in a position to deal with the subject authoritatively. 
The term ‘‘ high voltage’ used in the title refers to 
apparatus for 33 kV and upwards, and the gear dealt 
with resembles that used on the British grid. It must 
not be imagined, however, that the book is based 
on the experience gained in the manufacture of this 
switchgear alone. Long before the grid began to 
materialise, the firm with which the authors are 
associated was building such switchgear for abroad, 
with the result that they have had to familiarise 
themselves with all sorts of service conditions, 
Switchgear of foreign design is also considered, includ- 
ing the oilless breakers that have been developed on 
the Continent. 

As the complete equipment of a high-voltage switch- 
ing station includes a varied collection of apparatus, 
the reader is first introduced to the general diagrams 
of schemes that may be used for such a station, the 
choice of suitable sites, and the lay-out of stations. 
Following this there are chapters on details. Since 
high-voltage practice is mainly a question of insula- 
tion and as porcelain is the principal solid insulating 
material used, its manufacture is considered at the 
beginning of the section on apparatus. The design 
and manufacture of high-voltage porcelain is shown 
to be exacting, and the skill of the potter is taxed 
more in its production than in any other field of his 
work. Attention is paid to the design and testing 
of pedestal insulators for use with switchgear, but 
as the type of insulator employed on transmission 
lines has been fully treated elsewhere it has been 


deemed unnecessary to consider it at length. Air- 


break switches for load breaking and isolating pur- 


poses are next discussed, and various types of these 
switches are illustrated. 


Preceding the chapters on circuit breaker design 


is one on arc interruption phenomena, and another on 
restriking voltage and breaking capacity. 
constitute by far the most theoretical sections of the 
book, but they are, nevertheless, of great importance 
to those who desire to master the art of circuit breaker 
design. Needless to say, the authors do not pretend 
to understand the whole theory of arc interruption, 
but what they have to say is based on the science as 
it stands to-day. With the facilities research workers 
now have for studying are interruption phenomenon, 
knowledge is bound to increase, and it may easily 
happen that in due course these sections of the 
volume will call for modification. 


These 


In the section on oil circuit breaker design attention 


is paid to all essential features and much information 
of practical value is given. Two following chapters 
deal with bushing insulators, and bus-bars, and 
their fittings. Although all known protective systems 
are not described, the most important are discussed. 
Various methods of dealing with lightning surges are 
described, including the use of the Petersen coil. 
Similarly, relay protective gear receives due con- 
sideration. As metal-clad switchgear is now made for 
pressures up to 132 kV, it also finds a place in the 
book, which, as we have indicated, constitutes an 


mportant addition to this class of technical literature. 
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British Power Boats. 


—— so 


ROM time to time in our columns reference has 

been made to launches built by the British Power 
Boat Company for Naval, Air Force, or Imperial 
Airways use, which have proved on test to possess 
unusual characteristics. Briefly, these characteristics 
are that with a high degree of seaworthiness these 
craft are capable of quite remarkable speed, which 
can be maintained even in bad weather. Whilst this 
speed is such that economy of fuel and ease of hand- 
ling were not anticipated, yet the power boats have 
excellent fuel consumptions, and since they have been 
chosen to act as tenders to that most unweildy of 
craft, the flying boat, at rest, their handiness is 


provided on the port side give the helmsman full 
charge of the engines. As shown, he has adjacent to 
his right hand the three levers which control the speed 
and reversing of the three engines. Known as the 
Power-Bendix control system, each lever enables all 
operations of an engine from full speed astern through 
slow speed astern, neutral gear, slow speed ahead to 
full speed ahead to be obtained as the lever moves up 
the quadrant, so that from the neutral position with 
the levers in mid-quadrant, as shown, full ahead or 
full astern is available with one rapid movement. The 
levers are connected to the throttles by a chain and 





lever in such manner that motion in either direction 
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adverse conditions. It may be mentioned here that, 
under all other running conditions, each of the three 
engines charges its own 12-volt battery by means 
of an independent generator. The last two switches 
control the searchlight and the dashboard lights. 
Beneath the switchboard are installed three fire 
extinguishers, one for each engine, and one for general 
use. On the port bulkhead is the ventilating fan 
with its own switch, which evacuates the air of the 
engine compartment, together with any fumes 
directly over the side. A standard naval pattern 
compass, a speaking tube leading to the forward 
cockpit, and the dashboard complete the control 
equipment. The dashboard is itself of interest. Each 
engine has a separate set of gauges consisting of a 
revolution counter, oil pressure gauge, ammeter, and 
thermometer. Each is protected by a separate glass 
face in addition to the glass lid over the whole 
dashboard. Reference to the engine control levers 





will show that the cables are readily accessible by 





Fic. 1—BROADSIDE 


beyond question. Those who have been aboard one 
of these craft will have been struck by the apparent 
absence of engines, since there is no engine-room in 
the accepted sense. One of the secrets of the success 
of these launches is that they are designed and built 
with the motor car standard in view, and in many 
respects automobile practice has been adapted to 
boat building in their design. 

Since certain quite unorthodox principles of boat 
design have been laid down as standard by the com- 
pany, the latest launch will form an excellent example 
to demonstrate these principles. This boat is the 
barge built for the Admiral Commander-in-Chief at 
the Nore, and conveyed their Majesties from West- 
minster to Greenwich last Tuesday, April 27th, as 
mentioned in a Journal note in this issue, It is of 
interest that on this occasion the barge was escorted 
by four of the naval torpedo boats built by the same 
company to the same general design, a weapon which 
has been recently re-adopted by the British Navy 
after many years of neglect. 

The is illustrated in Figs. 1 and 2, and it will 
be noted that the accommodation is extensive. She 
has been given the same length as the steam barge 
formerly used, namely, 45ft. Her beam is 9ft. 6in. 
and her normal draught 2ft. 9in. .An important point 
from a performance point of view as well as when, for 
naval purposes, she will be hoisted aboard the flag- 
ship is that her lifting weight is only 5 tons 15 cwt. 
Starting at the bows, her accommodation, which is 
now standard for all C.-in-C.’s barges at home stations 
and in the Mediterranean, starts with the fore peak 
containing a chain locker and accommodation for 
boatswain’s stores of different types. Electric light 
is provided here and a water-tight hatch and metal 
ladder leads from the deck. A bowman can work 
from this hatch and, if required, act as look-out man 
in foggy weather. Immediately aft the fore peak is 
the Admiral’s cockpit. The illustrations show the 
combined dodger and windscreen provided at the fore 
end. It is fitted with safety glass windows all round, 
thus enabling the passengers to see forward as well as 
to either side, The cockpit is deep enough to give 
full headroom under this windscreen and the Admiral 
can thus stand in view of the ships passed and take 
salutes in any weather. The cockpit is provided with 
companion ladders on either side and with double 
folding doors leading to the cabin aft. The remainder 
of the space is fitted with upholstered seats. The 
cabin aft the cockpit is unusually large and has 6ft. 
headroom. A mahogany chart table, which can be 
folded flat, is fitted in the centre, and on either side 
are well upholstered settees fitted with removable arm 
rests, Square ports, two of which can be opened, are 
provided in the sides of the trunk top. 


THE CONTROLS. 


A sound-insulated door in the after bulkhead leads 
into a small lobby having on the port side a lavatory 
and with a space to starboard in which is fitted a fresh 
water tank and a small petrol stove for cooking 

s. Between these two compartments is an alley 
leading through the door, partly visible in Fig. 3, to the 
control position and wheel house. The controls 


View OF THE C.-IN-C.’°S BARGE 





pulls the chain and opens the throttle. A certain 
amount of lost motion is provided at the mid-quadrant 
position of the lever, some of which constitutes a 
definite neutral. The remainder is provided to allow 
the gear engaging valves to be operated. Gear 
engagement is carried out by the engine induction 
pipe vacuum, the manifold being connected by these 
valves to either side of a large cylinder placed imme- 
diately below the manifold at the side of the engine. 
A double-acting piston within this cylinder is thus 
drawn either forward or aft. The piston-rod is then 
carried straight back to the normal gear selecting 
rod to which it is pinned. The controls for the engine 
are completed by an automobile type automatic 
carburetter and automatic ignition advance. 

The next control of interest is the power boat 
standard steering wheel. As shown, this operates the 
rudders, not by the normal cable and drum method, 








Fig. 3~THE CONTROL POSITION 


but by a rack and pinion gear and a series of rods. 
This steering system gives positive and trouble-free 
control, for the only attention required is occasional 
lubrication of one or two joints in the levers, for which 
provision is made. The grease cup for the rack and 
pinion gear is clearly visible. 

To the left of the steering wheel is the switch box, 
in which the three engine switches occupy the top 
row in their proper relative positions ; then come the 
three starter switches in the next row. The third 
row contains, on the left, the navigation light switch, 
and on the right, the anchor light switch, while 
between them is a paralleling switch enabling the 
batteries of all three engines to be put in parallel 





for use when starting one engine at a time under 


FiG.*2—Bow VIEW OF THE BARGE 


removing a panel of the conduit provided. In the 
same way the dashboard piping and wiring is 
accessible from the rear by means of a hinged panel 
in the lavatory compartment, shown open in Fig. 4. 
The cables and pipes are carried away in the trunk 
shown leaving the bottom of the space, and are 
accessible by opening up the trunking at any point. 
Aft of the control position is a sternsheets cockpit 
having at its after end the rudder head compartment 
and a 100-gallon petrol tank. The arrangement of 
the rudders is unusual in that the linkage to the 
control rod of the tillers is arranged to conform to the 
Ackerman system as used on cars. By this means 
each rudder gives a different turning radius to the 
boat so that the resultant turning circle of the boat 
is about a centre somewhere on the line of the keel. 


THE ENGINE EQUIPMENT. 


So far the boat has been traversed from stem to 
stern, with no mention of the engines. Actually, 
three 100 B.H.P. six-cylinder Power-Meadows marine 
petrol units are housed under the raised floor of the 
wheel-house. Complete with its electric starting 
motor dynamo and battery each engine weighs 
790 lb. The performance is as follows :— 


Speed. 


(a) At full throttle maximum revolutions, 3000 
r.p-m. pea ge wk’ ag ws Stats 
(6) At normal service, throttle with twelve 
men on board, with all engines doing 
eet Vint ‘vee. gee a ee cae SL 
(c) At cruising tle, 2200 r.p.m. on all engines 18-25 
(d) At per ae ey um speed with sixty men on 


Knots. 
26 





» 2400 r.p.m. on all engines ... 17} 
Petrol Consumption, 
Gallons per hour, 
approximately. 
At (a) above ina Cp eae 
At (6) above 20 
At (c) above 17 
At (d) above 204 


A view from the stern sheets into the wheel-house 
with the floor boards removed is shown in Fig. 5. 
Its relative position may be gauged by means of the 
fire extinguishers, also illustrated in Fig. 3. The 
engines are six-cylinder overhead-valve units, The 
bore is 88-5 mm. and the stroke 120 mm., giving a 
total cylinder capacity of 4498 c.c. The compression 
ratio is 6 to 1. The cylinder head carries the entire 
valve gear, and a lubricating oil filler is provided. 
The cast iron monobloc cylinder block rests on a 
salt-water-resisting aluminium alloy crank case, 
having a sump designed for an installation angle up 
to 16 deg. The valves are interchangeable and are 
of 3 per cent. nickel-steel hardened and ground. 
They are operated by a helical gear-driven cam shaft 
through mushroom-headed tappets. The pistons 
are die-cast, high-compression aluminium alloy, and 
are fitted with three compression and one scraper 
rings. They have H-section high-tensile steel 
connecting-rods fitted with white-metal-lined 
phosphor bronze bearings. The crankshaft is a heat- 
treated stamping of high-tensile steel. It drives direct 
to the power reverse gear, the housing of which is 
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made in halves for accessibility. The forward drive 
is obtained by a multi-plate clutch, the reverse 
by an epicyclic train operated by brake band. Large 
double ball races are fitted on the main shaft to take 
the thrust and are fitted with oil-retaining devices. 
Lubrication is by pressure to all parts, the pressure 
varying between 30 lb. and 75 lb. per square inch. 
A suction filter is provided in the sump and a dipstick 





Fic. 4—REAR OF THE DASHBOARD 


on the left side of the engine. A multi-tube type 
oil cooler is fitted. The water pump for the cooling 
system is driven at the rear of the engine by noiseless 
chain from the crankshaft. The Deleo-Remy ignition 
distributor is driven by the same means on the 
opposite side of the engine. On the rear of the cylinder 
block is attached the water-tight Deleo-Remy 
coil, which has the high-tension lead emerging from 
the bottom to prevent possible entry of water. An 
M.C.L. starter on the starboard side engages the 
machined cast fly-wheel, and a special inspection 
door makes the Bendix drive readily accessible. 
Arranged in tandem with the water pump and driven 
through a rubber-faced star coupling is the M.C.L. 
dynamo, which charges one of the three 12-volt 
batteries housed just forward of the engines, as shown 
in Fig. 5, under the feet of the helmsman. The 
exhaust is removed to the stern, the port engine 
outlet being to port and the midships and starboard 
engines to starboard. Clearly visible is the salt-water- 
resisting aluminium alloy water-cooled manifold, 
in which is a large inspection door. Two horizontal 
type carburetters are used, the forward one being 
connected to the oil breather of the crank case to 
remove fumes. For fire protection each carburetter 
has a backfire screen of gauze and a deep gauze- 
eovered drip tray separately connected to a drain 
overboard. A diaphragm petrol pump operated by 
the cam shaft supplies the feed in a manner unaffected 
by the tank position. Each pump has a hand priming 
device of a simple and foolproof type. 

Each engine drives a specially designed three- 
bladed propeller through Cutless rubber shaft bracket 





Fic. 5—-THE ENGINES UNDER 


bearings. All underwater fittings are of gun-metal, 
except the shait brackets and rudders, which are of 
manganese bronze. So far no mention has been made 
of the direccion of rotation of the engines. The reason 
is that all rotate in the same direction, namely, 
clockwise, looking at the forward end as in a car. 
This very unusual arrangement means that all three 


THE CONTROL POSITION FLOOR 


engines are parallel to each other and to the centre 
line of the craft, thus saving space and simplifying 
assembly. The form of propeller used is not abnormal 
and quite symmetrical. Fig. 6 illustrates a most 
unusual, but very useful, jig supplied with the 
boats and known as a “ pitching block.”” With the 
high-speed propellers running on brackets, the 
possibility of damaging them by. grounding, &c., is 
by no means remote. A twisted blade can be rectified 
by placing it on this cast iron block with the propeller 
boss over the spindle shown. A hammer is then 
all that is required to give the blade its correct form 
and pitch. 

Certain features of an unusual nature will be 
obvious in the foregoing description of the power unit 
installation. To begin with, the specification of the 
engines is typical of that of a really first-class car 
engine. Refinements to suit them to their marine 
duties are the oil coolers, the waterproofed ignition, 
the sump, the water-cooled exhaust manifold, the 
very high lubricating oil pressure, and the careful 
fire protection system. Otherwise the units follow 
the best automobile practice. They therefore provide 
their output at high revolutions, and have accelerative 
powers typical of the modern car. Such engines have 
been considered unsuitable for boat use on the score 
of unreliability, but they are hardly likely to give 
more trouble than that of a well-kept car does, In 
other words, the stoppages are very unlikely to be 
due to anything more serious than a defect of the 
ignition or carburation systems or occasionally a 
valve in need of attention. Fig. 5 reveals that all the 
parts of these systems are as accessible as they can 
be made, since the removal of a floor board is no more 
arduous than the removal of any other covering. 
The necessity for attending to bearings, big ends, or 
pistons is remote, but in such an eventuality the 
engine is out of action for some time in any case. 
Primarily a triple installation is the best safeguard 
in the event of an engine “* shut-down ” of this nature. 
Secondly, however, the power boat design provides a 
means of quickly removing the entire engine from its 
bearers when “ crank case ’’ repairs are necessary, & 
proceeding which makes the repairs easier to accom- 
plish satisfactorily in any case. A davit of special 
design can be placed in a special socket in the after 
cockpit doorway. With its help any engine can be 
lifted out and ashore or into the cockpit as desired. 
The design of the holding-down bolts, piping, &c., is 
such that this job has been made as simple as possible, 
and in this way the accessibility of the major parts 
of the engine has gained. The major parts of the 
engine have, like those of a car engine, been designed 
to run without attention. The gain in compactness 
of this type of concealed installation certainly 
warrants this precaution, and the general engine 
performance gains by the fact that the crank case 
must be capable of looking after itself for long periods. 
It may be mentioned that this policy of engine 
removal for all major repairs and adjustments is 
carried out by numerous automobile manufacturers 
and is standard practice with large haulage concerns, 
omnibus companies, and so forth. In fact, by utilising 
the automobile type of engine Power Boats gain on 
the score of reliability of major parts, in great measure 








owing to the lower stresses during running at high 


revolutions and to the refinements of balance and so 
on required in the first place on high revolution 
engines. 
THE Form oF THE Boat. 
An examination of Figs. 1, 2, and especially Fig. 7, 





reveals that the hull is of very unusual form. There 


is no doubt that these lines are the secret of the 
successful performance of the boats generally and 
their high speed in rough weather particularly. The 
designer and owner of the British Power Boat Com- 
pany, Mr. H. Scott Paine, has obviously combined 
with his extensive experience in the design of racing 
boats and of flying boat hulls a theory of hull design 
which is unorthodox but successful. Broadly, the 
hull is built on the hard chine system, well known to 
naval architects for many years. In detail, however, 
the design appears to have accommodated the 
requirements of the engine with the ultimate develop- 
ment of the hard chine principle. In the ordinary boat, 
whether propelled by oars or sail, it is assumed that 
the purpose of the bows is to part the water, allowing 
the hull to travel through the water or ‘‘ swim.” In 
the hard chine boat the water is parted and caused to 
“oll back” en itself, so that its removal is more 
rapid than when it is pushed aside. When an engine 
and propeller are installed in an ordinary rowing 
boat the first trouble encountered is that the water 
required to feed the propeller is inadequate owing to 
its having been displaced by the hull. But when a 
hull is specially designed for power boats this supply 
of water to the propellers is of paramount importance. 
The obvious place whence to take water to the pro- 
pellers is the bows. If, therefore, the bow wave could 
be brought in its entirety to the propellers, optimum 
efficiency of the installation would be attained. Such 
a proceeding implies the use of a flat-bottomed hull 
of zero displacement, which is absurd. In the hard 
chine principle, however, a corkscrew motion is given 
to a bow wave on each quarter under the influence of 
the hull weight and shape ; this water curls forward at 
a speed less than that of the boat, but, moving away 
at right angles to the direction of travel. If this water 
can be brought and kept underneath the hull it must 
emerge at the propellers, thereby feeding them with 
‘solid’ water. Regarding the “reversed curve ” 
bows typical of hard chine practice, illustrated in 
Fig. 2, it will be seen that a spiral form is being 
applied to the bow wave on which the boat rests on 
its chine rubber. If the form of bottom is such that 
this spiral form gradualiy decreases in radius and 
extends in length the water velocity will increase past 
the bottom of the boat under the influence of the 
weight and be drawn gradually under the ’midship’s 

















Fic. 6—PITCHING BLOCK FOR PROPELLERS 


portion of the hull. Once beneath the hull all wave 
forms will be flattened by the hull weight to the point 
where the water will become a sheet moving aft at 
an increasing speed and bearing the hull weight. This 
sheet forms the feed to the propellers, provided the 
hull gives it a smooth path. The water sheet after 
formation is drawn aft by the propellers with increas- 
ing velocity, until it emerges from the propellers as 
wash, so that the propeller works at a speed equivalent 
to the boat speed plus the water speed. Looked 
at from the propeller and its action, such a hull design 
may be regarded as the shaped “head race” of a 
water turbine feeding the water in a stream under the 
hull from both quarters of the bow to a sheet under the 
stern. Such a “head race” presupposes a bottom 
which is flat aft and slowly culminates at the bows in 
a true reversed curve. An examination of Fig. 7 
reveals this form almost perfectly. The stern is flat 
and multiple propellers are advisable, since the stern 
should be as wide as possible to retain the maximum 
amount of ‘“‘ water sheet ’’ beneath it. Since the dis- 
placed water is largely drawn under the hull, the 
‘slip stream ” form along the sides of the boats, which, 
of course, start at the chine, becomes unimportant. 
The bows only require to be given a fine curve to start 
the spiral flow even when “nosed” into waves. 
Finally, the point of maximum displacement owing 
to the beam or the best place to put the engines falls 
much further back. Weight on the forward part of 
the spiral upsets its forming powers, but on the flat 
after portion the hull it is riding on rapidly moving 
water and therefore is carried as if on rollers, thus 
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ussisting in the formation of a flat sheet of water in 
the propeller feed. In rough weather the boat has an 
excellent performance, since waves on the bow, 
instead of being turned back, are drawn under the 
boat and flattened. Side waves, by impeding the 
escape of the water drawn under the hull, cause the 
hull to lift. before the wave strikes and are also drawn 
in to replace the escaped water, while waves from aft 
meet a solid propeller wash and by impeding it assist 





is that no steaming of the planks is necessary, since 
the curvature is such that only bends in one plane 
have to be made and these have a large radius. The 
only exceptions are one or two short planks in the 
bow curve which receive a bend in two dimensions. 
The completed shell is now turned over and is 
taken to another shop for sanding off by electrically 
operated sanding wheels, after which stopping, 





filling, and painting commences on the hull. The 








FiG. 7-A POWER BOAT HULL UNDER CONSTRUCTION 


the boat on its course. Moreover, the width of stern 
causes the boat to rise readily to waves coming from 
astern. Finally, the weight being located well aft, 
impedes any tendency of the boat to “ hammer” 
into a choppy sea at speed. 

This theory of hull design fits in remarkably well 
with the requirements of the automobile type of 
engine of to-day. The propeller works in water 
already given a backward motion by the displace- 
ment effect of the moving boat. It therefore requires 
a high-speed range and a much slower rise in torque 
as the speed goes up, so that car type performance 
is ideal. No. question of shaft horizontal angle arises 
as the sheet of water feeds the propellers from dead 
forward and parallel shafts become an advantage, 
permitting all propellers to be turned in the same 
direction. Finally, the use of several propellers to 
handle the sheet of water is indicated, and this 
makes the provision of adequate power by several 
standard horse-power engines an advantage over 
a single large engine. In fact, the hull has carried 
out its duty of providing the correct work for an 
engine of the motor car type. 

It may be considered that this design, by increasing 
the skin friction owing to the boat travelling in a 
backward moving wash, is inefficient, but it must be 
recalled that the “ lowering of the gear ” of the pro- 
peller as in a car final drive provides an increasing 
horse-power from the internal combustion engine 
which more than counterbalances the added friction. 


THE CONSTRUCTION OF THE Boar. 


Fig. 7 represents a typical power boat hull in 
course of construction. In many respects the method 
of works organisation reflects the efficiency of pro- 
duction found in the automobile factory, one of the 
principles adopted being the quantity production of 
parts. Thus the hull shown is one assembly of parts 
already prepared for use. The whole assembly work 
is done with the hull upside down. This method, 
besides facilitating work on the bottom, is well adapted 
to this hull design, since it may be considered as a 
box girder, the four corner pieces of which are the 
chines and the transoms. They are joined forward 
by the stem, which is produced as the keel to form 
a fifth member supporting the curves of the bottom 
which may be regarded as a “soft” or springy 
member. 

The assembly shop is completely equipped with 
portable electric tools, and a staff with vacuum 
cleaners, &c., ensures unusual tidiness. The boat 
builders receive from the wood store, first, a set of 
African mahogany frames, which are already shaped 
and cut. They are assembled at 2ft. intervals on 
a special ‘‘ stack” provided and visible in the illus- 
tration, Fig. 7. The transom of the same material 
is then obtained and set up, and the keel deadwood 
and stem of Columbian pine are fitted. The next 
step is to steam and fit the Canadian rock elm chines 
and gunwales, and the initial frame is complete. 
Before planking is begun process stringers are laid 
diagonally in grooves provided for them in the 
frames. Fig. 7 illustrates this operation complete. 
The planking is then laid diagonally in a single skin 
on the topsides, while the bottom is laid double 
diagonally with canvas fabric between the two 
skins. The planks are of African mahogany and 
are fastened to the Columbian pine stringers by 
countersunk screws throughout. An interesting point 








fine finish so desirable in a high-speed hull is thus 
attained. 

The hull now enters one of four lines of boats 
under completion in the main assembly shop, and 
after each job is moved up the line. Fig. 8 gives an 
impression of this line of boats in different stages 
of assembly. The details of the work carried out 
naturally depend on the boat’s specification and 
duties. The erection of completely prepared bulk- 
heads, cabins, superstructure, and decks, the installa- 
tion of the engine and the controls, and the assembly 
of all equipment, takes place here, and the boat 
finally emerges ready to run down the slipway illus- 
trated in Fig. 9. 

It will be noted that what amounts to a mass- 
production system of assembly has been described, 
but no such system can be applied completely to the 
preparation of the individual parts since the designs 
and specifications vary enormously. Nevertheless, 
in the joiner’s shop standard parts, such as wheel- 
houses, cabin tops, bulkheads, frames, and decks 
are made to special patterns or jigs to an accuracy 
which is essential if the assembly work is to go on 
smoothly. All such parts, as well as fittings like 
boat hooks, &e., are finished in the joiner’s shop 
and passed to the paint and varnish{spraying depart- 





wood store, which thus contains quite a number of 
boats complete save for final erection, and oceupying 


the minimum space. The timber used by the saw- 
mills and the joiner’s shop is invariably purchased 
‘* guaranteed seasoned.”’ Nevertheless, it is always 
stored for a period of from twelve to eighteen months 
before being cut into the lengths needed in the shops. 
After cutting it is again stored under cover 
until required. This policy not only ensures that the 
wood really is completely seasoned, but gives the 
factory a necessary reserve of raw material to protect 
it against seasonal or other fluctuations of supply or 
price. : 

In addition to the wooden parts of the hull and 
fittings, a large amount of purchased fittings and 
parts, gear and equipment is necessary. All such 
material is ordered in large quantity well in advance 
of requirements and housed in the main store. As 
soon as a boat is laid down all the stores required 
for a fortnight’s work are drawn out, placed in a 
wire cage, and wheeled to the boat builder in charge. 
The second fortnight’s supply is then placed in a 
second cage ready for wheeling out. By this method 
the correct distribution of fittings to each boat is 
ensured and any minor deficiency discovered in 
adequate time to remedy it. In a separate section of 
this store are complete engines, each allocated to its 
particular boat. About 150 are generally on hand. 
In addition a complete range of spares for engines 
and boats is kept in bins, so arranged that any variety 
of consignment can be prepared with the minimum 
delay. 


THE ENGINE SHOpPs. 


Four types of engines are used in the power boats. 
For standard craft of the smaller types the three sizes 
built by Henry Meadows, Ltd., an associate company, 
are standardised. They are the 100 H.P. model, 
already described, the 12/48 H.P. unit, and the 
8/28 H.P. The last two mentioned are four-cylinder 
units of the same general design and specification as 
the 100 H.P. model. Two carburetters are fitted to 
the 12/48 H.P., which has a capacity of 1497 c.c., 
and one to the 8/28 H.P., which is of the same capa- 
city, but has a lower performance and compression 
ratio. On the last engine electric starting is optional 
and magneto ignition is fitted when no self-starting is 
required. All three engines are handled in one 
department. On arrival from the manufacturers 
each engine is examined and then tested on one of 
three Heenan and Froude engine test benches. The 
engine is then sent to the engine shop, where it is 
stripped, examined, re-erected, and adjusted for a 
second test. The result of this second test determines 
the engine’s acceptance for installation in a boat. 
During re-assembly particular attention is paid, in 
addition to obtaining the necessary horse-power 
output, to the tightness of all joints and the general 
cleanliness outside as well as inside the engine during 
running. This point is particularly emphasised in all 
power installations. 

The fourth type of standard engine used is the 
Power Napier 500 H.P. engine, an adaptation of the 
Napier “ Lion ” 500 H.P. twelve-cylinder triple-bank 
aero-engine. This unit is installed in the very high- 
speed large craft built for the Government. They are 








re-assembled ina special shop, where‘only this engine is 








Fic. 8—-POWER BOATS IN DIFFERENT STAGES ON THE ASSEMBLY LINE 


ment for completion. They are then put into what 
is known as the wood store. The planks, frames, and 
so forth are prepared in the sawmills, which are 
equipped with circular and band saws, planing 
machines, several moulding machines, and a sanding 
machine, so that they can produce all the machined 
parts necessary. All the product of the sawmills 





emerges slotted, grooved, and finished ready for 
assembly, and in this condition is also stored in the 


handled. The clutch and reverse gear as well as the 
V drive gear-boxes used are assembled in this shop, 
and all repairs and adjustments on this installation 
are carried out. 


TORPEDO CRAFT. 


The craft fitted with these engines are generally 
built in the secret shop, where work is carried 
out under the terms of the Official Secrets Act. 
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Here, too, special craft, hydroplanes, &c., are 
built, and experimental work is conducted under the 

rsonal supervision of the owner, Mr. Scott Paine. 

he staff is composed of picked men of proved merit. 
Typical examples of their work are the motor torpedo 
boats recently supplied to the Royal Navy. These 
vessels have a length of 60ft., a beam of approximately 
14ft., and a weight loaded of approximately 15 tons. 
They are equipped with three Power Napier 500 H.P. 





whilst on top of the wheel-house are arranged the 
bridge screens. 

Before the wheel-house two long, low coach roofs 
are situated above the crew’s quarters, or fo’o’sle, 
and officers’ quarters or wardroom. There is a long, 
flat deck from the wheel-house aft, which contributes 
to giving the boat, particularly when under way, 
a low raking appearance which is enhanced by the 
mast, approximately 20ft. high, rising from the 
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twelve-cylinder petrol engines and are armed with 
two 18in. torpedoes and eight machine guns of 
0-303 calibre. The original boat was completed in 
1936, after nine years of research, and she has been 
designed for long-distance open-sea work with tor- 
pedoes as her principal armament. The underlying 
intention is that the boats should hold such narrow 
seas as the North Sea, the two basins of the Mediter- 
ranean, the Baltic Sea, the Black Sea, &c., thus 
making patrols by more valuable vessels like even the 
modern destroyer unnecessary. An important point 
in favour of the use of such boats is that they could 
operate from a mother ship, which, being readily 
movable, could avoid continuous air attack. The 
motor torpedo boat itself is extraordinarily hard to 
attack, as its speed and seaworthiness are equal to a 
destroyer’s. In rough weather it can use torpedoes 
against attacking craft while being itself invulnerable 
to torpedo attack owing to its shallow draught. 
In bad weather the gunnery of the enemy is upset, 
while the speed and manceuvring power of the motor 
torpedo boat makes it a most difficult target. Further- 
more, the motor torpedo boat, especially at dawn or 
dusk, is hard to see and her speed leaves the choice of 
the time of attack in her favour. 

The accommodation provided on these boats for 
the officers and ship’s company is suitable and the 
space allocated for carrying provisions and fresh 
water is sufficient to enable them to remain away 
from any base of any sort for ten to fourteen days. 
This means that they can lie in wait for an enemy 
amongst distant islands or even in the open sea, 
and it should be borne in mind in this connection 
that this constitutes an overpowering advantage 
over aircraft which can only fly to a given point to 
carry out their attack and then fly home again. 
They may have sufficient fuel to carry out a short 
search should the enemy not be in the expected 
position, but they cannot wait. A peculiarity of 
these boats which is important in detecting their 
presence is that the exhaust note is very difficult to 
hear at short range, becomes audible at one mile, 
approximately, and then becomes inaudible again, 
and it has a further peculiarity, namely, that at 
about one mile it is impossible to distinguish between 
the exhaust noise from the “ power” boat and that 
of a multi-engined aircraft at a considerable height. 

It is well known that the successful prosecution 
of naval warfare nowadays depends very greatly 
on the communication service being highly efficient. 
With this in mind the boat has been. provided with 
a proper wireless room and a mast of sufficient height 
to give a good loft to the aerials. Provision is made 
on the mast for the hoisting of visual signalling 
flags, and provision is also made in the“ bridge ” 
arrangement for the use of a small flashing lamp 
and the convenient use of semaphore flags or a flag 
for sending in morse code. A morse flashing lamp is 
fitted on the masthead. The wireless arrangements 
are intended to accommodate one of the latest type 
Marconi sets with which very great range can be 
obtained on short and medium-wave bands and on 
wireless telegraphy and radio telephony. 

One of these motor torpedo boats has a most 
seaworthy and impressive appearance. She has 
approximately 6ft. of freeboard throughout her 
entire length, and the characteristic heavily raked 
stem of the power boat. A little abaft amidships 
the wheel-house rises to a height of about 4ft. above 
the deck, this house being of partial streamline shape, 





after end of the wheel-house. For long periods at sea 
sufficient shelter on the upper deck is provided to 
allow every man on watch to be practically com- 
pletely or completely protected from the weather. 
Below deck, a full-size fo’c’sle with every modern 
comfort is provided for the accommodation of a 
crew of eight men, and this compartment is properly 
ventilated, properly heated, and has adequate 
headroom. It is in all respects thoroughly habitable. 

The officers’ quarters have the standard of comfort 
to be found in a moderate-sized yacht. The ward- 
room is below deck and has comfortable settees, 
book cases, chests of drawers, folding arm chairs, &c. 

A good size galley is fitted with the latest type 
of stove, complete with oven, &c., racks for crockery, 
sink, and all the necessary fittings. 

Sanitation is adequately provided for by means 
of separate lavatories for officers and crew. 
Altogether, there is no reason why life in one of 
these boats should not be carried on for considerable 
periods in an atmosphere of cleanliness and comfort. 








Motor Vehicle Supercharger. 


Iy our issue for March 26th, 1937, we published an 
abstract of the paper read by Mr. R. A. Railton before 
the Institution of Mechanical Engineers, entitled ‘‘ Racing 
Motor Car Design,” in which various aspects of super- 
charging were put forward, including the relative merits 
of the three types of supercharger commonly used. While 
the Roots and centrifugal types are efficient and reliable 
at high rotational speeds and, therefore, have advantages 
for motor racing purposes, they are, according to Mr. 
Railton, relatively inefficient at low speeds owing to the 
large mechanical clearances necessary with the Roots 
type and owing to the inherent inefficiency of the centri- 
fugal type at all speeds except the designed speed. These 
disadvantages are offset, to some extent, by the ey. 
ment of high speeds ; at a speed of 10,000 r.p.m. the ts 
a have an efficiency of about 60 per cent. The 

form of supercharger, the rotating-vane type of 
blower, in most cases involves the use of sliding vanes 
mounted on a rotor within an excentric casing and presents 
the major disadvantages associated with high rubbing 
speeds and their attendant lubrication problems. Wear 
takes place rapidly and the more complicated mechanism 
is very sensitive to lubrication, any excess oil used for 
lubrication being blown, together with the compressed 
charge, into the engine. The rotating-vane type, however, 
has a considerably higher efficiency, which is well main- 
tained over the speed range, but, hitherto, rotor speeds 
in excess of 5000 r.p.m. have, according to Mr. Railton, 
not been practicable; hence, the rotating-vane type 
has been necessarily heavier and more bulky than the 
other types for the same duty. 

Centric Super-chargers, Ltd., of Bow-lane, Preston, 
Lancashire, have marketed a new type of rotating-vane’ 
supercharger, known as the “Centric” supercharger, 
in which, it is claimed, the disadvantages of the type have 
been overcome. This superc has been developed 
for use in the touring type of motor vehicle, which requires 
only a moderate amount of supercharge to improve its 
performance under all road conditions. A high degree 
of supercharge, up to about 28 Ib. per square inch, may 
only be employed in racing cars with special fuels, since 
the increased density of the induced mixture causes 
detonation to take place when used with a standard 
size of combustion chamber and ordinary fuels: The 
performance of a touring type of vehicle, however, can be 
improved considerably by using a low induction pressure, 
up to about 6lb. per square inch, without involving 
the large inertia stresses produced through increasing 





the power output by means of higher crankshaft , 
Moreover, owing to. the maintenance of efficiency over 
the speed range, the rotating-vane type of supercharger 
increases the performance at all engine speeds and 
loads, In the “Centric” supercharger the vanes are 
mounted on a central shaft concentric with the casing, 
as shown in the accompanying engraving, and have no 
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sliding action; a small clearance between the ends of 
the vanes and the is provided, and thus there is 
no possibility of the vanes touching the casing. Each 
vane is radial to the casing at all times and is held by 
two carriers on ball races mounted on the eentral shaft. 
The vanes are driven by a rotor, which is excentric to 
the casing, and through which the vanes pass, the angular 
and sliding movement being accommodated by trunnions 
made of a special fibre material. It is claimed that the 
lubrication difficulties associated with other designs of 
rotating-vane superchargers are overcome, since there 
are no metal-to-metal rubbing contacts and all rotating 
parts are carried on ball bearings. The amount of lubri- 
cant required is stated to be small, and as the parts 
requiring lubrication are enclosed by the rotor, the mixture 
of fuel and air which passes through does not wash the 
lubricant away. Lubrication is effected by means of an 
integral pump, driven through a reduction gear. The 
central shaft is hollow and has drilled oil passages for 
feeding lubricant to a series of small holes between the 
ball races, whence it is thrown as a mist on the vanes and 
trunnions. According to the makers, this type of super- 
charger is better balanced than any type in which the 
vanes slide in and out relative to the axis on which they 
revolve, and in which they are not radial to the casing, 
and hence rotational speeds up to 7000 r.p.m. may be 
employed with silence in operation. 








A New Trailer Unit. 


WE have recently received particulars of a new design 
of trailer, which has been completed by R. A. Dyson and 
Co., Ltd., of 76-80, Grafton-street, Live l, 8, to the 
order of the India Stores Department, for use by the 
North-Western Frontier Public Works ment. 
The vehicle, which is illustrated herewith, is for depositing 
and collecting transformers from their plinths and for 
their transport between the site and a central depot. 
No handling equipment is available on the site, hence 
provision is made in the design of the trailer for equipment 
for removing and replacing the transformer on to and 
from its foundation plinth. Haulage will be by means 
of a tractor, but provision has been made for mancuvring 
and haulage by manual labour when necessary. 

The vehicle is an eight-wheel trailer, designed to carry 
a load of 13 tons. It is of the double-crocodile type—that 
is, with a double dropped frame within the wheel base— 
and runs on pneumatic tires. In order to enable the 
trailer to be used for normal purposes, a platform is 
supplied which spans the well; this is shown fitted in 
place in the upper view, and provides a flush-deck plat- 
form for general utility haulage. A hand-operated winch 
gear is fitted which enables the trailer to be used 
independently for the handling of its load. In addition, 
a second trailer can be hauled by means of a coupler 
provided at the rear end of the vehicle. 

The transformer-handling equipment consists of a 
centrally disposed worm-operated hand winch, which 
may be operated from either side of the vehicle, and a 
guide pulley for the rope. The pulley is removable 
and may be inserted in vertical guides on either side, 
enabling the pull to be exerted on the load from the 
near or offside of the trailer. The transformer is mounted 
on rails on the well base of the vehicle and is held in 
position by scotches, which also form part of the castings, 
which are arranged to receive extension rails for bridging 
the gap between the trailer and the transformer founda- 
tion block. The frame of the trailer is supported by four 
jacks during handling operations on the load, and, when 
removing the transformer from the vehicle to its plinth 
these jacks are brought into operation, so that the rails 
on which the transformer runs have an inclination, down 
which the transformer can be run, the winch cable being 
used as a back steady. For the reverse operation the 
extension rails are adjusted, by means of the jacks, to 
be level, and the winch is used for hauling the load from 
its foundations on to the trailer. 

The vehicle has to be man handled frequently and ease 
of steering is therefore important. The front wheels 
are carried on a rotating bogie, which is supported by 
turntable rings when sn, for ordinary haulage by means 
of a tractor. When, however, it is required to manceuvre 
the vehicle by hand a device is brought into operation 
which removes the load from the turntable ri and 
applies it to a central pin; thus the frictional resistance 
imposed at the rings is eliminated and hand swivelling 
of the bogie, by means of the trailer draw-bar, 
easier. This device for transferring the load consists of 
a vertical screwed shaft, mounted on the front of the 
trailer, which engages with a nut, and which may be 
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rotated by a hand lever and ratchet. The nut is pivoted 
to oné end of @ lever, which is hinged at the other end and 
engages at its fulcrum with a collar on the king pin. 
By this means the load may be relieved from the turntable 
rings. In order to minimise tractive effort, all the wheels 
are fitted with Timken taper roller bearings. 

Each axle of the vehicle carries two of the road wheels 
and is supported on a single spring, the ends of which are 
connected to the chassis by swivel joints, which enable the 
axle to oscillate about a longitudinal axis through the 
pivot points and enable the road wheels to accommodate 
themselves to road irregularities. All four rear wheels 
are fitted with internal expanding brakes, which are 
applied through a hand wheel mounted on the rear of the 
vehicle. 

The order for the vehicle was received from Metro- 








The Transmission of Electricity in 


France. 


Wuutez the British grid operates at a uniform pressure 
of 132 kV, the French system has lines working at 220, 150, 
120, and 110kV. The reasons for the difference in British 
and French practice are partly historical and partly 
geographical. In France the aggregate length of lines is 
some 5000 miles, and the first line working at 120 kV 
was put into service in 1920. A few years later it was 
considered necessary to raise the pressure of the new 
lines to at least 150 kV, and the first 220-kV line was put 
to work in 1932. Every time a new line was proposed 
which did not interest the same producers, distributors, 




















13 TON CAPACITY EIGHT-WHEEL TRAILER FOR INDIA 


politan-Vickers Electrical Export Company, Ltd., at 
the works of which company the trailer was successfully 
tested with an actual transformer. 








A Spot Welder for Motor Car Work. 





A SUSPENDED pinch type spot welder for motor car 
work has been developed by British Insulated Cables, 
Ltd., of «Prescot, Lancs. The 35-kVA transformer is 
mounted in a light steel case with rubber-tired wheels. 











CaR WORK 


SPOT WELDER FOR MOTOR 


If desired, the transformer may be niounted on a gantry 
giving a clear floor space for the car bodies that are being 
welded. The transformer ~has the usual plug box and 
main switch, and the welder is provided with thyratron 
control. While the welding head shown has a fair gap 
between the electrodes to enable a weld to be made on 
various projections, other types of head are available to 
suit particular classes of work. A pencil type head is 
supplied. One electrode in this case is bolted to a copper 
block fixed at any place inaccessible to the ordinary 
pincer t; of head, while the other electrode is applied 
to the outside of the work. 














and industries as were represented in the existing com- 
panies, @ new company had to be formed. Thirty-nine 
companies have been promoted to finance the construc- 
tion of lines, but the operating responsibility is entrusted 
to a fairly small number of these companies. 

In France the price of coal varies in one part of the 
country and another much more than in England. Hydro- 
electric generation is also concentrated in limited mountain 
areas, and approximately half the total number of units 
generated come from these sources. Consumers are also 
very unevenly distributed. Some parts which are very 
rich in water power have practically no local consumers ; 
others have an important electro-chemical and electro- 
metallurgical load, constant throughout the day, but with 
seasonal fluctuations which can be advantageously 
combined with the usual loads of a normal distribution 
system. For these reasons very large blocks of power 
have to be transmitted from hydraulic centres to con- 
suming centres. Moreover, the difference of seasonal 
conditions between the Alps or Pyrenees, where the 
melting of glaciers gives the maximum power in spring 
and summer and, on the other hand, the low ranges of 
Central France, in which summer is the dry period, 
justifies large-scale transmission of energy from one region 
to another. For these reasons a voltage of 220 kV and 
double-circuit lines working at that voltage have, in 
some instances, been necessary. 

In a lecture on “‘ Recent Developments in the Trans- 
mission of Electricity in France,” . P. J. M. Ailleret 
explained that though there are large power stations in 
every region of France, their distribution is less uniform 
than in Great Britain. For this reason the voltage regula- 
tion cannot be done solely by the generators, and rotary 
condensers are necessary to provide or absorb reactive 
‘energy according to the load of the lines. They are 
especially necessary for 220-kV lines, as the capacitance 
of such a line provides about 13,000 kVA of reactive 
energy per 100 miles, and this energy has to be absorbed 
when the active load is merely floating; at a load of 
approximately 110,000 kVA the reactive energy absorbed 
by the magnetic field of the current compensates the 
reactive energy permanently provided by the capacitance 
of the line. 

The condensers are usually of the synchronous type, 


‘with high-speed exciting devices. They produce a very 


important synchronising effect in the event of short 
circuits, and the conditions of stability permit an increase 
in the power rating. There are in France twenty-seven 
such synchronous condensers, with a total rated capacity 
of 400,000 kVA (leading) and 200,000 kVA (lagging). 
These condensers are usually installed indoors, but one 
of them is placed out of doors and runs in hydrogen. 
There are also two asynchronous condensers and 
170,000 kVA of static induction coils. 

The lines themselves are for the most part carried 
on towers of the same general type as the British grid 
towers. Experiments are being made on other types of 
towers. The normal tower, of the same type as the 
British grid towers, seems to be the best except when 
lightning conditions make more than one earth wire 
necessary, or when heavy ice loadings are expected. 
In these cases, towers of the American type are used. 
A 11-5-mile, 220-kV underground cable has been found 
necessary for transmitti the hydro-electric energy 
from the South-East to the St. Denis power station 
through a densely populated suburban area. This oil- 





filled cable is capable of carrying 150,000 kVA. The 
charging kVA is 65,000. 

Communication is by carrier currents over the con- 
ductors of the extra-high-voltage lines. Most of these 
transmissions use two wavelengths, one for each direction 
of speech, but some use only one wavelength. Most 
of them use only one insulated conductor and an earth 
return, but some use two insulated conductors. The 
frequency varies from 45 to 285 kilocycles per second. 
Seventy communication channels (counted from each 
sub-station to the next one with which it can communicate) 
are used for telephony; ten channels are used for inter- 
locking of circuit breakers, and seven for telemetering, 
but this number will rapidly increase. ; 

The French system is not yet operated in one unit. 
It is divided into a few groups which occasionally can 
be put in parallel, but by lines of too small capacity to 
maintain stable synchronism. The number of groups 
has been rapidly decreased by the construction of new 
links, and at, present the largest group in practically 

rmanent synchronism covers the greater part of France : 

aris, Alsace, the Alps and “ Massif Central,” Western 
France (Nantes), and South-East France (Marseilles), are 
all in this group. Next year this system will be con- 
nected to the and §.W. France system by 
a line capable of transmitting a large amount of power, 
and it is probable that permanent synchronous operation 
will be tried. 

Up to this year the interconnected system has been 
operated according to the classical method of one net- 
work only being in charge of ey control, all the 
others being responsible for the interchange of power 
between this particular network and the interconnected 
system. This method is subject to two difficulties. The 
first is that, owing to the great amount of interconnected 
load which exists at present, frequency control is becom- 
ing a more and more difficult task. Though the probability 
is that the total load variation is proportional only 
to the square root of the interconnected load these 
variations become too great to be dealt with by one 
power station or even by two power stations working 
with interlocked governors. It is therefore desirable to 
spread the duty of regulating the frequency over all 
the interconnected networks. The second difficulty is 
that the load on the interconnected line shows con- 
tinuous oscillations, of amplitudes up to 20,000 kW, due 
to the unwanted operation of the regulating system. 

For instance, suppose two networks ure exchanging 
load, the first being in charge of the frequency and the 
second in charge of the interchange load. If there is 
a sudden increase of load on the first network, the 
frequency drops slightly and the governors of the turbines 
of both systems automatically increase the output of 
all power stations on their networks. Consequently, 
there is an increase of the power sent from the second 
network (where the load has not altered) to the first. 
Realising this, the operator of the second network actuates 
the governors of his network so as to reset the interchange 
power. When the frequency has become normal again as 
a result of the actions of the operator of the first net- 
work, the governors of the second network automatically 
reclose their valves. Thus the operator of the second 
system will have to act again, and stability will not be 
realised until he has exactly reversed his first action. 
Of course, these fluctuations would not have taken place 
if the operator of the second network had done nothing. 
The governors on his network would have automatically 
opened and then automatically reclosed to the same 
extent when the first network brought back the frequency 
to the standard value. 

Two methods may be employed to remedy these 
useless actions. The first one is an interiock method 
whereby each of the networks which is in ee of an 
interchange load is operated according to the following 
rule :—When the power exported by this network 
increases, the operator has to act upon the automatic 
governors so as to decrease the production only if the 
frequency is normal or above normal, and not if it is 
below normal. When the power exported decreases, the 
operator has to actuate the governors to decrease the 
production only if the frequency is normel or less than 
normal, and not if it is above normal. It is easy to see 
that with such a rule in force the operator acts only 
when the trouble is on his own network. Experience 
seems to show that this method is successful and improves 
the working of interconnections where a single network 
is in charge of the frequency control. 

The second method, the bias system, seems more 
promising, as the task of regulating the frequency is 
equally divided and all the networks play similar parts. 
Each network regulates a quantity of the form (f+K P) 
—where f is the frequency, P. is the exported interchange 
power—without taking any heed of the frequency itself. 
Special instruments have been devised to measure such 
a combination of frequency and power. Considering, 
for example, only two networks, the first one regulates 
(f+K P) and the second one (f—KP), P being the. 
power delivered from the first to the second. It is evident 
that if these two quantities are made equal to the desired 
values (f,+K P,) and (f,—K P,) then P must be equal 
to P, and f to f,. Moreover, a simple calculation proves 
that if the coefficient K is well chosen,* then, if there 
is trouble on one network, the operators of the other 
networks are not induced to intervene unnecessarily. 
It seems that with this bias system, which is in the experi- 
mental stage at present, the synchronised operation of 
the various groups of the French system will be possible 
without useless fluctuations of power and without the 
necessity of selecting a special network for the increasing} 
difficult task of controlling the frequency of a continually 


expanding system. 





* For each network the coefficient K must be equal to 


Normal frequency x average load ratio 
Total power of the generators of the network 





This expression does not vary if the structure of the other 
networks is altered. 
(The term “ load ratio ” here signifies the value of the expres- 


a Lif 


AP). where Af is the change in the frequency f, and 


sion 





4P is the corresponding change in the power delivered by the 
turbine, the maximum output of which is P,.) 











518 


THE ENGINEER 


APRIL 30, 1937 








f 
Canadian Engineering News. 
(By our Canadian Correspondent.) 
Ontario Hydro-electric Plans. 

Plans for major developments to make the Ontario 
Hydro-electric Commission independent of purchased 
power are under way, according to a recent announcement 
in the Ontario Legislature. The developments being 
contemplated were listed as follows :—Ogoki River diver- 
sion, 120,000 H.P. at Queenston ; Little Long Lac diver- 
sion, 30,000 H.P. at De Cew Falls. At this point arrange- 
ments have been completed with the Federal Government 
for diversion of water from the Welland Canal for power 
development. The Commission also owns the Ontario 
side of the Carillon power development on the Lower 
Ottawa River with 200,000 H.P. capacity, whilst the Des 
Joachims and associated powers on the Upper Ottawa 
River are within 100 miles of the present Commission- 
owned power lines; the estimated capacity there is 
400,000 H.P. In addition, Ontario’s share of the unde- 
veloped horse-power on the St. Lawrence is 1,000,000 H.P. 
The Commission recently purchased three power plants 
from the Canada Cement Company, in the Trent water- 
way area, for 225,000 dollars 


Pig Iron. 

Showing improvement for four successive years, 
production of pig iron in Canada during 1936 amounted 
to 678,672 tons, an increase of 13 per cent., compared with 
599,875 tons in the previous year. Output of primary 


steel amounted to 1,114,560 tons, a gain of 18 per cent. 
over the 941,527 tons produced in 1935. 


Pulp and Paper. 


Statistics on the pulp and paper industry in 
Canada for 1936 and reports of the various sections of 
the Canadian Pulp and Paper Association presented at 
the recent annual meeting of that body reveal the 
measure of recovery achieved last year in this, the most 
important, manufacturing field in Canada. This recovery 
has played an important part in employment conditions, 
railway traffic, operations of industries which supply the 
pulp and paper mills, and in the trade position of the 
country. Following upon the attainment in 1935 of a 
new high level of production, output from Canadian 
mills in 1936 increased by a further 440,000 tons, a gain 
of nearly 16 per cent. over “the 1935 figure. More important 
still, however, production in the latter months of last 
year was only about 2 per cent. below effective mill 
capacity in the country. All signs point to a continued 
expansion in demand with the possibility that, before 
the end of the present year, consumption will exceed 
effective supply. It is thought that next year will see 
the newsprint mills operating on a profitable basis for the 
first time in six or seven years. 

Shell Machines. 

John T. Hepburn, Ltd., engineers, ironfounders, 
and structural steel fabricators, have entered into a 
contract with the National Stee] Car Corporation, Ltd., 
Hamilton, Ontario, to produce machinery for the manu- 
facture of high-explosive shells. So far as is known this 
is the only contract of its kind let in Canada as yet. The 
firm is already equipped to produce lathes so that they can 
make this special shell machinery without installing any 
additional equipment. 


Progress of Aerial Mapping in Canada. 

Since 1922 and the arrival in Canada of aeria 
photography, 481,000 square miles have been mapped 
mostly in the difficult and unsettled regions. A new and 
pressing demand for survey work of this nature came a 
few years ago with a rapid development of the mining 
industry ; or perhaps it would be more correct to say 
that the new facilities for mapping made the rapid develop- 
ment of mining possible. Mapping from aerial photo- 
graphy, carried on by the departments of Interior and 
National Defence in co-operation, has enabled the depart- 
ments to meet the enormous demand for maps by 
prospectors and mining interests. The mining and survey 
branches are working side by side under the new scheme, 
which came with the reorganisation of Government 
depart The mileage mentioned above is double 
that of the areas mapped in the whole history of the 
Dominion. Through utilisation of the information 
obtained from aerial photographs an important new 
road to a mining area in Manitoba was shortened by 
31 miles, the saving at from 5000 to 7000 dollars a mile 
alone exceeding the total cost of all photographic flying 
in Canada for a year. 

Important work is being carried out at the National 
Research Laboratory in connection with survey research. 
This includes completion of a radial line plotter which 
reduces the time required for the measure of detail on vertical 
photographs by half, and a multi-camera mount which, 
in oblique photography, reduces air survey costs by at 
least one-half. At the request of the Department of 
National Defence, an attempt was made to reduce the 
drag of the three exposed cameras as mounted in an 
aircraft on the “ three-camera mount” recently intro- 
duced for use in aerial photographic operations. Using 
a one-third scale model of the aircraft fuselage and cameras, 
different fairings and arrangements were tested in the 
wind tunnel. A reduction of 80 per cent. in the drag 
of the cameras was finally achieved by withdrawing the 
cameras slightly and fairing the exposed portions. 

It was recognised from the earliest days of the forma- 
tion of the Department of National Defence that the pilots 
of the Air Foree would need extensive training and 
practice in aerial photography, as this is one of their 
important duties in war, and it was the preoccupation of 
all concerned to see that this work served also a useful 
economic purpose. As a result the vast proportion of the 
photographs, which have been made available for mapping 
and other uses, have practically cost the Government 
nothing, for the flying would have had to be carried out in 
any event. 


ts 








It would be difficult to overstate the value of ai 
as a factor in the development of any country, especi 
of one that is so rich in natural resources as Cana 
Less than 20 per cent. of the Dominion’s area of 3,700, 000 
square miles has been mapped, so that while the demand 
for maps is great, the area still to be covered with any 
degree of detail is enormous. 


Control of Transportation in Canada. 


The Canadian Government is about to convert 
the Board of Railway Commissioners into a Board of 
Transport Commissioners with sweeping authority over 
every phase of commercial transportation in the Dominion. 
A Bill to bring this about is now passing through its final 
stages in Parliament. 

Under this Bill the Minister of Transport, on the advice 
of the Board of Transport, will be authorised to license 
shipping between Canadian ports and pass on tariffs 
and tolls in much the same manner as the Board of Railway 
Commissioners has in the past regulated tariffs on railways. 
Similar authority will be given to the Minister for licensing 
and regulating rates on transport by air and over inter- 
provincial highway traffic (buses and trucks) and all 
traffic on Dominion highways. In changing the name from 
Railway Board to Transport Board, the Bill confers all 
the powers over railways possessed by the old body on 
the new. These include passenger and freight rates, time 
tables, extensions of branch lines, and discontinuance of 
services. (In Canada a railway is not permitted to 
discontinue a service or discard a branch line without the 
authority of the Railway Board.) 

The plan is for a co-ordinated regulation of all forms 
of transportation, within the powers of the Dominion, 
so that no one section will be free of restrictions and 
regulations controlling the operations of the others. For 
the first time in the history of the Dominion water and 
air rt companies will be required to file their 
rates for review by the Board. The regulations regarding 
air transport give the Minister similar authority over 
licensing aircraft as over shipping, but include international 
as well as domestic air traffic. No goods or passengers 
may be transported by an aircraft that is not licensed. 
Heavy penalties are provided for any infraction. In the 
operation of buses and trucks the Board will have power 
to prescribe standards of design and operating efficiency, 
and regulate the hours of duty of employees. It will 
also have authority to determine ge wee of the 
drivers and the type of licence plates. The Board will 
also be given authority to make inquiries into any harbour 
tolls to determine if they are reasonable. Provision is 
made for special contracts between shippers and carriers 
where a special schedule of tolls would not meet needs 
of the situation. Such contracts, however, must receive 
the approval of the Board. In the general regulations 
governing the conduct of the Board, it is provided that 
the Board shall consider whether the granting of any 
licence will tend to develop the complementary rather 
than the competitive forms of transport involved. 








In April, 1877, Russia declared war on Turkey. The 
conflict, reaching its height at Plevna, rolled back andforth 
until eleven months later, with the Russians at the gates 
of Constantinople, peace was concluded at San Stefano. 
As a reward for remaining neutral Austria was given 
Bosnia and Herzegovina and other Turkish provinces, 
Servia, Montenegro, Roumania and Bulgaria, became 
recognised as independent states. The sympathy of Great 
Britain was with the Turks but Beaconsfield was restrained 
from intervening by the pressure of public opinion which 
revolted against the massacres which the Turks had 
carried out in the Balkan countries. Nevertheless this 
country was not satisfied with the peace terms and follow- 
ing a naval demonstration succeeded in getting them 
modified in Turkey’s favour. Reviewing the situation at 
the outbreak of the war we said in our issue of May 4th, 
1877, that from the armaments point of view there was 
little to choose between the combatants. They had 
armed themselves with the aid of British and American 
skill but neither country possessed within itself resources 
which would enable it to repair its losses or add to its 
strength. We foresaw the possibility that if the war 
spread eastwards and Russia was victorious in that 
direction this country might become involved in the 
struggle. In spite of a popular impression to the contrary 
we believed that we were not fully ready to fight. Our 
Navy was the best and most powerful afloat but we were 
disquieted by the fact that some of our best ships the 
** Hercules,’ ‘‘ Minotaur,” ‘“‘ Triumph,” “ Inconstant ” 
and “ Devastation ’’ were in dock for repairs or were about 
to return home for overhaul after a protracted service at 
sea. The repairs required were of a serious nature. The 
“‘ Devastation’s”’ boilers would require attention and 
those of the ‘‘ Hercules ”’ and “ Triumph ”’ would have to 
be replaced. It was an unfortunate fact that the boilers 
of our men-of-war wore out after about three years’ 
service. With heavy repairs they might be worked at a 
reduced pressure for a further three years. Thereafter 
they had to be replaced but following a very short-sighted 
policy the Admiralty in nine cases out of ten did not order 
new boilers uritil they were needed. There was no arrange- 
ment for making and stocking spare boilers and machinery 
parts ready for use immediately they were wanted. As a 
result when heavy repairs or renewals were required a 
ship was of necessity withdrawn from service for a con- 
siderable time. Apart from this aspect of the war we 
anticipated that the conflict would be watched with 
interest by engineers in the hope that it would settle 
many vexed questions. It was probable that it would 
witness an engagement between the Russian “‘ Popoffkas ” 
—circular ironclads—and Turkish vessels of orthodox 
design. In some degree also it would help to settle the 
question of the efficiency of torpedoes as a means of pre- 
venting the hostile movement of ships. 











Pump Motors with Scherbius 
Speed Control. 


In describing the Kearsley power station extensions 
in our issue of December 25th, 1936, reference was 
made to the fact that speed variation of the circulating 
pump motors is obtained by the Scherbius method. No 
other station, as far as we know, has adopted this system, 
notwithstanding that the efficiency is high at all loads. 
Other purposes for which the Scherbius machine may be 
used were described in THE ENGINEER as recently as 
March 19th of this year, but its application to pump 
motors is of fares ug interest, because the speed range 
is limited. A single range equipment giving ie 
from the speed of the induction motor down to 20 or 30 
per cent. below normal enables a wide range of output to 
be obtained from a pump or fan while running the motor 
and driven unit at high efficiency. 

For wider speed ranges up to 2 to 1 ratio, the double- 
range Scherbius scheme may be employed to give speeds 
above and below the synchronous value. Com: 
with other methods of speed control the Scherbius scheme 
is claimed to give the greatest degree of flexibility and 
efficiency. -pole or cascaded motors involving, 
in both cases, @ ae —s of = 
apparatus com) wil t requ or a si 
a ei: ey only two definite » While 
speed reduction on slip-ring motors by means of rotor 
resistance or hydraulic couplings introduces appreciable 
losses at the lower speeds. In a single-range Scherbius 
equipment the speed-regulating set takes the place of 
the rotor resistance of a slip-ring induction motor, and 
returns to the line most of the power which would other- 
wise. be wasted in the resistance. At the same time, 
power factor correction up to unity or a leading value is 

ible. 

Although the Scherbius machine is coupled to a motor 
which acts as such during starting, when the main motor 
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Fic. 1-MOTOR AND SLIP REGULATOR CONNECTIONS 


speed is reduced, it becomes an induction generator. The 
Scherbius machine, or slip regulator, is, as is well known, 
an A.C. commutator machine which, when used for the class 
of service under consideration, is capable of operating at 
any frequency depending on the frequency of the exciting 
currents in its field windi As explained in the article 
appearing in THE ENGINEER of March 19th, the armature 
is similar to that of a D.C. machine and rotates within a 
laminated field structure. Slots in the laminations divide 
the core into alternate main poles and interpoles wound 
respectively with exciting ea ag which control the output 
voltage, and coils which ensure good commutation. A 
distributed compensating winding neutralises armature 
reaction. In a single-range Scherbius equipment the 
excitation is provided by connecting the exciting winding 
in shunt across the slip rings of the induction motor, 
when the frequency of the generated current is naturally 
the same as that of the induced voltage in the induction 
motor rotor. 

As indicated in Fig. 1, the shunt connection is made 
through an auto-transformer with tappings, so that the 
excitation and hence the speed, of the main motor can 
be controlled. With any given tapping in use the motor 
speed is practically constant, dropping only a small 
percentage from no load to full load on account of the 
rotor resistance. The motor has, in other words, a shunt 
characteristic relating torque and speed which can be 
varied up and down by moving the control hand wheel. 
The diagram, Fig. 2, shows how the speed range can be 
covered, where the ‘speed is plotted in relation to the 
torque exerted by the motor for any given setting. When 
the motor is running alone the highest speed obtainable 
is secured, and is given by the characteristic curve H. 
Under this condition the motor works with the normal 
lagging power factor, but the efficiency is higher than 
that at other loads, since the regulating machine may be 
shut down. After the regulating set has been connected 
in circuit with the lowest transformer tapping, the speed 
characteristic is that shown at 13 on account of the 
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increased resistance in the cireuit and other factors. Other 
speeds are obtainable in succession down to the lowest 
speed on the full tapping of the auto-transformer. With 
the regulating set in service the efficiency is, of course, 
slightly lower than that of the induction motor alone, 
but the power factor is considerably higher over the 
whole range. 

The stator switch and main connections are the same 
as when the main induction motor is operated at its normal 
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Fic. 2—-TORQUE SPEED CURVES 


speed alone. To bring the slip regulator set into operation 
its driving motor is connec to the supply by its own 
starter, and the double-throw. change-over switch is 
operated to connect the main motor slip rings to the slip 
regulator instead of to the starter. After these connec- 
tions are made the tap-changing control gear for the auto- 
transformer is brought into operation so as to reduce 
the motor speed to the required value. Any of the opera- 
tions can be carried out by hand or by contactors, but it 
is, of course, necessary to ensure that they are carried 
out in the correct order, Hand control provides the 
simplest arrangement. 

When starting from rest the motor is run up to its 
normal speed just below synchronism by closing the main 
switch and by operating the starter in the usual way, the 
change-over switch shown in Fig. 1 being closed to the 
left. When it is required to run at a lower speed the small 
motor starter and change-over switch (of the make- 
before-break type), are operated by hand at which point 
of the sequence the tap control switch must be in the 
position for zero excitation. When the change over is 
complete, the speed is under the control of a hand wheel, 
which moves a tap-changing switch of the face plate type. 
A system of interlocking prevents faulty sequence of 
operation, and’ the main circuit breaker is tr:pped if a 
mistake is made. The method of interlocking is similar 
to that used on the starter and brush-raising and short- 
circuiting gear of a slip-ring motor. 

The change over is made more foolproof if contactors 
are used for the change-over switch, and for starting the 
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FIG. 3—SINGLE - RANGE 


motor of the slip-regulator set, since the interlocks do 
not then shut down the motor, but merely prevent any 
change taking place in the case of faulty sequence of 
operation. A supply for the control circuits is, however, 
required, and must be available before the main circuit 
breaker is closed. Contactors for tap changing are prefer- 
able for very large equipments, but'in other cases the face- 
plate switch provides the most convenient arrangement. 
In either case, by using contactors or a pilot motor- 
operated face-plate switch, the speed of the motor may 
be controlled automatically if care be taken to ensure that 
enough points are provided on the speed range to make the 
control sufficiently sensitive. 

The Scherbius single-range equipments at the Kearsley 
power station of the Lancashire Electric Power Company 


are shown in Fig. 3.. The pump motors are rated at 
550/325 H.P., 590/490 r.p,m,, 3000. volts,. three-phase, 
50 cycles, and are supplied.from the service alternator 
on the main 50,000-kW turbo-generator set. EXxcept.that 
the change over is carried out by contactors operated from 
a small control switch, the equipments are hand controlled. 
In Fig. 3 the pumps and motors are to be seen on the 
left, and the slip-regulator set and cubicle with 
the speed-control d wheel, and the change-over 
control lever on the right. The other set is at the 
other end of the building. In Fig. 4 is shown the relation 








between speed, horse-power, and overall motor efficiency. 
The efficiency when the regulating set is in circuit is 
shown by a continuous line, while the cross shows the 
value for the induction motor alone. Except at the top 
speed the power factor is unity. The actual speed range is 
590/475. r.p.m. 

The equipments were built by the British Thomson- 
Houston Company, which has another equipment rated 
at 800/400 H.P., 985/750r.p.m. on hand, for driving a mine- 
ventilating fan, a duty for which the value of variable 
speed is becoming increasingly recognised. The single- 
range scheme is the simplest and best-known method of 
using the Scherbius machine for varying the speed of 
an induction motor in an economical manner. Usually, 
the slip-regulating machine is driven by a separate small 
motor, but it is also possible, if the speed is suitable, 
directly to couple it to the main induction motor, in which 
case the power taken by the Scherbius machine is returned 
direct to the shaft instead of to the line by the small 
induction motor acting as a generator, but the scheme 
is only practicable when the slip regulator can be driven 
at a reasonably high speed by this means. 

The double-range Scherbius scheme is an extension of 
the more simple single-range scheme. An equipment of 
this kind now under construction rated at 615/307 H.P., 
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FiG. 4—EFFICIENCY CURVE 


250/125 r.p.m., for driving a reciprocating set, has special 
features which can be equally well applied to a single-range 
set. Change over from non-regulating to regulating is 
effected by a hand-operated make-before-break switch, 
while the face-plate switch for speed control is operated 
automatically according to the air pressure by a Hopkinson 
Carlstedt regulator. On this equipment twenty-six 
points are provided over the speed range. Another 
feature is the use of a “no lag” motor for driving the 
slip regulator to obtain as much power factor correction 





SCHERBIUS EQUIPMENT 


as possible. This motor has the same efficiency as an 
induction motor, runs at 0-9 power factor leading instead 
of 0-9 lagging, and maintains the same corrective kVA 
irrespective of whether it is on load or not, and whether 
motoring or generating. 








INCREASING PRICES AND NEW Construction.—A 
statement has been issued by the London Passenger 
Transport Board to the effect that increased and increas- 
ing costs have made it impossible for the Board and main 
line railways to embark upon any new works. It may even 
be necessary for the Board to curtail its £40-million 








programme. 
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CORROSION AS INFLUENCED BY INCREASED 
TEMPERATURE. 
By U. R. EVANS, M.A., Se.D., Metallurgical Laboratories, 
Cambridge University. 

High-temperature Oxidation—At high temperatures, 
the rate of combination between metallic atoms and oxygen 
atoms is very rapid, and the rate of wastage of metals 
exposed to hot oxidising gases is usually only limited by 
the rate of penetration of oxygen inwards through the 
oxide coat to the metal, or by the rate of diffusion of metal 
outwards to the oxygen. Those metals which are commonly 
held to “ burn in air” are ultra-light substances, such as 
magnesium and calcium, occupying a greater volume than 
their oxides; any oxide layer produced on such a metal 
must be full of cavities, and fails to check the progress of 
oxidation. These metals are useless for high-temperature 
work. The heavy metals, such as iron or copper, occupy 
a smaller volume than the oxides which they yield on 
heating. The oxide seale produced on such metals. is 
usually in a state of lateral compression, which reduces 
its porosity. In the absence of cracking, the. rate of access 
of oxygen to the ed metal below becomes increas- 
ingly slow as the oxide scale thickens. Unfortunately, 
the tendency to crack or peel is greater for thick scales 
than for thin ones. For use at the highest temperatures 
therefore it is necessary to employ an alloy capable of 
giving an oxide scale which becomes almost.impervious 
to oxygen—even at high temperatures—whilst it is still 
thin and adherent. Many alloys containing chromium, 
aluminium, and silicon possess these desirable properties. 
The use of nickel-chromium resisters in electric heaters 
and that of heat-resisting alloy steels is well known,, whilst 
the use of aluminium-iron alloy layers to protect iron 
against furnace gases is becoming increasingly common. 
The protective action of aluminium, chromium, and silicon 
in iron is shown by curves due to Portevin, Prétét, and 
Jolivet. It was hoped that beryllium would prove valu- 
able for the same purpose, but recent work indicates that 
the presence of beryllium, titanium, and vanadium in 
iron confers only. a slight. protective action. Corrosion. is 
stimulated by sulphur compounds, moisture, and. CO, 
in the gas, which renders the oxide layer pervious, whilst 
intermittent heating favours the cracking of the scale and 
is more destructive than continuous heating. 

Corrosion due to Condensed Moisture.—When. moisture- 
bearing gas is cooled below the dew-point, it. will deposit 
moisture on any metallic surface, producing a form of 
corrosion. unknown at high temperatures. Actually, 
corrosion of this character may become serious when.the 
relative humidity is still well below 100 per cent. For 
vigorous attack of the humid type the relative humidity of 
the air must, however, exceed a certain critical value. 
Here, therefore, a low temperature may cause more 
corrosion than a-higher temperature. Attack occurs on 
economiser tubes when moisture from the flue gases, which 
may contain sulphuric acid or suspended sulphates, is 
allowed to condense on the surface. There is little trouble 
if the surface is kept well above the condensation tempera- 
ture, which lies higher than the dew-point, owing to. the 
hygroscopic nature of the deposit. . Similarly, in coal gas 
appliances, corrosion is greatly reduced if care be taken to - 
avoid condensation of acid moisture by the impingement 
of the products of combustion on cold metal. 

Immersed Corrosion.—The rate of corrosion of immersed 
metal is often connected with the rate of supply. of dis- 
solved oxygen to the metallic surface. A rise in tempera- 
ture will accelerate the diffusion of oxygen, and favour the 
electro-chemical reactions, but will decrease the solubility 
of oxygen. Thus the corrosion, rate often first rises with 
temperature and then diminishes. Heyn and Bauer 
found a maximum rate for the rusting of iron, at about 
60. deg. Cent., but the position of this maximum corrosion 
rate depends on the conditions, A fluctuating temperature 
by setting up convection currents will facilitate oxygen 
transfer and cause quicker attack than a constant tem- 
perature under. stagnant conditions. Thus the corrosion 
of zinc half immersed.in stagnant KCl solution at.25 deg. 
Cent. was found to be actually accelerated by a temporary 
fall of the temperature, owing to the. stirring produced. 
Experiments made under conditions of constant - 
ture have usually shown a different effect. Abnormally 
low temperatures then produce an abnormally low corro- 
sion rate. The rate of attack upon iron by 2-5 N KCl 
at 0 deg. Cent. was found to be little more than half the 
velocity at 20 deg. Cent. 

Most types of wet corrosion would be considerably more 
rapid at 100 deg, Cent. than at, say, 20.deg..Cent., if it 
were not for the fact that oxygen, and other stimulators 
of corrosion, are frequently driven out of solution by heat. 
Corrosion in hot water systems is much more serious when 
the design is such that the gas eliminated by the heating 
continues to circulate with the water. Where heat has to 
pass through metal walls, the hot-wall effects of Benedicks 
becomes important. If water containing dissolved, air 
passes through a hot metal container (a boiler or condenser 
tube), air will be forced out of solution and will adhere 
in bubbles to the metallic surface at. certain points. These 
bubbles will prevent the water from exercising its normal 
cooling effect, and locally the temperature may become 
very high. At the same time the oxygen previously .dis- 
solved in the water can still play its part in the, corrosion 
process. Obviously, there is a limit to the total corrosion 
which the oxygen present in a single air bubble adhering 
to a metallic wall can produce, but if all the time,other air 
bubbles are being swept, past the wall without. adhering, 
the adherent bubble (long after it has become a bubble of 
nitrogen) may still play a part in causing the attack to be 
concentrated at the point of attachment. This may occur 
by hot-wall action, and probably also in other ways. 

Temperature Coefficients.—For those metals which com- 
bine with oxygen at high temperatures, according to the 


equation 
dyjdt=kly, 
where y is the oxide film thickness at time ¢, the: velocity 





* Papers presented at the London Congress of the International 
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constant k is influenced by T, the absolute temperature, 
according to the equation 
log. k= K’—K/T, 


where K and K’ depend on the metal. Under such con- 
ae the increase of oxidation rate with temperature is 

vapit. In the corrosion by liquids at low tempera- 
werk the temperature coefficient is usually much lower, 
and over some ranges tive. Corrosion by condensed 
moisture is likely to have a negative temperature coeffi- 
cient in the neighbourhood of the condensation tem- 


perature. 


OF 


THE CHEMICAL PROPERTIES AND STABILITY 
METALS AT HIGH TEMPERATURES. 


By C. H. M. JENKINS, DSc., A.R.S.M., Metallurgy 
Department, National Physical Laboratory. 

Merats are primarily used to withstand stress and 
resist deformation, a condition which is as important at 
high temperatures as at atmospheric temperature. A 
rise in temperature, however, brings about increased 
mobility of the atoms, which affects the properties of the 
material as disclosed by tests and increases the surface 
activity towards surrounding media. This fundamental 
property forms the basis of the change in behaviour on 
increase of temperature. High temperature is merely a 
relative term, for it is considered that “* soft ’’ metals are, 
at atmospheric temperature, somewhat similar to metals 
like iron, copper, and aluminium at high temperatures. 

An increase of internal mobility facilitates both soften- 
ing and recrystallisation, whereas a decrease tends to 

ice on deformation a more marked occurrence of 
slip and work-hardening in the neighbourhood of the slip 
planes. 

Flow occurs in metallic aggregates in three ways which 
are not necessarily independent, namely, by slip within 
the crystals, by grain boundary movement, and by con- 
tinuous recrystallisation under stress. Slipping i is accom- 
panied by local distortion around the slip planes. The 
influence of previous conditions is thus more likely to be 
apparent at low than at high temperatures, but experi- 
ments show that the initial preparation of the material 
by casting, rolling, forging, &c., sets up preferential 
orientation which is disclosed in the material even though 
the recrystallisation temperature of the material is exceeded. 
The recrystallisation temperature is not a definite property 
of the material, but depends on the degree of deformation 
and the duration of exposure to heat. Various workers 
differ in their interpretation of the experimental data as 
to what constitutes the generation of new grains. 

A small of distortion leads to a reorientation 
without the formation of new grains, as the formation of 
new grains under deformation at high temperatures 
appears to depend on a critical rate of distortion being 
exceeded. If, however, considerable deformation is 
applied, the final result is recrystallisation of the material. 

isation and the formation of new grains appears 
to prevent the formation of intercrystalline cracks and 
favours the action of a transcrystalline rupture. 

The complexity of these changes is illustrated by nor- 
malised mild steel at high temperatures. Mild steel does 
not exhibit progressive weakening as the temperature is 
At about 250 deg. Cent. a maximum value in the 
tensile strength is found. This maximum is produced by 
the increased work-hardenability of the material, as, if 
the intrinsic hardness of the material is studied and the 
hardness determined by equating the degree of deforma- 
tion to zero, it will be found that the material does not 
possess increased hardness at temperatures above air 
temperature. Below 400 deg. Cent. considerable dis- 
tortion of the crystal grains occurs, but above 450 deg. 
Cent. recrystallisation of the crystal grains and spheroidi- 
sation of the carbide commences, but the latter is not 
well marked until 600 deg. Cent. is reached. Deformation 
accelerates this spheroidising action. The ultimate 
structure of the material consists of ferrite and globular 
cementite and the material appears weakest in this 
ye condition. This ultimate condition can 

be attained by quenching mild steel from above the 
critical range. The resulting martensitic structure 
possesses a markedly different distribution of the carbide 
in the ferrite as compared with normalised mild steel. 
Prolonged below the critical point will finally 
bring the carbide into the form of discrete particles. 

The influence of chemical composition and the mode 
of manufacture of mild steels has been in part investi- 
gated, and evidence has been obtained that the ingot 
conditions are traceable in the final rolled ct. 
Materials may be considerably strengthened by additions 
of other elements, such as chromium and molybdenum, 
but some of these harder materials less ductility 
and are more prone to intercrystalline cracking in high- 
temperature service. The effect of age-hardening on the 
creep resistance of the material has not yet been deter- 
mined, but from preliminary tests it appears that the 
relationship will have an important bearing on the suit- 


ae of this material to service under creep conditions . 


An increase in internal mobility of the atoms is closely 
related to the surface attack of metals by the surrounding 
oxygen-bearing media (air, steam, carbon dioxide, &c.). 
After saturation of the initial layers with oxygen, the 
common metals form te oxide phases on the sur- 
face. Corrosion, either in the form of scaling or the pene- 
tration of oxygen, and secondary effects, such as decar- 
burisation, are highly destructive actions, but occasionally 
(as with certain chromium alloys) the metal is protected 
by the formation of relatively impermeable adherent 
scale. This fact is of considerable importance for high- 
temperature service, particularly in view of the large 
increase in volume of the oxide formed from the metal. 

The “‘ Review of Oxidation and Scaling of Heated Solid 
Metals,” published in 1935 by H.M. Stationery Office, 
forms a comprehensive account of the theoretical aspects 
of oxidation, the constitution and the formation of scale 
on alloys and its quantitative estimation. The influence 
of other gases than air has been studied, and some of the 
practical aspects of scaling and oxidation have also been 
considered. 

Apart from the waste caused by oxidation in the manu- 
facturing industries, oxidation at high temperatures in 
some cases may be a greater factor in the reduction of the 





service life than the degree of deformation from creep. 
An important factor in the rate of oxidation of iron and 
steel may be the acceleration of the rate of oxygen attack 
on exceeding the change in the constitution of iron oxide 
at 575 deg. Cent. 


DEFORMATION AND 


CHARACTERISTICS OF THE 
F AS REVEALED BY 


CTURE OF METALS 
X-RAYS. 
By H. J. GOUGH, D.Sc., M.I. Mech. E., F.R.S., Su 
ineering Department, National Physic: 
Teddington, England. 

THE research, whose results are to be briefly sum- 
marised, arose directly from a previous extensive study of 
the deformation and fracture of metallic aggregates and 
representative types of single metallic crystals subjected 
to many diverse stressing systems. essence, the 
method adopted in the previous work was the 
study of surface markings, which, examined with the 
metallurgical microscope, were correlated with the applied 
stress system and the crystalline structure as determined 
by the ordinary methods of X-ray analysis. It was con- 
cluded that the initial sub-microscopic crack which eventu- 
ally led to failure was a direct consequence of slip on the 
sub-structure. In some manner, the structure became 
broken up into portions whose orientation differed appre- 
ciably from that of the initial structure. It was con- 
jectured that in some manner severe internal strains were 
induced locally of sufficient magnitude to overcome the 
cohesive forces and lead to crack formation. To pursue 
the matter further in its essentials, it was decided to 
employ precise X-ray diffraction methods in a systematic 
study of the changes produced in the crystalline structure 
by es deformation and fracture. 

e essential scope of the experiments consisted of a 
systematic study of the changes produced in the crystalline 
structure under various stressing actions and at various 
stages of these actions. Monochromatic X-rays and 
precision methods were used throughout. The material 
examined was a normalised mild steel. Each of the many 
specimens was X-rayed before and after test. In many 
cases several intermediate examinations were made. 
Five stress systems were employed :—(1) Tension ; 
(2) torsion; (3) alternating tension and compression ; 
(4) repeated tension; (5) alternating torsion. 

The general conclusions, which emerged from the 
research are, briefly, as follows :— 


Conditions of Structure.—Whatever type of stressing 
was applied—torsion, tension, compression—and inde- 
pendently of the nature, whether static or cyclic, of that 
type, the effect on the crystalline structure is one of destruc- 
tion of the crystals, leading to the material being always 
in one or more of three conditions :—(a) Perfect grain, 
giving a sharp X-ray reflection, having the same orienta- 
tion throughout and a grain size of approximately 10~* cm. 
(initial condition). (6) Dislocated grain, giving a reflec- 
tion which is elongated along the ring; consists of frag- 
ments orientated to each other at angles not exceeding 
2 deg. (c) Crystallites. These are very small crystal 
fragments giving reflections in the form of a sharp line 
extending farther round the ring than the elongation due 
to a dislocated grain. The grain size of these crystallites 
is of the order of 10~* cm. to 10-5 em. They have entirely 
random orientation. In an X-ray photograph, a “ tail” 
of reflections attached to a strong reflection from a dis- 
located grain indicates that some widely orientated 
crystallites form simultaneously, probably at the boun- 
daries of the dislocated grains, when a perfect grain is 
dislocated. 

Sequence of Events under Static Stressing to Fracture.— 

(a) Within elastic range: No change in structure, which 
consists initially entirely of perfect grains. (b) Between 
elastic limit and yield point: A few perfect grains break 
up, forming a small proportion of dislocated grains and 
crystallites. (c) After yielding: Every perfect grain is 
broken up into dislocated grains and a large number 
(small Be the of crystallites. Under increasing stress, 
the process of dislocation with i 
of a larger proportion of crystallites. 
The metal consists entirely of crystallites oriented at 
random. At this stage the ag eater broadens, 
which probably indicates strain distortion vot the atomic 
lattice. Fracture probably occurs when this distortion 
reaches a limiting value. 

Sequence of Events under Fatigue Stressing.—Two stress 
factors are of major importance :—(i) the maximum stress 
of the cyele ; (ii) the range of stress. At the first applica- 
tion of the maximum stress, some damage, by break-up, is 
caused to the structure ; this je may vary from zero 
to any value of destruction to the gant by 
which the maximum stress exceeds the yield 
initial damage may be confined to the first cye 
spread over a pon Ai of cycles. This depen 
paar frequency, due to the effect of high cyclic on 
the sw ion or delay of plastic movement. In either 
case, the safe range or fatigue limit is the maximum range 
which will cause no further progressive break-up. ae 
the initial stage is completed, no 
number of cycles of a safe 
range of stress exceeds the 
oration and break-up into ama 
fracture exactly as in a static test to destruction 
greater the range of stress, the greater the total number 
of perfect grains completely destroyed and the fewer the 
number of cycles required to produce complete fracture. 
But in every ‘case the same final condition of destroyed 
structure is reached in the immediate neighbourhood of 
the crack. Thus the experiments afford, for the first time, 
a physical explanation of the form of the familiar S/N 
fatigue curve and of the fatigue process. In addition, 
they show clearly that the fracture of metals under statical 
and fatigue stressing is accompanied by exactly the same 
changes in structure. The only difference is that static 
stress rapidly affects all the grains, whereas cyclic stress 
may cause less uniform destruction by concentrating on a 
proportion of the grains, the proportion increasing with the 
range of stress. 

The appearance of dislocation in a grain, now experi- 
mentally established, under stresses less than those theore- 
tically required to produce deformation is not inconsistent 
with the recent theories of slip mechanism (Taylor, 
Orowan, Polanyi), and offers some indirect evidence of 
an inherent system of flaws in metallic crystals. It may 
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claimed that the experimental observa. 
tons rp ary w much new light on the actual 
in sub-structure associated with plastic deformation and 
fracture under cyclic and static stress. The common 
condition at fracture, irrespective of the type of applied 
stress, represents a definite simplification. Further, the 
limiting size of the crystallites formed from the grains at 
fracture raises a point of t interest. From X-ray 
work on metals ormed by cold work, it has been 
suggested that the limit natn. sone to an equilibrium 
between fragmentation and the inherent tendency to 
recrystallise arising from thermal agitations. Further, 
it would appear from the present work that the existence 
of the dislocated grain in the medium of more perfect 
grains represents a potential flaw leading to initiation of 
the sub-microscopic crack and the first stage in fracture. 
The increase in the formation of dislocated grains observed 
when the cyclic stress is increased enhances the 
probability of an effective crack, the familiar 8/N curve, 
on this view, being essentially a probability curve. 

(To be continued.) 








BRICK AND ASPHALT ROAD PAVING. 


ALTHOUGH concrete is the paying material most 
generally used for main line and heavy traffic roads in 
the United States; there is a considerable amount of 
brick paving—generally on a concrete base, and still 
more extensive use of asphalt and bituminous paving 
in infinite variety. In one case where brick is used, - 
thickness of concrete was formerly 5}in., with a 1: 
mixture, but this is now changed to a 1 to 74 mixture es 
a thickness. of 7in., with steel reinforcement and longi- 
tudinal joints, but no transverse joints. Experimental 
laying of brick in longitudinal, instead of transverse, 
courses indicate easier and quieter riding properties, with 
slightly less cost of honing However, there has been 
some difficulty. in the courses straight. The 
bricks are generally ie on an asphalt or mastic course. 
Filling between the bricks is of innumerable kinds—sand 
and cement-sand mixtures are generally unsatisfactory, 
and many asphaltic compositions are too hard or too soft, 
but asphalt in some form is most generally used. Bricks 
need to be hard and not liable to crack or chip, paving 
brick being of a special character. Very extensive field 
and laboratory testing is in progress with asphalt as a 
road-paving material, both on concrete and other base 
material, and for soil stabilising. Much special machinery 
has been developed for such paving work. In one case a 
low-cost resurfacing mixture was applied by self-powered 
paving machines which mixed the bituminous material 
and aggregates, spread the composition in l0ft. widths, 
and finished it to crown and surface, all at one pass. The 
mixture contained about 5 per cent. of bituminous 
material, 10 per cent. fine aggregate, and 85 per cent. 
coarse aggregate. With a quick-curing liquid asphalt, 
the rollers followed closely upon the spreading machines. 
The amount applied was from 130 Ib. to 150 Ib. per square 
yard. For flexible paving, the thickness of wearing course 
may be reduced if the formation material is improved by 
moisture control and admixtures of asphalt or mineral 
aggregates suitable to the character of the formation 
material. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.i. The price of each epecification is 2s. 2d. post 
ree, unless otherwise stated. 


FLEXIBLE STEEL CONDUIT AND TUBING. 

No. 731—1937. This specification provides for three 

types of flexible steel tubing suitable for use as a protective 

conduit for insulated cables, and as a mechanical . 
tion to flexible drives such as those emp! 
struction of —o In addition to t 

i it lays down mechanical 

conduit or tubing, and 

quality of rubber for use in the 


they follow closely 
standardised for 


been 
solid blocks. Notes regarding the type of clinker which 
can be used for aggregate for making blocks are also 
included. 





Russian Rartway IMPROVEMENTS.—A new railway 
line to by-pass goods traffic through the City of Moscow 
is to be built from the Alexandrovo Station, on the 
Saroslav Railway, to the Shilevo Station, on the Donbass 
line. According to Railway Gazette, the line will pass to 
the east of Moscow vid Belkovo, Ilinski Pogost, and 
Voskresensk, and will be over 100 miles. long. Connections 
will be made with the Kazan, Gorki, and Riazan lines 
running out of Moscow to the east and south-east. The 
existing single track between Alexandrovo and Ilinski 
Pogost is to be reconstructed and doubled ; a new double- 
track line will be built between Ilinski Pogost and Shilevo, 
and will include a ferro-concrete bridge over the Moscow 
River at Voskresensk. 
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Markets, Notes. and,,.News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The International Steel Markets. 


Whilst there has been no general change in the 
international steel markets lately, there have been certain 
indications that the wave of intensive buying is beginning 
to wane. One of the most discussed features of the 
position has been the readiness of foreign buyers to secure 
iron and steel at almost any price. This has had a notice- 
able effect upon the Continental export markets, and the 
Cartel works have taken advantage of the opportunity to 
advance prices considerably and, at the same time, to 
charge heavy premiums. The quotation for steel bars at 
the end of June last year was £3 to £3 13s. 6d. gold, or in 
paper about £4 15s. to £6 3s. f.o.b. Although the official 
price has been bart at £5 gold for most markets the figure 
demanded recently has been £7 gold, or about £11 10s. 
paper, f.o.b. Joists were quoted at the end of June at 
£2 15s. gold, or £4 12s. paper, and the official price has 
been £4 17s. 6d. gold for some time. Actually material 
has been practically unobtainable at less than £6 2s. 6d. 
to £6 7s. 6d. gold, or, taking the middle price, about 
£10 10s. paper, f.o.b. Recently there has been a notice- 
able disinclination on the part of foreign buyers to pay 
these high prices and the gold premiums upon the official 
figures have declined to about 35s. for bars, £2 for plates, 
and 25s. for joists. At the same time, there has been 
rather more freedom on the part of Cartel countries in 
selling for export to foreign markets, although it must be 
admitted that the situation is still tight. It should be 
noted, however, that the figures referred to do not apply 
to the British market, which, since the agreement between 
the British Iron and Steel Federation and the Cartel, has 
been regarded by the Continental makers as a market 
apart. Prices in the British market are, of course, con- 
trolled under the agreement. During the past fortnight 
supplies of Continental steel to Great Britain have been 
rather more free, and this applies particularly to semi- 
finished steel, although the Continent has a long way to 
go before it can be said to have noticeably reduced its 
arrears against the quota. It is not surprising that the 
British steel makers have also increased their export 
quotations, which now stand in some cases considerably 
above the home trade figures. The latter, however, will 
shortly be increased, and an announcement to this effect is 
expected at the end of the current week. 


The Pig Iron Market. 


Trading in pig iron is practically in suspense 
and is likely to remain so until the producers are in a 
position to quote firm prices for delivery in the second 
half of the year. For some time no transactions have 
been entered into, except on the understanding that the 
price shall be that ruling on the date of delivery. On the 
North-East Coast the makers have been concentrating 
upon the a mtly hopeless task of overtaking the 
arrears in their deliveries of foundry iron. The needs 
of the steel trade are so urgent that by far the greater 
proportion of the productive capacity is devoted to basic 
iron, and the foundries are finding it increasingly difficult 
to obtain their full requirements. The North-East Coast 
makers are doing their best to cope with the position, and 
their system of rationing is designed to ensure an equitable 
distribution amongst consumers. These , however, 
cannot prevent a considerable amount of dissatisfaction 
on the part of users who are suffering from. the prevailing 
shortage. Export business in Cleveland iron has ceased 
to all intents and purposes, and the makers appear to 
be concentrating upon supplying the home market. 
In the Midlands the position does not seem to be so 
tight, and a number of consumers of foundry iron are 
able to maintain a high rate of operations, although they 
are in constant anxiety with regard to their supplies. 
Others, however, are working from hand to mouth, and 
can see little chance of improving their position. Prac- 
tically all the Northamptonshire rs are off the 
market, and there is little Derbyshire iron available. 
It is suggested that when the new prices are announced 
more iron may become available for the market, but many 
of the producers are fully booked for months to come. In 
the Lancashire district the quantities coming forward have 
decreased somewhat of late, and the position as regards 
deliveries seems to be getting worse. Scottish users are 
feeling the pinch rather badly, and it is reported that in 
some cases they have paid up to £7 per ton d/d for 
imported iron. The problem of increasing production 
in Scotland is still under consideration, and it is announced 
that the two blast-furnaces which Colvilles are to build 
at, Clydebridge will have a capacity of 1000 tons per day 
and the coke-oven battery will produce daily about 800 tons 
of metallurgical coke. The situation in the basic iron 
market is unchanged, and arrangements have been made 
by which imports will be increased to some extent. In 
the hematite pig iron market new business is at a stand- 
still, but heavy deliveries are being made to the consuming 
works. 


The North-East Coast and Yorkshire. 


Whilst production at the steel works is being 
pressed to the utmost, practically no business has been 
transacted, since it is generally anticipated that new steel 
prices will become known at the end of April and that 
substantial advances will be made. In the meantime all 
consuming works are feeling the pinch of restricted supplies, 
and none more than the re-rollers. The long delay in the 
arrival of Continental semis against the quota has a 
serious effect upon this/branch of the industry. Lately, a 
more even distribution of British semi-finished material 
has been attempted, and the position of some of the re- 
rollers who. were the most badly off for supplies has been 
improved..-The current price for untested steel billets is 
£6 5s. in 100-ton lots, but it is believed that a considerable 
increase will take place in this figure. There seems to be 


no limit to the amount of business offering in heavy steel 
joists and sections, but consumers have been obliged to 





wait until the new conditions are known. In a few cases 
contracts have been renewed and one or two urgent orders 
have been accepted at prices ruling on the date of delivery. 
Some surprise has been occasioned by the amount of 
export business which has been transacted lately and also 
by the jump which occurred in the actual exports last 
month. It has to be borne in mind, however, that the 
authorities took a serious view of the decline in overseas 
trade and that much of the material recently sent abroad 
was against contracts entered into a long time ago. The 
shipyards on the North-East Coast are better loyed 
than for a long time and fresh contracts are e: to be 
placed shortly. The result is that the demand for ship 
plates-is on a heavy scale and seems likely to increase as 
the season advances. The situation in the sheet market 
has not greatly altered, although rather more material 
has been available against old orders during the past 
a: This is due to increased supplies of British 
sheet plus a few consignments of Continental material. 
Few of the sheet makers, however, are able to accept 
business for delivery before the end of July. The position 
in the Yorkshire market is practically unchanged, but 
interest has been aroused by the announcement of an 
advance in the price of special steels, which has brought 
14 per cent. tungsten steel to 2s. 7d. and 18 per cent. to 
3s. 6d. per pound. This, it is stated, has been caused by 
the rise in the price of tungsten and ferro-tungsten. _The 
output of basic billets continues on a record scale, but is 
insufficient to meet the demand. There is a heavy request 
for acid billets, although the position is easier than in the 
basic department. 


The Midlands and South Wales. 


No interest is shown in new business and con- 
sumers are concerned only with securing deliveries and 
with the expected advance in prices. It is thought that 
an announcement will be made ing the new range of 
quotations at the end of this week, and the market seems 
generally to assume that the advance will be from 25s. to 
£2 per ton according to the description of steel. In the 
meantime there has some ee in the situa- 
tion at the re-rolling works in the Midlands. The scarcity 
of steel pressed so heavily upon this industry that a 
number of them were obliged to cease operations. 
Recently some re-rollers have obtained increased supplies 
of billets, and a sufficient quantity seems to have been sent 
into the district to enable those works which had closed to 
restart. The quantities coming from the Continent, how- 
ever, are far below those due under the arrangement 
between the British Iron and Steel Federation and the 
Cartel, and it is doubtful when the arrears in deliveries 
of this material will be overtaken. In the finished steel 
department a number of contracts are being held in 
—— pending the publication of the new prices. With 

cient work in hand to keep them employed for some 
months the steel makers are not interested in new business, 
particularly on the eve of a price advance. Specifications 
against contracts in hand are sufficient to keep many of 
the works busy for at least six months, and the arrears of 
deliveries are not likely to be worked off before the 
specifications against contracts which will be entered into 
directly the new prices are known have reached the makers. 
The market’s requirements of joists and sections seem 
insatiable, and lately there has been a considerable volume 
of export business in this material. It is still difficult to 
place orders for plates for any delivery, and this position 
is likely to obtain for some weeks. A slight improvement 
is noticeable in the sheet market and some of the works 
which were the most badly off for raw materials have 
recently received fresh supplies of sheet bars. In other 
departments of the iron and steel trades some of the 
makers have adopted a system of rationing their customers 
on the basis of the quantity of material received last 
year; but this rarely works out satisfactorily, since in 
only a few cases have they been able to deliver the required 
tonnages. Business in small steel bars has been quiet, 
as the re-rollers are not in @ position to take much fresh 
business in view of the uncertainty regarding their supplies 
of raw material. The South Wales works are busily 
engaged and their production is considerably higher than 
a year ago. Nevertheless, consumers are short of supplies 
and in some instances operations at the tin-plate works 
have been handicapped. 


Current Business. 

The London Passenger rt Board has 
placed an order with the British Thomson-Houston Com- 
pany, Ltd., for traction control equipment for-use on tube 
rolling stock, the total value of the order being over a 
million pounds. The equipment is to be mounted on new 
cars which will be cou to form four-car and three-car 
train units. B. and F. Carter and Co., Ltd., Rochdale, 
state that they have secured an order for the equipment 
of the first cable factory to be erected in China. The 
Chillington Tool Company, Ltd., makers of plantation 
tools, are to undertake extensions to their works at 
Wolverhampton. An order for twenty locomotives for 
the Indian railways has been secured by the Vulcan 
Foundry, Ltd., Newton-le-Willows, Lancs. The South 
African Railways have placed an order with Beyer, 
Peacock and Co., Ltd., Gorton, Manchester, for sixteen 
Beyer-Garratt articulated steam locomotives, the value 
of the contract being £250,000. Additions are being made 
to the Rise Carr works of the Darlington Rolling Mills 
Company, Ltd., which will vide employment for a 
further hundred men. The Holmside and South Moor 
Collieries, Ltd., are to convert. their South Moor Collieries 
to electric power. The ‘‘ City of Leeds ’’ (1361 tons) has 
been bought for breaking up by the Hughes-Bolckow Ship- 
breaking Company, Ltd., Blyth. Orders for three colliers 
of 1500 tons each deadweight have been secured by S. P. 
Austin and Sons, Ltd., Sunderland, from the Stephenson 
Clarke and Associated Companies, Ltd., London. The 
Department of Overseas le announces that the 





Unless otherwise specified home trade quotations are delivered f.o.t. Export quotations are 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


following contracts are open for tender :—Johannesburg 
City Council: supply and delivery to the Delta Sewage 
Disposal Works of vee notches, sluice gates, &c. (Johannes- 
burg, May 19th); Pretoria, Public Works Department : 
supply, delivery, and erection of an air conditioning plant 
(Pretoria, May 21st); two overhead electric travelling 
cranes, each having a maximum load capacity of 5 English 
tons (Pretoria, May 28th); Department of Survey and 
Mines, Ministry of Finance, Cairo: 4500 tons of new or 
second-hand heavy rails (Cairo, May 29th) ; South African 
Railways and Harbours: about 374 tons of steel work for 
bridges, including nuts, bolts, and rivets (Johannesburg, 
June 7th); twenty-two 24-ton petrol-driven four or six- 
cylinder engine, three or four-wheeled tip trucks (Johannes - 
burg, June 21st). 


Copper and Tin. 

Irregular conditions have ruled in the electro- 
lytic copper market, and whilst at times there has been 
rather eager buying on the part of Continental consumers, 
the general tone of the market has been somewhat dull. 
After the excited movements late last week, when it 
seemed as though a sharp recovery in values would take 
place, quotations i steady until this week when 
they again receded. The market, however, has been influ- 
enced by outside considerations, such as the weakness of 
the stock markets, the ible effect of the new tax- 
ation and the unsettled i situation abroad. The 
underlying conditions of the market have remained un- 
altered during the past few weeks. The increase in pro- 
duction has not been so nt as was at one time thought 
probable, but the attitude of consumers has been dis- 
tinetly cautious, since the recent break in values. As 
most of them are fairly well covered, and have considerable 
quantities to receive inst contracts, they are in a com- 
fortable position to watch events. The producers also are 
well sold, but according to reports the decline in values 
has created some uneasiness amongst them, and there 
has been talk of again reducing production. As there does 
not seem to be. more copper produced than the world’s 
consuming trades can comfortably absorb, this move 
would seem to be ill-advised. Prices in the standard 
market, have recovered from the sharp decline in values 
resulting from forced liquidation, but probably it will 
be some time before the effects wear off. On the whole, 
the market has been steady, and there has been a renewal 
of bull speculation at the lower price levels.... Values 
in the tin market have fluctuated violently, and over the 
week-end quotations dropped £15. This seems to have been 
a rather exaggerated reaction from the rapid upward 
movement, as the fundamental conditions in the market 
have not altered for some time. E: tations of increased 
supplies may have been partly accountable for the move- 
ment, but the net result has been to reduce considerably 
the volume of buying by consumers. Naturally, when 
prices show excessive weakness there is a tendency on 
the part of buyers to wait until the market becomes 
steadier. American consumers have shown little interest 
in the metal, although it is popularly believed that they 
will have to buy for third-quarter delivery. Transactions 
with the Continent have been on the quiet side, and it is 
noticeable that for some time consumers there have 
been content to buy from hand to mouth. Conditions in 
the Eastern market have been steadier than in London, 
but probably the influence of the violent movements in 
the latter market has been responsible for the com- 
paratively dull conditions which have ruled. 


Lead and Spelter. 


After a brief spurt in the middle of last week 
prices in the lead market fell by a succession of sharp 
movements to almost the lowest point touched this year. 
Whilst the general tendency of the metal markets has been 
weak, the decline in lead has been more noticeable than 
in other metals. The demand for industrial purposes 
has not declined and practically all the co ing trades 
are busy and are absorbing heavy quantities of the metal. 
The satisfactory nature of the position in this respect is 
shown by the fact that practically all the pag. ny as well 
as a proportion of the foreign lead arriving in this country 
is passing at once into consumption. The cable makers 
are well employed and a feature of the position is the 
heavy quantity taken by the solder manufacturers, who 
are experiencing a record demand for their product. In 
spite of the wide fluctuations which have occurred in this 
market recently, production has been maintained at a 
steady rate. Apparently the consuming industries of the 
world have adjusted themselves to the absence of regular 
supplies from Spain. There has been some discussion in 
the market as to the effect of the slight decline recently 
noticed in house building, but it is anticipated that the 
increasing requirements for rearmament will more than 
make good this shrinkage. American figures show that 
there was a heavy decline in the stocks of lead in that 
country at the end of March to 137,000 short tons, com- 
pared with 156,800 tons at the end of February. Pro- 
duction in March amounted to 43,600 tons, compared 
with 37,500 tons in the previous month, the deliveries 
being 63,400 tons, against 50,400 tons.... Uncertainty 
has characterised the spelter market during the past 
week. Prices have receded and on more than one occasion 
there has been an indication that the market was in a 
nervous state. This may not be surprising in view of the 
wide fluctuations which have occurred this year and the 
fact that speculators have taken no very definite line of 
late. On the other hand, the consumptive requirements 
of the market appear to be increasing, and it is under- 
stood that the producing works are operating at. full 
capacity. Reports are current of a certain amount of 
plant being reconditioned owing to its having been in 
disuse during the period of depression through which the 
market passed, but it does not seem to be expected that 
any pronounced increase in the world’s production of 
spelter will occur. 
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Current\’Prices" for? Métals)-and!Fuels. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. 


PIG IRON. 
Home. 

(D/d Teesside Area) 
2162 HD, 
417 6. 


N.E. Coast— 
Hematite Mixed Nos.* 
No. 1 . 4i8 0. 
Cleveland— (D; 'd Teesside pig 
Mas disitvt RS ae Dans 
No. 3 G.M, B. or 0... 
No. 4 Foundry); i... 4 O cx 
Basic (Less 5/— rebate)... 4 6 
MipLaANDs— 
Staffs— (Delivered to Black C: wre Station) 
North Staffs. Foundry 4.6 . £ 
ra Forge ..0°'4" 1 “ wh 
Basic (Less 5/— rebate) |. 4 2° 6... 
Northampton— 
Foundry No.3 ... ... 4 3 
Forge See a 
Derbyshire— 
No.3 Foundry 
Forge 
ScoTrtanp— 
Hematite, f.o.t.furnaces* 4 17. 6 
No. 1 Foundry, ditto .....4 10. 6 
No. 3 Foundry, ditto, ... 4.8.0... 
Basic, d/d (Less.5/—rebate) 4 2: Gace .. 
N.W. Coast— { 418 0d/d Glasgow 
Hematite Mixed Nos.* 5 3.6 ,, Sheffield 
5 9 6.,, Birmingham 
* Less. 5/— rebate. 


MANUFACTURED TRON. 


Home. 

Lancs. AND. YoRKs.— re Ser + 

Crown Bars aoe ee AR oa 

Best Bers..i .-ns6 cent ae ae 
MiptaNnps— 

Crown Bars... |. 11 

Marked Bars (Staffs. . 13 

No. 3 Quality... .......10 

No. 4 Quality... ....... 10 
Scorta ND— 

Crown Bars i...) ... i. 12 

Beat... 4... -sgas 
N.E. Coast— 

Crown; Bars... .....-«- ll 

Best Bars __... wee eye 6:...,, 

Double Best Baenii. +12 Gi - 
Norraern IRELAND AND Free State— 

Crown Jcamae of i 123° 10 “OS. 


STEEL. 


LONDON AND THE SouTH— £ 
IE sei inne’ stun sonst 
ORR. oti As pri aiayink DO 
Sointe! fac. ida. chai D 
Channels...°"").. “2. 
Rounds, Sin. iti up... 10 

under 3in. or 
Flats, under 5in. ....... 9 
Plates, gin. (basis) .... 9 

b fein. t. J 

i fin. ©. 

“4 fein. . A 
Un. fin. to jin. side. “0 
Boiler Plates, fin. 

Norru-East Coast— 

Angles 

Tees. :: 

Joists 

Channels. . a 

Rounds, 3in. and up 
va under 3in. 

Plates, #in. (basis) 

b MAA? . Litt Lrg, 15 

” fin. 10 0 

<= fein. ; - 10 5 
On. #in. to tin. PAR 9 18 
Boiler Plates, din, . 10 0 

MIDLANDS, AND LEEDS AND DistRicT— 

Laid: 
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~ 
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Angles : 0 
DME ee ee eae 0 
Joists 0 
Channels... .... 0 
Rounds, Sn, ae ys up 0 
” under 3in. 0. 
Flats, 5in. and under: .:. 0 ‘65 
Plates, in. (basis) 0 
” frin. ... 0 
” din, ... 0 
bp rT a a ee 0 
Un, ~in..to fin. inel. ... 0 
Boiler Plates, jin. 0 
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purchasing only from associated British Steelmakers. 


STEEL (continued). 
Home. 
Guascow anp District— £ s. a. 
yO Rr ee: | 
Re eee pee 
Joists 
Channels... re 
Rounds, 3in. and up 
be under 3in. 
Flats, 5in. and under ... 
Plates,. jin. (basis) 
* fein. . 
am din. ... 
i fein. . ii 
Un. Fin. to iii ini: ty: 
Boiler Plates, jin. 


10 
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Soutn Waxes Arga— 

Angles 
Tees... 
Joists 
Channels... ed, ire 
Rounds, 3in. and up 

# under 3in. me 
Flats, 5in. and under ... 
Plates, jin. (basis) 

= Bae 

- tin, ... 


os fin. 


rears | 15 
Un. jin. to pin. ine). ty} 
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TRELAND—F.0.Q. 
Ss s. 


9 10 
10.10 
9 18 
9 15 
10 
8 


Angles 
Tees... 
Joists 
Channels... 
Rounds, 3in. and up 
8 under 3in. 
Plates, jin. (basis) 
oe RM! 0 
vk fini... oat 
a fin. . 7. 10612 
Un. fin. to fin: ind! ae o 
OTHER STEEL MATERIALS, 
Home. 
Sheets. &£& sd 
11-G. to 14:G., d/d 1S BO: -Or ds 
0 
0 


SROSa cSoooo = 


& 
.. f.o.bi 12 10 
-.f.0.b.' 12 15 
... f.o.b. 13° 0 
..f.0.b. 13 15 


15-G. to 20-G., d/d ... 18-15 
21-G. to 24-G., d/d 2 72* OARf 0 
25-G. to 26-G., d/d 14 12 6 


Export, 


Seosccooco ooo econ & 


coo coaaoce a = 


i} 


eco 


Rest or IRELAND. 


d. 
6 
6 
0 
6 
6 
0 


Export. 


d. 
0 
0 
0 
0 


South Africa, 24-G. Basis ‘£13 0s,, plus 39 % on invoice value ; 


Australia £13 ; Irish Free State, £14 10s. f.0.q. 


The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. per ton extra. 
Galvanised Corrugated Sheets, Basis 24-G.— 
Home. 5 Bé Oe 
4-tonlotsandup... ... 17 0 0 
2-ton to 4-ton lots vey AQicitn & 
Under 2 tons ine. 
Eaxport : India, £22 5s. ¢.i.f.; 


0. 0 


South Africa, £16 10s. f.o.b., 


phis 3 p.c. invoice value ; Rhodesia, £16 17s. 6d. f.o.b.; 
Irish Free State, £17 15s. f.0.q.; Gerieral, £16 15s. f.0.b? 


Tin-plates. 


20 by 14 basis, f.o.b. Bristol Channel Ports, 24s. 0d. to 25s. Od. 


Tin-plate Bars, d/d Welsh Works, £6 2s. 6d. 
Billets. 
Basic (0-33% to 0-41% C.) ... 

» . Medium (0-42% to 0- 60% C.) 
Hard (0-61% to 0: 85% C.) 
(0-86% to 0-99 C. ) 

a » (1% C. and up) ee 
Soft (up to 0- 25% C.), 500 tons nid up 
Rails, Heavy, 500-ton lots, f.0.t. 

» , Light, f.o.t. hid 


” ” 


Soceacaaen * 


FERRO ALLOYS. 
5/3 per Ib. 
5/0 per lb. 
Per Ton. 
Ferro Chrome, 4p.c,to 6p.c.carbon £22.10 0 7/- 
6 p.c. to 8 p.c. £21.10 0 7/- 
8 p.c. to 10 p.c. £21 10 7/- 
Specially Refined ..: 
Max. 2 p.c. carbon £32 10 
I p.c. carbon £35 °15 
0-50 p.c. carbon £36 10 
94d. per lb. 
2/5 per |b. 
£16.15 \O0 home 
£12 0  Oscale 5/—p.u. 
£17 | 0 Oscale 6/+pu. 
12/8 per'lb: 
4/9 per Ib: 
9d. per Ib. 
, £180 to £185 
7/- to 7/1 per lb, 


Tungsten Metal Powder 
Ferro Tungsten 


ll 
11/2 
12/- 


» _carbon-free ... 

Metallic bal cae eit 
Ferro Manganese ous), 76p. ¢. 
Bilicon, 45 p.c. to re 

Ft 3 75 p.c. 

» Vanadium 

» Molybdenum... 

». Titanium (carbon-free) 
Nickel (per: ton) 
Cobalt “ 


Per Unit. 


Ex. Ocean Installation. 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 


NON-FERROUS METALS. 

(Official Prices, April 28th.) 

CorPreR— 
Cash... 


asi a Oto £61 15 
Three months ... 


6to £58 5 
Oto £64 10 


£60 10 
£58 2 
Electrolytic £62 10 
Best Selected Tigoie aya Bir- 

mingham St 


Sheets, Hot Rolled 


£64 5 0 
£93 0 0 
Home. Export. 
14d. 14d. 
14d, ldd. 


Tubes, Solid Drawn (basis) ... 
» . Brazed (basis) 
Brass-— 

Ingots, 70/30, d/d Birmingham 0 0 
Export. 
12}d. 
143d, 


£5t 
Home. 
124d. 
144d. 


Tubes, Solid Drawn, 2/1 Alloy 
»  Brazed 
Tix-— 
sate 0 Oto £256 10 
Three months ... 0 Oto £252 10 
BRAD gs! RO PM LURES 1.3 5 1 Sto £2417 
Specter : Cash and forward... £2410 0 


Aluminium Ingots (British) ... £100 to £105 


LANARKSHIRE— 
(f.0.b. Grangemouth)-Navigation Unscreened 
Hamilton Ell 
Splints 


19/— to 19/6 
21/6 


22/- 


AYRSHIRE— 
(f.0.b. Ports}—Steam 
FIresHIRE— 
(f.0.b. Methil or Burntisland }— 
Prime Steam . Le 
Unscreened Wavigation 


21/- 


22/6 
19/- to 19/6 


LorHiaNs-~ 
(f.0.b. piennitigs tite Prime 
Secondary Steam . 


21/6 
21/- 


ENGLAND. 
Sourn Yor«sutrre, HoLti— 
B.8.Y. Hards... 
Steam Screened 


22/6 to 23/— 
18/6 to 19/- 


NORTHUMBERLAND, NEWCASTLE— 
Blyth Best ier ry 
» Becond... —... 
» Best Small... 
Unscreened 


22/— to 24/— 
21/- 
17/- 

19/— to 21/- 


, Durtaw— 


22/- 
40/- to 42/6 


Best Gas... . 
Foundry Coke 


SHEFFIELD— Inland. 
{Best Hand-pieked Branch .,.. 27/6 to 29/— 
South Yorkshire... ...-.. | 24/=to 26/- 
Seconds ... L.. 1. 22/+ to 23/- 


CaRrpiFF— SOUTH, WALES. 
Steam Coals : 

Best Admiralty Large ... 
Best Seconds oe 
Best Dry Large 
Ordinaries 

Bunker Smalls 

Cargo Smalls ... 

Dry Nuts 

Foundry Coke 

Furnace Coke 

Patent Fuel ... 


26/~ to 26/— 
25/— to 26/- 
25/- 
23/6 to 25/- 
18/6 to 19/— 
17/- to 18/- 
26/- to 28/- 
39/— to 47/6 
30/— to 35/— 
23/6 


SwansEa— 

Anthracite Coals : 
Best Large 
Machine- ith: Cobbles.. 
Nuts a 
Beans 
Peas aw len 
Rubbly Culm... 

Steam Coals : 
Large Ordinary 


36/- to 40/— 
41/- to 48/6 
40/- to 48/6 
27/6 to 35/- 
19/— to 25/- 
14/6 to 16/6 


20/- to 28/~ 





FUEL OIL. 


Inland consumption : contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 
Per Gallon, 
33d. 
apd. 


Furnace Oil (0-950 gravity) 
Diesel Oil 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
The Rights of Employers. 


Durine the past week there have been three 
events that mark the cleavage between employers and 
labour and the determination of the former to secure 
their legal right to ‘authority over those they employ, 
as well as the free exereise of individual liberty and the 
strict fulfilment of contracts entered into between men 
and their employers. These rights and liberties are the 
fundamental pillars of the French Constitution, and are 
inscribed in the Declaration of the Rights of Man, which no 
legislation can suppress. It is on the ground of that 
Declaration that employers refuse to recognise the claim 
of the C.G.T, to exelude from employment workers who 
do not belong to an affiliated union. The first event 
referred to was a meeting of 2000 contractors and 
builders who are the most affected by the labour agita- 
tion, which has taken an acute form at the Paris Exhi- 
bition works. They invoked the Declaration in a demand 
to the Government to do what was necessary to ensure 
an observance of the law, and the Employers’ Con- 
federation, the Economic Committee and other bodies 
have made similar insistent d 8, which are no 
longer appeals, but, so far, they have been received by 
the Government in siléneé! The tension has grown during 
the past few weeks, and will continue to grow until 
industry is assured of being carried on under conditions 
of law and order. The sécond event was the award of a 
super-arbitrator in the case of three firms in Paris, one 
metallurgical. and. two, engineering, which closed their 
works because it was no longer possible to carry on while 
a state of disorder existed through attempts of union 
delegates to expel, non-union, workers, The men 
demanded arbitration on the ground of their . being 
locked out in alleged contravention of the. collective 
contract. 
been stated on previous occasions, that the ‘‘ function 
of a work’s management implies the right to discharge 
men,’’ and that men committing action which brought 
about the closing of the works could be discharged with- 
out notice. Again, the affair at Le Bourget, where three 
engineering works elosed-down because men refused to 
make up the forty hours by working on Saturday after 
the Easter Monday. holiday, did not pass off. with so 
much complacency on the part of the met as was at first 
supposed. Their union wanted to resort to arbitration, 
but the employers refused on the ground that they had a 
perfect right to close their works in cases of manifest 
breaches of contract. They are taking on men in oppo- 
sition to the claim of the C.G.T. unions that none but 
affiliated union labour should be employed. In this 
organised resistance to Socialist labour control over 
works and factories employers feel that they have public 
opinion behind them. 





Collective Contracts. 


The Popular Front revolution has hitherto 
been of an essentially industrial character, and even the 
financial reforms were intended to provide means of 
extending employment. 
pelled to submit to the drastic conditions of collective 
contracts, they were prepared to fulfil any obligations 
that would benefit the men, and if the men had adhered 


to the terms of the contract, which gave some guarantee | 


to employers, it would have been possible to carry on | 
without trouble while owners.were organising production | 
in @ manner to meet the new labour conditions with 
inflated costs. A strict. ebservance.of contracts was | 
essential to any successful operation of the scheme. This 
has not been the case. The authorities have made no | 
attempt to ensure a fulfilment of contracts by the men, | 
and, as already stated, the collective contract seheme | 
broke down at the Exhibition works when: extremist | 
action embarrassed contractors by depriving them of | 
authority and disorganised, the entire enterprise by | 
claims that, if aecepted as a precedent, would have meant 
industrial ruin. In the circumstances, contractors could | 
only protest and. disclaim responsibility, while. all 
employers saw the necessity of making a firm stand 
against encroachments upon their prerogatives. In the 
common interest the collective contract must be kept 
loyally on both sides if it is to be workable. Its funda- 
mental disadvantage is the narrowing of the wage margin 
between the lowest and highest paid workers in any 
category, so that a man has no incentive to do his best ; 
but, so long as turbulent elements abstain from inter- 
fering, the system is accepted as an unavoidable com- 
promise, although not conducive to efficient production. 
It cannot, however, work satisfactorily in such cireum- 
stances as exist at present unless something is done to 
compel an observance of contracts and protect the rights 
of everyone and the authority of employers. 


The Forty Hours’ Week. 


As industry is always more or less in a state of 
unstable equilibrium, depending on circumstances that 
can only be controlled by prudent action, it was inevitable 
that the Socialist revolution would cause serious trouble. 
It was all the more serious because a new order of things 
was instituted without preparation, and the forty hours’ 
week was imposed first with some hesitation and then 
accelerated under pressure of strikes. Some tolerance 
was allowed in spreading the forty hours over six days, 
but the men have taken the law into their own hands and | 
imposed a consecutive five days’ week because they fear 
that any tolerance may lead to a final breakdown of the 
system: Now that the forty hours are being extended to 
commerce the inconvenience of the arrangement is felt 
by the general public. The forty hours’ week is a 
Socialist formula, which is now seen to be impossible of 
application in all circumstancés such as in shipping and 
agriculture and in occupations where the work is of a 
more or less intermittent character. In Paris, employers 
who depend upon the custom of visitors are in revolt at 
the prospect of being obliged to close two days a wéek 
during the Exhibition. In industry the forty hours with 
high wages have dealt a serious blow to small makers. 








The arbitrator's, award. reaffirmed what. has | 





While employers were og 


| the parachute is these p Pp 
| draught passing through the holes C in the. parachute 





British Patent Specifications. 


When an invention is communicated from abroad the name and 
address of the communicator are printed.in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained. at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Ch y-lane, W.C.2, 
1g. each, sper 

The date first gwen is the date of application 
at the end of the abridgment, is the date of the 





: the second date, 
acceptance of the 








ELECTRICAL APPLIANCES. 
N°462.287 

462,287. July 2nd, 1935.—CasBLeE Jornts, 
Callender’s Cable and Construction 
Company, Ltd., Hamilton House, 
Victoria Embankment, London, E.0.4. 
This specification includes an elaborate 
description of a process for making the 
joints in an electric cabla encased by a 
tube, and. subjected to an -eil pressure 
which may amount to 250 lb. per square 
inch or more...The requirement.is «that 
the joint should be accessible without it 
being necessary to drain the \adjacent 
sections of piping of oil. Eath section 
of the tube casing terminstes*in a non- 
ferrous bulkhead A, to which the lead 
sheathing of each. strand is attached by 
a wiped joint B, It is su; d that, 
apart from, the immediate vicinity of the 
wiped joint, the lead sheathing should be 
removed as the cable is drawn into. the 
tubing, The joint between the lengths 
of po is made in the casing C in a 
normal manner, insulated and covéred 
by a sheathing. The casing is made 
tight to the tubing by lead gaskets D 
and oil admitted under pressure ‘by the 
valve controlled connections E E.— 

March 2nd, 1937. \ 
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AERONAUTICS. 


462,722. September 10th, 1935.—Paracuvutes, Sueto Nonaka, 
2079, Taketacho, Naoiri-gun, Prefecture of Oita, Japan. 
This parachute is said to openyeasily and uniformly when it is 
released from its container. The plan view Fig, 1 shows a series 
of small pockets A A stitched to its exterior. These. pockets 





N°462,722 





have a springy wire B (see Figs. 2 and 3) in their edges." When 


are d by the 





proper 
and assure its opening. The specification includes a detailed 
deseription of the manner in which the parachute should be 


| folded for package in the container.— March 10th, 1937. 


TRANSMISSION OF POWER. 
N°462,174 


462,174. August 30th,  1935:— 
Exvectrric| Insc_ators, Taylor, 
Tunnicliff_ and Co,, Ltd., and 
E. D. Spencer, Eastwood, 
Hanley, Staffs. 

This is. an insulator for high- 
tension transmission lines designed 
with the object of preventing the 
condensation of moisture in its 
interior from reducing the dielectric 
strength. 





The insulator is “built 
up of a series of units, which nest 
together and are united by Portland 
cement. Each unit has a crown so 
that the interior of the insulator is 
broken up into a series of ‘closed 
cavities. "The number of units can, 
of course, be multiplied to suit 
the requirements of the service. 
Also, since the units © which 
compose the insulator are com- 
paratively small they are less liable 
to, manufacturing faults than is the 
case with one-piece, insulators.— 
March \st, 1937. 


BUILDING. 


460,948. June 29th, 1936.—ExPanston Jornts In CONCRETE 
Roapv Surgaces, “A. Holter, Kirkegaten’ 14,.16, 18, Oslo, 
Norway. 

The expansion slots are formed after the mixture of stones‘and 
cement sand mortar has, taken place and, the mixture has been 
exposed to a preliminary treatment, by, means of rollers, harrows, 
plungers, or the like, by forming a groove in the still soft, concrete 
and inserting in the groove a board provided with an upwardly 
directed longitudinal slot. The height of the board is chosen 
somewhat less than the thickness of the finished road surface, 
and in the upwardly directed longitudinal slot of the board there 
is placed a wedge-shaped steel, ribbon, which is pressed so far 
down that its wpper edge is flush with the upper surface of the 
unfinished concrete. During the rolling of ,conerete road 


surface to obtain the final compression, of the concrete the steel 
ribbon is pressed downwards into the slot of the board, whereby 


;thickness increases progeny: 
ithe inlet the capacity. o 


sections being compiésséd'in @xactly thé ‘same! manner as the 
rest of the concrete surface. When the rolling is finished the 


| wedge-shaped stee} ribbon is first replaced by an ordinary wooden 


wedge of the same shape’ and size, and when the concrete is 
finally hardened the provisional wooden wedge is rémiovéd and 





ef ——_ 7,4 

the top of the \slot%is filled ae halt compound or with a 
thinner strip of wopd covered with an asphalt compound in 
order to make the tép%ef the a In the drawing 
‘erenti gtages of ‘the pr 










three diffe are illustrated.—Febryary 
8th, 1937 ] 
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Mile End LL OR all gS 
is is~ani, ent (for clearing. the return flight}df a 

conveyor. df spillagefrom. the top it. The top flight is 

showrrat-A ‘and the tues Hig B.-At the feed end the gon- 
ae od 
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veyor is encircled’ by a short: transverse bucket conveyor €. 

The buckets of this conveyor scrape over the surface of tlie 

return flight and*pick up the spillage. It ‘is elevated and raised 

to the top flight, where it is‘dumped as shown. An essential 
feature is that the buckets are ti forward and the contents 
dumped in their wake, so that the material’ is not dragged off 

again.—February 26th, 1937. 

462,003. August 30th, 1935.—Conyryors, H. W. Cadman, 
292, Avery Hill-road, Eltham, London, S.E.13. and Seyex, 
xare Union. Works, Bear-gardens, Southwark, London, 

.E.1, 
This conveyor is said to be, capable of raising assorted articles 
up @ gradient as steep as 60 deg. It really comprises two, can- 


N°462,003 





veyors A and B, between which the articles.are gripped. The 
conveyor A is of the wooden slat type, and is guided ‘by angle 
iron rails. The conveyor B is of flexible belting and. rests its 
weight on the articles to be conveyed. It is furnished with 
protuberances C and is driven at the same speed as the con- 
veyor A by friction with the éndless band D.—March 1st, 1937. 


MACHINE TOOLS AND SHOP APPLIANCES. 
462,012. August 3Ist, 1935.—Mrxtnc on KNEADING MACHINEs, 
W. W. Groves, 30, Southampton-buildings, London, W.C.2. 
This machine is intended to mix, knead, and extrude such 
materials as ceramics, rubber, and coal-oil mixtures. It com- 
prises two worms of opposite hand, which are rotated in company 
in-@ casing in opposite directions. At the inlet end the threads 





N°462,012 





' © che. - > 

of the worms are much thinner than at the outlet, and the 
The consequence is that at 
the worms is much greater than at the 
outlet, with the result that the material is turned over several 
times and kneaded before it can pass through the outlet turns 





a smooth’ éxpanision slot is obtained with the adjacent concrete 


of the worm.— March 1st, 1937. 
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LIGHTING AND HEATING. 


461,163. March 18th, 1936.—O1m-am Burners, Wirbelstrahl- 
brenner Ofenbau-Gesellschaft m.b.H., Moltkestrasse 29, 
Essen, Germany. 





‘core impregnated or coated over its entire surface with 
chlorinated rubber or a. compound or composition of chlorinated 
rubber. The material is resistant to corrosives, is waterproof, 
non-inflammable, and a good electrical insulator, and is flexible 
and not liable to crack. It is particularly suitable for use as a 





This oil burner is of the type in which the oil is at d by 
the action of the air for combustion, which is supplied at a 
pressure of from 200 mm. to 500 mm. water gauge. The oil is 


protective covering for jigs, and similar supports in the metal- 
plating industry, and for this purpose is advantageously formed 
as a tape, which can be wound about the part or parts to be 





supplied at A and the air at B. The air is split into two st 5 
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one of which surrounds the burner cone and the other the central 

pin C. Both are se) tely regulatable. The pin has two series 

of helical fins D and E, which are of opposite hand, and ds 

towards the burner mouth, but termimates in a fine point F. 

It is said that oil which escapes atomisation in the helical vanes 

_—— off the point and is consequently atomised.— February 
. 1937. 


METALLURGY. 


462,284. May 29th, 1935.—Castr Tron Autor, W. W. Triggs, 
57 and 58, Lincoln’s Inn-fields, London, W.C.2. 

This invention relates to ferrous alloys and has for its object 
the production of en inexpensive, extremely hard, cast iron 
alloy—as distingui from steel—and which will have a 
melting point sufficiently low to it it to be readily bonded 
to ordinary steel and iron bodies by being cast thereon to form 
a r having characteristics not possessed by the supporting 
en: body. A ing to the invention a hard subatantiate 
unmachinable ferrous alloy, in addition to iron, contains the 
following :—Carbon from 2 to 4 per cent. substantially all in 
the combined form, boron from 0-6 to 2} cent., not more 
than 2} per cent. silicon, not more than 0-1 per cent. and pre- 
ferably lees than 0-05 r cent. sulphur, and not more t 
0-3 per cent. and preferably less than 0-05 per cent. phosphorus, 
the sum of the percentage amounts of boron and carbon not 
cansoring 4 Such an alloy has a hardness not less than 500 as 

by the Monotron Diamond Brinell scale, a melting 
point between 1950 deg. and 2050 deg. Fah., and a silvery white 
fracture. The invention also consists in a hard substantially 
unmachinable ferrous alloy containing from 2 to 4 per cent. 
earbon substantially all in the combined form, boron from 
0-2 to 2} per cent., nickel from 1} to 9 per cent., not more than 
2} per cent. silicon, not more than 0-1 per cent. and preferably 
less than 0-05 per cent. sulphur, and not more than 0-3 per cent. 
and preferably less than 0-05 per cent. phosphorus, the sum of 
the percentage amounts of boron and carbon not exceeding 6. 
Such an alloy has a hard e ding 700 as d by the 
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M rt i d Brinell seale, a melting point below 
2100 deg. Fah. and a silvery white fracture. e alloys have 
this property as first cast and retain it after repeated melting 
and casting. They have a melting temperature ranging from 
1950 deg. to 2100 deg. Fah. Their tensile strength runs from 
about 24,000 lb. to 60,000 lb. per square inch. They bond 
readily when melted against a heated steel or iron body without 
requiring a flux if the body be clean, and they have an excep- 
tionally low thermal conductivity, being less than a third that 
of cast iron. The ex inary effect of nickel in these alloys 
is shown in the accompanying chart, wherein the curye A shows 
the hardening effect of additions of nickel from I to 10 per cent. 
to an alloy containing about 3 per cent. of carbon and 1 per cent. 
of boron, while curve B shows the opposite effect produced by 
nickel additions to plain cast iron of about 3 per cent. carbon 
content without any boron. Both examples were practically 
free from sulphur and phosphorus, and example A contained 
about 0-57 cent. silicon as against 0- cent., for 
example B, which would work slightly in favour of example B as 
to hardness. It will be seen from curve A that there is a sudden 
and extr inary i in hard at an addition of 2} to 
34 per cent. of nickel to the boron-containing alloy, the hardness 
rising to above 1000 on the Monotron Diamond Brinell scale, 
whereas there is almost as sudden a falling off in hardness in 
lain cast iron upon additions of the same quantities of nickel. 

ith higher percontenes of boron in curve A the hardness would 
be greater, the upper range limit of practical usefulness being 
24 per cent. boron.—M lst, 1937, 
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MISCELLANEOUS. 


462,008. August 30th, 1935.—Coatep SHEET oR STRIP 

MATERIAL FOR USE 4S A PROTECTIVE CovertnG, F. C, 

D. Teague, and Detel Products, Ltd., Long Drive, Green- 
ford, Middlesex. 

This invention relates to coated sheet or strip material for 

ure as a protective covering, and comprises a flexible base or 


P ted, By warming the part or parts of the article to be 
protected the material is rendered sufficiently adhesive. The 
material nf however, be secured by a quick-drying solvent 
such as trichlorethylene. The following is given as an example 
of a non-sticky po toe ted rubber compound suitable for the 
purpose :—Chlorinated rubber, about 100 parts (by weight) ; 
cumarone resin (hard, light coloured), about 25 parts (by 
weight); tricresyl phosphate (as plasticiser), about 5 parts 
(by weight). Thess ingredients dors hly intermixed are 
dissol in a suitable solvent, such as solvent naphtha, to the 
required consistency.— March 1st, 1937. 


N°461,180 


461,180. June llth, 1935.—Dusr Serara- 
TORS, Zander, 31, Potsdamer 
Be oye Bornim, ss Germany. 
is dust separator gases rise 
vertically through a tortuous 
in i their velocity is alternately 
i d and reduced, and their direction 
of motion ch . The result is that 
the particles of dust, which have a higher 
specific gravity, are projected against the 
surfaces A A. is ooretetaie i _ 
with liquid from the su pipes . 
The liquid trickles down the kaon picking 
up the dust, and is drained away at C C. 
A horizontal design of se is also 
described.—February 11th, 1937. 








461,935. December 16th, 1936.—TempPerine Stair anD WIRE, 
The British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2. 

This is a very simple method of preventing wire or strip from 
becoming oxidised or cooled as it passes from the heater to the 





quenching bath in a continuous plant. The wire is heated 
while it is immersed in the quenching bath by electric currents 
induced within itself by the coil A, which is supplied with 
alternating current.—February 26th, 1937. 








Forthcoming Engagements. 

Si ies of Institutions, S: , &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


+ gs 








To-paY 

CuEeMicaL ENGINEERING GrouP.—Waldorf Hotel, Aldwych, 
W.C.2, Annual general meeting and dinner. 6.45 p.m. 

Inst. oy MercuanicaL Encuverrs.—Storey’s-gate, 5.W.1. 
“Present Tendencies in Water Turbine Machinery,” A. A. 
Fulton. 6 p.m. 

Junior Inst. oy Encinerrs.—39, Victoria-street, 5.W.1. 
“ Spanning of Openings.” 7.30 p.m. 

Saturpay, May Isr. 

inst. or EtecrricaL ENGINEERS : TRANSMISSION SECTION.— 
Summer visit to works of W. T. Henleys Telegraph Works 
Company, Ltd. 

MancHEsTER Assoc. or ENGINEERS.—Visit of inspection to 
the Haweswater works of the Manchester Corporation. 


WEDNESDAY, May 5rn. 
ELEcTRICAL ENGINEERS: WIRELESS SECTION.— 
Savoy- » W.C,2. “Constant Temperature: A Study of 
Principles in Thermostat Design; and a Mains-operated Iso- 
thermal Chamber Constant to One-Thousandth of a Degree 
Centigrade,” L. B. Turner. 6 p.m. 

Inst. or Furt.—Royal Soc. of Arts, John-street, Adelphi, 
W.C.2, ‘ Fuel Economy in the Melting and Reheating Furnaces 
for Steel Works,” R. J. Sarjant. 6 p.m. 

Inst. or Metats.—Inst. of Mechanica) 
~ 8.W.1. Annual May Lecture, “‘ The 

rof. E. N. da C. Andrade. 8 p.m. 

Royat Society or Arts.—John-street, Adelphi, London, 
W.C.2. “The Fuel Supplies of Great Britain,” Professor 
Alfred W. Nash. 8.15 p.m. 


THurspay, May 67H. 


ELectricaL Eneivgrrs.—Savoy-place, W.C.2. 
. 8. Whipple. 


Inst. oF 


ineers, Storey’s- 
low of Metals,” 


Inst. oF 
Faraday lecture, “ Electricity in the Hospital,” 
6.30 p.m. 

Inst. of MECHANICAL ENGINEERS: YORKSHIRE Brancu.— 
Visit to the works of the Stanton Ironworks Company, Ltd. 

Rattway Crus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4, “ The London, Tilbury, Southend Railway,” 
N. McCracken. 7.30 p.m. 

Frmway, May 71TH. 

Inst. oF MErcHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
Informal meeting. ‘“‘ Through America with t ‘orld Power 
Conference,” J. rs. 6.30 p.m. 

Inst. oF SantraRy Enoingers.—Caxton Hall, 8.W.1. 
“Storm Water in Sewage Disposal Works,’ informal talk. 





6 p.m. 





Sarurpay, May 8ru. 
Inst. or Etxcreican ENoinenas: Merrer anp InstRuMENT 
Szorron.—Summer visit, 
Sunpay, May 97x. 
Roya AxgronautTicaL Soo.—Fairey’s Aerodrome, Great 
West Road, Middlesex. Annual garden party. 
Saturpay, May 22np, 
Inst, or MecuanicaL ENGINEERS: GRapuaATES’ SEcrion,— 
Visit to Brimsdown power station. 
Monpay, May 247TH, 
AssooraTion oF “‘ Otp Cromprontians.’’-——-Grosvenor House, 
Park-lane, W.1. Annual dinner. 
Tuurspay, May 277rH. 

Roya Agronavutroat Soo.—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. ‘* Turbulence,” Dr. T. von Karman. 6.30 p.m. 
Sarurpay, May 29ru. 

Inst. oF Execrrican ENGINEERS: WIRELESS SKCTION. 
Visit to the B.B.C. Television Station at Alexandra Palace. 

Turgspay, Junge 8TH, To Fripay, June lirs. 

Inst. or British Founprymen.-—Annual Conference at 

Derby. 
Turspay, Jung 22np, To Saturpay,_ June 26rH. 

Britiss Waterworks’ Assoc.—Annual general meeting and 

Conference in " 








LAUNCHES AND TRIAL TRIPS. 


Deuivs, motorship; built by Harland and Wolff, Ltd.; to 
the order of Lam and Holt Line, Ltd.; dimensions, length 
430ft., breadth 62ft., th 37ft. 9in.; gross tonnage 6010. 
Engines, two-stroke, double-acting. Launch, April 12th. 

BoarDALE, motorship; built by Harland and Wolff, Ltd., 
to the order of British Tanker pany, Ltd.; di i 
len 463ft., breadth 61ft. 6in., depth 34ft. Engi 
cylinder, four-stroke, single-acting ; launch, April 22nd 

Norman Mowanca, steamship; built by Caledon Shipbuild- 
i ineering Company, Ltd., to the order of Monarch 

» Ltd.; di ions, 425ft., breadth 
\. 6in.; to carry 9250 tons. Engines, triple- 

ore -acting, surface-condensing, superheated, 2200 
L.H.P.; constructed by J. G. Kincaid and Co., Ltd.; launch, 
April 22nd. 





8, six- 
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PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Coronet 8S. E. Monxnovuss, M.I.E.E., general manager 
of the North-Eastern Electric Supply Company, Ltd., has been 
elected a director of the company. 

Mr. V. Boarpman, A.M.I.P.E., 75, Lancaster-gate, W.2, 
has terminated his ip with Mr. H. C. Amos in the firm 
of H. C. Amos and Co., as from March 31st, 1937. 

Mr. E. W. Hives has been appointed to fill the vacancy on 
the board of Rolls-Royce, Ltd., created by the death of Mr. 
Arthur Wormald. Mr. Hives has been with the company since 
ite earliest days. 

Tue Crerva Avutoarro Company, Ltd., has removed its head 
office from Bush House, Aldwych, W.C.2, to The London Air 
Park, Hanworth, Feltham, Middlesex. A London office will 
remain at Bush House. 

SprannaGet, Ltd., 13-15, Old Queen-street, London, 8.W.1, 
advises us that the M.A.N. (Maschinenfabrik Augsburg-Nirn- 
berg) has found it convenient, on the basis of a friendly - 
ment with its previous Mr. E. Milton Sellex, to er 


— 
its to Spannagel, Ltd. Mr. Sellex will be at the head of 
the Uépurtencitt dealing with M.A.N. matters. 








CONTRACTS AND ORDERS. 


—_— 


The Editor is always happy to print short announcements of 
contracts and orders in thie column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


OnensTzetn anv Koprrgt, A.G., have received from the 
South African Railways a contract for 96 Ib. pointe and crossings 
to the value of approximately £30,000. 

Sunspeam Commerciat. Vearcres, Ltd., es 
has received a further order for Sunbeam-B.T.H. trollybus 


chassis from the Johannesburg Corporation. The first trollybus 


route in J was opened 
fleet of vehicles, incl eleven Sunbeam-B.T.H. M.F.2 type, 
was placed in service. 

Ltd., has 


Tae British THomson-Houston CoMPaNy, 
received an order from the London Passenger Transport Board 
for a ber of tracti trol equipments for use with 
tube stock, the total value of which is in excess of 
£1,000,000. The equipments comprise control apparatus for 
driving and non-driving motor cars and the wiring of control 
and auxiliary circuits on motor cars and trailers. 

Tue Liverroor Rerriceration Company, Ltd., has recently 
received orders from South America for a 10-ton ice plant 
and for two refrigerating plants, each including a No. 6a “‘ Polar” 
twin-cylinder sleeve valve ammonia P ar d for 
direct coupling. The firm’s associated company, H, J. West 
and Co., Ltd., London, is supplying for shipment to Singapore 

igerating equipment, ineiadine a No. 5a twin-cylinder sleeve- 
valve ammonia compressor. 














CATALOGUES. 


Hersert TERRY AND Sons, Ltd., Redditch.—General cata- 
logue of small springs of all types supplied by the firm. 

Kryn anp Lany (1928), Ltd., Coburn Works, Letchworth.— 
Details of ‘‘ Campbell ’’ cold-starting, airless-injection oil engines. 

CupnRinot, Ltd., 9, Basinghall-street, E.C.2.—‘‘ The Enemies 
of Timber,” a booklet on the treatment and preservation of 
timber. 

Imperial SMELTING Corporation, Ltd., 95, Gresham-street, 
E.C.2,—A brochure on the prevention of corrosion by zinc 
spraying. 

Ruston, Bucyrus, Ltd., Lincoln.—An illustrated booklet 
on practical excavating with the firm’s j-yard 10-R.B. universal 
excavator. 

Frank WiceLeswortH anv Co., Ltd., Shipley, Yorks,—-A 


pamphlet on the “ Vari-Pitch ” texrope pulley for variable- 
8) 


drives. 
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A Seven-Day Journal. 


A Census of Traffic. 


A REPORT on the census taken by the Ministry of 
‘Transport of the traffic on the Class II roads in Great 
Britain during the week from August 10th to August 
16th, 1936, has recently been issued by the Minister 
of Transport. The work was undertaken in collabora- 
tion with the various highway authorities. The 
Census was taken outside the Administrative County 
of London and figures were obtained at 4539 points 
on the second-class roads concerned. The total 
number of units of mechanically propelled and horse- 
drawn vehicular traffic and pedal cycles recorded 
during the*seven days of the Census at these points, 
and the average per day of sixteen hours (6 a.m. to 
10 p.m.) were as follows :— f 





Total. Average 
per day. 

Mechanically propelled vehicles : 
Passenger... ... ... «.- 17,598,749 2,514,107 
Geet 03 As. «vee 4,780,083 682,869 
Horse-drawn vehicles 460,551 65,793 
Pedaleycles ... ... 14,363,188 2,051,884 
37,202,571 5,314,653 


(Comparable particulars in respect of the preceding 
Census taken in 1929 are available for 3679 points. 
At these points the percentage increase or decrease in 
the numbers and estimated laden weight of the 
vehicles and in the numbers of pedal cycles recorded 
in 1936 compared with 1929 was as follows :— 


Increase (-+-) or decrease (—), per cent., 1936, compared with 1929 
Number. Tons. 
Mechanically propelled vehicles : 
Passenger et aad bee, eke + 65-95 +47-03 
Goods Pa hogs ape +- 72-64 + 69-71 
Horse-drawn vehicles -~ 51-56 — 40-06 
All vehicles... aa + 52-23 + 52-24 
Pedal cycles + 89-48 — 
Ariel House. 


On Friday last, April 30th, Ariel House, the new 
headquarters of the Civil Aviation Department of the 
Air Ministry, was opened by the Duke of Kent. This 
building in the Strand, formerly the office of the 
Marconi Company, will henceforth contain all sections 
of the Department and will provide a full information 
service for use by the public. In the large hall on the 
second floor, where the opening ceremony took place, 
will be held the examination of candidates for various 
licences and for the delivery of lectures to the public. 
In another large room is the office for the issue and 
renewal of licences. The information bureau is 
equipped to provide the public with facts about 
British air services, pilots with details of flying 
regulations in different countries abroad, and similar 
information about civil flying generally. During the 
opening ceremony a demonstration was given of the 
new long-range communication with aircraft by 
short-wave telegraphy, and a wireless telephony 
conversation was held between Lord Swinton, the 
Secretary of State for Air, and the commander of a 
flying boat then over London. The telegraphy 
demonstration consisted of a message of greeting 
sent by the Duke of Kent to the Empire flying boat 
‘* Courtier,”’ then about 170 miles north of Alexandria. 
The message was sent at 12.10 p.m. and the reply 
was received sixteen minutes later, stating that the 
* Courtier ’’ was crossing the Mediterranean at a 
height of 6000ft. in fine weather. This is the first 
message Sent by the new method other than trial or 
service mi . Presiding at the opening ceremony, 
Lord Swinton pointed out that in twelve years the 
number of current licences had risen from 400 to more 
than 5000. In declaring the building open the Duke 
of Kent referred to the development of Transatlantic 
flying and to the opportunity afforded by the Imperial 
Conference for further planning of Empire air routes. 


_London Fire Brigade Headquarters. 


On Monday last, May 3rd, the headquarters of the 
London Fire Brigade were transferred from the 
Southwark Bridge-road, S.E., to anew building on the 
Albert Embankment. The transfer was accomplished 
without interruption of any of the services and by 
special arrangement telephone calls on the old 
numbers were transferred to the new lines. The new 
headquarters will be allotted special numbers shortly. 
The new building, which is ten storeys high, of ferro- 
concrete, is approaching completion. The plans 
embody the features considered to be useful and noted 
by technical officers on a recent visit to the fire 
brigade headquarters of the capitals of Europe. The 
site chosen, consisting of about 85,000 square feet, 
contains a dock, workshops accommodation, and 
administrative buildings. Jt encloses an adequate 
drill yard and a drill tower for ladder practice, and 
has residential quarters for officers who have to be 
available for immediate service, and quarters for 
four inspection branch officers. Formerly these 
officers resided at Waterloo-road and Vauxhall 
stations, but as these stations are to be closed they 
had either to be distributed over the London area or 
housed at headquarters, where they were available 
for service with a minimum of travelling time. The 


dock provided is intended for repairs to fire floats and 
other craft. For mooring purposes a pontoon and 
“brow ’”’—an inclined plane—is provided, and the 
fire float stationed at the new headquarters will 
replace that hitherto at Battersea Bridge. The new 
quarters will include such amenities as recreation 
rooms, a band stand, a squash court, and a gymnasium. 
A prominent position is occupied by a memorial to 
men who lost their lives in fire fighting in London. 


The Employment Returns. 


THE Ministry of Labour announced on Monday 
evening,-May 3rd, that it was estimated that at April 
19th, 1937, the number of insured persons, aged 
sixteen to sixty-four, in employment in Great Britain, 
exclusive of persons within the agricultural scheme, 
was approximately 11,394,000. This was 152,000 
more than the total for March 15th, 1937, and 609,000 
more than that for April 27th, 1936. There was an 
improvement in efaployment, between March 15th 
and April 19th, in nearly all the principal industries. 
It was most marked in building, public works con- 
tracting and stone quarrying, in coal mining, ship- 
building and repairing, the engineering, metal goods, 
motor vehicle, cycle and aircraft industries, the dis- 
tributive trades, and the road transport, dock and 
harbour, and hotel services. There was also a seasonal 
improvement in agriculture. In none of the principal 
industries was there a marked decline in employment. 
At April 19th, 1937, the numbers of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain were :—1,254,646 wholly unemployed, 
128,655 temporarily stopped, and 71,142 normally in 
casual employment, making a total of 1,454,443. 
This was 146,758 less than the number on the registers 
at March 15th, 1937, and 376,787 less than at April 
27th, 1936. The total on April 19th, 1937, comprised 
1,141,011 men, 41,315 boys, 227,026 women, and 
45,091 girls. 


The Trend of Invention. 


Tue fifty-fourth report of the Comptroller of 
Patents, Designs, and Trade Marks has just been 
published by the Stationery Office. It shows that for 
the second year in succession the number of applica- 
tions for patents has fallen concurrently with an 
increase in the number of complete specifications 
filed. This seems to indicate an increase in the pro- 
portion of patents considered worthy of prosecution 
to the complete specification stage. The number of 
applications for patents received during 1936 was 
35,867, compared with 36,116 in 1935, while applica- 
tions in respect of inventions communicated from 
abroad to persons resident in this country numbered 
2186, as against 1796 in 1935. As in recent years, the 
most striking developments have taken place in the 
chemical and electrical sections. In the electrical 
section the introduction of commercial television 
gave rise to an increase of over 20 per cent. compared 
with last year in the applications relating to television, 
and 25 per cent. in those relating to short-wave 
wireless. There was also marked activity in motor 
control systems and improvements in switchgear and 
protective devices. In the section dealing with trans- 
port increasing attention is being paid to the stream- 
lining of aircraft, variable-pitch propellers, retract- 
able undercarriages, and the development of gyro- 
planes and helicopters. In motor transport there is 
renewed activity in transmission systems and in 
methods of controlling fuel injection pumps on oil- 
engined vehicles: Compared to the previous year 
there was a rise of 50 per cent. in the inventions 
relating to munitions of war. 


The Volga Canal. 


On Sunday last, May 2nd, the first steamer from 
the river Volga was moored at Moscow, marking the 
linking up of the capital with the Baltic Sea, the 
White Sea, and by means of the river Volga, with the 
Caspian Sea. The initial step in the scheme was the 
comp etion of the Stalin Canal between the White 
Sea and Leningrad in 1933. Work, which had begun 
in 1932 on the present canal to link Moscow to the 
same system, was already advanced. Since 1933 the 
whole available man power, amounting to about 
200,000, has been transferred to the Volga—Moscow 
Canal. It is about 80 miles in length and traverses 
seven large lakes and reservoirs. The lakes were 
filled by damming small streams during the last two 
springs, and the work was completed by closing the 
dam across the Volga for a short time recently. In 
order to fill up the largest of the lakes, known as the 
Moscow Sea, which has an area of 123 square miles, 
246,000 million gallons of water were required. It 
stretches from end to end a distance of about 90 miles. 
The canal has eleven locks, about twelve large dams 
and numerous small ones, and eight hydro-electric 
stations. It is traversed by nine bridges and two 
tunnels. It is ice-bound under the best conditions 
for about six months in the year. Passengers 





may avoid the slow progress through the eleven 





locks by taking the railway from Savelovo on the 
Volga to Moscow. The railway runs practically 
parallel to the canal. Four 700 H.P. motorships 
will be used on the canal instead of the ordinary 
deep-sea craft. It is proposed to complete the pro- 
ject by another canal linking the Lower Volga to the 
river Don, thus providing a passage from Moscow 
to the Black Sea. 


The Iron and Steel Industry. 


THERE was a large attendance at the annual dinner 
of the Iron and Steel Institute, which took place on 
Thursday evening, April 29th, at Grosvenor House. 
The chair was taken by the President, Mr. Alfred 
Hutchinson, and the principal guest of the evening 
was Mr. Ernest Brown, the Minister of Labour. 
In proposing the toast of “The Iron and Steel 
Institute,’’ Mr. Brown referred to the more prosper- 
ous state of the industry, and recalled the fact that 
in 1924 the iron and steel trade had 240,000 insured 
workers in the age group 16 to 64. In 1931 the 
number was 189,000; in 1935 it was 178,000; and 
in 1936 it was 186,000. There was hope, he said, 
that when the annual count was taken next July the 
number would be near 200,000. In 1932 there were 
87,000 unemployed in the industry. In 1936 that 
number had dropped to 32,000, and in March, 1937, 
to 22,000. In five years there had been a reduction 
of 75 per cent. in the number of unemployed. The 
output of the industry showed a great expansion, 
and the figures for the last three months showed that 
this year was likely to record a further advance. 


The New Battleships. 


SPEAKING in the House of Commons on Wednesday, 
April 28th, the First Lord of the Admiralty stated 
that the three battleships of the 1937 programme will 
be named “Anson,” “Jellicoe,” and “ Beatty,” 
and are to be allocated as follows :—-H.M.S. “ Anson ” 
to be built on the Clyde by John Brown and Co., 
Ltd., at Clydebank; H.M.S. “Jellicoe” to be 
built on the Tyne by Swan, Hunter and Wigham 
Richardson, Ltd., and engined by the Wallsend 
Slipway and Engineering Company, Ltd., of Walls- 
end-on-Tyne; and H.M.S. “ Beatty” to be built 
on the Clyde by the Fairfield Shipbuilding and Engi- 
neering Company, Ltd., of Govan, Glasgow. We 
are given to understand that the keels of these new 
battleships will in all probability be laid down in 
July. Each ship will cost approximately £8,000,000 
and it is expected that continuous employment will 
be given on each of them for.3} years. The battle- 
ships are of novel design, and they will be generally 
similar to the “ King George V ” and the “ Prince of 
Wales,” which were laid down early this year by 
Vickers-Armstrongs, Ltd., at the Naval Yard at 
Walker-on-Tyne, and Cammell, Laird and Co., Ltd., 
at Birkenhead, respectively. The new capital ships 
will have a displacement of about 35,000 tons, and an 
outstanding feature of the hull design is the enhanced 
defence equipment against air attack, special deck 
and side armour being carried. The main armament 
will comprise 14in. guns, and powerful anti-aircraft 
guns will be mounted, and aircraft carried. The 
propelling machinery will be designed for a speed of 
about 30 knots, and will comprise geared turbines 
taking steam from high-pressure water-tube boilers. 


Production of Calcium Carbide. 


AN announcement concerning the appointment of 
a special committee to consider the question of the 
production of calcium carbide in the United Kingdom 
was made by Sir Thomas Inskip in the House of 
Commons on Wednesday, April 28th. Sir Thomas 
said that while it was not the established practice 
to make public the particulars of committees of the 
Committee of Imperial Defence, he felt that it was in 
the public interest to make a statement concerning 
the committee which had been appointed to consider 
and report on the relative advantages of any schemes 
which may be submitted for the production of calcium 
carbide and allied products in the United Kingdom. 
That committee, he said, would have as its Chairman 
Sir Ernest Harvey, late Deputy-Governor of the Bank 
of England, with two members, Mr. Peter Bennett, 
of Joseph Lucas and Co., Vice-President of the Federa- 
tion of British Industries, and Mr. T. Lodge, late 
member of the Commission of Government in New- 
foundland. As the inquiry might involve the con- 
sideration of certain chemical problems, he had 
thought it desirable to assist the committee by the 
appointment of a technical assessor drawn from the 
public service. He announced that he had obtained 
the services of Sir Gilbert Morgan, D.Se., Director 
of the Chemical Laboratory at Teddington, in that 
capacity. All communications with regard to the 
work of the committee should be addressed to the 
Secretary, Calcium Carbide Committee, at 2, White- 
hall-gardens, London, 8.W. 
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Modern Hydraulic Turbines. 


By JOHN D. WATSON. 


No. 


IT. 


(Continued from page 501, April 39th.) 


PROPELLER TYPE TURBINES FOR Low FaLLs. 
HE early water power developments where the 
water was applied to turning wheels were essen- 

tially low fall schemes where the head seldom exceeded 

15ft. or 20ft., and was more usually about 10ft. 

Even where the water could be piped at a natural 

waterfall to bring it under 100ft. head or so, there 

were no machines other than small water pressure 
piston engines available to use it till the Pelton first 
appeared in a crude form. As these machines and 
those of Fourneyron, Girard, Jonval, Thompson, and, 
finally, Francis, became practical power propositions, 
the low fall was temporarily neglected in favour of 
those at least over 50ft., and where the head avail- 
able was not suited to a Pelton wheel, the Francis 
turbine was almost universally employed. While 
for high heads approaching 1000ft., this type of tur- 
bine sometimes proves a better proposition than a 
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FIG. 28—-SMALL PROPELLER TYPE TURBINE 
Pelton, and for medium heads is almost universally 
employed, hydraulic engineers were soon convinced 
that the ideal machine for anything under 50ft. or 
so was one through which the water could flow axially 
in a vertical direction in the manner of the Jonval 
turbine. But as this particular slow-moving cumber- 
some machine could in no way be governed, it was 
impossible to develop it for hydro-electric work. 

As the power of individual units increased, the 
development of low falls became a matter of passing 
the normal flow of whole rivers through the turbines, 
so that the cost per installed horse-power tended to 
become excessive because the speed of the Francis 
machine, even when adapted to low fall work by 
modified runners like those of Diibs, still remained 
low. The efficiency, too, while it might approach 
90 per cent. at normal loads and heads tended to fall 
off rapidly under the adverse water conditions which 
affect practically all low falls in flood time. An extra 
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efficiency of 1 or 2 per cent. is, of course, as important 
in a 200,000 H.P. hydro-electric plant as it is in a 
large steam plant. Small experimental units evolved 
by Moody and Nagler with propeller type runners 
evolved from the screw pump soon paved the way for 
what is for all practical purposes an axial flow runner 
which has proved not only workable in a Francis 
setting—that is, with the water controlled by the 
familiar guide vane system—but also efficient when 








the head conditions vary from the normal so long as 
sufficient compromise is made in the blade angle to 
permit of this. It was then only a logical step to 
build runners like the old variable pitch screw pro- 
peller, so that the power house engineers could make 
this adjustment periodically with the variation in 
the water conditions, and Kaplan effected this auto- 
matically by and in conjunction with the governor 
as it closed or opened the gates. 

In the turbine shown in Fig. 28, the nearest approach 
to parallel flow is obtained. It is a recent design of 








Fic. 30—CAST STEEL FRANCIS RUNNER 


the American I. P. Morris Company, and is claimed 
to be “an important advance in hydraulic turbine 
design to encourage the construction of. small and 
medium-sized plants.” 

It will be seen that the usual ring of pivoted guides 
is wholly dispensed with, the inlet to the turbine being 
simply a flared-out casting with fixed guides extending 
from the hub to the rim in a radial direction. This 
construction follows the Jonval principle, though the 
arrangement as a whole is more or less the reverse 
of a propeller type pump and the setting here is 
obviously very simple. Speed control, by the usual 
oil pressure system, is obtained wholly by the angular 
adjustment of the runner blades through the usual 
arrangement of a piston working in the cylinder 
formed in the hollow shaft, the necessary mechanism 
being contained in the rather large hub shown. It 
is not suggested that this comparatively cheap machine 
will show the high overall efficiency of the Kaplan 
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Fic. 31—HELICAL BLADE RUNNER 


turbine, but it shows considerably better results 
under the conditions for which it is designed than a 
Francis turbine, as indicated by curve B in Fig. 29, 
and it is almost an ideal arrangement for installing in 
an open setting. 


FIXED BLADES. 


Speaking generally, for low falls and more especially 
in cases where the head is very variable, a propeller 
type runner is a better proposition than a Francis 
runner in the same way as both the screw and pro- 
peller type of pump suit variable and low head con- 
ditions better than the centrifugal does. With fixed 
blades, at all events, it is cheaper to construct, and as 
its speed is higher for any given water conditions, the 


power unit as a whole is cheaper. The orthodox 
Francis runner for heads up to about 100ft. is that 
shown in Fig. 30, an example cast by the Skoda 
works. With its comparatively heavy hub and 
rim and the necessity for thin blades or buckets 
accurately cast to a rather peculiar form, it is a 
difficult foundry problem, as will be apparent if it is 
compared with the propeller type runners illustrated 
later on. It is true that runners with adjustable 
blades prove costly by reason of the mechanism for 
moving them, but, except in the instance cited above, 
where they constitute the means of governing to the 
exclusion of the whole guide vane assembly, they are 
only required when it is necessary to operate at the 
highest efficiency at all heads. Where this and certain 
other conditions have not to be strictly complied 


FiG. 32—LAUFRAD TYPE RUNNER 


with, the fixed blade runner is usually chosen, though 
in any one installation it may be politic to have some 
of the units of one type and some of the other, so that 
the station engineer can run them according to the 
water conditions and load in a manner which will 
conserve water and enable him to operate the station 
at the highest overall efficiency. Between these two 
there is also a turbine in which the blades of the runner 
are adjustable by hand. Though that entails shutting 
down the unit for a short while, it provides a ready 
means of adjusting the set to the prevalent water 
conditions without the added cost and complication 
of the fully automatic system of the Kaplan turbine. 

So far as machines with fixed blades are concerned, 
there are at the present three main types : those with 
one or two helical blades, those with several fan- 
shaped blades, and those with short downwardly 
inclined ones of the Lawaczeck type. The helical 
blade (Fig. 31) originated with the Swiss firm of Theo 
Bell. They proved successful principally in the matter 
of high speed and came into prominence some years 
ago in connection with small plants at Wynau and 
Berne, Switzerland. The fan type of runner was 
sponsored by Moody on the American Continent in a 


Fic. 33—-LAWACZECK RUNNER 


form to be alluded to presently, while the Laufrad 
design (Fig. 32) was adopted by Voiths for rather larger 
units than those fitted with Bell runners, though not 
of any exceptional size. For large units the best 
proposition at the present time would appear to be the 
Lawaczeck runner (Fig. 33), because not only has it a 
relatively high speed and a flat efficiency curve, but 
the short straight blades eliminate the mechanical 
weakness to be associated with runners of the form 
shown in Fig. 32. Francis runners can be and have 
been successfully cast in three or four sections, but 
the view in Fig. 34 will show that this method of casting 
a Lawaczeck runner with the individual blade cast 
with its appropriate section of the hub is a com- 
paratively simple problem for the steel founder and 
these runners have no rim. This arrangement was 
adopted by Aktiebolaget Finshyttan in the building 
of the runners for turbines of this type at the Swedish 
Waterfall Board’s Lilla Edet station, where the tur- 
bines are of the form shownin the sectional view in Fig. 
39. These turbines, which develop about 11,000 horse- 





power, have been described in the technical Press, and 
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they operate in conjunction with Kaplan sets, which 
enable the station as a whole to operate at the highest 
possible efficiency. There is also a similar unit by the 
same builders at the Swedish Forshuvudforsen plant 





the fact that it develops practically one-third more 
power under identical conditions is a matter of con- 
siderable interest. 

Runners of the class shown in Fig. 32 were fitted to 


FIG. 34—GRINDING SECTION OF LAWACZECK RUNNER FOR LILLA EDET STATION 


operated by a large private power concern, but the 
unit in question, which operates alongside two Francis 
sets of 7700 H.P. on a head of 33ft., develops 10,000 








FiG. 35—RUNNER FOR GREAT FALLS PLANT 


H.P. at 94 r.p.m., as against the 83 r.p.m. of the 
Francis units. It was installed in a setting actually 
constructed previously for a third Francis unit, so 





a turbine built by Voiths (THE ENGINEER, September 
3rd, 1926), which develops 7500 H.P. at the Kachlet 
power plant on the Danube, situated some three miles 





head available is increased to approximately 30ft. 
The runners here have six blades fitted into a common 
boss in such a way that they may be removed through 
the draught tube without disturbing any other part 
of the turbine, while the latter, though having one or 
two special features, is otherwise of the recognised 
Francis type. 

As might be inferred, the Bell and Laufrad and, 
more particularly, the Lawaezeck type of runner are 
mainly associated with recent European develop- 
ments, whereas those American designers who have 
adopted the fixed blade type apart from the Kaplan 
design have been influenced by the original experi- 
ments of Moody and Nagler. One of their notable 
achievements in this direction was a comparatively 
early installation at Great Falls, Manitoba, by the 
I. P. Morris Company. The runners of these turbines, 
which were cast in steel to the form shown in Fig. 35, 
followed on the installation by the same concern of 
units of 10,000 H.P. at the Cedar Rapids plant of the 
Montreal Light and Power Company. The latter 
turbines are of the Franeis type, though only operating 
at 30ft. head. Their speed of 55} r.p.m. is corre- 
spondingly low, with all its disadvantages, including 
an overall diameter for the generator of no less than 
37ft. The runners, too, cast in iron in four sections, 
each with four blades, weigh nearly 80 tons, while 
the whole turbine weighs the best part of 500 tons for 
a comparatively small output as far as modern hydro- 
electric units go. 

Although the head of 56ft. at Great Falls is higher, 
the Moody type runner shown, as designed by Cramps, 
of Philadelphia, under the direction of Mr. Frank H. 
Rogers, is capable of a speed of 138-5 r.p.m., at which 
28,000 H.P. is developed, and in the matter of the 
speed vanes and the draught tubes these units 
departed considerably from the orthodox and from 














FiG. 37—ADJUSTABLE BLADE RUNNER FOR MONTREAL ISLAND PLANT 


above the town of Passau. These six units develop 
this power on a head of nearly 25ft. at 75 r.p.m., but 
they are capable of producing 9320 H.P. when the 




















FiG. 36—-POWER HOUSE OF MONTREAL ISLAND POWER Co. 





the Cedar Rapids turbines, with which, at the 
moment, it is convenient to compare them. They are 
principally of interest for the successful application 
of their Moody type diagonal runners, which have a 
peripheral speed of 7000ft. per minute, which is 
nearly twice the spouting velocity (3600ft. per minute) 
of the water at their operating head of 56ft. 


ADJUSTABLE BLADES. 


That the efficiency of any screw, whether it be a 
ship’s propeller, pump impeller, or turbine runner of 
this class, falls off when working under conditions 
differing from those for which it is specifically designed, 
has long been known, and although the variable 
pitch ship’s propeller had only a short vogue of 
popularity, the principle is applied to the air screw, 
and is the essential feature of the Kaplan turbine. 
Varying the blade pitch had previously claimed the 
attention of American designers and drainage pumps 
in Chicago of this class were actually built in 1904 
with screw type impellers having four blades adjust- 
able as to pitch by the simple expedient of construct- 
ing them like a built-up ship’s propeller with slotted 
bolt holes in the flanges, by means of which they were 
attached to the boss, so that when they were required 
to deliver against 10ft. or Llft. head in place of the 
more usual 7ft. or 8{t., the necessary adjustment could 
be made in an hour or so. 

That principle was applied to some small turbines 
at the Ford Company’s Green Island plant about 
1922, and shortly afterwards there were two larger 
ones put down at the Sewells Island plant of the New 
York Utilities Company. All the units required the 
unwatering of the turbine for the necessary adjust- 
ments to be made, and mechanically the runners 
proved weak. Both these shortcomings were over- 
come by the Henderson design, in which the adjust- 
ing mechanism was more conveniently located between 
the turbine and the generator shaft flanges, and means 
were provided for locking each runner blade securely 
in the boss. With the necessary pitch variation of 
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the blades, which are usually four in number, put on 
a sound mechanical footing, and not requiring a 
lengthy shut-down, tests were carried out in 1923 
at Holyoke, which definitely demonstrated a much 
higher overall efficiency for this type of runner which 
approached 80 per cent. at half load, as against 65 per 
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Fic. 38—42,500 H.P. KAPLAN 


cent. for similar runners with fixed blades. Thus, 
in cases where the output of the turbine would be 
appreciably diminished by the loss of head due to 
back water, which is the usual condition in a low fall 
plant, it can be maintained with but little loss of 
efficiency by flattening the runner blade tilt the appro- 
priate amount. Under normal water conditions, 


design, but the arrangement is a comparatively simple 
and cheap one which may suit a given set of con- 
ditions best. It proved effective in the case of the 
5000 H.P. units installed in 1928 at the Chippewa 
Falls by Allis Chalmers. They have hydraucone 
draught tubes which are now a common feature of 
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RUNNER FOR SAFE HARBOUR 


low fall turbines. Otherwise the general arrangement 
is similar to that associated with the vertical shaft 
Francis machine. In 1930 the same concern installed 
four comparatively small units at the Rapide Croche 
plant on the Fox River, where the normal head is 
only 8fit. This is reduced at times to 3}ft., but even 
under that low value it is claimed that the appro- 





854 r.p.m. The runners of these three units are 
16ft. 8in. diameter, and one of them is shown in 
Fig. 37, with the blade-adjusting mechanism between 
the flanges as already indicated. 

Another instance of a large propeller type unit of 
recent date is that built by the I. P. Morris Company, 
now merged with the Baldwin Southwark subsidiary 
of the Baldwin group. The scheme referred to, at 
Wheeler Dam, which is typical of the large hydro- 
electric plants in America of recent years, where low 
falls have been developed, provides for eight turbines 
in a power house at the foot of the dam. With a head 
of only 48ft. and producing 45,000 H.P., the volume 
of water passing through this unit is no less than 
9150 cusecs at full load, and it necessitated a complete 
model being built and tested prior to the final design 
being undertaken. Unlike the Kaplan units at Safe 
Harbor, this particular turbine has a fixed-bladed 
runner and its speed is 87} r.p.m. Various steps 
leading up to its design on data furnished by the 
model tests are described by Mr. Frank H. Rogers 
in the 1935 volume of the American Society of Mecha- 
nical Engineers’ Mechanical Engineering, though in 
its.main features the unit follows accepted practice, 
and does not call for any detailed description, except 
to. point to one or two special features. 

Of these, the runner deserves special mention. 
Unlike fixed bladed runners of this type which are 
often successfully cast in steel as a unit, the six blades 
of this one are cast separately from the hub in which 
they are held against centrifugal force by fitting a 
circular key in halves, while they are held against 
rotation on their own axes by means of fitted radia! 
dowels. While the casting of the hub and the blades 
separately was deemed necessary in this case on 
account of the size of the runner, which is 22ft. in 
diameter, as against the 15}ft. of the Manitoba Falls 
runners (Fig. 35), it is pointed out by Mr. Rogers in 
the paper referred to thas it facilitates the more 
accurate setting of the blades. The stay ring, which 
has twelve vanes, is also of cast steel, and was cast 
in six sections, and there are twenty-four guide vanes, 
with both stems cast integral. The 33in. main shaft 
was bored 8in. for inspection, and its main sleeve 
bearing is of the Goodrich cutless rubber type, the 
shaft being bushed at this point with a stainless stee| 
bushing. These bearings have been in similar use 
for some years now, and have proved their all-round 
superiority to either white metal or lignum vite, both 
in the matter of actual wear and in freedom from 
vibration. 

Kaplan TURBINES. 

As an hydraulic power unit the Kaplan turbine is 
now well understood and does not call for any detailed 
description here beyond mention of the fact that the 








§ 





THe ENGineer 


FiG. 39—TURBINES 


the capacity can be increased by a reverse adjustment 
of the blade angle. 

[It might be argued that any such system of runner 
blade adjustment is only a compromise by builders 
who have not a licence to build turbines to the Kaplan 


AT LILLA EDET STATION. SWEDEN 


Metres 


priate blade adjustment enables the machines to 
deliver power at synchronous speed. In Fig. 36 is 
shown the general arrangement of this type of turbine, 
as built by Allis Chalmers for the Montreal Island 
plant, which develops 12,000 H.P. on 26ft. head at 











Fic. 40—MAIN UNIT OF SAFE HARBOUR DEVELOPMENT 


four or five blades of the runner as shown in Fig. 38 
can be turned about their own axes in the hub by any 
suitable form of cam gear or linkage which is given an 
up-and-down motion by a piston and rod contained 
in the hollow rotating shaft and operated by the oil 
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pressure of the governor system in conjunction with 
the governor itself. The setting of the turbine is for 
all practical purposes identical with that of the 
Francis, as the diagram in Fig. 41 will show. In fact, 
a Kaplan runner or for that matter any propeller 
type runner, whether of the fixed blade or adjustable 
blade type, can be substituted for a Francis runner 
provided the draught tube is of suitable form. 

~ Some of the more important features of the Kaplan 





design will be seen in the sectional view in Fig. 40 of 
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are to be seen in the hollow shaft, which is enlarged 
at the upper end and bored out to form a cylinder. 
The rod is given an up-and-down motion’ in unison 
with that of the gate operating servo motor. In 
Fig. 42 it will be observed that there is a four-armed 
crosshead A attached to the end of this rod B. The 
crosshead is guided on the pins C and the links D 
connect with the lugs E on the collars F on the 
trunnions G of the blades H, which are thus turned in 
either direction through a few degrees of angularity, 
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Fic. 41—TYPICAL ARRANGEMENT OF KAPLAN UNIT 


the actual units appropriate to the runner shown in 
Fig. 38, which is one of those recently built by the 
American Morgan Smith Company to develop 
42,500 H.P. at 109 r.p.m. on 55ft. head at the Safe 
Harbor Development on the Susquehanna River. 
They are the largest units of their type yet con- 
structed. 

It has already been shown that if the head varies 
the turbine output can be kept up to normal with 
practically maximum efficiency if it has a propeller 
type runner in which there is means of adjusting the 
tilt of the blades, and this action is merely carried a step 
further in the Kaplan turbine by making this adjust- 
ment automatically in conjunction with the closing or 
opening of the gates on a change of load. That is to 
say, while a Francis turbine can be kept up to speed by 
the admission of more water by the further opening 
of the gates, the extra water is not so effective because 
it tends to choke the runner and the efficiency in 
consequence drops rapidly ; whereas in the Kaplan 
this condition is avoided by the simultaneous adjust- 
ment of the blade angle. In addition, vibration is 
eliminated and the runner is much less prone to 
attack by cavitation. Numerous tests have demon- 
strated this and more notably those on the later units 
at Lilla Edet, where Kaplan units of the same power 
operate in parallel with others -having Lawaczeck 
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Fic. 42—BLADE OPERATING MECHANISM 


runners. These were the first Kaplan sets of any 
appreciable output (10,000 H.P. with overload capa- 
city of 11,200 H.P. on 21-3ft. head), and they proved 
so successful that a large number have since been 
put into operation during the last fifteen years. 

While somewhat complicated mechanism in the 
hub for the blade adjustment gave some trouble in 
the earlier designs, it has been considerably improved. 
In the turbine shown in Fig. 40 the piston and rod 


which in any case would never be more than 90 deg. 
The hub is filled with heavy oil, which prevents any 
ingress of water. 

As regards individual units of recent date, those at 
Safe Harbor are, as already stated, the largest yet 
built, and there are six at this plant, which it is 
intended to bring up to a total capacity of 510,000 H.P. 
by the addition of another six units. In general, how- 
ever, they follow the accepted practice of their class. 
They generate 60-cycle current at 13,800 volts, the 
generators being rated at 28,000 kW, 0-9 P.F., except 
in the case of one set, which generates 25-cycle current 
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Fic. 43—ARRANGEMENT OF 


for railway work at a slightly lower speed. A rather 
special feature here, however, is the provision against 
that disturbing element, cavitation, which is always 
more or less troublesome in low-fall turbines. In 
order to prevent it as far as possible, the runners are 
actually located 7ft. below tail-water level, the wheels 
being unwatered when required by the application of 
air pressure, though provision is also made for closing 
the draught tube by means of stop logs and pumping 
it out. In addition, the operating engineer is pro- 
vided with indication to prevent him operating the 
turbines under those conditions of load and water 
level which are known to induce cavitation. 

As conditions on the American Continent have 
always been favourable to the development of large 
low-fall plants, those in Europe are on rather a more 





modest scale, though it is interesting to note that the 








second large water power scheme in Soviet Russia 
comprises four 37,500 H.P. Kaplan turbines built by 
Verkstaden. The average head here is round 35ft., 
though it runs up to over 40ft., at which it is antici- 
pated that these units will develop 42,000 H.P., or 
approximately the same as those at Safe Harbor. 
The runners of these sets, which are 24ft. 4in. diameter, 
are of the Englesson patented design, cast in stainless 
steel to resist cavitation, and finished by grinding. 
Of more or less similar design are two units at the 
Varg6n station (Fig. 43) of the Swedish Royal Board 
of Waterfalls, which also controls the well-known 
Trollhatten and the previously mentioned Lilla Edet 
plants. They were also built by Verkstaden, one unit’ 
to develop 14,800 H.P. and the other 15,200 H.P. on 
an effective head of approximately 12ft. at 464 r.p.m. 
Again the runners are four-bladed and cast in stain- 
less steel, but the setting here is siphonie (Fig. 43) 
and no trash racks are provided. The turbines, how- 
ever, have to be evacuated before being started up, 
for which purpose ejectors are provided. The turbine 
runners are above normal head water level, too. In 
one of these units the guide vanes, in place of being in 
the usual vertical disposition, as shown in Fig. 40, 
are inclined inwards towards the turbine shaft, so 
that the whole guide assembly takes a conical form. 
This experimental lay-out was introduced here by 
Nydquist and Holm, who collaborated with Verk- 
staden in building the second unit. Incidentally, this 
plant is under remote control from the Trollhatten 
station, which is located on the same river a few miles 
lower down. 

In concluding these remarks on Kaplan turbines 
mention should be made of the work of Messrs. 
Escher Wyss in the use of this type on the Limmatt 
River, which flows out of the Lake of Ziirich. The 
water power here has long been developed by a succes- 
sion of old water-wheels and then by turbines of a 
type now obsolete. The river has an average flow of 
some 1400 cusecs and it provides power at three towns, 
Dietikon, Wettingen, and Schiffmuhle Turgi. When 
Messrs. Escher Wyss undertook the modernisation of 
these plants Kaplan turbines were selected for the 
duty. So far as the first station is concerned, 
with a head varying between 8ft. and 13}it., the two 
units have a capacity of 1025-1700 H.P. at 93 r.p.m. 
and call for no comment. At the second location, 
however, the head reaches 75ft., which approaches 
the limit usually deemed suitable for this type, 
though with the higher head power is available here 
for three 10,700 H.P. sets with approximately the 
same volume of water and giving the turbines a speed 
of 214 r.p.m. 

Here, as might be anticipated, in place of the usual 
scroll setting in the concrete, the turbines are built 









DATA 
Head 43m. (14-1 ft). 
Output 15,200 B.H.P. 
Speed  46-9R.P.M. 
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VARGON STATION, SWEDEN 


with welded steel spirals; these have a cast steel 
centre ring and the upper portion of the suction pipes 
is steel armoured, while the runners have six blades in 
place of the more usual four. They are cast in stain- 
less steel and have a boss of spherical form. Finally, 
this water becomes again available at the third station 
at a head of 7ft. to 10-4ft. This operates a third 
Kaplan unit developing 600-960 H.P. at 94 r.p.m., 
which drives a small generator at 600 r.p.m. 
through a Maag increasing gear. All these 
units have curved draught tubes, divided centrally 
in the curved portion, and the several units , 
serve to illustrate how comparatively small 
powers can be economically developed by tur- 
bines which operate efficiently on wide variations 
of head. 
(To be continued.) 
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The Institution of Mechanical Engineers. 


AST Friday, April 30th, there was held at the 
Institution of Mechanical Engineers an ordinary 
meeting at which a paper, entitled ‘“‘ Present Tend- 
encies in Water Turbine Machinery ”’ was read by 
its author, Mr. A. A. Fulton, A.M.I. Mech. E. On 
another page of this issue we begin the publication of 
an abstract of this paper. 
Dr. Seewer opened the discussion. The author had 
stated in the paper that one of the commonest places 
for cavitation was at the back of the “outcut ” 
of Pelton buckets. He personally had never observed 
such cavitation. The remark was all the more sur- 
prising in that the author referred to the place as one 
of the commonest. Cavitation there must be a result 
either of faulty design or manufacture. In that con- 
nection he had observed that the old faulty theory of 
two-dimensional design still survived. It sufficed 
merely to contemplate a bucket to see its three dimen- 
sions, so that a two-dimensional treatment was 
clearly hopelessly inadequate. Buckets designed in a 
three-dimensional manner had never shown cavita- 
tion. Dr. Seewer criticised the author’s remarks 
relative to vertical spindle and horizontal spindle 
settings. The demand made on the designer was that 
he should produce the best machinery at the minimum 
cost. A vertical-spindle setting permitted the elimina- 
tion of cavitation troubles. On horizontal machines 
inequalities of balancing were prevalent. The vertical- 
spindle arrangement permitted a higher specific speed. 
By judicious arrangement it could reduce the cavita- 
tion factor. . The room it required was about one 
half that needed by a horizontal machine. The 
number of bearings was reduced from four to two, or 
five to three, meluding the thrust bearings. The 
operating mechanism had the better lay-out on 
vertical-spindle machines. He did not agree that 
vertical-spindle machines were noi as readily accessible 
as horizontal, providing the method described in the 
paper was adopted, and that the power house was 
designed according to modern practice with one floor 
only. Commenting on the Burrinjuck power house, 
illustrated in the paper, where the machinery floor 
is 33ft. below maximum flood level, Dr. Seewer con- 
sidered that vertical-spindle machines should have 
been given preference over horizontal machines. In 
the matter of Pelton machines, Dr. Seewer considered 
the vertical arrangement was only justified in 
multiple jet machines. For most heads up to about 
1000ft. reaction turbines were better than Peltons, 
and cheaper both for the machinery and for the build- 
ing. Multiple, say, four-nozzle, Peltons and two 
or three runner Peltons he considered definitely 
obsolete at least for heads up to 1000ft., except when 
the use of D.C. machinery settled the speed at which 
they were to run. 

Continuing, Dr. Seewer said that a bucket fastening 
should be absolutely secure, and of such a character 
that the buckets would be interchangeable. He 
considered that the one bolt fastening illustrated in 
the paper was defective. The bucket was prevented 
from pivoting by a small bolt between the buckets. 
Rapid interchangeability was missed by the design, 
because it would be necessary to reamer the small 
bolt hole. At the very part where the lug of the 
bucket needed strengthening, its width was reduced 
by the pin. It would also be seen that the leverage 
of the jet on the bucket would set up reaction stress 
in the small pin. He suggested that the design be 
compared with the construction illustrated in his 
own paper.* The tapered bolt and sleeve method of 
bucket fastening gave the impression of tightness 
when fitting, but he considered it unsatisfactory. 

In reference to the author’s remarks about main 
valves, slam shutting could be most disastrous, and 
was a common cause of burst pipes. The needle 
valve had the defect in common with the rotary 
valve. The rubber tube arrangement was an improve- 
ment, but how many valves of this type had been 
employed, and for how many years had they been 
in use ? He considered that it was more important 
to consider safety and that the reduction of losses 
should be a secondary consideration. The rotary 
valve was not good in that respect, as it needed con- 
siderable force to close. He thought it was worth 
sacrificing the small gain in efficiency in order to 
have a cylindrical balanced valve. The spectacle 
eye valve seemed difficult to install. 

Mr. Bruce Ball suggested that cavitation troubles 
were due to slight bumps or irregularities. Similar 
troubles had been experienced by American engineers 
in connection with pressure culverts from high head 
impounding dams. The walls of such culverts had 
been ground smooth and the result was so successful 
that surfaces coated with coal tar stood up to a water 
velocity of 60ft. per second without erosion. After 
adding some additional particulars to those supplied 

_ by the author relative to the Ganges Canal hydro- 
electric grid power stations, Mr. Bruce Ball said that 
rubber was becoming accepted practice for under- 
water bearings. Did the author know of any case 
in which bakelite had been used for such bearings ? 
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He understood it was used for rolling mills with water 
lubrication. In reference to main valves, he instanced 
the advantage of the spectacle eye valve. With the 
normal type of valve the change of area at the approach 
of closing was very rapid. The shape of the opening 
was a crescent, and as a small motion of the valve 
sufficed to close the opening, the rate of closing 
needed to be slow if an objectionable upstream pres- 
sure rise was to be avoided. The spectacle eye valve, 
however, provided an orifice of double convex shape, 
and the rate of decrease of area being much less, 
that type of valve could be closed at about four times 
the speed for the same pressure rise. 

Mr. Thott said that cavitation could be guarded 
against by suitable selection of specific speed, suction 
head, and the material of the runner. There were, 
however, sometimes practical difficulties. Stainless 
steel was excellent for the purpose, but the steel 
works sometimes refused to make the castings. There 
were two ways of overcoming this difficulty. One 
was to afford protection by a coating of stainless 
steel, but he had little faith in it. Any slight irregu- 
larity could cause cavitation in unexpected areas, 
and it was therefore difficult to determine the limits 
of the area to be protected. Alternatively, one could 
cast the hub, vanes, &c., separately, and weld them 
together. He had heard of two cases in which that 
practice had given good results. He considered that 
a free water passage through a main valve was very 
important for high heads. Rotary and spectacle 
eye valves provided it. The spectacle eye valve was 
foolproof. The rotary valve had been used for 
years, and its only objection was a tendency to 
slamming. That fault was eliminated by the rubber 
ring design. Such rubber hose had been used for a 
number of years on butterfly valves. 

At this point the President inquired whether when 
steel blades were welded to a hub such runners were 
bolted or fitted witha key. Mr. Thott replied that he 
did not know. He had not seen one of those runners. 
But the built-up construction had the advantage 
that the rim and hub and blades could be machined 
to a smoother surface. 

General Davidson asked whether the President 
had any experience of propellers tipped with stain- 


less steel. The President replied that stainless steel 
propellers had been made. Ordinary propellers 
were of cast iron or best bronze. There was always 
trouble with cavitation, which was sometimes found 
in unexpected places, like the back of the blade, 
Apparently the same trouble occurred in turbines 
running under light load. ; 

Major Webb considered that cavitation effects 
were a result of the modern tendency for higher 
specific speeds. That made bucket design a more 
intricate problem, and forced scantlings in general 
to a fineness which was not good practice. In refer- 
ence to Mr. Bruce Ball’s query as to the use of 
bakelite, he believed it to be used quite extensively 
on the Continent for slow-moving bearings, and that 
it was replacing phosphor bronze. 

Mr. Quelch pointed out the difficulties of casting 
turbine runners. Very slight errors in positioning 
cores might produce variations in the relative positions 
of blades sufficient to give rise to cavitation. In a 
runner that he had cast in manganese bronze for 
Dr. Seewer’s firm, erosion had occurred on one or 
two only of the blades. 

Dr. Seewer said that in reference to the wheel 
mentioned by Mr. Quelch, his firm had protested at 
being forced to place machines of higher speed and 
output on the same level as the old machines they 
replaced. The erosion of the blades had been repaired, 
and the castings were still in use after eight 
years. 

In a short reply to the discussion, Mr. Fulton said 
that the choice of vertical or horizontal spindle 
Francis turbines was largely a matter of personal 
opinion, and he thought there was a fashion for the 
vertical spindle traceable to American influence. He 
was surprised by Dr. Seewer’s remarks about the 
Burrinjuck plant. If the vertical spindles were to 
be long enough to keep the generators above flood 
level, several bearings would be necessary. He con- 
sidered that if Pelton buckets were well designed 
there was no need for interchangeability. As to the 
designs of bucket fixings, he had had no experience 
of the two illustrated in the paper. The object of 
the bolt Dr. Seewer had criticised was to transmit 
some of the load to the next bucket, and so to dis- 
tribute the load. Rubber tube had been used in 
butterfly valves up to 400ft. head, and rotary valves 
of that type were being made for 600ft. head. That 
seemed to indicate the considerable confidence of 
the manufacturers. Rotary valves and also spectacle 
eye valves could be placed close to the turbine casing 





on account of the free flow through them. 








HE structure of every crystal contains the solution 
of an engineering problem. The atoms of which 
the crystal is made are held together in some regular 
pattern. The forces which hold them form a set of 
stresses which maintain an interior balance, and at 
the same time resist up to yielding point any stresses 
that may be applied from without. The design of a 
crystal may be likened to that of a bridge, the com- 
ponent parts of which are held together by ties and 
struts of calculable strength. Just as the engineer 
uses his knowledge of the properties of steel and stone 
to find out the strength of a given design, so the 
student of the crystal may try to connect its observed 
characteristics with the disposition of the atoms and 
the forces that act between them. The engineer is 
probably the better equipped for his task, because 
in the first place it is not always an easy matter to 
discover the crystal plan, and in the second place the 
laws of the atomic forces are not yet fully under- 
stood. The study of the crystal from what might be 
ealled the engineering point of view is, however, so 
interesting and so full of possible applications that 
even its difficulties and uncertainties are no deterrent. 
In fact, as the study proceeds it is to be expected that 
difficulties will in turn disappear and uncertainty will 
give place to better appreciation of natural laws. 
It would not be unreasonable to put the crystal 
problem before the engineer in the mere expectation 
that he would be interested in work so like his own in 
its nature, even though it is so widely different in scale. 
To be sure, the structure of the engineer is put 
together for some definite purpose, but the structures 
of Nature are not always designed so particularly. A 
crystal of salt or the crystals in a piece of metallic ore 
or in a lump of clay do not, each one of them, perform 
a special duty for which form, size, and internal dis- 
position have been calculated. Nevertheless, the 
arrangement of the atoms and the play of the forces, 
both within the substance and on the surface, give 
to it its characteristic qualities. For example, 
carbon atoms linked together in a certain way con- 
stitute the diamond ; if the design is varied, graphite 
is the result. We naturally ask what the two designs 
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may be, so that we may compare them and seek an 
explanation of the extraordinary difference between 
the two materials. Silicon and oxygen combine to 
make quartz, aluminium and oxygen to make 
corundum, ruby and sapphire, while silicon, alumi- 
nium and oxygen are the principal constituents of 
clays and felspars. What are the designs which are 
responsible for these very different compounds of 
simple elements ? 

On the other hand, Nature puts together the sub- 
stances of the living organism with obvious intent 
that they shall each fulfil a definite function. For 
instance, the cellulose crystal, which is the chief 
constituent of all things that have roots in the earth, 
is long and flexible. At the same time it can with- 
stand longitudinal stress. For these reasons it is 
obviously well suited to the needs of the living and 
growing plant, which indeed derives from it the 
characteristics of the plant form. Muscle, nerve, hair, 
and generally the softer portions of the animal body 
are built of protein molecules which also are long 
flexible chains, and join in crystalline regularity to 
form substances that grow and bend and stand longi- 
tudinal stresses. Some of them can be extended and 
again be folded up, thus giving to muscle and hair 
their characteristic qualities. Others possess surfaces 
on which the arrangement of the atoms is favourable 
to catalytic or other physiological actions. In all 
cases arrangement according to some pattern is the 
fundamental condition. 

Arrangement, when carried out on a scale suffi- 
ciently large, makes the visible crystal. In the vast 
majority of cases, however, arrangement does not go 
so far. It stops short while the aggregate is still 
beyond the vision of the eye, even when assisted by 
the microscope. X-rays, if we are to examine it, 
must be substituted for light; being some ten 
thousand times finer, they are able to show us the 
invisible details. 

The subject of crystalline structure is therefore of 
interest to all who value the increase of natural 
knowledge, just because it is so fundamental, and the 
engineer may be especially interested because its 
problems are so like his own. But to the engineer the 
subject is more than academic, as indeed it is to 
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everyone who works on the world’s materials, living 
or dead. Since every substance used by the engineer 
is more or less crystalline and its properties depend 
on its crystalline state, he must be drawn to examine 
that state, to find out its details, and, so far as he can, 
to connect structure and properties. The problems 
to be solved may be very numerous and complicated, 
hut it is necessary to attack them. How else can 
sound progress be made ? The situation is very like 
that which is to be found in the world of medical 
science. The human body is extraordinarily compli- 
cated ; one might well ask whether its details would 
ever be sufficiently well known and understood to 
give any command over thealth and disease. But if 
inquiry with microscope and other aids had been 
shirked there would have been no such improvements 
aus we have seen even in our own time. Though the 
work to be done seems endless and the mass of detail 
terrific, yet reward comes by this and that discovery, 
not infrequently unexpected, and the future seems 
always more and more hopeful. 

The same applies in the use of materials by the 
engineer ; if X-rays and other forms of radiation show 
us details of natural structure which have been 
invisible hitherto, we see spread before us a wide 
field of knowledge which invites exploration. We 
have new means of study, by which we hope not only 
to learn, but also to increase our command over 
materials, so that we may fit them to the work that 
we would ask of them, may know what to ask, how 
to ask, how to avoid asking too much or too little. 
Even a little of the knowledge may help us. 

In all this new field the crystalline structure is 
the predominant feature. The X-rays have shown 
us how universal it is, how it is to be found not only 
in such obviously regular bodies as quartz or diamond, 
but even in wood and cotton, hair and wool, nerve 
and muscle. To quote from a recent lecture! by 





FiG. 1—-RINGS DUE TO ALUMINIUM 


Dr. H. J. Gough and Mr. W. A. Wood, “.. . the 
properties of any metal or alloy—whether we regard 
it merely as a solid body, a chemical combination of 
various elements, or as an aggregate of crystals— 
must depend ultimately on its inner crystalline 
structure as revealed by physical methods.” Of 
these methods, those that employ X-rays or electrons 
are the newest and the most powerful. What the 
engineer here asserts of metals and alloys is equally 
true of other substances—stone, pottery, cements, 
timber, ropes, textiles, paints, varnishes, and so on. 

Let us consider first the metals and alloys, since 
these are of very great importance in constructional 
work. Assuming that we can examine by our new 
methods the lay-out of the atoms and molecules in 
a metal specimen, we search at once for explanations 
of the well-known metallic properties. What is 
the cause of the great variety in the properties of 
different metals, or of the same metal under different 
conditions ? Why do impurities so often alter the 
properties of a metal to a remarkable degree ? What 
is the nature of an alloy, and what again is the origin 
of the enormous variety of the different alloys ? How 
is it that it is found worth while to search blindly 
through the hundreds of thousands of possible 
variations in the hope of being rewarded by the 
discovery of some alloy of especially desirable 
qualities ? What is the real meaning of cold working ? 
How are the effects of temperature to be accounted 
for ? and so on. 

In the quarter of a century that has gone by since 
the first X-ray photographs of crystalline structure 
were made, an immense amount of work has been 
put into the search for answers to these questions. 
Answers have already been found for some of them, 
but not for all. In fact, the search has revealed as 
many questions that are new as answers to questions 
that are old. 

An X-ray photograph may be of more than one 
kind, but the only kind which we need consider now 
is that which is obtained where a fine pencil of X-rays 
of single wavelength is made to strike the material 
under examination. The material is finely powdered, 
and its amount may be very small, no more than a 
few milligrammes. In one form of the experiment the 
rays, after traversing the material, fall perpendicularly 
upon a photographic plate. On development the 


plate shows the spot where the rays struck it, and 
also, surrounding this spot as a centre, a number of 
rings which are due to the diffraction of the primary 
pencil by the crystalline material. Every different 
crystalline substance has its characteristic set of 
rings, by which it can at least be identified, and its 
structure can be calculated when the technical 
difficulties can be overcome. A set of rings due to 
aluminium is shown in Fig. 1. This photograph is of 
interest as it is an early example due to Hull, who 
was one of the first to employ the “ powder method.”’ 
A slight variation of the use of the flat photographic 
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’ FIG. 2—ARRANGEMENT OF STRIP OF FILM 


plate is shown later. It is now usual to replace 
the plate by a strip of film disposed as shown in 
Fig. 2. 

If the powdered material has more than one com- 
ponent the corresponding spectra are superimposed 
without mutual injury. 

Consider, for example, a series of photographs 
due to a silver-cadmium alloy. At the top is the 
photograph due to pure silver. Certain lines are 
observed in it. From their positions and relative 
intensities the trained observer finds that the crystal 
of silver is of the form taken by a pile of spheres 
packed closely together, each sphere having a dia- 
meter of 2-9 Angstrém units.2 Several other metals, 
such as copper, gold, and aluminium, possess the 
same structure, and therefore yield the same photo- 
graph, except that the whole spectrum is displaced 
right or left according to the size of the atom. One 
close-packed metal is not confused with another, 
because the atoms vary in size. 

At the bottom is a spectrum of a different character ; 
it shows that the cadmium structure is not that of a 
set of close-packed spheres, but is rather a set of 
close-packed spheroids. The argument is to be 
found in any book which goes fully into the subject ; 
I do not give it here, because I am dealing only with 
results. The intermediate photographs relate to 
mixtures of silver and cadmium in various propor- 
tions, and it is to be observed that there are but a 
limited number of types of spectra, which overlie 
each other more or less. We have, in fact, set out 
before us the various alloys that are composed of 
silver and cadmium, or, to use the ordinary term, 
the various phases of the silver-cadmium alloy. 
It is possible to determine with precision the propor- 
tions of the mixture when the metals are combined 
in any single alloy. If this is done at a variety of 
temperatures the metallurgist’s phase-diagram is 
obtained. We have, therefore, a new way of deter- 
mining phase-diagrams, which, indeed, possesses 
several advantages over the old method. 

The separation cf the spectra of two or more 
crystalline components is so clear that it is considered 
to be possible to proceed to the more difficult problem 
of the ternary alloy ; no progress to its solution has 
been made by the older methods. Obviously, this 
new power is of great interest and importance. The 
great variety of the properties of different alloys 
invites the search, as I have said already, for alloys 
that will fulfil the extraordinary demands of modern 
constructions, and any method of classification such 
as that now coming into view is sure to shorten the 
work. Some ternary alloys have been discovered 
that are of great usefulness, and there must be many 
such, ternary, quaternary, and so on, which are as 
yet unknown. 

From the appearance of the spectrum of any 
substance it is possible, in theory at least, to dis- 
cover the structure—that is to say, the arrangement 
of the atoms in the unit of pattern, although some- 
times the complications are great and the argument 
difficult. All the phase structures of silver-cadmium 
are known. The a-phase is that of close-packed 
silver; as cadmium atoms are added they take the 
place of some of the silver atoms without breaking 
up the arrangement. They do, however, swell the 
structure somewhat, as is shown by the gradual shift 
of the spectrum to the left. When the proportion 
of cadmium exceeds about 40 per cent. a new pattern 
appears—the §-phase—in which there are equal 
numbers of cadmium and silver atoms. Each 
cadmium (or silver) atom lies at the centre of a cube 
at the corners of which are eight silver (or cadmium) 
atoms ; the two modes of description are equivalent. 
As the proportion of cadmium is again increased the 
6-phase dies out, and a new and most interesting 
phase makes its appearance. The so-called y-structure 
is much more complicated than that of the « or 
B-phase. It was first worked out by Messrs. A. J. 
Bradley and J. Thewlis,? who showed that its unit 
cell contained the unusual number of 52 atoms, 20 
being silver and 32 cadmium. A still greater excess 





2 The Angstrém unit is 10-8 cm. 
3 “ The Structure of y-Brass.” ‘ Proc.,” Roy. Soc. (A), Vol. 





1 “Strength of Metals in the Light of Modern Physics.” 
Journal, Roy. Ae. Soc., Vol. XL (1936), p. 586 (August, 1936). 





CXIT (1926), p. 678. 


of cadmium leads to the e-and 7-structures, of which 
the last is that of pure cadmium. The relative sizes 
of the units of pattern of the different phases are 
shown in Fig. 3. 

Thus the X-ray photographs give much informa- 
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FiG. 3—PHASE STRUCTURES OF SILVER -CADMIUM 
ALLoYS 


Rothery has observed that a most interesting conclu- 
sion can be drawn from a comparison of the properties 
of phases belonging to different series. For instance, 
there occurs in several other cases the same curious 
y-phase, with its pattern composed of 52 atoms, 
and its hard, brittle, intractable nature. It is found 
in brass, in an alloy of copper and aluminium, in 
one of copper and tin, and so on. At the first glance 
there seems to be no rule governing the proportions 
of the constituents in the different cases. But Mr 
Hume-Rothery pointed out that a very simple rule 
connects the total number of atoms im the cell with 
the number of valency electrons. Thus the unit cell 
of y-cadmium-silver contains the chemical molecule 
Ag;Cd, repeated four times. Now, each atom of 
silver contributes one valency electron, and each 
atom of cadmium two, so that the molecule Ag;Cd, 
on the whole contributes 5+16=21 electrons. Thus 
there are 13 atoms to 21 electrons. 

The same rule holds in y brass, which is represented 

by the formula Cu;Zn,. Since zine is of double 
valency the ratio 13 to 21 agaim holds. There is a 
similar structure in the copper-aluminium alloy 
represented by Cu,Al,. Each aluminium atom con- 
tributes three electrons, and again the ratio of 
atoms to electrons is 13 to 21. In the copper-tin 
series the chemical formula of the corresponding 
phase is Cu,,;Sng. Each tim atom contributes four 
electrons, and so the ratio is 39 to 63 ; that is, again, 
13 to 21. What this means is that the structure of 
the alloy and its properties are governed, not by the 
proportion between the numbers of the atoms, but 
by that between the numbers of the electrons and the 
atoms, the two (or it may be more) sorts of atoms 
being lumped together. This very remarkable law, 
which holds in many other cases, is known by the 
name of Hume-Rothery’s law. The picture of an 
alloy which the law presents is entirely new and 
obviously most important. It is clear that our know- 
ledge of alloy structures is undergoing extensive 
development as we learn more and more of the 
crystalline state. 
All that I have said so far relates to the crystalline 
structure of metals and alloys. I have tried to explain 
that by means of the X-ray methods we can enumerate 
the various phases of combination of two or more 
metals into an alloy, and can find the structural 
arrangement of the atoms in each phase. The work 
so far is descriptive, and no more. But it opens the 
way to a wide field of inquiry in which we try to find: 
the relations between the description of a substance 
and its properties, physical, chemical, and so on. 

Let us remind ourselves that the X-rays tell us 
the arrangement of the atoms in the metal, giving us 
their dimensions and relative dispositions ; im fact, 
furnishing us with what might be called a ‘ working 
drawing.” Some metais, for example, gold, silver, 





copper and aluminium, can be described in simple 





532 


THE ENGINEER 


May 7, 1937 








terms as groups of spherical atoms packed as closely 
as possible. The atoms may be considered to be 
positively charged, and to be held together by the 
attractions of negatively charged electrons which act 
_as a kind of cement. Such a view is temporarily 
satisfactory, although it needs much amendment 
and enlargement when the question is considered in 
greater detail. Of close-packed structures composed 
of spheres, there are two kinds, one of which gives a 
cubic form to the crystal and the other a hexagonal 
form. The metals mentioned above take the cubic 
form. Magnesium and beryllium are examples of 
hexagonal crystals. Iron between 1100 deg. and 
1425 deg. Cent. has the former structure ; above and 
‘below the range the structure is quite different. 
Each atom has now eight neighbours lying at the 
corners of a cube, itself lying at the centre. It has 
what is called the body-centred form, of which the 
8 form of Fig. 3 may be taken as an illustration when 
all the atoms in the figure are supposed to be alike. 
Some metals are not quite so simple, as, for example, 
cadmium, which has the y structure of Fig. 3. 

With such models before us we can understand at 
once the various features of the external form of the 
crystal and the fact that the faces make definite 
angles with each other, although we may well be 
surprised at the extraordinary uniformity in the 
values of these angles displayed by the particular 
crystal, no matter what its source may be. We can 
appreciate the special forms of the etch figures on 
different faces, and if the crystal is not isotropic we 
can observe how its expansion with rise of tempera- 
ture is related in amount and direction to the atomic 
arrangement. We can note the planes on which the 
crystal tends to slip when shearing stresses are applied. 
it is found that in general these are the planes of 
closest packing ; that is to say, of all the ways in 
which the regular array can be considered as a set 
of parallel sheets, that which puts the greatest number 
of atoms into a unit of area of the sheet, defines the 
plane on which slip tends to take place. Moreover, 
it appears that the direction of closest packing in that 
sheet is the direction in which slip takes place. 

So far, so good. But we are obviously far from the 
explanation of all that we observe. The differences 
between crystals of gold, silver, aluminium, iron, and 
so forth are more than structure can account for. 
We ascribe these, however, to chemical considerations. 
A newer and very curious problem presents itself 
when we observe that the same metal may have widely 
different properties while its crystalline pattern 
remains unaltered. For example, a single crystal of 
copper can be bent with the fingers; motion along 
the slip planes is easy to bring about. But if the 
crystal has been bent once or twice, it becomes much 
more difficult to bend again. To use the ordinary 
technical term, it has been “* hardened by cold work- 
ing.’ In fact, the hardness, the rigidity, and the 
strength of the crystal can be greatly varied although 
the X-rays show no change in the pattern. The 
X-rays do, however, show what can often be observed 
by the naked eye, that the single crystal has been 
broken up into separate “‘ grains.” There is a never- 
ending surprise in the fact that when the continuity 
of the single erystal has been broken, it is stronger 
than before. 

Plasticity, toughness, hardness, and some other 
properties are known as ‘“ structure-sensitive ” 
properties, as compared with lattice-dimensions, 
refractivity, density, and other “ structure-insensi- 
tive’ properties. The structure here referred to is 
the granular constitution, not the lattice of the 
crystal. There might be confusion between the two 
were it not that the terms are well established. 

The “ structure-sensitive’’ properties of metals 
are extremely important in all constructive work. It 
is the task of the metallurgist to control them, and 
the hard-won knowledge and skill of the metal worker 
are based on the discovery of the treatment which in 
any one case gives the result that is desired. Heat- 
treatment, forging, alloying—sometimes with mere 
traces of foreign substance, sometimes in bolder 
mixtures—all these in an infinite variety of ways 
modify the worker’s result, and must be studied as 
far as is possible. The X-ray methods open up a new 
line of attack by which it may be possible to obtain 
clearer views ofthe problem. Much work has already 
been done, and more is now in progress. The problem 
is so complicated that it would be absurd to expect 
a far-reaching solution for some time to come. Never- 
theless, some very interesting results have already 
been reached, and the promise of further deductions 
is great. Perhaps the best way of giving some idea 
of the nature of the attack on the problem, and of the 
positions reached, is to consider very briefly a typical 
investigation. Let us take as an example the work 
on fatigue of a mild steel carried out at the National 
Physical Laboratory by Dr. H. J. Gough and his 
colleagues. . 

In this research the X-ray diffraction photograph 
of the specimen is obtained in the manner shown in 
Fig. 4. The fine pencil of X-rays passes through a 
hole cut in the photographic film and strikes the 
specimen at 8. Diffracted X-rays issue from 8; 
some would go forwards and would form rings on a 
film prepared for their reception if the specimen were 
so small that the rays could get through it, but in 
this case the specimen is too thick. Other diffracted 
rays are returned at larger angles and can fall on the 
film as shown in Fig. 4, making rings concentric with 





the original pencil of X-rays. Examples are shown 
in Fig. 5. The sizes of the rings depend on the nature 
of the specimen, and on the wavelength of the X-rays. 
For the present purpose, however, size is of no import- 
ance, as the research is concerned, not with the nature 
of the specimen, but with its condition. The latter 
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single crystal; clearly the specimen consists of a 
number of small crystal grains. The completeness of 
the circle is due to the fact that there are grains 
oriented in all possible ways. 

The specimen is now subjected to stress, static or 
cyclic. If the stress is large enough the appearance 
of the ring changes. The photograph, Fig. 7 (4), 
was taken when a static stress of 14 tons per square 
inch had been applied, up to which point the picture 
agreed with the picture obtained before any stress 
had been applied. Each spot is so far clear and dis- 
tinct, implying that the crystal grains have so far been 
unaffected. But the appearance changes when the 
stress is increased to 16 tons per square inch, and the 
specimen begins to yield (Fig. 7 (B) ). Some of the 
spots begin to spread along the circumference of the 
circle. This means that the corresponding grains are 
breaking up into smaller grains, which do not make 
any large angles with one ariother since the spread is 
only small. The relative orientations are all included 
in about 2 deg. Also, and this is a distinct effect, a 
faint continuous haze begins to form all round the 
circle. It can only be due to minute crystals, the 
débris, it might be said, of the breaking up of the 
original grains. A fairly close estimate can be made 
of the size of these fragments. The absence of any 
distinguishable spots in the haze gives an upper limit 
of about from 10-*cm. to 10-°cm. If they were 
smaller than this the ring would spread radially and 














Fic. 5—-EXAMPLES OF X-RAY DIFFRACTION 
PHOTOGRAPHS 


become hazier. The principle is the same as that 
which holds in optical diffraction. If there are too few 
lines in a diffraction grating, the spectral lines lose 
their sharpness and become blurred. Similarly, in 
the X-ray spectrum, if the diffracting crystal is too 
small the ring loses definition, and this sets a lower 
limit to the size of the fragments. Since this size is 
defined with some strictness, and since the fragments 
begin to appear as soon as the grains break up, and 
since also it is found to be very difficult to reduce the 
size of the fragments still further, it would seem that 
we have here objects to which a name may reasonably 
be given. It is usual to speak of them as “ crystallites.” 

The stress is now increased considerably above that 
at which the specimen yields (Fig. 7 (c) ). The original 
grains are still further broken up, and the amount of 
crystallite has grown considerably, since the haze 
now runs continuously around the ring. Finally, in 
Fig. 7 (pD) the stress has caused fracture. 
left but a mass of crystallites, oriented in all possible 
ways. 

When cyclic stresses are applied the same changes 
in the crystalline condition are found to take place. 

From observations such as these Messrs. Gough and 
Wood have been able to draw important conclusions. 
Suppose that a stress is applied which is more than 
enough to cause yielding, but not enough to cause 
fracture. ‘ As a result crystal break up into a smaller 


Nothing is | 





grain size takes place, together with the production 
of crystallites. The specimen may then be cyclically 
unloaded and reloaded to and from a lower stress. . . . 
After a very considerable number of such stress 
cycles has been applied an examination will show 
practically no further deterioration in structure, the 
state of grain dislocation and the number of crystal- 
lites produced remaining essentially as after the first 
application of the superior stress of the cycle.’ 
*... the main conclusion is that the application of 
cycles of a safe range of stress (strain) is unable to 
cause progressive damage to the state of the structure, 
a stable state has been set up.’’® 

I take this research by Messrs. Gough and Wood as 
an example of the kind of work which is going on in 
many laboratories, prompted by the facility with 
which the composition, orientation, and size of the 
crystalline grains can be determined by the X-ray 
methods. Much of the work leads to, and indeed is 
primarily concerned with, the conception of the 
 erystallite.” Some writers have supposed that, 
over and above the crystalline structure which is 
detected by the X-rays, there is a regular super- 
structure of much larger mesh dimensions, whilst 
others have spoken of “ groups ”’ or of “ lineages,”’ 
that is to say, branches which during solidification 
from the melt radiate from the initial nuclei of growth, 
sub-dividing into lesser * lineages ’’ until the whole 
volume of the crystal is solid. ‘There is no doubt that 
in the metal there is something more than the regular 
arrangement revealed by X-rays. ‘The complexity 
and variety of the physical properties which depend 
on the history and the treatment of the metal are far 
more than can be accounted for by the simple picture 
of a group of positively charged spheres of uniform 
size, held together by negatively charged electrons. 
From a number of different sources it would appear 
that the crystallites are fairly well defined in size, 
having linear dimensions of about 10~cm. If this is 
so, there must be some atomic property at work other 
than the form and dimensions of the sphere, because 
a number of equal spheres have but one term of 
definition, namely, the radius, and there is no basis 
on which to build a second geometrical definition, 
which is to be the size of the crystallite. Impurities 
might cause an internal separation into groups, but 
if that were the origin of the crystallites their size 
would surely depend on the amount of the impurity. 
Actually, there is experimental evidence that this is 
not so; for instance, the spacing of glide planes in 
lead crystals, which is surely associated with any 
natural sub-division, has been shown to be inde- 
pendent of a range of factors, and therefore to have a 
physical significance. 


(To be continued.) 








STANDARD FERRO-CHROMIUMS. 


Tuer Bureau of Analysed Samples, Ltd., 3, Wilson-street, 
Middlesbrough, announces the issue of two new standard 
ferro-chromiums having the following compositions :—- 


High carbon, 
No. 204. 
Per cent. 
71-4 
“09 
0 


2 


Low carbon, 
No. 203. 
Per cent. 

69-0 
0-08... : { 
0-01 ape 


Chromium 
Carbon 
Sulphur ... 


The general analysis of the other constituents is also 
supplied, but not standardised. As usual, each sample 
has been analysed carefully by at least ten chemists, 
representing independent laboratories, and buyers’ and 
sellers’ chemists in this country and elsewhere. Their 
certificate which accompanies each bottle of the standard 
sample gives a record of the methods of analysis used by 
each chemist. These standard samples are intended for 
the use of chemists in iron and steel and other laboratories 
where ferro-chromium is analysed to specification. The 
low-carbon sample is particularly recommended to makers 
of stainless steels. 








Tue Brirish ACETYLENE AssoctaTion.—The thirty 
sixth annual luncheon of the British Acetylene Association 
took place at the May Fair Hotel on Wednesday, April 
28th. About 150 members and guests were present, and 
the chair was taken by the President, Mr. L. J. Tibbenham. 
After the President had proposed the loyal toasts and they 
had been duly honoured, he made a presentation to Mr. 
V. A. Amodeo, the retiring Secretary of the Association. 
Sir Alexander Gibb proposed the toast of ‘‘ The Retiring 
President,” and in the unavoidable absence of the Past- 
President, Dr. J. Donald Pollock, who was fulfilling 
another engagement in Edinburgh, Major C. P. N. Raikes 
responded. The toast of “The Guests and Overseas 
Visitors ” was given by Mr. A. B. Harrower, and Sir Harold 
Webbe replied. The toast of “ The Carbide Committee ” 
was then proposed by the President, and a reply was 
made by Mr. E. W. Sprott. The final toast was that of 
“The British Acetylene Association,” which was ably 
dealt with by Sir William Larke and to which the President 
briefly responded. 





4 “4 New Attack upon the Problem of Fatigue of Metals, 
using X-ray Methods of Precision.” ‘“‘ Proc.,”’ Roy. Soc. (A), 
Vol. 154 (1936), p. 537. : 

5 Ibid., p. 538. 

6 &. N. da C. Andrade and R. Roscoe, “ Glide in Metal Single 
Crystals.” “ Proc.,” Phys. Soc., Vol. 49 (1937), p. 152 (March, 
1937). 
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The Royal Society’s Conversazione. 


——— one 


( F the exhibits at the Royal Society's conver- 

sazione, held at Burlington House on Tuesday 
last, few had any relation to heavy engineering. From 
a scientific point of view, however, the exhibition was 
well up to the usual standard, both as regards quality 
and the number of individuals and scientific organisa- 
tions represented. A special feature of the conver- 
sazione of this occasion was a lecture by Professor 
K. N. da C. Andrade, F.R.S., on ‘‘ The Charter Book 
of the Royal Society,” which is the index of the 
Society’s history. Starting with the founder, Charles 
Il, it contains the signatures of all the fellows from 
the foundation to the present day. Taking certain 
signatures and pages as themes, the lecturer con- 
sidered a few of the great scientific events and 
personalities that have made the Society illustrious 
since 1662, and touched upon certain vicissitudes that 
have befallen its fellowship. 

As regards the exhibits of interest to engineers 
those of Sir Robert Hadfield are well worthy of 
mention. Among them was the bell for H.M.S. 
* Sheffield,” cast in non-rusting steel and presented 
to the Admiralty by the exhibitor on behalf of 
Hadfields, Ltd., Sheffield. The bell weighs 2} ewt. 
and is an excellent specimen of the steel foundry man’s 
art. It is believed to be the first of its kind in non- 
rusting steel and represents the latest metallurgical 
results. 

Specimens from a research on the effect of repeated 
heating and cooling on steels, particularly as regards 
causing distortion and with special reference to heat- 
resisting steels, were also exhibited. The practical 
conditions under which heat-resisting steels are 
employed-——for example, in the glass industry—often 
involve cyclical temperature fluctuations, demand- 
ing great stability in the material to withstand the 
resulting stresses. For these tests the specimens 
were repeatedly heated and quenched in water from 
various high temperatures, a treatment which pro- 
vides a comparatively rapid method of determining 
susceptibility to deformation and cracking. 

Improvements in welding by the use of “ Had- 
mang ’’ uncoated electrodes and welding rods were 
demonstrated. These electrodes are particularly 
suitable for the welding of *‘ Era ’’’ manganese steel, 
and the specimens exhibited demonstrated the sound- 
ness, mechanical strength, and toughness of the 
deposited metal. 

Experiments were arranged to demonstrate the 
thermal effects on the magnetic, electrical and other 
properties of metals and alloys. To demonstrate the 
recalescence in carbon steel a cylinder composed of 
alternate discs of 25 per cent. nickel steel and 0-9 per 
cent. carbon steel is cooled from a temperature of 
about 900 deg. Cent. The 25 per cent. nickel steel, 
in which no thermal transformation takes place above 
atmospheric temperature, cools steadily. The carbon 
steel also cools practically at the same rate so long 
as the temperature exceeds its transformation point. 
When this takes place, however, its temperature 
tends to increase while the nickel steel continues to 
cool. The alternate dises of carbon steel therefore 
appear brighter than the others and the difference is 
clearly visible by contrast. : 

A thermo-magnetiec motor exhibited consists of a 
pivoted wheel of 25 per cent. nickel steel placed with 
a portion of its rim in the field of a permanent magnet. 
When this portion is gently heated it becomes tem- 
porarily non-magnetic, and a turning movement is 
thereby imparted to the wheel, causing it to revolve. 

The National Physical Laboratory was showing an 
instrument for the measurement of the dielectric 
constant and electrical conductivity of a material at 
frequencies from 104 to 108 cycles per second. The 
apparatus consists of a tuned circuit of special form, 
including two condensers, each with micrometer 
adjustment, and a thermionic voltmeter for the 
detection of resonance. One of the condensers con- 
sists of two copper plates, between which the material 
is placed ; the other is of cylindrical form and provides 
a very fine adjustment. The measurement of dielec- 
tric constant is made by substitution of capacitance, 
and that of conductance by sharpness of resonance, 
all the readings being made on the two condensers. 
The apparatus was specially devised for the elimina- 
tion of errors due to resistance and inductance in the 
electrodes and connecting leads, and has proved to 
be successful over a remarkably large range of 
frequency. 

Another exhibit of the National Physical Labora- 
tory was a device for automatically synchronising a 
radio receiver with a transmitter. The device is 
operated by the currents resulting from the difference 
in fiequency between the incoming signal and a local 
oscillation, after application to two resonant circuits. 
The resulting rectified currents are passed through a 
differential relay, controlling a reversible motor, 
which in turn tunes the receiver to the signal. The 
device has been applied to the recording of echoes 
received from the ionosphere as the requency of the 
exploring waves is varied continuously over a range 
from 2-7 to 5-2 megacycles per second. Other appli- 
cations include the control of the frequency of a 





transmitter by synchronisation with a local oscillator 
of stable frequency. 

The National Physical Laboratory also showed an 
interferometer for direct routine measurement of end 
gauges. The length standard commonly used in 
modern precision workshop practice is the end gauge 
of Johansson type, consisting of a steel block with 
flat, parallel and hardened ends, the separation of 
which defines the gauge length. Gauges of this type 
are generally sold in sets of eighty-one pieces ranging 
in size from 0-05in. to 4in., or 103 pieces from 1 mm. 
to 100mm. For “reference” sets the accuracy 
guaranteed by the manufacturers is --3 millionths of 
an inch for all sizes up to lin. The standardisation 
of these gauges is carried out at the National Physical 
Laboratory by means of the interferometer shown 
which is capable of rapid measurement of a group of 
about twenty gauges in one continuous series of 
observations. Measurements are made visually in 
terms of four cadmium radiations to an accuracy of 
plus or minus one-millionth of an inch. 

' The Brown-Firth research laboratories, Sheffield, 
were showing apparatus used by Dr. W. H. Hatfield, 
F.R.S., for work on the metallurgy and metallography 
of special steels. For creep tests at high temperatures 
the apparatus permits the study of the behaviour of 
stressed wires at temperatures as high as 1100 deg. 
to 1200 deg. Cent. With regard to developments 
relating to the study of passivity, estimation is made 
of the protective properties of passive films on 
chromium-nickel corrosion-resisting steels in contact 
with various media by the method originally described 
by Sven Brennert in Jernkonteret’s Annaler, 119, 
pages 281 to 295 (1935). The poor adhesion normally 
obtained when electro-plating austenitic chromium- 
nickel steels was considered to be related to the pro- 
tective oxide film. Cathodic reduction of this film 
immediately prior to plating has given good results 
in the laboratory, and the procedure was illustrated 
in the exhibit. A section of ingot was shown which 
was one from a cast made specially for an investiga- 
tion of a nickel-chromium-molybdenum-vanadium 
steel at the National Physical Laboratory on behalf 
of the Aero Research Committee, which provided a 
particularly interesting example of ingot structure. 

The Cambridge Instrument Company, Ltd., had 
on exhibition a gauging and sorting machine, which 
has been designed to gauge according to length, within 
predetermined limits, and sort into three compart- 
ments cylindrical specimens varying in length 
between lin. and din. and in diameter between jin. 
and }in. The specimens to be gauged are placed in a 
suitable chute and fed by gravity on to a rotating 
carriage which brings each specimen in turn into the 
gauging position between two “ anvils.” After being 
gauged, the specimen is fed on to a sloping runway, to 
fall into one of three chambers, according to the 
position taken up by the contracting pointer, on the 
micrometer screw with relation to two adjustable 
contacts previously set. The machine is capable of 
sorting parts to within an accuracy of +0-000lin. 
at the rate of thirty per minute. Other machines 
operating on the same principle are made for gauging 
diameter, thickness or other characteristics. The 
machine was designed for Standard Telephones and 
Cables, Ltd. A similar machine for automatic 
gauging of thin sheets of card or metal, as used in 
condenser manufacture, to an accuracy of 0-000lin., 
and sorting them, according to thickness, into one of 
eight compartments, is also made. 

The Department of Scientific Research, Air 
Ministry, showed apparatus for wind drag measure- 
ment by the momentum method. A wing passing 
through the air leaves behind it a wake to which some 
forward momentum has been imparted. The drag 
of the wing can be determined by measuring the 
momentum given to the wake and the apparatus 
shown has been developed to make this measurement 
on an aeroplane wing in flight. The method was 
suggested in 1925 by Betz and first used in flight tests 
by M. Schrenk; the technique was improved by 
Professor B. M. Jones at Cambridge and the apparatus 
as shown is in the form used at the Royal Aircraft 
Establishment, Farnborough, for testing the effects 
of surface roughness and wing thickness on wing 
drag. A travelling pitot head for determining the 
point of transition from laminar to turbulent flow in 
the boundary layer, first used by Professor Jones, is 
also shown. 

A cathod ray high-speed transient recorder shown 
by Standard Telephones, Ltd., is designed for the 
visual examination or photographic recording of 
high-speed transient phenomena, such as _ are 
encountered in surge voltage testing, lightning surges, 
breakdown tests of cables, &c. It is portable and 
operates entirely from the A.C. mains. A high- 
vacuum cathode ray tube is operated at 5000 volts. 
The circuit arrangements are such that the apparatus 
can be left ready for the recording of a transient 
without appreciable shortening of the life of the tube, 
the transient itself being made to initiate the cathode 
ray beam and also the horizontal sweep. Records 
can be obtained of phenomena lasting only 1 or 2 





microseconds, or alternatively for as long as 1 milli- 
second, and a time marking device is incorporated. 

An electron microscope shown by the research 
laboratories of the Genera] Electric Company demon- 
strates how the electrons from a suitable source can 
be focused so that an electron image of the object is 
thrown on to a fluorescent screen. The lens system 
consists of two circular cupro-nickel diaphragms set 
Imm. apart, and having 1mm. apertures. The 
system acts as an immersion objective with the focal 
length controlled by the ratio of the potentials on 
the diaphragms. The object examined is a nickel 
surface coated with barium and strontium oxides 
and heated to about 750 deg. Cent. The surface is 
fixed about 4mm. behind the rear diaphragm of 
the electron lens. Its electron image is projected 
by the electron lens on to the fluorescent screen at 
the end of the tube. The image can be sharply focused 
by adjusting the potential of either the front or back 
lens diaphragm. 

An electron image camera tube exhibited by 
Baird Television, Ltd., is an improved form of 
Farnsworth’s electron image detector tube. An 
optical image of the scene to be televised is focused 
upon a photo-electric cathode of high sensitivity. 
The resultant electron image is attracted towards 
the target plane and scanned across an aperture by 
a combination of electro-magnetic and electrostatic 
fields. This electron television signal current is 
then amplified by means of a secondary emission 
multiplier, the resultant current constituting the 
camera’s output. The Baird multiplier photo-electric 
cell has a primary sensitivity of from 40 to 60 micro- 
amperes per lumen. The released primary electrons 
pass through a chain of electron permeable grids which 
liberate secondaries. The resultant current gain 
factor can be as high as 100,000. 

The object of an exhibit of the British Thomson- 
Houston Company was to demonstrate the conversion 
of luminous energy to electrical energy by means of 
photo-voltaic cells. The armature windings of a 
motor are connected to a pair of photo-voltaic cells 
mounted upon the armature itself. When a beam 
of light is projected in a suitable direction on to the 
apparatus the current generated by the cell, which 
is illuminated, passes through the armature winding 
and causes the armature to rotate, the two cells 
being connected so that they act in an equivalent 
manner to the commutator of a normal D.C. motor. 

The Government Laboratory was showing an 


automatic polarograph with recording pen. An 
electrically operated pen automatically records 


current voltage curves for a dropping mercury cathode 
which dips into a solution containing reducible ions 
or molecules. A pool of mereury or a calomel elec- 
trode serves as anode. A slowly increasing potential 
is applied to the cell thus formed by means of a 
rotating potentiometer which is directly geared to 
the recording drum. No current is passed by the 
cell until the reduction potential of the material 
in the solution is reached. At this point a further 
slight increase in potential causes an increase in 
current proportional to the concentration of reducible 
matter. The small currents involved are amplified 
by a galvanometer relay and a D.C. amplifier to 
operate the recording pen. The apparatus is applied 
to problems in chemical analysis. 

A new photo-electric absorptiometer shown by 
Adam Hilger, Ltd., has been designed for carrying 
out the usual colorimetric measurements of chemical 
analysis. By placing two photo cells symmetrically 
with respect to the light source and connecting them 
in opposition through a galvanometer, disturbances 
due to variations in the voltage applied to the source . 
are avoided. Measurements are made by varying 
the light falling on the cel] by means of a calibrated 
shutter device and, as the galvanometer only operates 
as a null-indicator, calibration is independent of 
the current light characteristics of the photo cells. 
Rectifier cells are used. The liquid cells are fused 
together so that they are suitable for use with any 
solvent. 

A subjective photometer was exhibited by Dr. 
W. D. Wright. Two patches of light are matched by 
viewing one in the right eye and the other in the left 
eye. The right eye can then be light adapted and 
the two patches again compared, to determine the 
loss in sensitivity produced by the light adaptation. 
A further series of matches can then be made to 
record the course of recovery of the, presumably, 
photo-chemical reaction in the retina. 

The instrument has been used to measure the 
adaptation functions of “normal” eyes, and it is 
hoped to extend the measurements to test the effect 
of various pathological conditions on the adaptation 
process. 








WorcESTERSHIRE Roap ScHemE.—Work is about 
to begin on the reconstruction of the Kidderminster- 
Halesowen Road between Hagley and Hayley Green, a 
distance of more than a mile and three-quarters. Where 
there is now a single carriageway 20ft. wide it is proposed 
to build two ecarriageways of this width, flanked with 
footpaths and with space for cycle tracks. The scheme is 
estimated to cost nearly £60,000 and the Minister of 
Transport has made a grant from the Road Fund to the 
Worcestershire County Council for a substantial part of 
this amount. It is intended to widen the road to 100ft., 
which will allow for both present and future traffic 
requirements. 
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Haweswater 


TVHE new waterworks at Haweswater, which were 
visited on Saturday last by members of the 
principal engineering societies, are being constructed 
by the Manchester Corporation, the engineer to the 
scheme being Mr. L. Holme Lewis, M. Inst. C.E., 
M.I. Mech. E. Haweswater lies in the valley of 
Mardale in Westmorland, and is 80 miles distant from 
Manchester. The watershed shown in the accom- 
panying map is sparsely populated, and is very 
suitable for waterworks purposes, the average rain- 
fall being 74in. per annum, compared with an average 
of 44in. for the whole of the United Kingdom. The 
scheme is being carried out in instalments, as follows : 
(1) A dam at the north end of Haweswater ; (2) the 
diversion of roads and footpaths in the Mardale 
Valley and the demolition of Mardale Church ; (3) an 
aqueduct, including a tunnel 5 miles long, from 
Haweswater to Garnett Bridge in the Long Sleddale 
Valley, with a cross connection over the river Sprint 
to the Thirlmere aqueduct at Mint North Well, 
about 3 miles north of Kendal. The following works, 
which form part of the scheme, are finished :—({a) A 
works road for the conveyance of materials, work- 
men, &c., to and from the L.M. and 8S. Railway at 
Shap Summit and the site of the dam; (b) a road 





Waterworks. 


-)— 


watershed, and two or more additional lines of pipes 
from Haweswater to Manchester. 

The Mardale tunnel from Haweswater under the 
Gatescarth Pass into the Long Sleddale Valley, took 
four years and nine months to construct. It entailed 
the excavation of 79,500 cubic yards of rock, absorbed 
29,500 cubic yards of concrete for lining purposes, 
and necessitated the use of 172 tons of explosives. 
The present length of the lake is 2} miles, and this 
will be increased to 4 miles when the dam is com- 
pleted. The storage capacity will then be between 
18,000 and 19,000 million gallons. The area now 
draining naturally into Haweswater is’ 8000 acres, 
and the whole watershed to be ultimately appro- 
priated has an area of 24,000 acres. When all the 
works necessary for the full development of the scheme 
are completed, it is estimated that about 72 million 
gallons per day will be available for use in the 
Manchester area and in the towns entitled to a supply 
along the line of aqueduct. 

The dam illustrated on page 538 is being con- 
structed to its full height ; the excavations are well 
advanced, and the placing of the concrete foundations 
is being carried out. The following are the principal 
dimensions of the dam :—Length, 1550ft.; maxi- 
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HAWESWATER RESERVOIR AND WATERSHED 


along the south-easterly side of the lake and a foot- 
path along the north-easterly side; (c) plant to 
generate electricity for lighting and power purposes ; 
and (d) a village to accommodate the men and families 
employed on the works. 

The aqueduct will be continued from Garnett 
Bridge when required. It will be about 73 miles long, 
and will comprise 303} miles of tunnel, 8} miles of 
covered channel, and 34 miles of pipes. - It begins 
near the present south end of Haweswater and 
passes in tunnel under Mardale Common and Selside 
Pike, where it is 1495ft. (maximum) below the surface, 
into the Long Sleddale Valley to Garnett Bridge, near 
Kendal. At this point it is within 1} miles of the 
Thirlmere aqueduct, to which a connection has been 
made by means of a siphon, which will be capable of 
conveying up to 30 million gallons per day. The 
aqueduct where constructed in tunnels and covered 
channels is of sufficient capacity to carry the available 
supply from the whole of the gathering grounds. 

Further instalments of the scheme will be under- 
taken as required by the growth in demand for water, 
and will include catchwaters, tunnels, and two more 
reservoirs—Swindale and Wet Sleddale—on the 





mum height, 120ft.; and maximum width, 112ft. 
It will require for completion 120,000 cubic yards of 
concrete ; 190,000 tons of broken stone and sand ; 
and 30,000 tons of cement. There will be a footway 
4}it. wide along the top of the dam. Up to date, the 
excavations for the dam have involved the removal of 
27,584 cubic yards of rock and 32,730 cubic yards of 
earth. The present water level of Haweswater is 
695ft. above sea level, and this will be raised 95ft. 
when the dam is built to its full height. The surface 
area will then be increased from 346 to 974 acres. 

The lakeside road starts by a junction with the 
existing Bampton to Mardale-road at Naddle Gate, 
one-fifth of a mile east of Burn Banks village, and 
crosses the Haweswater Beck by a two-arched rein- 
forced concrete bridge of 40ft. and 20ft. spans respec- 
tively, faced with stone. It ascends by an easy 
gradient to a height varying from 20ft. to 270ft. 
above the level of the lake when raised to its full 
extent of 95ft. It runs along the south-easterly 
side of the lake to the head of the Mardale Valley 
below Harter Fell at the junction with the footpath 
to Long Sleddale, where it is joined by the newly 
constructed footpath which runs along the north- 








westerly side of the lake. The road is 4} miles in 
length, has a carriageway 20ft. in width, and a ruling 
gradient of 1 in 20, though there are two short 
lengths of 1 in 15 and 1 in 16 below Walla Crag and 
Catmacrag respectively. 

The famous old Dun Bull Inn, which is to be sub- 
merged when the lake is raised to its full height, is 
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SECTIONS OF HAWESWATER DAM 

to be replaced by a new hotel on the higher side of the 
lakeside road, at a distance 1} miles up the valley 
from the dam. 

The power plant for the works and village consists 
of three sets of Ruston and Hornsby C.I. engines, 
giving 850 H.P., coupled todynamos. The temporary 
village at Burnside, where the workmen are housed, 
consists of sixty-two huts of three different types, 
and these huts are for the most part built of cast 
iron plates covered with concrete. 








SIXTY YEARS AGO. 


Who first succeeded in transmitting messages elec- 
trically over a distance without the use of wires ? Most 
people would say Marconi; some would say Hughes: 
anyone however who turns to our issue of May Ilth 1877 
will find grounds for saying that Professor Loomis of 
Washington was first in the field. A short paragraph in 
that issue records that Loomis claimed to have com- 
municated with an assistant twelve miles distant by 
means of an “ aerial current.” At each point a kite 
held captive by a copper wire was sent up. Messages were 
sent and received by means of instruments at the ground 
end of the wire. The only connection, it was stated, was 
the atmospheric current between the kites.... In the 
same issue we printed what was believed to be a hitherto 
unpublished letter from Henry Bell the originator of the 
‘** Comet ’’ steamboat. The original letter was lent to us by 
Mr. Samuel Timmins F.S.A. of Birmingham. We printed 
it verbatim but we cautioned our readers that Bell's 
writing was none of the clearest, that the ink was faded 
and that in places we might have misread it. From 
internal evidence the letter, it appeared, was written in 
1824 and seems to have been addressed to the proprietor 
of a Manchester newspaper, a Mr. Wild. It was evidently 
written in response to a request for information concern- 
ing Bell’s “ tirst outsett with steam boats.’ The letter 
was an “ ungramatick scral”’ as Bell himself admitted 
in an apologetic footnote. It revealed him to be both an 
uneducated and a very boastful person. He claimed not 
only to have been the first to put steamboats in operation 
in this or any other country but to have been a pioneer 
in connection with the use of steam engines at coal mines 
and in the development of steam carriages to ply on 
turnpike. roads. His steam carriage, he claimed, was 
actually made and did well but it was a “ high presser 
ingen ’’ and Parliament interfered and “ put a stope to 
my furder exershions on land carriages.”” He was pro- 
secuted for infringing patent rights in connection not 
only with steamboats but with “ horsontal silinders for 
printing lady’s garments and alsaw horsontal silinders 
for drying cloth by steam.” It was held that he had the 
‘*‘ unduted right prayer [prior] to any of the pateentees.” 
Yet although he emerged “ victauris ’’ he had to pay his 
own expenses. He claimed that by his inventions 
Sir Robert Peel and others on the printing grounds had 
‘** mead ther fourtens.”” Towards the end of his letter he 
outlined a scheme for building “ taw [two] veshals ” 
to establish a steam route to the East Indies. One was to 
leave London and “ ply straight up the Medranan’”’ to 
the narrow neck of land at the head of the Red Sea 
across which the passengers and parcels would be trans- 
ported to meet the second vessel which would carry them 
to Madras. ‘‘ Empers, Kings, Princes, Deuks, Arles, 
nights and comon persons ” would, he claimed, patronise 
the service and in the mixed multitude there would be 
“a gathering in of the Nations to harmonize with one 
another in love, yeunity, peass and concord.” ... Bell was 
born in 1767 and died in 1830. Lf, we commented, he did 
not prosper in life it was certainly not from any lack of 





self-assertion. 
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Iron and Steel Institute. 


No. I. 


'{VHE Iron and Steel Institute held its spring meeting 

in London on Thursday and Friday, April 29th 
and 30th, under the presidency of Mr. Alfred 
Hutchinson, M.A:; B.8e., in the Lecture Hall of the 
Institution of Civil Engineers, Great George-street, 
Westminster. 


THE ANNUAL REPORT. 


Professor Sir Harold Carpenter, F.R.S., the retirmg 
President, occupied the chair during the early part 
of the proceedings. Presenting the Council’s report 
tor the year 1936, he commented upon the fact that 
the total membership at December 31st last was 
2243, the largest number on record. That was in 
part due, he said, to the greater prosperity of the 
industry, and to a greater extent it was the result of 
the arrangement, which had been proposed by Sir 
Charles Wright, that the companies which contributed 
to the. special subscription fund of the Institute 
should have the right to nominate a certain number of 
their staffs for membership, the entrance fees and 
subscription for the first year being covered by the 
companies’ contributions to the fund. After the first 
year subscriptions must be paid by the members in 
the ordinary way. That provision had brought in 
214 members and 41 associates. The Council of the 
Institute was well satisfied with the increase in the 
number of associates, the number having almost 
doubled ; that was regarded as particularly important, 
because the associates were the younger members. 

The Bessemer Gold Medal for 1936 was presented 
to Mr. Fred Clements, particularly for his contri- 
butions to the practical application of metallurgy 
to industry. 

Under the indefatigable chairmanship of Dr. W. H. 
Hatfield, F.R.S., the Institute had set up another 
Technical Committee to deal with alloy steels 
research, which Committee had presented its first 
paper during the past year. Sir Harold expressed 
the Institute’s gratitude to Dr. Hatfield for his work 
in connection with the Technical Committees. 

Mr. James Henderson (Hon. Treasurer), presenting 
the accounts for the year, said that expenses had 
increased substantially, as had also the Institute’s 
income. A good deal of the increased income had 
been due to special contributions from firms whose 
names were given in the report. He paid a tribute to 
Sheffield in respect of those contributions. 

The report and accounts were adopted. 


NEw PRESIDENT. 


Mr. Alfred Hutchinson was then formally inducted 
into the chair by Sir Harold Carpenter, who recalled 
the fact, that he had been a member of the Institute 
for forty-three years and had been connected with 
the Skinningrove Ironworks at Middlesbrough for 
the greater part of his life. Those works were put 
into production (after reconstruction) by his father, 
Mr. T. P. Hutchinson. Sir Harold wished his successor 
a most successful year of office. 


AWARD OF BESSEMER GOLD MEDALS. 


The new President then presented Bessemer 
Gold Medals to Colonel N. T. Belaiew, C.B., and 
to Monsieur Aloyse Meyer. 

Colonel Belaiew, he said, was a_ distinguished 
pupil of the late Professor Tschernoff, of the 
Military Academy, Petrograd. During the last 
twenty-five years he had published a series of 
researches bearing on the crystallisation of metals 
and in particular of steel. Monsieur Aloyse Meyer’s 
whole career had been devoted to the technical and 
industrial development of the iron and steel industry. 
He started as engineer in 1904 at the Hauts Four- 
neaux et Aciéries de Dudelange, one of the first works 
in Europe and the first in the Lorraine Luxemburg 
district to adopt the Thomas Gilchrist process which 
had revolutionised the manufacture of steel on the 
Continent. 

Mr. Alfred Hutchinson then delivered his Presi- 
dential Address. We shall reprint it in a future issue, 


STEEL INGOTs. 


Dr. W. H. Hatfield, F.R.S. (Chairman of the Joint 
Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation, which was respon- 
sible for the report), then introduced the Seventh 
Report on the Heterogeneity of Steel Ingots. Strange 
though it might seem, he said, the apparently simple 
problem of explaining the phenomenon associated 
with the freezing of an ingot had proved so difficult 
that the Committee had not yet arrived at finality. 
He drew particular attention to the statement in the 
introduction to the report relating to the pure portion 
of the ingot in the central zone, that the balance of 
probability seemed to be in favour of the central 
pure zone being due to the movement of impurities 
away from it, rather than to the falling of a shower of 
pure crystallites into it, but the Committee had no 
precise knowledge of the diffusion or mechanical 
movements, if any, in the interior of the ingot while 





still molten, nor of the possible operation of the 
Soret effect, nor of exactly how the impurities, both 
soluble and insoluble, reached the upper portions of 
the ingot, nor of the exact manner of formation of the 
segregate, nor of the critical factors which gave rise 
to columnar or equiaxed crystallisation. However, 
the Committee was endeavouring to encourage funda- 
mental investigation, was pursuing collective investi- 
gations, and was carrying out many experiments in 
members’ works, so that ultimately it hoped to give 
a really satisfactory explanation of the mechanism 
of freezing. 


Discussion. 


Sir William J. Larke, as one having some 
measure of economic responsibility to the industry 
in relation to the Iron and Steel Industrial Research 
Council, which was somewhat a liaison between 
research committees and the industry, commended 
the report and paid a tribute to the Committee 
responsible for it. It was perhaps a little surprising, 
he added, to hear so enthusiastic a leader as Dr. 
Hatfield even suggest that, although the Committee 
was formed in 1924 and the present report was its 
seventh, it had not yet reached finality. But Sir 
William felt that that particular investigation was 
one which he never expected to reach finality ; each 
report opened up a new horizon, and gave the Com- 
mittee a new starting poiht with a new series of 
problems. 

Professor F. Kérber (Dusseldorf) referred to some 
research work he had carried out with Dr. Oelsen 
at the Kaiser-Wilhelm Institute for Iron Research, 
the results of which afforded an explanation of the 
behaviour of manganese as opposed to the metalloids, 
oxygen, sulphur, phosphorus, and carbon dissolved 
in the iron. The metalloids dissolved in the liquid 
manganiferous iron were predominantly combined 
with the iron, and only to a very small extent with 
the manganese. The experimental proof could be 
given by allowing the manganiferous iron, in the 
presence of one of the metalloids, to exert a reducing 
action on an oxide. All the tests made indicated 
how complicated were the processes during the com- 
plete solidification of an iron melt containing sulphur 
and manganese, and how low were the temperatures 
at which the remaining melt could still react. All 
that had its primary cause in the fact that, in the iron 
melt, iron sulphide and manganese up to very high 
contents were mutually stable without reacting 
together. 

The test results showed that the agreement of the 
oxygen values obtained by the hot extraction process 
was good, and the process had been so far developed 
that its accuracy approximated to that of routime 
analysis. That was confirmed by comparative 
oxygen determinations made at the Kaiser-Wilhelm 
Institute and elsewhere. The close agreement between 
the nitrogen contents as determined by hot extraction 
and chemically was noteworthy. Tests made at the 
Kaiser-Wilhelm Institute had also given close agree- 
ment when errors in gas analysis were avoided. The 
hot extraction process had reached a standard at 
which it could be used for determining the oxygen, 
hydrogen, and nitrogen ; it had thus become a valu- 
able aid both for metallurgical research and for works 
use. 

Professor Kérber referred to other tests made in 
Germany concerning the effect of gases in iron and 
steel which confirmed conclusions arrived at in 
the report. 

Professor C. A. F. Benedicks (Sweden), discussing 
the reference in the report to the sedimentary zone, 
referred to various theories which had been put for- 
ward from time to time, and said they were not 
inconsistent with the sedimentation theory. 

Dr. E. Houdremont (Essen) emphasised the increas- 
ing importance of the determination of oxygen, 
hydrogen, and nitrogen in recent years, and said that 
in his experience the vacuum fusion process had proved 
the most suitable for determining the total. oxygen. 
The results determined by that process were always 
the most concordant. Further, in the comparative 
oxygen determinations suggested by the Bureau of 
Standards and carried out by thirty-four important 
laboratories in eight different countries, the vacuum 
fusion process had proved the most favourable. 

Discussing processes developed for the determina- 
tion of the various non-metallic compounds separately 
from each other, he said the chlorine volatilisation 
process, decomposition with alcoholic iodine solution, 
and the hydrochloric acid process had given really 
serviceable results. The electrolytic residue process 
had also been applied often in recent years. For some 
years the chemical laboratories of Fried. Krupp A.G., 
of Essen, had made investigations of the electrolytic 
isolation and determination of residues with good 
results. The object of the investigations was the 
determination of the total compounds of oxygen and 
sulphur in steel, ¢.e., the determination of ferrous 
oxide, manganous oxide, silica, alumina, iron sulphide, 
and manganese sulphide. Dr. Houdremont discussed 





briefly the method of operation of the process and 
intimated that it would be dealt with thoroughly in 
a forthcoming issue of Technischen Mitteilungen 
Krupp. He gave figures of test results to show that 
the values obtained were reproducible in repeated 
tests on the same material. 

Dr. W. H. Hatfield said he would not like his open- 
ing remarks to leave the impression that very sub- 
stantial progress in the technique of ingot production 
had not already resulted from the Committee’s 
work. It was quite established that in the English 
steel works, particularly as regards the making of 
ingots from killed steel, the work that had been done 
in collaboration had had a very material effect upon 
production. It would appear that the problem of 
iron sulphide and manganese sulphide might prove a 
fundamental point in regard to heterogeneity ; it 
might be that in the differential concentration in the 
liquid solution resulting from differential freezing 
the sulphide was in solution, and he believed that 
very shortly we should arrive at a very sound explana- 
tion of a good deal of the segregation that was 
experienced. 

Dr. A. L. Norbury, referring to the part of the report 
dealing withthe formation of manganese sulphide 
and iron sulphide in steels of different manganese 
and sulphur contents, pomted out that the percentage 
of manganese sulphide was plotted against the 
manganese /sulphur ratio, and he suggested that the 
percentage of manganese sulphide should be plotted 
against the percentage of manganese present in 
excess of that which was theoretically required to 
form manganese sulphide with whatever sulphur was 
present. If the results of sulphide inclusion counts, 
as tabulated in the report, were plotted in that way, 
closer agreement was obtained. It showed that 100 
per cent. manganese sulphide was formed when there 
was about 0-4 per cent. manganese in excess, and that 
agreed very well with the 0-3 per cent. manganese in 
excess which was the figure obtained for cast iron. In 
cast iron the manganese/sulphur ratio was of very 
great importance. It had considerable effect on the 
depth of chill, combined carbon, hardness, and 
practically all the properties. If there were about 
0-02 per cent. sulphur present in cast iron, about 
0-4 per cent. manganese was needed to neutralise 
it; but if there were 0-2 per cent. sulphur present, 
only about 0-6 per cent. manganese was needed to 
neutralise it. In the report, Mr. Whiteley had shown 
that about 0-4 manganese was required for steel, 
which agreed with his important finding that a greater 
amount was required at high temperatures than at 
low temperatures. That also explained why in black 
heart malleable,in which the temperature was only 
about 950 deg., the amount of manganese in excess 
to neutralise the sulphur was still less, i.e., 0-1 per 
cent. 





After luncheon the Report was further discussed, 
when Mr. R. H. Myers (British Iron and Steel 
Federation), Chairman of the Ingot Moulds Sub- 
Committee, submitted Section VI dealing with 
Ingot Moulds. 

Dr. W. H. Hatfield, referring to the scrapping of 
ingot moulds, said that in the case of rimming steel 
or mild steel there was a certaim standard as to when 
to scrap, and in the case of alloy steel ingots, the 
surfaces of which were very susceptible, there must 
be another standard. Had the Sub-Committee 
arbitrarily laid down any classification of the standard 
conditions which caused a mould to be scrapped ? 
What was the standard which determined the life 
of a mould for mild steel as against alloy steel ? 

Mr. T. F. Russell (English Steel Corporation, Shef- 
field) remarked that although the Sub-Committee 
mentioned that a slight change in phosphorus would 
put up the life of moulds by perhaps ten or twelve 
casts, it was not pointed out that with moulds from 
different makers made from identical patterns and 
almost identically the same composition, the life 
might vary as much as 33 per cent. That was a 
question of moulding technique. Another point was 
that in first-class mould work there ought to be no 
such thing as cracking and breaking away of the lugs, 
&c., yet four or five instances were mentioned where 
moulds were scrapped because there were cavities 
below the lugs. It was hardly fair to put that kind of 
difficulty amongst the others. It had been said that 
mould life could be altered by the stripping tempera- 
ture, that it could be shortened by casting into hot 
moulds, and that it could be modified by the thick- 
ness of the wall. It could even be modified as between 
summer and winter. He suggested to the Sub- 
Committee that all these things could be summed up 
in the simple statement that everything else being 
equal, the life of ingot moulds depended on the 
temperature attained in use. Continuing, Mr. Russell 
inquired why the Sub-Committee had placed such 
emphasis on the ratio of minimum wall thickness to 
ingot weight. In the first place, it was not a ratio 
at all, because if there were two ingots of the same 
wall thickness, but one ingot was 50 per cent. longer 
than the other, but still the same cross section, then 
the ratio of wall thickness to weight would be increased 
by 50 per cent. for apparently no reason at all. 
He suggested that the Sub-Committee should 


use the ratio which was very often used in American 
and Continental investigations, viz., to take the 
section across the mould and find the ratio of mould 
thickness to the section of the ingot. 
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Mr. L. F. C. Northcott asked if any experiments 
had been made on the effect of machining the inside 
surfaces of moulds after a period of use either imme- 
diately before pronounced cracking took place or 
soon afterwards, with the object of obtaining an 
increased life of the mould. The report stated that 
crazing was primarily due to the phenomena known 
as growth, but he would rather suggest that crazing 
was essentially due to internal stresses brought about 
by the temperature gradient in the mould, and that 
although growth was important it was a secondary 
effeet which made the effect of crazing more pro- 
minent. Referring to the section of the report by 
Mr. J. G. Pearce on the influence of composition and 
structure, Mr. Northcott said he had read the remarks 
with regard to the effect of cavities—presumably 
cavities normally filled with graphite—a dozen times, 
and could only say that he entirely disagreed. Mr. 
Pearce said: “ The effect of having no cavities at 
all is ilustrated by what happens when a steel mould 
is used; here the thermal stresses set up without a 
chance of internal readjustment result in distortion.” 
He felt it would be fair to continue that by saying 
that the effect of no cavities at all was illustrated by 
what happened when a cast iron mould was used. The 
thermal stresses set up without chance of readjust- 
ment resulted in cracking. The effect of having such 
a steep temperature gradient as in cast iron meant 
that movement had to take place, and owing to 
negligible elastic and very little plastic deformation 
as distinct from steel—the movement took place by 
cracking. Remarking that he did not know whether 
it was heresy to mention copper before the Iron and 
Steel Institute, Mr. Northcott said that copper 
moulds had been and were being used for materials 
having as high a casting temperature as steel, although 
certainly not in such large tonnages, and it had been 
shown that the actual temperature gradient was very 
small indeed. It was of the order of less than 100 deg. 
Cent. between the inside and the outside, whereas 
with cast iron or steel moulds the difference was six 
or seven times as much. That was a point which the 
Sub-Committee should consider. 

Mr. J. E. Hurst suggested that an aspect which the 
Sub-Committee should take into consideration was 
that failures of ingot moulds either by cracking or 
crazing were due to stresses, and consequently the 
mechanical properties of the cast iron must be of 
importance in considering an improvement of the 
properties of ingot mould materials. In the course of 
experiments which he had carried out measuring the 
mechanical properties of east irons in the pig iron 
form and also of castings, he had been impressed with 
the manner in which individual samples of the same 
iron varied very considerably over a period of months 
or years. ‘That had been experienced with samples of 
the same pig iron coming from the same furnace and 
reasonably within the limits of the same composition. 
It must have some bearing on the properties of 
individual] moulds in service, and the Sub-Committee 
might very well give some attention to that aspect 
of the matter. He was satisfied that the behaviour 
of ingot moulds in service must be capable of being 
tied up with the mechanical properties of the mate- 
rial. 

Mr. Myers, in the course of a brief reply, said the 
various suggestions which had been made would be 
considered by the Sub-Committee. It was rather a 
difficult matter to arrive at some standard as to 
when an ingot mould should be scrapped because 
each works appeared to have its own standard. Three 
or four methods of determining when to scrap moulds 
were mentioned in the replies to the questionnaire. 
In some cases it was based on a systematic examina- 
tion of the surface ; in others, the moulds were dis- 
carded as soon as any defect was seen on the surface 
of the mould; whilst in other cases the moulds were 
worked to the bitter end. Whilst he did not think it 
would be possible to lay down general standards when 
a mould should be scrapped, it might be possible to 
base the scrapping period on the analysis of the 
material. The replies to the questionnaire showed, 
as had been mentioned by Mr. Russell, that moulds 
by different makers gave different lives, and the Sub- 
Committee would inquire as to the reasons for that. 
The Sub-Committee was now taking up the question 
of design, and it would be agreed that the simplest 
design was one which provided against any failure 
due to cracking in the early stages. The ratio of 
minimum wall thickness to ingot weight had been 
taken because the correlation of the data showed that 
that gave the clearest relationship. No experiments 
had been carried out on machining the moulds, but he 
believed experience on the Continent had shown 
that it gave a considerably increased. life. The Sub- 
Committee needed a tremendous amount of data yet, 
and he appealed to steel makers to institute a sound 
method of recording the whole history of each mould, 
and make the information available to the Sub-Com- 
mittee in order that the results might be corre- 
lated. 


The following two papers were then presented and 
discussed together :—‘‘ The Influence of the Mean 
Stress of the Cycle on the Resistance of Metals to 
Corrosion Fatigue,’”’ by Dr. H. J. Gough, F.R.S., 
and Mr. D. G. Sopwith ; and ‘“‘ The Effect of Protec- 
tive Coatings on the Corrosion Fatigue Resistance of 





Steel,” by Mr. D. G. Sopwith and Dr. H. J. Gough, 
F.R.S. The ofticial summaries run as follows :— 


CORROSION FATIGUE. 

Whilst much attention has been devoted to the resistance 
of materials to corrosion fatigue under cycles of reversed stress, 
no work has hitherto been carried out on the equally important 
practical cases of repeated or fluctuating stresses. This paper 
describes the results of tests under these conditions made on 
six aircraft materials, the behaviour of which under reversed 
stresses has previously been reported. These comprised a 
cold-drawn 0-5 per cent. carbon steel, three stainless steels, 
duralumin, and a gnesi alloy taining 2} per cent. 
of aluminium. These were tested in air, also in a spray of 
3 per cent. salt solution, under cycles of repeated and of fluctuat- 
ing stresses. 

The results show that, as in air, the fatigue resistance of 
@ material in a corrosive environment is considerably influenced 
by the mean stress of the applied cycle. As in the case of 
reversed stresses, no corrosion fatigue limit was indicated for 
any of the materials. If the range for any given endurance 
is plotted against the mean stress, the form of the curve obtained 
is in general similar to that obtained in air, using the fatigue 
limit in place of the endurance range. 


PROTECTIVE COATINGS. 


This paper describes the results of tests made to ascertain the 
suitability of various protective coatings when applied to 
streamline wire steel subjected to alternating stress in a spray 
of salt water. 

The fatigue resistances, under reversed bending stresses in 
air and in salt spray, of streamline wire steel have been deter- 
mined, using the material in both the as-drawn and normalised 
conditions uncoated and with the following types of coating :— 

(1) Zine, applied by (a) galvanising, (b) sherardising, (c) 
electro-deposition. 

(2) Electro-deposited cadmium, (a) alone and with supple- 
mentary coatings of (6) enamel and of (c) boiled linseed of 

(3) Sprayed aluminium (a) with enamel, and (6) without 
enamel. 

(4) Ph p 

(5) Enamel only. 

A very satisfactory degree of protection’ was afforded by 
galvanising, sherardising, and sprayed aluminium plus enamel. 
Zine or cadmium-plating and sprayed aluminium alone gave 
a fair degree of protection. Bhosphate treatment plus enamel 
and enamel alone gave considerably better results than the 
uncoated material, but were not nearly so good as the metallic 
coatings. Enamel was a useful addition to sprayed aluminium, 
but both enamel and oil reduced the degree of protection afforded 
by cadmium-plating. 

Dr. W. H. Hatfield said that whilst from the papers 
it might be suggested to the unsophisticated mind 
that the 15 per cent. chromium steel, the 17 per cent. 
chromium—1 per cent. nickel steel—and the 18 per 
cent. chromium—8 per cent. nickel steel—had a 
facility for failure under the conditions adopted ; 
yet such was not the case in actual practice. Actually, 
it was possible to get a progressively increased value 
in these materials when used at relatively high stress 
under corroding conditions. For instance, with 15 per 
cent. chromium, the engineer knew that under 
service conditions, where he had tested out the pro- 
perties of the material, it was possible to stress to 
higher values than in the case of the same steel 
without the chromium. If the chromium was increased 
to 17 or 18 per cent., a still better result would be 
obtained, and with 18 per cent. chromium and 8 per 
cent. nickel, it was possible to use propeller shafts 
in tropical waters for an indefinite period under con- 
ditions of very high stress, and within the practical 
limits of experience there was not failure from corro- 
sion fatigue. That was not criticism of the work of 
the authors, but a statement of fact. What it was 
necessary to do was to co-ordinate empirical experi- 
ence of that type with the critical quantitative 
evidence derived from the authors’ particular set of 
conditions. For these reasons he asked the authors 
to be more precise with regard to the details of their 
experiments in order that some attempt might be 
made to correlate their results with actual engineer- 
ing experience. 

Dr. H. Sutton remarked that whilst a simple solu- 
tion of sodium chloride in water as the corroding 
medium had obvious objections from the scientific 
aspects of the subject, it had something to commend 
it. The solution was easily prepared in any chemical 
or metallurgical laboratory, and. both substances 
were available in a considerable degree of purity. 
Therefore the authors were well justified in making 
that choice for their preliminary work. At Farn- 
borough somewhat similar experiments had been 
tried on the light alloy side, sea water being used first, 
and the experiments repeated with sodium chloride 
solution and under the conditions of the spray 
employed, the difference was very little indeed. 

The second paper was important because it related 
to a very big range of steels used in engineering in 
general. He was a little doubtful of the second of 
the requirements stated on the first page of the paper, 
because recently Dr. Evans and his co-workers at 
Cambridge had produced a new type of protective 
coating which he believed would be of benefit in 
corrosion fatigue as well as under ordinary corrosion 
conditions, and it might prove to be that a thin friable 
film of a definitely corrosion-inhibiting character, 
but not possessing great mechanical strength, would 
be of benefit. He agreed that phosphate coatings 
had been disappointing, but there was perhaps 
hope for the other kind, and the matter should be 
approached with an open mind. 

Dr. 8. F. Dorey said the paper furnished valuable 
information concerning the behaviour of materials 
subjected to repeated and fluctuating stresses under 
condition of corrosion fatigue. Commenting on the 
application of such results to practical engineering 
problems, he said the most striking feature was the 
rapid decrease, even in the case of the three stainless 
steels, of the endurance range of stress with the 
number of cycles. Indeed, from the point of view of 
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engineering design, that appeared to be of more 
importance than the effect of mean stress. So far as 
cycles of stress were concerned, it was easy in prac- 
tice to require in useful service 1000 to 2000 million 
cycles, and if the authors’ results were extrapolated 
to, say, 10° cycles, it would be found that a very low 
stress figure only was possible. 

Another important point was size effect. The 
diameter of the fatigue test pieces was only 0: Ldin., 
and the effect of the size of test piece on the results 
contained in that paper for corrosion fatigue would 
form a further useful contribution to the present 
state of knowledge. Information as detailed in the 
paper, but taking into account the effects of stress 
concentration, was also necessary to account for 
differences in endurance stress between experimental 
and actual failure of engine parts in service. 

The common instances of corrosion fatigue in 
marine engineering had been failures of screw shafts, 
piston-rods, and propellers, and in all cases the 
failures had occurred at remarkably low stresses. 
In the case of propellers, results for corrosion fatigue 
of propeller bronzes would be of great value. As to 
screw shafts and piston-rods, where failure occurred 
at remarkably low stresses, he was aware that failure 
might have been accelerated by shock loading in 
service, either owing to rapid changes of pressure in 
the engine cylinder or to engine racing in bad weather. 

Commenting on the second paper, Dr. Dorey 
referred to the very high stresses obtained under 
corrosion fatigue conditions, and suggested that the 
paper might be a little misleading on that point. 
It seemed to suggest that it was possible to carry 
very much higher stress with coatings than was 
actually possible in service. It might be that that 
was due to the method of testing, viz., the Wohlor 
test, as compared with a direct stress machine. It 
might also be that the surface exposed to the corrod- 
ing medium was not sufficient to give any irregu- 
larities in the coating. It had been found in the case 
of piston-rods that such coatings were not a success. 

Mr. H. H. Burton said he had been concerned with 
similar work to that done by the authors, but on a 
much smaller scale, and with nitrided specimens 
had found what appeared to be a fatigue limit which 
was actually higher in the case of reverse bending 
stress than the fatigue limit of unnitrided specimens. 

Dr. Gough, who only had a few moments to 
comment on the discussion, assured Dr. Hatfield 
that the conditions of the tests were as near as they 
could possibly be to service conditions. For every 
single fracture produced in the laboratory, he could 
show two or three similar fractures which had taken 
place in service. The reason the authors had chosen 
the 3 per cent. salt solution was not because it was the 
ideal material, but because he had been assured by 
people with experience that a 3 per cent. salt solution 
would give a constant spray. In reply to Dr. Dorey, 
he said that the question of size effect had not been 
studied to any serious extent in corrosion fatigue so 
far as he was aware. It had been studied in ordinary 
fatigue over a range of samples from 3/64th inch 
diameter to 3in., and it seemed that the size effect 
was always disadvantageous to the larger size. He 
agreed that size effect should be studied in connection 
with corrosion fatigue, but from the designer’s point 
of view. Until further information was available, 
however, he thought it could be taken that the large- 
size specimen would exhibit less resistance than the 
small specimen. In reply to Mr. Burton, he said the 
authors were aware of the German work with regard 
to nitriding, but they had not done any experiments 
themselves. Although he would not say that nitrid- 
ing gave complete protection, there was no doubt that 
it gave greatly increased resistance. 

(To be continued.) 
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Rail and Road. 





RatLway ELECTRIFICATION IN SWEDEN.—The newly 
electrified line of the Swedish State Railways from Laxaa 
to Charlottenburg, a distance of 127 miles, has been opened 
for service. 


PaLestINE-IRAQ Motor Roap.—At a luncheon given 
by the Palestine Corporation, Ltd., Sir Robert Waley 
Cohen announced that the Government had decided to 
construet a motor road from Palestine to Iraq. 


CoMPLETION OF GOLDEN GaTE BripcE.—On Tuesday, 
April 27th, the Golden Gate Bridge at San Francisco, the 
construction of which was begun in February, 1933, was 
completed. The bridge has cost thirty-five million dollars 
to build and consists of a centre span of 4200ft. with two 
adjoining side spans of 1125ft. This bridge, which was 
fully described in THe ENGINEER of July 24th, 31st, and 
August 7th, 1936, will probably be officially opened 
during May. 

Rattway Rares TripunaL.—On Monday, June 14th, 
the Railway Rates Tribunal will begin its annual review 
of standard and exceptional charges of the amalgamated 
railway companies. The net revenues of the amalgamated 
companies for 1936 fell short of the standard revenues by 
over fifteen and a-half million pounds. The Tribunal 
has been informed by the companies that in existing 
circumstances they believe that a general increase of 
charges by about 5 per cent. would materially improve 
their financial position. 

L.N.E. Ratsway TyNEsIDE AREA ELECTRIFICATION.— 
\ certain amount of delay has been caused by the existing 
industrial conditions in the £500,000 schemes of the London 
and North-Eastern Railway Company for the extension 
of electric services in the Tyneside area. One of these 
schemes is the introduction of electric traction on the lines 
between Newcastle and South Shields, which, when in 
operation, will give a reduced time for the journey of 
twenty-seven minutes as compared with the present 
thirty-three or thirty-four minutes. Up to the present 
on this section the laying of the third rail is nearly com- 
pleted and the construction of the sub-stations well 
advanced. The other scheme for the improvement of the 
existing electrified lines on the north bank of the Tyne 
includes the provision of 131 new vehicles and the re- 
equipment of thirty-six existing vehicles. The remainder 
of the electrified stock in service is to be scrapped. 


Dersy Riya Roap.—The Minister of rt has 
made grants from the Road Fund for the construction of 
further sections of the Derby Ring Road. Long stretches 
of this road on the west and south sides of the borough 
have already been constructed and the completed portion 
takes a large amount of traffic on the London-Carlisle 
Road, which formerly went through the centre of the 
town. It is now proposed to continue the road for a mile 
and three-quarters on the east side of the borough at a 
cost of about £156,000. The extension will form a link 
between the London-Carlisle Road at Alvaston and the 
Ashbourne-Nottingham Road near Spondon. These two 
important routes are separated by the river Derwent and 
there is at present no road connection between them. In 
addition to a new bridge over the river Derwent, there will 
also be a new bridge to carry the road over the London, 
Midland and Scottish Railway and canal near the Spondon 
end. The road will be 110ft. wide and the lay-out will 
include dual carriageways, cycle tracks and footpaths, 
with grass verges. 

THe Nortu Crrcutark Roap.—The last stage has now 
been reached in the scheme for the modernisation of the 
North Circular Road, Middlesex. When this road was 
originally built there was only one carriageway, 24ft. wide, 
although sufficient land was bought to allow for widening 
as traftic increased. Recently the carriageway has been 
widened and duplicated and the only important section 
of the road not equipped with dual carriageways is between 
Neasden-lane and Brentfield-road, Willesden. For the 
continuation of the improvement along this section the 
Minister of Transport has made a grant from the Road 
Fund to the Middlesex County Council and it is expected 
that the works, estimated to cost over £30,000, will be 
completed in about fifteen months from the date of com- 
mencement. The existing carriageway will be widened 
to 27ft. and the new carriageway will be built to similar 
dimensions. Between the two tracks there will be a central 
reserve. In order to carry out these improvements it will 
be necessary to widen the narrow bridge over the London 
and North-Eastern and Metropolitan Railways, and the 
work on the bridge and approaches will form the subject of 
a further grant from the Road Fund. 


Rattway Statistics.—Railway statistics for the 
calendar month of January and the four weeks ended 
January 23rd, 1937, which have now been published by 
the Minister of Transport, show that the total number of 
passenger journeys (excluding season ticket holders) taken 
on all standard-gauge railways in Great Britain in the 
month of January, 1937, was 99,911,913, a decrease com- 
pared with January, 1936, of 2,826,328. The journeys 
taken by passengers at reduced fares decreased by 
1,293,458 and those at standard or ordinary fares by 
1,532,870. The receipts from passengers (excluding season 
ticket holders) showed an increase of £17,432. If the rail- 
way undertakings of the London Passenger Transport 
Board be omitted, the figures show a decrease in journeys 
of 1,434,010, and an increase in receipts of £31,115. For 
all companies the receipts from passenger train traffic 
(including season tickets and parcels and miscellaneous 
traffic, but excluding mails and parcels post) were £2726 
less than in January, 1936. For the four weeks ended 
January 23rd, 1937, the coaching train miles showed an 
increase of 322,568, compared with the four weeks ended 
January 25th, 1936. The total tonnage of freight con- 
veyed (excluding free-hauled traffic) in the four weeks 
ended January 28rd, 1937, was 22,247,541, a decrease com- 
pared with the four weeks ended January 25th, 1936, of 
573,366 tons. The freight train receipts amounted to 
£6,898,878, a decrease of £89,508. The freight train miles 
run were 273,735 more than in the corresponding period 
of 1936, an increase of 2-6 per cent. The average train 


load decreased from 130 to 127? tons, but the net ton-miles 
per engine hour increased from 435} to 440}. 





Miscellanea. 





Unirep States STEEL Inpustry.—During the three- 
year period which will end December 3lst next, the 
United States steel industry will have spent nearly 650 
million dollars on new plants and equipment. Of this 
amount, 290 million dollars will be spent during 1937. 


Barrrisu Coat Exports 1n 1936.—Replying to a question 
in the House of Commons recently, the Secretary for 
Mines said that of the 228,448,356 tons of saleable coal 
raised in Great Britain during 1936, the amount exported 
was 34,532,777 tons, at an average declared value of 17s. 
per ton f.o.b. 


Burenos Armes DratnaGe Works.—lIt is officially 
announced that the Argentine Government has accepted 
tenders to a total value of approximately £4,000,000 for 
the construction of rain water drainage works in Buenos 
Aires. The work will be shared between four German and 
two Argentine firms. 


Tue APPRENTICES’ STRIKE.—Some 13,000 apprentices 
on Clydeside and district and others in Edinburgh decided 
to return to work on Wednesday, May 5th, after a strike 
which has lasted four weeks. Their claims for better 
wages and working conditions are to be taken up with the 
employers by the trade unions concerned. 


IMPERIAL CHEMICAL InpDusTRIES.—At the annual 
general meeting of Imperial Chemical Industries, Ltd., 
Lord McGowan, in the course of his speech, said that the 
company had spent £6,000,000 on research. During the 
past ten years under its policy of rationalisation and con- 
centration, the company has closed thirty-eight factories 
and spend £7,000,000 on concentration schemes. 


AUSTRALIAN PETROL PrRopucTion.—In an attempt to 
provide a home supply of petrol, the Australian Govern- 
ment has decided to co-operate in an effort to develop the 
Newnes shale deposits, about 120 miles from Sydney. 
The deposits are said to contain 20,000,000 tons of shale 
and average 100 gallons of crude oil to the ton. Un- 
successful attempts, costing nearly £2,000,000, have been 
made during the thirty years to develop the deposit, 
and it is hoped that modern methods will give good results. 


Port or Lonpon AvutuHoriry.—At the first meeting 
following the triennial reconstitution of the Port of London 
Authority the Rt. Hon. Lord Ritchie of Dundee was 
re-elected Chairman for the fifth successive period. The 
Rt. Hon. Thomas Wiles was again elected Vice-Chairman. 
Lord Ritchie is one of the original members of the Autho- 
rity, having served as a member of the Board since its 
constitution in 1909. Mr. Wiles, who has beea Vice- 
Chairman of the Authority since 1934, was first elected a 
member of the Board in 1923. 


Lonpon’s Water Suprrpiy.—Speaking at a recent 
meeting of the Metropolitan Water Board, Sir William 
Prescott said that 78,566 additional services and 457 miles 
of new mains had been added to the Board’s system 
during the three years. Work has been proceeding 
steadily for the last eighteen months on the new reservoir 
in the Lee Valley, which, with the two reservoirs for which 
permission to build had been granted, there will be an 
additional storage capacity of 11,580 million gallons. 
The estimated cost of the new works is between six and 
seven million pounds. 


Trix ConsumprTion ANALysISs.—Figures just issued in 
the April Bulletin of the International Tin Research and 
Development Council give the world production of tin for 
the first quarter of the current year as 43,800 tons, against 
39,065 tons in the corresponding quarter of 1936. World 
production for the year ended March, 1937, totalled 
177,400 tons, against 147,000 tons in the previous twelve 
months. World consumption statistics are available only 
up to the end of February, the total for the year ended 
February, 1937, being 160,391 tons, an increase of about 
74 per cent. over the figure for the previous year. 


Om Prospectine Licences.—The Board of Trade has 
issued a further nineteen prospecting licences under the 
Petroleum (Production) Act, 1934, and the Petroleum 
(Production) Regulations, 1935. Of these, ten granted to 
D’Arcy Exploration Company, Ltd., cover approximately 
1649 square miles in Kent, Sussex, Surrey, Yorkshire, 
Nottinghamshire, Derbyshire, Staffordshire, Shropshire, 
and Cheshire. Nine of the new licences have been granted 
to the Gulf Exploration Company (Great Britain), Ltd., 
and cover areas aggregating about 1277 square miles in 
Kent, Sussex, Dorset, Wiltshire, Somerset, and Yorkshire. 


Census or Macutnery Propuction.—The Board of 
Trade has issued its preliminary report on the 1935 census 
of production on mechanical engineering in this country. 
The net value of output is given as £95,532,000, when 
the cost of materials, fuel, electricity, and work given out 
has been deducted. The net output value in 1930 was 
£92,943,000. During the year under consideration the 
number of persons employed in mechanical engineering 
averaged 420,110, and a net output of £227 per person 
was obtained. The latter figures compare with 455,580 
persons in 1930 with a net output of £204 net. The largest 
net output of £10,613,000 was by the group of prime 
movers and boilers, other than marine, followed by textile 
machinery and accessories with a value of £7,352,000 net, 
marine engineering £5,528,000, and machine tools 
£5,537,000. 

Tue Coat Inpustry.—A number of points were raised 
in connection with the production of oil from coal after 
Mr. J. P. Dickie had read a paper on “ The Present 
Position and Prospects of the Coal Industry ” before the 
Royal Society of Arts. Dr. G. E. Foxwell said that with 
regard to the Fischer-Tropsch process, the plant could be 
put down for about £25,000 as against £150,000 for a 
hydrogenation plant, because the Fischer-Tropsch plant 
could be put down in small units, whereas hydrogenation 
plants could not, if they were to be economic. In other 
words, a Fischer-Tropsch plant could be put down at every 
colliery in the country at a much lower cost. In the course 
of his reply, Mr. Dickie said that if this country endea- 
voured to produce the greater proportion of its oil it would 
mean a demand for 50 or 60 million tons of coal a year, and 
would provide work for between 60,000 and 80,000 miners. 





Air and Water. 





Drrector or Dockyarps.—Vice-Admiral C. P. Talbot 
has succeeded Admiral Sir Percy Addison as Director of 
Dockyards at the Admiralty. 


New Arr Recorp.—A world air speed record has been 
set up by the French airman, Maurice Rossi, who recently 
flew 3125 miles at an average speed of 195 m.p.h. 

A New TxHames-sip—E Wuarr.—A dry dock has been 
converted to a wharf and warehouse by the Horseferry 
Wharf Company. The new premises have been equipped 
with all modern appliances for the rapid handling of 
cargoes. 

A Hicu-sPpEED FreNcH Fuicut.—Flying a Caudron 
monoplane, two French airmen, Monsieur Arnoux and 
Monsieur Beaujol, flew non-stop from Paris to Algiers 
and back on Sunday, May 2nd. They covered the 1750 
miles trip in 9 h. 39 min. 

ANOTHER GERMAN BarttiesHip Raisep.—The 25,000- 
ton German battleship “ Friedrich der Grosse,” which was 
scuttled in Scapa Flow after the war, has been raised by 
Metal Industries, Ltd. The ship was lying keel upper- 
most in 23 fathoms of water. 

New ARGENTINE ARMY AEROPLANES.—Orders for 
110 aeroplanes have been placed by the Argentine Govern- 
ment. The new machines will be used for Army purposes, 
and of the number ordered, twenty will be built in Ger- 
many and ninety in the United States. 


Socrery or ConsuLTING MaRINE ENGINEERS.—At the 
recent annual meeting of the Society of Consulting Marine 
Engineers and Ship Surveyors, Mr. Harcld Fortescue 
Flannery was elected President for the ensuing year, and 
Mr. L. J. Blake and Mr. C. Waldie Cairns Vice-Presidents. 


Liresoat Rescues In Aprit.—The Royal National 
Lifeboat Institution states that during April there were 
twenty-five launches of lifeboats to vessels in distress, 
eighty-five lives were rescued, three boats were saved 
from destruction, and lifeboats helped, escorted, or stood 
by eight other boats and vessels. 

New Barrish Batriesuips.—The three battleships to 
be built under the 1937 pr are to be named 
“« Anson,” “ Jellicoe,” and “ Beattie,” their respective 
builders being John Brown and Co., Ltd., Swan, Hunter 
and Wigham Richardson, Ltd., and the Fairfield Ship- 
building and Engineering Company, Ltd. 

An INTERNATIONAL AERONAUTICAL CONFERENCE.—It 
is announced that the International Aeronautical Federa- 
tion, which represents the sporting and private flying of 
the world, has accepted the invitation of the Royal Aero 
Club to hold its Annual Conference in London from June 
22nd to 27th. The meetings will be held in the lecture hall 
of Ariel House. 

Sourn American Or TanKkER.—The oil tanker “ Pre- 
sidente Figueros Alcorta,” recently launched from the 
yards of the S.A. Industrial Hansen y Puccini, of San 
Fernando, near Buenos Aires, which has a tonnage of 
about 4750, is claimed to be the largest ship built in South 
America. She was ordered by one of the Argentine oil- 
producing companies. 

A New Avstratian Fiicut Recorp.—A new record 
for the Australia-England flight was set up on Monday 
evening, May 3rd, by the arrival at Lympne of Mr. H. F. 
Broadbent, the Australian airman, who took 6 days 10 h. 
55 min. for the flight. The previous best flight was that 
made by Mr. H. L. Brook in 1935, who took 7 days 19 h. 
50 min. for the flight. That record has now been lowered 
by 1 day 8 h. 55 min. 

LonpoN AERODROME CONNECTIONS.—In its comments 
on the Maybury Committee’s report on civil aviation, 
the Commercial Aviation Committee has sent to the 
Secretary of State for Air proposals for better and more 
rapid communications between the centre of London and 
its términal airports. Amphibian aircraft which could 
take off from the outer aerodromes and land on the Thames 
are suggested, and overhead railway and road systems are 
mentioned. 

LauncH oF LarcEe Soviet IcEBREAKER.—What is 
claimed to be the world’s largest icebreaker was launched 
at Leningrad on Saturday, May Ist. Named the “ Joseph 
Stalin,” the new vessel, with a displacement of 11,000 tons, 
is 348ft. long, 76ft. broad, and 65ft. in depth. Propelled 
by three 3350 H.P. steam engines, she will develop a speed 
of 154 knots. For the reinforcement of the hull steel ribs 
are set just over lft. apart throughout the ship’s length, 
and those parts which will receive the full impact and 
pressure of the ice are reinforced by plates nearly 2in. 
thick. Accommodation is provided in the stern of the 
ship for a large hydroplane, two small aeroplanes, and a 
take-off catapault. 

A New Form or Bretane.—A recent report of the Air 
Ministry deals with experiments on a new form of biplane 
whose special property is stability in roll up to angles of 
incidence of over 40 deg. without any appreciable loss in 
performance in normal flight or extra weight entailed by 
additional mechanism or parts. Maximum lift is slightly 
increased, and there are minor advantages as regards 
gliding angle for coming in to land, aileron control, and 
possibly spinning. In this biplane the wings converge 
towards the tips owing to the lower wing being given an 
unusually large dihedral angle of 12} deg. The lower wing 
is also swept forward 10 deg. and is of constant chord, 
while the upper wing is highly tapered. Half-wing experi- 
ments which gave promising results were followed by 
experiments on a biplane cellule. The half-wing experi- 
ments included measurements of aileron and wing tip 
control. The most important result obtained is that 
stability in roll on the model scale to over 40 deg. incidence 
has been obtained without any appreciable loss in per- 
formance in normal flight or when climbing. Maximum 
lift is slightly increased and the stall is a gradual process, 
inning with a premature stalling of the upper (tapered) 
wing tips, which spreads inwards as the incidence increases. 
After the upper wing is completely stalled the lower 
wing begins to stall at the centre, but the stalling of the 
lower wing does not reach the tips until about 40 deg. 
incidence. 
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(For description see page 534.) 
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INDUSTRIAL UNREST. 


AFTER several years of industrial peace we have 
again entered a period of unrest. It is not possible 
to define with completeness the causes of the 
exceptional tranquillity which industrialists, both 
at home and abroad, enjoyed for a time, but it is 
not unreasonable to conclude that it was in 
some degree associated with the general depression, 
for, on the one hand, whilst employment was 
precarious, men were not likely to risk the chance 
of losing what they had ; and, on the other, they 
recognised that the state of trade was such that 
concessions could not be given. The fact that the 
peace coincided closely with the slump and that 
the recurrence of trouble has opened with the 
revival gives support to this view. But it would be 
a mistake to regard it as a complete explanation. 
Many other events of a nature disturbing to indus- 
trial peace are taking place and complicating the 
issues. In the forefront must be placed the cost of 
living. Taking the necessities of life alone, it would 
appear that “ real wages ’’—that is, the purchasing 
power of the actual wages—have already fallen. 
Hence there is a smaller margin for the purchase 
of all those things which are conveniently described 
as amenities. In the second place, we must put 
the Rearmament Programme. It has induced an 
artificial prosperity from which the men expect some 
advantage. Finally, there is a political atmosphere 
which is certainly having its effect. Its influence 
may be exaggerated in the political Press, but it 
cannot be regarded as negligible, and it may be 
now or may grow into a serious factor. The Govern- 
ments of the world, having taken into their hands 
the control and management of social problems, 
industrial and political questions have become 
inextricably mixed. It is useless to regret that 
condition, and to sigh for the old world in which 
industrialists managed their own affairs. We must 
even be prepared for ever greater control by the 











State of all the affairs of life. But it is to be hoped 
that in this country the change will continue to 
take place by easy stages and that we may be spared 
the chaos which the sudden introduction of a new 
system has caused in other lands. 

Considered philosophically, industrial unrest 
may be regarded as a normal condition. It is the 
most natural thing in the world that the artizans 
should seek to improve their conditions of life. 
Their claims for higher wages and shorter hours 
must not be regarded as manifest iniquity. Speak- 
ing for the engineering trades as a whole, we should 
say that very few employers’ feel any animus 
against their workpeople when they ask for con- 
cessions. On the other hand, it is of at least equal 
importance that the employees should endeavour 
to understand the employers’ problems. Further- 
more, since labour has become a political power, 
it is essential that the workpeople themselves 
should examine the national and international 
effects of their actions. That is one of the reasons 
why sectional strikes are to be severely deprecated. 


7| It may be said of our greater unions that they do 


appreciate their national responsibilities and that 
in their dealings with employers’ federations they 
show reasonableness. We are inclined to think 
that little danger from industrial disputes is to be 
feared as long as the headquarters of the unions 
retain complete control. The real danger arises 
when a local branch takes matters into its own 
hands and precipitates a strike. Whatever the 
rights of the case may be, that should not be 
tolerated. It has been held that, at whatever 
inconvenience to the public and the nation, 


3|}employees must be allowed to withhold their 


labour if they so will. But grave responsibilities 
are associated with that right, and it calls for the 
severest censure when it is exercised in defiance 
of agreements and without the sanction of 
authority. Since no Government has succeeded in 
discovering a means of controlling strikes, we 
must look to the unions themselves to exercise 
the power which they possess. Their existence 
depends upon their ability todo so. Disintegration 
will take place if that power is not effective, and 
the industries will return to the condition in which 
each employer made his own terms with a local 
organisation. It must be remembered that labour 
disputes begin as negotiations; which is simply 
another name for bargaining. In the vast majority 
of cases the bargain is effected after amicable dis- 
cussions, and if the terms are observed by both 
parties no trouble ensues. But it is an essential 
part of the bargaining that the agreements reached 
by the representatives shall be accepted by all. 
Only just as long as that course is followed will the 
bargaining between federations and trades unions 
be worth while. 

If the system which has gradually developed can 
be retained we see little cause to doubt that such 
bargaining as must inevitably occur between 
employers and employees will be generally con- 
ducted with little industrial disturbance. But if it is 
broken down by unauthorised strikes, and if, still 
worse, the headquarters of the unions sanction 
such strikes after they have been begun by 
local action, we see no end to the troubles 
that may ensue. The whole carefully built-up 
edifice for the prevention of strikes and lock-outs 
will erumble to pieces and complete disorganisation 
of the industrial world will follow. It is to be 
feared that that is the wish of certain persons. 
They desire to see, not capitalism alone, but all 
the present controlling organisations destroyed. 
Where disputes are deliberately fostered for that 
purpose it is grossly unjust to describe them as 
industrial. They are essentially political, and it is 
a question for the grave consideration of Govern- 
ments whether the laws which were designed for 
genuine industrial disputes should not be abro- 
gated when political issues are the moving cause. 


Opposition. 


In the process of logical thinking wise -men 
organise their brains into two parties. On the one 
side they place a party which favours an hypo- 
thesis, and on the other a party which opposes it. 
Every statement made by the first is challenged by 
the second, and the mental fight is waged @ outrance, 
till one or the other has defeated every argument of 
his opponent. The accuracy of the conclusion 
manifestly depends upon the degree of complete- 
ness of the knowledge of the contestants ; that is, 
the knowledge possessed by the single individual 
himself. When a new hypothesis is the matter in 
hand knowledge is rarely or never complete. The 
philosopher has then to decide whether he will 
reserve his views owing to their incompleteness or 
publish them to the world in the hope that they 





may, in the course of time, be justified. Clerk 
Maxwell and Einstein give us notable examples of 
the second course. At the time his hypothesis was 
given to the world each was no doubt convinced of 
the correctness of his arguments, yet in both cases 
Baconian confirmation was still wanting. 

It is the fate of most novel ideas or hypotheses 
to be criticised and opposed, sometimes with great 
violence. The wise man takes such opposition 
philosophically ; in it he recognises one of the 
principal means by which truth is attained. The 
unwise does not ; he abuses all who resist changes 
of thought or action, failing to understand that 
resistance to change is the dashpot which prevents 
instability and the continual fluttering between 
one thing and another which does more to retard 
progress than any fair opposition ever did or will do. 
The contrariness of human nature is such that men 
cannot contend in argument without sooner or 
later losing their wigs. The temperature of debate 
rises far above normal and each party makes the 
fatal error of saying in his haste more than he can 
support by reasonable argument. In some cases, 
even in the realm of science, where it should be 
impossible, permanent animosity results, old friend- 
ships are broken, and men who are qualified to 
lighten the darkness of the world by their know- 
ledge only succeed in amusing it by their 
bickerings. Fortunately, that is not a common 
ending to differences of opinion. We have all 
known men who would say in scientific debates 
the hardest, even the rudest, things about the 
opinions of each other, and yet were in the habit of 
dining amicably together. The polemics of the 
platform mean no more than the terms of endear- 
ment which produce a sulphureous atmosphere 
around a Rugby scrum. Moreover, something is 
gained by rhetorical and literary fireworks ; they 
are not all so much wasted effort. They may burn - 
with a glow that throws light upon dark places, or, 
rocket-like, make us turn our eyes upward. We 
need not remind readers of men of science within 
our own time who have been remarkable for the 
brilliance of their dialectics and who have actually 
furthered science by the causticity of their argu- 
ments. But that manner of debate is commendable 
only when real learning is combined with excep- 
tional verbal skill. For more ordinary mortals it 
is better that opposition should be conducted with 
all the politeness and consideration of a Chinese 
battle. The courtesies must be observed. That 
does not mean that opposition should be the less 
energetic. It should be pursued with all a man’s 
strength, even when the case is past praying for. 
Just as the barrister knows that by doing the best 
he can for his client the nearer will the approach 
to justice be, so must the scientist feel that by 
fighting to the last ditch he is helping to put a new 
hypothesis upon a sound foundation. We should 
think as highly of a scientist who has stoutly 
defended a worn-out hypothesis and is ultimately 
defeated, as we do of a lawyer who, having exerted 
the last ounce of his talents, loses his suit. 

It is a very common error to condemn those 
who oppose changes and progress. There is a kind 
of men who are intolerant to resistance to change 
and vilify those who refuse to swing from one thing 
to another at a moment’s notice. They are im- 
patient with any arguments not their own and will 

not see that the best or the truest can only be 
secured when the opposition is stout enough and 
persevering enough to test the new proposals from 
every angle. Thus inventors are very prone to 
abuse manufacturers for their refusal to purchase 
their patents. They see their inventions from only 
one aspect ; whereas the manufacturer must regard 
them from a hundred. It is his business and duty 
to begin in a spirit of opposition. When all the 
advantages of a new invention are placed before 
him, he must array all the arguments against it ; 
he must defend what he has against what he might 
have. In no other way can he satisfy himself 
about the merits of the new thing. This searching 
is right and commendable ; it is the proper course 
to follow even when, as occasionally happens, it 
leads to a wrong conclusion. The manufacturer is 
only justly censurable when he resolutely refuses 
to consider a change—and there are circum- 
stances which may make even that course justi- 
fiable ; if what we have satisfies our needs, shall 
we be condemned if we refuse to entertain some- 
thing better ? But exceptional cases apart, it may 
be said that just as the careful thinker weighs all 
the arguments, pro and con, before reaching a 
decision, so should opposition be welcomed as an 
essential element in the means by which the best 
and the truest is attained. Nothing that is new 
should prevail by default of discussion and search- 
ing inquiry. The arguments against it should 
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always be advanced as earnestly as those for it. 
Only so can we avoid constant changes and secure 
the stability which is necessary as much to thought 
as it is to industry. 








Electricity in the Hospital.* 


In no sphere of human activity has so much pro- 
gress been made during the past few years as in 
the treatment and care of the sick. When it is con- 
sidered that the use of anxsthetics and antiseptic 
methods of surgery, and the discovery and use of 
X-rays and radium, all come within the compass of 
the last hundred years, one can visualise how recent 
is the technique of the modern hospital. 

A large hospital uses a great deal of electrical 
energy. The Middlesex, a typically progressive 
London hospital, has 6000 lighting points, and twenty- 
seven large lifts in continuous operation. Then elec- 
tricians—five of whom are fully qualified and have 
detailed knowledge of the electro-medical apparatus 
used—are on the staff of the hospital. 

In order that the services in a hospital may be 
maintained without interruption many of them are 
duplicated and, in some cases, if the power supply 
fails accumulators are brought into action to supply 
the current required for maintaining the illumination 
in the emergency lamps throughout the hospital. 

The earliest application of electricity in hospitals 
was at the end of the eighteenth century, when 
patients were brought to receive shocks from Leyden 
jars, with a view to curing their paralysis, or even for 
the cure of minor complaints. 

John Wesley, the famous divine, had a great belief 
in the curative effect of electricity. He published in 
1759 a book entitled ‘“‘The Desideratum, or Elec- 
tricity Made Plain and Useful by a Lover of Mankind 
and of Commonsense.”” In 1831 Faraday—whose 
memory is honoured in the title of this lecture— 
discovered magnetic induction and gave to the 
world the means of producing electricity in bulk and 
of high intensity. Based on his work and on that of 
others, the medical induction coil was evolved. Little 
progress in electro-medical treatment was made until 
1850, when Duchenne, a doctor at Boulogne, dis- 
covered that individual muscles could be stimulated 
by applying moistened electrodes to the overlying 
skin. The majority of muscles are contracted only 
if the electrode is placed at one spot, called the motor 
point. It is near the spot where the motor nerve 
enters the muscle. Thanks to the labours of many 
workers, a technique has gradually been evolved using 
several varieties of currents—D.C., A.C., or D.C. and 
A.C. mixed—by which injured or paralysed muscles 
may be exercised and eventually restored to their 
normal activities. 

One of the most important developments of 
therapeutical treatment by electricity is that of high- 
frequency currents. d’Arsonval showed that the 
motor or sensory nerves did not respond to currents 
of high frequency. The frequencies he used in the 
first place were between 2500 and 10,000, and he 
found that the response of the nerves was propor- 
tionately less as the frequency increased. After 
Hertz’s discovery of the method of producing high- 
frequency currents by means of the oscillatory 
discharge of a condenser, d’Arsonval was able to 
show that at frequencies of over 200,000 the motor and 
sensory nerves were completely unaffected, and that 
only a sensation of heat was produced. In 1907 
Nagelschmidt, and in 1909 Lewis Jones, demon- 
strated the effects of diathermy, as it is now called, 
and introduced it as an important treatment in 
medicine. By its means heat can be generated in 
the deep tissues of the body. The effect of heat 
applied in this way is an increased blood supply to the 
treated part, relief of pain and increased local 
nutrition. 

The effects of treatment with ultra-short waves 
(10m. and downwards in length) are only just 
becoming known, but the possibilities of curing, or, at 
any rate, ameliorating the condition of a patient 
suffering from such complaints as carbuncles, 
abscesses, various forms of skin diseases, or certain 
types of duodenal ulcers, &c., are most promising. 
Pyorrheza, the disease of the gums from which many 
people suffer, has, in many cases, been successfully 
treated by ultra-short wave diathermy. 

One of the most important developments of 
ultra-short wave diathermy is in connection with 
surgery. By means of the diathermic’ current it is 
possible to raise the temperature of a portion of tissue 
so much that it is possible to coagulate it or even boil 
the tissue fluids. The temperature is raised to this 
height by reducing the size of the electrode, which, 
either in the form of a needle or scalpel, then becomes 
the cutting tool; in reality coagulating the tissue. 
As a result it is possible for the surgeon to remove an 
easily accessible growth without difficulty and without 
loss of the patient’s blood. 

The production of X-rays is to the layman the most 
important application of electricity in the hospital. 
Originally used for diagnostic work, it is now also 





* Abstract of Faraday Lecture delivered before the 
Institution of Electrical Engineers, by Mr. Robert 8, Whittle, 
on Thursday, May 6th. 





becoming a therapeutic agent of the greatest import- 
ance. Every large hospital has apparatus devoted 
to the two objects. On the diagnostic side, photo- 
graphs are taken of nearly all injuries. Lung cases 
are watched by means of photographs taken at 
intervals, and patients suffering from complaints due 
to defective digestion are studied by means of photo- 
graphs taken after the patient has swallowed a 
bismuth meal. The statement that collectively the 
ten largest hospitals in London take approximately a 
million X-ray photographs annually shows the 
importance attached by the medical staffs to the 
X-ray photograph. The efficacy of the treatment of 
many skin complaints by X-rays is well known. The 
treatment of deep-seated ulcers, &c., is not so well 
known, but it is none the less of great importance to 
the community. This treatment demands the use of 
X-rays of great penetrative power, and several able 
physicists and electricians are working at the problem 
of increasing the penetrative power of the rays pro- 
duced. At the present time St. Bartholomew’s 
Hospital is installing a tube to be used with a potential 
across the terminals of two million volts. 

One of the comparatively recent innovations in a 
hospital is the electro-cardiograph for the study of 
the condition of the heart. In the strict sense of the 
word it is wrong to refer to the electro-cardiograph as 
part of the electrical equipment of a hospital, because 
it is the patient who supplies the electrical energy. 
Every human being is a dynamo, generating a minute 
current. The electro-cardiograph consists of a very 
sensitive quick-acting galvanometer which responds 
to the variations in the electric current generated by 
the heart. From a study of the variations in the 
E.M.F. given by the heart (which have been recorded 
photographically), the experienced doctor is able to 
diagnose the form of heart complaint, and perhaps, 
what is more important, is able to tell from a series 
of photographs taken at intervals of a few weeks the 
efficiency of his prescribed treatment. 

The success of the applications of electricity to the 
treatment of disease depends entirely on the close 
co-operation of doctor, biologist, physicist, and elec- 
trical engineer. As long as the philanthropist con- 
tinues to play his part in the magnificent manner he 
is doing to-day, there is no doubt that the hospitals 
will continue to employ, and to develop more widely, 
the uses of electricity for the benefit of suffering 
humanity. 








OBITUARY. 


BENJAMIN JOSEPH JACOBS. 


IN our last issue we briefly recorded the death of 
Mr. B. J. Jacobs, at Yeovil, on April 26th. Mr. 
Jacobs, who was seventy-seven years of age, was the 
first chief designer of Petters, Ltd., for in 1895 he 
collaborated with Sir Ernest Petter and Mr. P. W. 
Petter in the designing and building of the first Petter 
oil engine. This engine, we may recall, was of the 
horizontal type and was designed to develop 3 B.H.P. 
In 1896 it was fitted to an old four-wheeled horse 
pheton and was exhibited in the Lord Mayor’s Show 
of that year as the Petter horseless carriage, which is 
believed to have been the first internal combustion 
engine-driven motor car in this country. The Petter 
horseless carriage was described and illustrated in 
THE ENGINEER of April 3rd, 1896. Mr. Jacobs was 
originally associated with the firm of Sibley and Co., 
engineers, of Martock, and subsequently he accepted 
an appointment as general foreman of the old Yeovil 
Foundry and General Engineering Works, which were 
then the property of the late Mr. J. B. Petter. He was 
one of the old school of engineers, trained to do practi- 
cally everything for himself, such as preparing draw- 
ings, making patterns, turning, boring, fitting, testing, 
experimenting, and it was largely due to his genius 
that the Petter engine was in its early days developed 
so successfully. He was also a man of inventive mind 
and constructed some of the earliest dynamos made 
in this country. The high personal character of Mr. 
Jacobs earned the respect of all who knew him and 
worked with him. His manner was unobtrusive, 
quiet, and pleasant, and upon a wide range of topics 
he was an exceptionally good conversationalist. At 
his own wish he remained at his work in the drawing- 
office until two days before his death, demonstrating 
that youth and vigour are not always a matter of 
years, but of interest in work. 








Literature. 


Structural Steelwork for Building and Architectural 
Students. By Treror J. REYNOLps, B.Sc,, Assoc. 
M. Inst. C.E., M.I. Struct. E.; and Lewis E. Kent, 
B.Se., Assoc. M. Inst. C.E., A.M.I. Struct E. 
London: The English Universities Press, Ltd. 
1936. Price 12s. 6d. 

In this well-planned work it is clearly shown, in 

respect of the chief structural entities, or elements, 

and the manner in which forces are sustained by 
them, what are the relationships between the prin- 
ciples of structural mechanics and the methods of 
steel work calculation. Throughout, the book, 





worked-out examples follow the theoretical demon. 
strations. With commendable simplicity and direct- 
ness the three kinds of simple stress are first described 
and the relations between stress, strain, and elasticity 
explained. The second chapter begins with an 
explanation of a stress-strain graph of a mild steel 
specimen tested to fracture, showing which part oi 
the curve represents the total range of practical 
design stresses, the points of elastic limit, and 0 
yield, and that of ‘ commercial ”’ ultimate stress ; 
beyond which a full-line continuation of the curve 
represents nominal and a dashed line real stress. 
This detail is mentioned because it exemplifies the 
fact that the authors know where to begin and how to 
begin an exposition, in this case applied to examples 
of the ‘‘ commercial ” testing of steel in accordance 
with B.S.S. No. 15—1936 and its laboratory testing, 
in which two values besides ultimate tensile stress and 
percentage elongation at fracture are usually found. 
Dealing with the choice of a factor of safety, the 
authors begin by explaining—with praiseworth) 
sacrifice of elegance for the sake of precision—that 
the ultimate stress is not the best stress upon which 
to base a working stress value, and that the limit of 
useful stress is given by the elastic limit stress. The 
chapter on the fabrication of steel work supplies 
useful information in respect of British standard 
sections, rivets, methods of riveting, and bolts and 
nuts ; the design of riveted and bolted connections 
being explained in the following chapter. The ground 
is thus prepared for consideration of the theory of 
beam design ; the design of simple and of compound 
beams; the deflection of beams; shear, and its 
applications ; fixed and continuous beams, and the 
design of compression members. A chapter is devoted 
to the encasement of steel work and fire-resisting 
floors, and another to metal are welding. The mathe- 
matics employed is very simple, the few cases in 
which the calculus is used being suitably dealt with 
by means of explanation or graphical corroboration. 
Mr. Reynolds is lecturer-in-charge and Mr. Kent 
lecturer at the London County Council School of 
Building, Brixton, and in examples of design they 
usefully employ the provisions of the ‘‘ Code of 
Practice ” and, in appropriate cases, British Standard 
Specifications. As regards essentials—the basis ot 
theory, explanation of its application, and conformity 
with regulations and standard practice—the subject 
is very well presented, while the main computations 
and details of design are thoroughly explained, the 
scope of each of the principal applications being 
suggested by the “‘ Exercises ’’ at the ends of chapters. 
The book, which is well illustrated, will effectively 
serve its purpose, and it may be commended to the 
notice of teachers of elementary structural mechanics. 


SHORT NOTICES. 


Metal Plate Work. By C. T. Millis. London: E. and 
F. N. Spon, Ltd. 1937. In two parts. Part I, 4s. 6d.; 
Part II, 7s. 6d.—These two volumes deal a'most entirely 
with the geometry and mathematics of the patterns 
required in sheet metal plate work. The first part is 
described as an elementary course, the second an advanced 
course. The books are written for the use of the practical 
man, but suffer from an atmoapheré of Euclidean school- 
room teaching, both in the text and in the method of 
setting out the prob'ems and their solutions for the 
reader, which, we suggest, will make the matter difficult to 
follow for the man in the shops. The work is furnished 
with a comprehensive index, which may help to mitigate 
the obscurity when the books are used for reference 


purposes. 


Drop Forging Practice. By 8. Johnson and J. Warby. 
London: Charles Griffin and Co., Ltd. 1937. Price 4s.— 
This little volume forms one of a series of industrial text- 
books, edited by Dr. Percy Longmuir, and should be of 
practical use to engineering students, engineers, and 
designers, as well as to those engaged in the production of 
drop forgings. The book consists of 107 pages, divided 
into twelve chapters, which deal successively with defini- 
tions of the drop forging process, types of hammers and 
presses, plant lay-out, types of steel, temperatures and 
heat treatment. Then follow details of die design and 
setting, furnaces, the actual processes involved in drop 
forging, and the inspection of the product. A useful series 
of drawings shows the various stages of the production of 
specific parts and the various steels used for die blocks 
and trimming tools are discussed. The final chapter deals 
with estimating and planning. The work is illustrated by 
a number of photographs of drop hammers and trimming 
presses, as well as drawings of dies and plant lay-out. 


Statistical Year Book of the World Power Conference. 
No. I, 1933 and 1934. Edited by F. Brown, B.Sc. London : 
World Power Conference, 36, Kingsway, W.C.2. Price 
£1 net.—This is the first volume of a new statistical 
annual dealing with the power resources of the world and 
their development and utilisation. It contains an inventory 
based on the latest available estimates, of the power 
resources of the various countries, and annual statistics 
relating to 1933 and 1934 of the production, stocks, 
imports, exports, and consumption of coals, brown coal, 
and lignite, peat, wood, petroleum, benzoles, alcohols, 
natural gas, water power, and electricity. In the statistics 
of electricity, in which about sixty countries are included, 
production of different types of plant and consumption in 
various uses are given. All the important sources of 
power are covered, except manufactured gas, which will be 
included in subsequent issues of the book. The book will 
be of value to statisticians, economists, and others by 
whom such information in tabulated form has not hitherto 
been readily obtainable. 





May 7, 1937 


THE ENGINEER 


541 








ERECTION OF THE NEW CHELSEA BRIDGE 


MESSRS. RENDEL, PALMER AND TRITTON, WESTMINSTER, CONSULTING ENGINEERS; HOLLOWAY BROS. (LONDON), LTD., CONTRACTORS 














Se ee 
elygineet 





























Fic. 1—-VIEW FROM BATTERSEA SHORE-—APRIL, 1937 
FIG. 2—STIFFENING GIRDER JACKED-UP AT CENTRE—NOV 
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The New Chelsea Bridge. 


— = 


b fer tiernys May 6th, the new Chelsea Bridge 

across the Thames in London was formally 
declared open by the Right Hon. W. L. Mackenzie 
King, Prime Minister of Canada. This bridge, it 
will be recalled, replaces an old suspension structure 
opened in 1858 which had proved unsuitable for 
modern traffic. As it was subject to a load restriction 
of 5 tons, it could not be used by lorries or buses, 
and since its roadway was only 22ft. 5in. wide at the 
towers, though 29ft. 4in. elsewhere, it was in practice 
only effective for two lines of traffic. The decision 
to proceed with the rebuilding of the bridge was 
taken by the London County Council in 1933. 

The design of the new bridge was fully described 
in our issue of August 7th last year, in an article 
which also dealt with the finding of foundations, the 
construction of the piers and the erection of the stiffen- 
ing girders. The new bridge provides an uninterrupted 
roadway width of 40ft., suitable for four lines of 
traffic, and two footways with a minimum width of 
12ft. at the towers and 13ft. llin. elsewhere. The 
clear waterway beneath its centre span is 332ft. 
wide, and beneath the side spans 153ft. Between 
abutments the overall length is 698ft., and the head- 
room above Trinity High Water at the centre 
24ft. 3in. The bridge was designed for the London 
County Council by Messrs. Rendel, Palmer and 
Tritton, and, like. its predecessor, is a suspension 
structure. Its design is, however, unusual in that the 
suspension cables are not anchored in the conven- 
tional manner on each shore, but are fixed to the ends 
of the stiffening girders which support the deck. 
The tension in the suspension cables is therefore 
balanced by compression in the stiffening girders. 
The towers are not rigidly fixed to the piers, but are 
hinged at their bases, the main bearings being line 
bearings with subsidiary pin bearings to afford lateral 
stability. The cables, instead of being carried on the 
towers by rollers or sliders, are permanently fixed 
to them. Under the effects of unbalanced loading 
or changes of temperature, the towers will tilt, but 
by so small an amount as to be imperceptible to 





anything less accurate than a surveying instrument. 
The stiffening girders each have a pin joint close by 
each tower. They are carried by the vertical pin- 
jointed anchorage links at each abutment, which can be 
clearly seen in Fig. 7, and by pin joints at the north 
towers and pin-jointed links at the south towers, 
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FIG. 3—SECTIONS THROUGH PIN JOINT 


illustrated in two further engravings, Figs. 9 and 6. 
In these two latter engravings, incidentally, the pin 
joints to carry the towers can be seen under erection. 
As the stability of the structure needs attentive 
consideration before it can be properly understood, 
we reproduce again from our previous article plan 





elevation and sectional drawings of the bridge im 
Fig. 8. It will be observed at once, however, that, as 
the tension of the cables is only maintained by putting 
the stiffening girders under compression, the bridge 
could not be erected in the manner usually adopted 
for suspension structures by building first the towers 
and then suspending thereon the cables before pro- 
ceeding to the erection of the deck. It was necessary, 
before any work on the towers or cables was begun, 
to erect the stiffening girders. 

The bridge was erected by the contractors, 
Holloway Brothers (London), Ltd., and its total cost 
is estimated to reach £365,000, towards which the 
Ministry of Transport is contributing 60 per cent. 
The specification provided that as far as possible 
all material used in its construction should be of 
British origin or manufacture, and the Roya] Fine Arts 
Commission was consulted on the question of design. 

In our article published on August 7th last year, 
we described the foundation works, the building of 
the piers, and also the erection of the stiffening 
girder in four sections—the two side spans and the 
two parts of the central span. These sections were 
erected in succession in the Battersea shore opening 
and floated out into position. Our description was 
carried as far as that stage of the erection in which 
all four sections of the stiffening girders had been 
placed in position, but were carried by temporary 
timber supports through universal roller bearings 
and jacks which would allow for their later alignment 
and adjustment. At this stage, there were gaps 
between the sections above the piers, and, after 
erecting the tower-face bearings, the next work 
to be carried out was the erection within these gaps 
of the connecting pieces and the provision at the 
centre of the central span of a temporary pin joint, 
the object of which will become clear presently. 
At about the same time the assembly and erection 
of the fan girders at the abutment ends—see Fig. 10— 
was undertaken. At the same time, the abutment 
anchorage links and stiffening girder bearings were 
placed in position and the spans were next adjusted 
to the correct level by means of the universal bearings 
on which they were supported. At this stage they 
were all connected up and, in consequence, the stiffen- 
ing girder structure became partially self-supporting 
and was carried by the abutment anchorage links, 
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the bearings at the towers, and the universal bearings 
at the mid-river temporary support. The temporary 
timber stagings and universal bearings in the shore 
spans and at the tower ends of the main span were 
therefore removed. 

The erection of the towers was next completed, 
and since the towers are supported on rocker bearings 





sockets, saddles, turning points, and cable clips, in 
accordance with the designed outline of the bridge. 
For this purpose, a special pre-stressing plant was 
installed at the works of the manufacturers. By 
the kindness of Wrights Ropes, Ltd., we are enabled 
to describe this plant. It consisted of a hydraulically 
operated Avery testing machine mounted on a heavy 





lengths, each of about 800ft., approximately 2in. 
diameter, of locked coil construction, and having a 
breaking load of 190 tons. The section adopted -for 
the ropes is one which adequately fulfils the require- 
ments of solidity, and has a uniform and high 
modulus of elasticity with comparatively small 
initial stretch. It also possesses adequate internal 
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and were not therefore stable at this stage, they were 
maintained upright during erection by means of guys 
connected to the stiffening girders. 

The ropes for the bridge were made by Wrights 
Ropes, Ltd., of Birmingham, and the makers state 
that, the bridge being the first of its kind in this 
country, a new technique of rope making was called for. 
It was necessary that the ropes composing the cables 
should have a constant modulus in the load range, 
all irregular stretch being taken out after fabrication 
by the operation known as “ pre-stressing,’’ i.e., 
stretching the cables in a straight line under a load 
sufficient to achieve this object. It was also required 
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8—PLAN, ELEVATION AND SECTIONS OF CHELSEA BRIDGE 


ferro-concrete foundation, and 1000ft. away in a 
horizontal straight line, an anchorage end of suitable 
steelwork, also mounted on a heavy foundation 
block, both foundations being designed to withstand 
a pull of 100 tons without movement. A testing 
track, Fig. 13, raised 27in. from the ground, was pro- 
vided to afford support to the rope throughout its 
length so that there was no sag whatever during 
pre-stressing operations. The track itself was of 
planed wood, greased to reduce friction. Alongside 
the track was a duct contaiming a calibrated steel 
tape in one piece, 810ft. long. The tape was calibrated 





for a standard temperature and pull, and was provided 


bearing surface to resist any tendency to further 
settling down under load. All wires were drawn- 
galvanised, and the ropes were laid up with all 
interstices filled with an elastic bitumen compound 
to prevent entry of moisture. After manufacture 
each rope was fitted with one permanent adjustable 
socket and one temporary socket, the overall length 
of the rope being made slightly longer than the 
finished length to permit final resocketting after 
pre-stressing and marking. The rope was then 
mounted on its reel in a travelling carriage by means 
of which it was laid out on to the testing bench 





without dragging or damage to the galvanised 

















FiG. 9—SUPPORTS FOR TOWER AND STIFFENING GIRDER 


that, whilst the ropes were under stress, the load 
should be adjusted to a figure corresponding to the 
designed full dead load stress on the cables when in 
position on the bridge, so that the ropes could be 
marked to correct length and with positions of 


with a gravity-operated tension device. The whole 
of the pre-stressing plant, including the 1000ft. 
testing track, was under cover and completely pro- 
tected from sun and weather. 

The ropes themselves consisted of seventy-four 











Fic. 10—FAN GIRDER 


surface, and afterwards coupled up to the anchorage 
end and to the testing machine by a making-up 
piece or master rope. 

Measurements of stretch were read on a brass 
vernier scale located at a slider bed at the coupling 
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point between the master rope and the rope under 
test. The load was read on a calibrated pressure 
gauge on the testing machine, and continuously 
checked by a carefully calibrated bar dynamometer 
of 100 tons capacity mounted in the line of pull at 
the slider bed. 

A comprehensive system of headphones, from the 
testing machine to every point throughout the pre- 
stressing track, maintained constant communication 
between machine operator, the marker on the rope, 
and the operator observing the vernier and bar 
dynamometer readings, and a system of buzzer 
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FIG. 11—-ROPE SOCKETS ASSEMBLY 
signals for marking at given loads was also used in 
conjunction therewith. During the operation of 
pre-stressing, the rope was held at a load correspond- 
ing to its maximum working load in the bridge for 
periods of one hour, until all permanent set was 
eliminated, after which the rope was marked at the 
various points under a load corresponding to the 
dead load of the bridge. Marking was carried out 
in such a way that friction effects were eliminated 
and temperature effects were avoided by marking 
only when the temperatures of the tape and rope 
were almost identical. These temperatures were 
carefully followed by plotting graphs of the rope 
temperature, as obtained from thermometers inset 
in sample pieces of rope, and also of the air tem- 
peratures throughout each day. Im spite of the lag 
between air and rope temperatures, it was found 
that even in summer weather there were daily 
periods of at least two hours when rope marking 
could be done. 

When fully completed, the ropes were despatched 
to the site on special reels having barrels of very 





FiG. 12—SLINGING SUSPENSION ROPE 


large diameter, in order that the condition of the 
rope after pre-stressing should be disturbed as little 
as possible. Thirty-seven ropes were used on either 
side of the bridge, built up to form one large solid 
cable of hexagonal profile, and the whole given a 
protective coating of plastic bitumen after completion. 

When the ropes arrived at the bridge they were 
laid out along its length. By means of a crane and 





the slinging tackle illustrated in Fig. 13 they were 
lifted and placed in position in the tower cap castings, 
one by one in order as marked by the manufacturers. 
It was necessary to pay due attention to the order in 
which they were placed because the lengths of the 
individual ropes vary slightly according to their 
positions in the assembled hexagonal cable. As each 
rope was erected its ends were drawn over the turning 


FiG. 13—PRE-STRESSING TRACK FOR ROPES 


point castings located within the stiffening girders 
above the vertical anchorage links and attached 
separately to the fan-shaped ends of the stiffening 
girder by the insertion of split spherical seatings 
under the sockets. Each rope was provided by the 
manufacturers with the screwed socket arrangement 
shown in the line engraving, Fig. 11. The ends of the 
ropes are secured in the conical portion of the sockets 
in the usual manner by unlaying the wires, brooming 
or doubling them over and afterwards drawing back 
into the cone and running solid with white metal. 
The screwed portion provided for adjustment of 
length at site if found necessary, but, nevertheless, 
all sockets were fixed by Wrights Ropes, Ltd., to 
the correct length as marked during the pre-stressing 
operation. 

Tubular steel scaffolding was at this time in place 
around the towers, and it was now extended along 





Fic. 14—JACKING CENTRE SPAN 


the stiffening girders under each cable to enable 
men to reach the cable for attaching the hanger clips 
at the marked points. When the assembly of the 
ropes forming the cables was completed, the caps 
were bolted down on the tower top castings, thus 
securing the cables to the towers. All was now in 
readiness for the attachment and connection of the 
hanger rods. The first operation was that of jacking 
up the centre of the main span—Fig. 14—an action 
rendered possible only by the provision of the tempo- 
rary hinge or pin joint at this point, referred to earlier 
in this article. The towers were also tilted back 
towards the shores so that the cable, being thereby 
slackened, it was possible to connect up the shore 
span hanger rods to the stiffening girders. By 
adjustment of the jacking under the main span it 
was next possible to connect the hangers at the ends 


of this span, and as the jacks were progressively 
slacked away to connect the remaining hangers as 
they came into position. The towers now being 
supported by the cables, the guy ropes were removed, 
and the centre of the bridge lowered by successive 
removal of packings at the temporary mid-span 
support until the weight of the bridge was carried 
on the hanger rods and cables. Thereafter, this 
temporary staging was no longer necessary and its 
demolition was proceeded with, but the centre 
hinges in the stiffening girders were not finally 
riveted up until concrete road and footway founda- 
tions had been put in and the bridge had assumed 
its dead load profile. The remainder of the work 
consisted of erecting weatherproof covers at the 
points where the cables pass into the interior of the 
stiffening girders to the fan ends concealed in the 
abutments, and of laying the roadway, completing 
the erection of the handrailing, painting, and other 
works necessary before the bridge could be thrown 
open to traffic. 








A Paper-Making Machinery Works 


WE were recently afforded an opportunity of visiting 
and inspecting the new Summerstown works of Masson, 
Scott and Co., Ltd., of Riverside-road, London, 8.W.17, 
makers of machinery for the paper-making and allied 
industries. The company was established sixty years ago 
in a small engineering works in Battersea, and later, as 
a result of expansion in business, new and larger works 
were taken over at Fulham. Owing to continued expan- 
sion, these works were abandoned in 1932, and the present 
factory at Summerstown was built and equipped with 
modern plant. The company manufactures at this 
factory a very wide range of machinery and equipment for 
the paper-making industry, and, in addition, machinery 
for the paint and varnish, cocoa and confectionery, lino 
leum, and brewing industries. 

On the occasion of our visit we found that the factory 
was already suffering from congestion, following increased 
trading activity which has necessitated an extension to 
the works being taken in hand. This extension is pro 
gressing without interfering with production. The factory 
is equipped with a number of interesting machine tools 
for production work, including several large grinding 
machines, used for grinding rolls of all types, not only for 
the paper trade, but also for breaking down and finishing 
paint, varnish, chocolate, cocoa, and rubber. These rolls 
are usually very large, and may be chilled metal or covered 
with rubberised composition, and also may be parallel 
or cambered. A very high standard of accuracy is required 
for this class of work and all rolls are ground mounted on 
the journal bearings used for the final assembly, in order 
to ensure concentricity. The grinding machines used in 
the factory can accommodate work up to 9ft. diameter 
and 18ft. long. For work of this description requiring 
accuracy of the order of half a thousandth of an inch, 
temperature effects on large work are important, and 
endeavours are made to keep the temperature of the work 
as uniform as is practicable. An interesting test for 
accuracy is performed by mounting a pair of ground rolls 
together and observing any inaccuracies by means of a 
strong light behind the rolls. If the rolls do not mate 
perfectly, the light can be seen through the gap caused 
by the irregularities. 

Amongst other interesting items in course of production 
and erection, a large board-making machine, which, when 
complete, will measure over 90ft. in length, was seen, and 
also a number of beating engines of the Hollander type. 
The beating engines are e in a number of types for 
different purposes, such as washing, breaking, bleaching, 
or beating pulp, and the pans may be made of cast iron or 
in reinforced concrete. Circulating pumps are made for 
handling paper pulp and other thick fluids. These pumps 
are of the centrifugal type, and are supplied with stainless 
steel parts for use where the chemical nature of the pulp 
renders the use of iron and brass undesirable. An important 
machine produced by the firm is its conical refiner. This 
machine consists of a conical rotor, which has a number of 
blades fixed on its periphery, and an outer casing or 
housing with internal bars, The cone rotates at 360 r.p.m., 
and the clearance between the cone and the housing is in 
some cases one thousandth of an inch. The pulp, which 
has already been beaten, passes through the refiner, being 
fed in at the small end, and the bulk of it passes straight 
through, between the rotor and the housing. Any portions 
that have not been completely broken down, however, 
are trapped and dealt with by the revolving blades. These 
blades are fitted into slots in the cone and have a bulb 
section, being held in place with wooden packing strips. 

The new factory is fully equipped for handling large 
work. Each bay of the shops is provided with an over- 
head travelling crane and the firm claims that the works 
are the largest of their kind south of Manchester capable 
of dealing with heavy machinery. All patterns are made 
in the company’s pattern shop, which adjoins the main 
shops. 








The Flow of Metals.* 
By Professor E. N. da C. ANDRADE, F.R:S. 


FLow is most easily observed in the liquid state, but 
whereas there is a satisfactory theory of gases, and the 
structure of crystalline solids has been elucidated by the 
methods of X-ray analysis, very little is known of the 
actual behaviour of the molecules in the liquid state. It 
lacks the regularity of the crystal, and the molecules are 
too close to show the simplicity of behaviour that charac- 
terises gases, A liquid has about the same density as a 
solid, and can be regarded as a solid in which the heat 
agitation leads to a slow movement of the molecules from 





* Abstract of the Twenty-seventh Annual May Lecture before 
the Institute of Metals, Wednesday, May 5th. 
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their places, a molecule travelling through a distance 
equal to its diameter after something less than but 
approaching a hundred impacts. 

Andrade has put forward a theory of liquid viscosity 
on the basis that the momentum is transmitted from layer 
to layer not, as in @ gas, by the passage of molecules 
from one layer into the other, but by instantaneous asso- 
ciation of the molecules when they touch, so that at any 
nearest approach two molecules share their momentum. 
On this basis a formula can be derived which gives the 
viscosity of a simple liquid at its melting point, and 
another which gives the temperature variation of the 
viscosity. 

Molten metals are particularly suitable for experi- 
ments designed to throw light on this problem of viscosity, 
because they constitute liquids which consist of one kind 
of atom only, and they are not, in general, associated. 
The viscosity is conveniently measured by sealing up the 
molten metal in a sphere suspended in vacuo, and observ- 
ing the damping of the torsional oscillations of the sphere 
about a vertical axis due to the enclosed liquid. The 
method has already been used for the alkali metals, and 
is being extended to other metals. 

The flow of solids is perhaps at first sight even more 
troublesome theoretically than the flow of liquids, for 
single crystals of metals exhibit plastic flow under very 
small stresses, whereas a perfect crystal should, first, be 
strong, and, secondly, be brittle. Again, single crystals 
of metals show a very marked hardening with flow. The 
mechanical properties of metal crystals have been eluci- 
dated by the work of Polanyi, Schmid, G. I, Taylor, and 
others, and it is now known that the factor which initiates 
plastic flow is the shear stress in a certain crystal plane 
and in a certain crystal direction, which can be found by 
experiment, but there is no general rule, applicable to all 
crystals, which enables us to decide beforehand what 
the plane will be, whereas the direction is always the direc- 
tion in which the atoms are packed most closely. The 
glide direction seems to be more significant and funda- 
mental than the glide plane. 

To explain how it is that metal crystals can flow at all, 
various workers have suggested, with different detail, 
that in the ordinary crystal places exist where the atoms 
are out of step for a small distance with their immediate 
neighbours, such regions being called “ dislocations ’’ by 
Taylor. It can be shown that quite a small shear stress 
will cause such a dislocation to run along, leaving the 
atoms in the region through which it passes advanced by 
one. The weakness and the flow of single crystals is 
explained along these lines. Other internal flaws have 
been involved to explain the time factor in the flow, and 
the hardening. It cannot be said that there is any fully 
satisfactory theory of the flow of single crystals of metals, 
but a good beginning has been made. 

It is, of course, & far step from the single metal crystal 
to the poly-crystalline metal of industry, but we can see 
that any crystal boundary is likely to stop the propaga- 
tion of a dislocation or glide in general, and so will make 
the metal less weak and less liable to flow. Industry 
cannot, of course, wait for theory, but the only really 
satisfactory way to approach the problem of the strength 
of metals is by way of the single crystal. 








Oil Engine Driven Road Roller. 


WE illustrate herewith a new oil engine driven road 
roller, which has recently been placed on the market by 
Marshall, Sons and Co. (Successors), Ltd., of Britannia 
[ronworks, Gainsborough. It is one of a series of four 
machines with weights of 6, 7, 8, and 9 tons respectively, 
all of which can be supplied with Marshall single-cylinder 
two-stroke heavy oil engines with a bore of 6}in. and a 
stroke of 9in. having a designed output of 20 B.H.P. at 
700 r.p.m., or, as shown in our engraving, with a Black- 
stone engine of the single-cylinder, four-stroke pattern, 
with a bore of 7}in. and a stroke of 9}in., rated at 22 B.H.P. 
when running at 600 r.p.m. We havé already described 

















OL ENGINE DRIVEN ROAD ROLLER 


this type of engine, which is totally enclosed, with the 
upper part of the bed designed to form a cooling water 
hopper. Airless fuel injection is employed, the C.A.V.- 
Bosch type of fuel pump being employed. The engine is 
equipped with a governor control for the speed at all loads, 
and, in addition, there is a hand speed adjustment, giving 
a variation in speed over a wide range. The principal 
working parts are lubricated by a plunger type oil pump. 
For easy starting a decompression device is employed, 
which enables, the makers claim, the engine to be readily 
started by hand even when cold. The design of the roller 
follows closely the firm’s standard practice adopted for 
their extensive range of steam, petrol engine, and oil 
engine driven machines. It incorporates a four-speed 
gear-box, giving in each direction road speeds of 1, 1}, 
2}, and 34 miles per hour, which, along with the variation 
given by the hand speed control, provides a very wide 





range of rolling speeds. Both hand and foot brakes are 
provided. Other features in design include the fore-and-aft 
front fork, which is pivoted at its lower ends, also a special 
forecarriage with a taper roller bearing. The steering is 
effected by a hand wheel mounted upon a horizontal 
spindle which is connected through bevel gearing to a 
steel worm and segment. On the 6 and 7-ton rollers the 
driving rolls have mild steel rims with flanged steel side 
plates and detachable semi-steel bosses, with front rolls 
of similar design. For the larger 8 and 9-ton sizes, how- 
ever, semi-steel centres are used with the bosses gun- 
metal bushed. The driver has a comfortable seat, before 
which the controls are grouped for convenient operation. 








Air Conditioning at the New 
Alhambra Theatre. 


Ly the design and construction of modern public build- 
ings, theatres, stores, offices, &c., increased consideration 
is being given to the incorporation of air-conditioning 
equipment in order that the occupants may enjoy clean, 





as conditions may demand, and’ the relative humidity 
adjusted. The complete plant will deliver 14 tons per 
minute of correctly conditioned air to the theatre. The 
air extracted will be conveyed by ducts situated under the 
balcony steppings and stalls seats, and also through the 
proscenium arch and stage extracts. In total, it will 
constitute some 75 per cent. of the air admitted, the 
balance of 25 per cent. being used to maintain a slight 
pressure inside the auditorium, thus preventing cold 
draughts from entering in winter. 

The question of central control for the whole of this 
equipment required very careful consideration. The 
chief difficulty was to group all temperature indicators, 
motor starters, speed regulators, and pump controls 
about a convenient centre. Added to this was a further 
complication brought about by the necessity of arranging 
certain motors for sequence starting to comply with 
London County Council regulations. Other legislation 
also called for several motors to have their speed regulators 
coupled in order that speed variation should be simul- 
taneous on the fans operated by the motors in question. 
Altogether the problem was most complex and intricate, as 
the conditions indicated partially precluded the use of 
remote operated contactor gear. A compromise was 
therefore effected whereby the fixed speed motors would 

















ROTARY WATER 


comfortable, and healthy atmospheric conditions, regard- 
less of the prevailing exterior weather. The new theatre 
now being built on the site of the old Alhambra in Leicester- 
square by Odeon Theatres, Ltd., will be equipped with air- 
conditioning plant by Vacuum Refrigeration, Ltd., of 
39 to 45, Finsbury-square, London, E.C.2. The plant is 
designed to give a constant dry bulb temperature inside 
the building of 68 deg. Fah., with 57 per cent. relative 
humidity, when the outside shade temperatures vary 
between 80 deg. and 30 deg. Fah. Should the outside 
summer shade temperature at any time exceed 80 deg. 
Fah., a corresponding increase will be provided in the 
theatre, so that the difference between the inside and 
outside dry bulb temperatures will not be more than 
12 deg. Fah., otherwise patrons would experience dis- 
comfort owing to the wide divergence. The percentage of 
humidity will, however, remain unaltered. The new 
theatre will accommodate some 2300 persons, and in 
designing the equipment it has been necessary to take into 
consideration the amount of heat and humidity liberated 
by so many people. Each occupant will be supplied with 
1200 cubic feet of fresh air per hour. The heat gains 
make it essential for refrigeration to be incorporated in the 
service in order that excess moisture may be condensed 
out of the air. 

The rotary water vapour refrigerating plant illustrated 
comprises a centrifugal water vapour extractor and com- 
pressor (of similar construction to a normal turbine blower), 
which may be driven by an electric motor operating 
through a speed increasing gear or by the direct applica- 
tion of a steam turbine, a flash type water evaporator, a 
surface vapour condenser, a dry vacuum pump for air 
extraction, and a cold water extraction and delivery 
pump arranged integral with the flash evaporator. The 
action of the surface condenser and dry vacuum pump 
will provide an absolute pressure in the evaporator of 
about l}in. to 2in., depending on the temperature and 
quantity of the condenser water available. The action of 
the rotary vapour compressor further decreases the 
absolute pressure in the evaporator to some predetermined 
value, at which the temperature of the water to be cooled 
is obtained. In addition to this duty, the vapour com- 
pressor extracts and compresses the water vapour to the 
pressure existing in the condenser to which it is passed, 
the condensate then being returned to the evaporator 
feed. 
slight difference in temperature, the plant automatically 
regulates itself and practically floats on the load. The 
Alhambra plant is designed to eliminate 2,400,000 B.Th.U. 
per hour, which is equivalent to the melting of 200 tons of 
ice per twenty-four hours at 32 deg. Fah., the compressor 
being operated at full load by a 185 H.P. electric. motor. 
This is equivalent to 0-925 H.P. per ton of refrigerating 
duty, which figure is claimed to show an advantage when 
compared with other methods of refrigeration. The chilled 
water leaves the evaporator at a temperature of 45 deg. 
Fah., and is circulated to the spray washing plant at the 
rate of 800 gallons per minute. The whole of the air 
admitted to the theatre will be thoroughly washed, cleansed, 
and dehumidified by a spray type air washer. Before 
entering the auditorium the air will be suitably heated, 


Since the vapour volume varies largely with a |- 





VAPOUR REFRIGERATION PLANT 


employ contactor starters, situated adjacent to the motors, 
but controlled by push buttons from the main panel, the 
remaining variable-speed motors having their rotor leads 
brought back to the main panel in order that face plate 
starters and coupled speed regulators could be employed. 








A New Theodolite. 


WE were recently given the opportunity of inspecting 
a new theodolite at the London office of Cooke, Troughton 
and Simms, Ltd., of 15 and 17, Broadway, Westminster, 

















T63 THEODOLITE 


S.W.1. This instrument is known as the T 63 theodolite, 
and incorporates a number of new and interesting features 
in its design and construction. For a long time past the 
design of the theodolite appears to have been stabilised, 





546 


THE. ENGINEER 


May 7, 1937 








but recently certain new methods of construction have 
been employed, which principally concern the reading 
arrangements and tend to make the instrument easier to 
use. In the past it was assumed that the accuracy of the 
dividing of a circle was proportional to the diameter, and 
theodolite circles were made even up to 3ft. in diameter. 
The methods of division now in use enable a circle of a 
few inches in diameter to be divided and read with a 
higher degree of accuracy than was previously possible 
with the largest theodolite circles. This advance is made 
possible by the use of transparent glass plates or circles, 
which carry the graduations, and by the use of improved 
methods of division. The graduated circles are viewed 
by transmitted light through high-power compound 
microsco} Brilliant illumination is obtained by direct 
daylight or from light derived from an electric lamp, and 
it is claimed that owing to the small loss of light in a 
transmitted or reflected beam it is possible to subject the 
scales to a high degree of magnification, and to read them 
with a corresponding degree of accuracy. It is further 
claimed that there is no possibility of loss of accuracy due 
to distortion or ageing of the limbs, since the optical glass 
used is one of the most stable substances known, and 
that neither the circles nor the auxiliary scales are liable 
to tarnish. 

The T 63 theodolite has embodied in it the above features, 
and as can be seen in the accompanyinghalf-tone engraving, 
is of compact overall dimensions. All the important and 
delicate optical and mechanical parts are totally enclosed, 
and the general design is such that durability and strength 
are given to withstand arduous conditions of usage. The 
optical arrangements are so disposed that the micro- 
scope reading eyepieces for both the horizontal and 
vertical scales are parallel to the main telescope, and move 
with it, and the altitude spirit level is provided with a 
reversible mirror. Thus all readings may be taken by the 
surveyor without the necessity of changing his stance, 
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which not only saves time, but ensures that the instru- 
ment is not disturbed by the movements of the observer. 
The circle graduations on both the vertical and horizontal 
scales are illuminated by light reflected by means of an 
adjustable mirror. If the instrument is required to be 
used at night or in very poor light, a small electric flash- 
lamp is supplied which illuminates the circles directly. 
The circle graduations are read against the new form of 
transparent scale, mounted internally in the focal plane 
of each microscope, and the readings are direct to 20 sec. 
of arc, or to 0-01 grades, if the centesimal system is 
preferred. 

The method of reading the circles is novel and interest- 
ing. It is not practicable to subdivide a single degree to 
more than sixty divisions, which would produce a direct 
reading to 1 min. of arc, but by utilising a master scale 
and two auxiliary scales offset by 20 sec. and 40 sec. 
respectively, it is possible to read directly to 20 sec., and, 
by estimation, to 10 sec. The line engraving gives two 
examples of the appearance of the scales and typical 
readings, as viewed through the microscope. It should 
be noted that the scales are read with reference to the 
spaces, and not to the lines. 

The telescope is of the internal focusing no-constant 
type, which was adopted by the makers several years ago 
because of its many advantages. There are no external 
moving parts, and it is of constant length.. Hence, the 
makers claim, it is proof against dust and damp. The 
focusing lens is mounted in a light metal carrier, which 
moves precisely along the optical axis, which obviates 
errors of collimation, and, owing to the light weight of the 
lens and carrier, the balance of the telescope is not appre- 
ciably disturbed throughout its focusing range. The 
angle sub-tended by the stadia lines is practically corstant 
for all focusing positions. Hence no constant is necessary 
when obtaining distances by the subtense method. The 
cross wires are permanently ruled on a glass plate and 
appear as fine opaque lines in the field of view, and it is 
claimed that one hundredth part of a foot can be resolved 
at 1000ft. 

The clamps and slow-motion mechanism for the hori- 
zontal scales are of the rotating type, and the upper and 
lower clamps are always opposite to each other, irrespec- 
tive of the relative positions of the upper part of the 
instrument and the levelling base. The mechanism is 
completely enclosed and the controls are distinctively 
knurled. Similarly, the slow motion and clamps for the 
telescope are totally enclosed within the standards of the 
instrument. In addition to the usual plate bubble, which 


is mounted parallel to the transit axis, and to the azimuth 
bubble, which is adjustable by means of a slow-motion 





and fine adjustment, a circular bubble is fitted on the cover 
plate for approximate levelling. 

The instrument is supplied with a number of accessories, 
and is packed in a mahogany fitted box, or, alternatively, 
in a metal container. This container is of the same weight 
as the wooden case, and is fitted with very neat arrange- 
ments for carrying the accessories. The instrument is 
securely held by means of quick-action clamps, and the 
whole design is such that the instrument may be packed 
or unpacked quickly, yet is protected fully during trans- 
portation. 








The New Fordson Models. 


DurinG 1937 the Ford Motor Company, Ltd., of 
Dagenham, Essex, is manufacturing eight-cylinder Fordson 
normal control commercial vehicles as 2-ton, 3-ton, 
and six-wheeled models. The new range includes two 
new models at the same price as last year, and a much 
improved six-wheeled vehicle at a slightly increased price. 
Illustrated below is the 2-ton long wheel-base lorry, 
which, as shown, has been improved in appearance. In 
design, the vehicles have undergone several detail improve- 
ments. The engine has been made more sturdy and quieter 
in operation by increasing the main bearing area from 
35-36 to 40-5 square inches. Economy of operation and 
longer life have been provided by a new arrangement of 
water pumps and cylinder head outlets, which increase 
cooling efficiency. The water pumps are self-sealing 
and self-lubricating. Dual fan belts provide more positive 
operation. Changes in the design of the distributor have 
resulted in prolonging the life and efficiency of contact 
points. The battery formerly housed under the seat of 
the driver’s cab, is now under the bonnet. This new 
position, although possibly causing increased evaporation 
of the water contents of the electrolyte, makes “‘ topping- 
up ” and other attentions very much easier, and keeps the 
battery under the eye of whoever looks at the engine for 





but one drum avoids this difficulty. Overheating of tubes 
owing to air infiltration and contamination’ of mercury by 
oxide formation is now overcome by a special packing, 
which has reduced infiltration at the Schenectady plant 
from 200 or 300 cubic feet per hour to less than 1 cubic 
foot. Solubility of the steel may be prevented by adding 
ziiconium or certain other agents to the mercury. Designs 
for a mercury-steam plant of 44,000 kW include a single- 
drum boiler with no water walls and no dead-end porcupine 
tubes. The furnace is cooled by liquid mercury tubes, 
with vaporisation in the upper part. Their design will 
require only 61lb. of mercury per kilowatt of capacity, 
= compared with 7} lb. for the Schenectady and Kearney 
oilers. 


Development of River Basins. 


In connection with long-term programmes for 
public works construction in the United States, a Com- 
mittee of the National Resources Commission has sub. 
mitted a detailed report on the utilisation of rivers and 
water resources. It discusses the location of these 
resources, the problems involved, the developments which 
would solve these problems, and the works or projects 
necessary for such development. For this purpose the 
country was divided into sixteen districts, each studied 
in regard to navigation, irrigation, land drainage, water 
power, flood control, water pollution, &c., and the main 
problems involved. The numerous projects were divided 
into three classes: first, those available for immediate 
construction, with an estimated total cost of some £554 
millions ; secondly, those which are desirable, but which 
would of necessity be delayed for several reasons ; thirdly, 
those which need further study or which would supple- 
ment those of the second class. The programme in general 
represents an annual expenditure of £60,000,000 to 
£100,000,000 on a definite drainage basin development for 
a period of ten years. The plans and estimates include 
work by the Federal Government and the several Stat« 
Governments. The former has spent an average of 
£10,000,000 annually in the water resources field, and in 

















Two-TON LONG WHEEL-BASE FORDSON LORRY 


any purpose. The neglect usually meted out to this 
important auxiliary is thus effectively discouraged. In 
addition, the new position is very much better protected 
from mechanical damage and so forth. The braking 
system has been greatly improved and the braking area 
increased. Easy application of the safety brakes has 
been made a feature of the new brake design. To make up 
for wear, brake shoes can be moved toward the drums 
by an adjusting wedge. Damage or wear on one brake 
does not affect the efficient operation of the other brakes. 
A new type of fuel tank has been fitted so that it can be 
filled without opening the cab door or disturbing the 
driver. The Fordson-Surrey and Sussex six-wheelers of 
the normal control chassis models are available with a 
wheelbase of either 13l4in. or 157in. An additional 
refinement fitted to the 2-ton and 3-ton six-wheeled models 
is am engine governor, now a part of the standard 
equipment. The power available at high revolutions 
with the well-known Ford V 8 engine is now much less 
susceptible to abuse by drivers anxious to obtain the 
maximum possible acceleration regardless of the wear and 
tear imposed on the vehicle. 








American Engineering News. 


Mercury Boilers in Small Plants. 


A development in the use of mercury boilers 
in the United States is the application of the mercury- 
vapour cycle to two small power plants. Each consists 
of a mercury boiler, mercury turbine, rated at 1000 kW, 
condenser boiler supplying 12,500 1b. per hour of steam 
at 185 Ib. pressure, and a steam turbo-generator of 900 kW. 
The plant at Lynn is of the forced circulation type, having 
all heating tubes filled with mercury, and the vapour 
formed in a chamber remote from the combustion space. 
This vapour is generated by discharging from the heating 
tubes through a nozzle which drops the pressure and 
releases the stored heat of the liquid, part of which 
flashes into vapour, the pressure in the tubes being about 
200 Ib. more than in the flash chamber. This plan eliminates 
the transit’on zone in the combustion space. The other 
plant—at Pittsfield—is of the natural circulation type, 
with tubes similar to the liquid mercury cooling walls 
in the boilers of the larger plants at Hartford, Kearney, 
and Schenectady. In the earlier boilers, operating 
difficulties included leakage, air infiltration, equalisation 
and solubility of metal, but leakage troubles are now largely 
eliminated by welded joints. With the original design 
having seven drums, careful maintenance of the liquid 
level was essential, but a simple boiler design having 





1935 its expenditures on such works reached a total of 
£75,000,000. The extension of this preliminary study into 
the field of definite projects and construction work will 
be carried on by the Committee, but must have the support 
and co-operation of Federal and State organisations. 


What Congress will do to forward the matter, in relation 


to the President’s advocacy of a long-range programme of 
Federal public works, remains to be seen. But the Com- 
mittee’s report shows the possibilities of comprehensive 
development by definite projects in a series of hydraulic 
basins, although it purposely avoids recommendations 
and apportionments of cost as between Federal and State 
Governments. 


Express Roads in America. 


Although no highways for exclusively high- 
speed automobile traffic are planned or desired in the 
United States, there is a movement towards the con- 
struction of express roads designed for high-speed traffic 
of all kinds. Such roads have been visioned and planned 
by highway departments and engineers for some years 
past, and present traffic conditions and tendencies are 
favourable to the approval and financing of such projects 
by State legislatures. Fast and slow traffic would be 
accommodated by multiple lanes on broad paved stretches, 
while local traffic would use the present improved roads, 
connecting with the express roads for through traffic. In 
New York a dozen routes are proposed at a cost of some 
£60,000,000 ; while in Connecticut a route extending the 
entire length of the state—about 100 miles—is to cost 
£20,000,000. These roads would be almost entirely new, 
laid out and built specially for high speeds. Near cities 
they may ‘be elevated, in order to be clear of congested 
local traffic. Such elevated highways are planned in 
several cities in order to relieve traffic congestion which 
hampers both local and through traffic. In some cases 
there might be viaducts built over railway lines to avoid 
difficulties in securing land in high-price districts. A 
special problem will be the adequate lighting of such roads, 
and this is becoming an insistent problem in relation to 
ordinary roads. An interesting development in this 
respect is the use of sodium-vapour lamps on tall poles 
along the 20 miles of road forming the San Francisco 
and Oakland Bridge and its approaches. There are 
sodium-vapour lamps of 10,000 lumens, spaced 120ft. to 
150ft. apart, together with incandescent lights of 10,000 
and 15,000 lumens. The posts are 25ft. high, and on the 
cantilever and truss spans the lamps are attached to the 
steel work at this height. For ordinary roads two problems 
now to be met are the provision of side walks and the land- 
scaping of the sides. 
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L.M.S. Railway Dynamometer 
Car Trials* 


DuRING the three days, April 20th—-22nd, dynamometer 
car trials were carried out over certain of the main lines 
of the Midland Division, London, Midland and Scottish 
Railway, in which a series of journeys at accelerated 
schedules were made with standard locomotives and rolling 
stock. 

The object of these trials, which yielded performances 
of considerable interest and merit, was to obtain data as 
to running costs, &c., for review in connection. with possible 
future acceleration of express passenger trains over the 
routes concerned, although it is emphasised that the 
journeys made were purely experimental and that no 
immediate or large-scale acceleration is necessarily fore- 
shadowed thereby. The test runs comprised :— 


(1) London (St. Pancras)-Leeds and return, vid 
Leicester and Beighton Junction, stopping only at 
Leicester in each direction ; 

(2) St. Pancras—Leeds and return, vid Nottingham and 
Sheffield, stopping at both these places in each direction. 


For the above tests the train comprised nine vehicles’ 
302 tons (including dynamometer car), worked by Class 
- 5XP ” 4-6-0 locomotive No. 5614, ‘* Leeward Islands ”’ 
of the standard three-cylinder ‘‘ Jubilee ”’ class. 


(3) St. Pancras—Manchester (Central) and return, 
stopping at Leicester and Derby in each direction. 


For this test the train comprised eight vehicles, 258 tons, 
worked by standard Class ‘* 5" two-cylinder 4-6-0 mixed 
traffic lucomotives No. 5278 outward and No. 5264 
return. 

The loads of the test trains are approximately the 
average hauled in regular service, although not quite up 
to the maximum tonnages permitted to the respective 
types of locomotive on the present schedules. 

The difference between the normal journey times by the 
present fastest trains over each route and by the test 
trains is shown in the following examples, but the L.M.S. 
state that if acceleration is effected in the future it will not 
necessarily be to the full extent of the difference between 
the present regular and the experimental times. 


| Journey time, Average 

| minutes. speed 

Between. Miles. —---—)--- (eapeet: 

| Present. | Experi- | mental), 

| mental. m.p.h. 
London-Leicester... 99 | 105 96 61-9 
London - Nottingham) 123} 129 | #118} 62-5 
Leicester-Derby ...| 294 33. |. O 59-0 
Leicester-Leeds tis =. \ 116 =6| «103 56-5 
Nottingham - Sheffield 40 56 51} 47-2 
Sheffield-Leeds bas 39. 47 | 43 55-0 
Derby-Manchester ... 614 80 | 72 51-2 








In some cases the times quoted are those in the reverse 
direction, 


Lonvon-LEEDs (vid BEIGHTON JUNCTION). 


On the first day of the tests some extremely fast running 
was made in each direction between St. Pancras and 
Leicester, but while no time was lost by engine north of 
Trent Junction, the numerous restrictions for 
permanent. way operations and mining subsidences in this 
congested colliery area militated against high average 
8 . 
On the down journey to Leicester the 99 miles were 
completed at an average of 62-1 m.p.h. in 95 min. 40 sec. 
start to stop, compared with an experimental schedule of 
96 min. (the -fastest regular timing being 106 min.). The 
experimental schedule would have been handsomely 
improved upon, however, had it not been for a relaying 
slack to 15 m.p.h. on the descent from Desborough to 
Market Harborough, where speed normally rules high. 
Principal features of this run were minimum speeds of 
63 m.p.h. beyond St. Albans, 564 m.p.h. at Sharnbrook 
Summit, 54 at Desborough North, and at Kibworth, and 
maxima of 90 m.p.h. between Luton and Bedford, 81 before 
the Wellingborough service slack, and 764 before Wigston. 

On the return journey the 99 miles Leicester to London 
were covered in 92 min. 28 sec. start to stop (average 
64-1 m.p.h.), including a relaying slack to 23 m.p.h. 
between Irchester and S brook Summit, the gain on 
the experimental schedule amounting to 3$min. Prin- 
cipal speeds were 82 m.p.h. at East Langton, 80} at 
Finedon, 84 below Sharnbrook, 83} beyond Bedford, 
80} between Luton and St. Albans, 87 near Radlett, and 
86 between Mill Hill and Hendon. A remarkable effort 
was made from Bedford to Luton, a section 19-6 miles in 
length, which includes 13 miles rising mostly at 1 in 200 
or 1 in 202. Normally allowed 22 min. for the fastest 
expresses, this section occupied only 16min. 33 sec.; 
Bedford was passed at 834 m.p.h. and Ampthill (summit of 
the initial 6 miles up) at a minimum of 67, followed by 
71 m.p.h., with a final minimum of 63 m.p.h. at the 34th 
mile post (top of a rising gradient of 1 in 202). 


LonpoN-LEEDs (vid NoTTINGHAM AND SHEFFIELD). 


For thé second day’s test from St. Pancras—Leeds and 
return vid Nottingham and Sheffield (the route used by the 
‘““Thames-Forth Express”) the load, engine and crews 
were the same as on the first day, in both directions. An 
excellent performance was made between St. Pancras and 
Nottingham and vice versa, the 1234 miles between these 
points (including eleven restrictions of speed in each direc- 
tion) being covered in 117 min. 10sec. down (average 
63-1 m.p.h.) and 114 min. 48 sec. (average 64-6 m.p.h:) 
in the up direction (including a relaying slack to 21 m.p.h. 
near Sharnbrook Summit, but for which the overall time 
would not have exceeded 112} min.). 

Outstanding features of the down journey were minima 
of 61 m.p.h. beyond St. Albans, 534 at Sharnbrook 
Summit, and 55 m.p.h. at Grimston (following a slack to 
45 m.p.h. at Melton Junction) and maxima of 86 before 
Bedford, 79 at Irchester, and 87} between Plumtree and 
Edwalton. A speed restriction of 70 m.p.h. was in force 








* Contributed by the L.M.S. Railway Company. 





over the tempting downhill stretch from Corby Tunnel 
to the Welland Viaduct. 

In the up direction a remarkable start was made from 
Nottingham, there being a steady acceleration to 64 m.p.h. 
on the almost continuous rising gradient of 1 in 200 from 
Nottingham to Widmerpool (8 miles); this speed was 
reached within 5} miles of the start and subsequently 
sustained. Kettering, 514 miles, was passed in 49 min. 
49sec. from Nottingham, and the 72 miles thence to 
London completed in’ 65 min., with speeds of 834 m.p.h. 
below Sharnbrook, 63 m.p.h. minimum on the | in 200 
ascent from Elstow to Ampthill, 644 m.p.h. at the top of 
the 1 in 200 near Leagrave, 824 beyond Luton, 84 at 
Radlett, and 85 m.p.h. before Hendon. 

As on the first day, the large number of slacks for perma- 
nent way operations and mining subsidences north of 
Nottingham precluded any fast running, but an excep- 
tional performance was achieved on restarting from 
Sheffield on the return journey. Up the continuous | in 100 
a speed of 44 m.p.h. was attained in 4 miles from the start, 
and Dronfield (7 miles) was passed in 11 min., compared 
with the normal fastest booking of 13 min. 

On both Leeds tests the enginemen were :—Down, 
Driver F. G. Howard, Fireman J. Hall (Kentish Town 
shed); and up, Driver W. North, Fireman H. George, of 
Leeds. 


Sr. Pancras—MANCHESTER TEST. 


As regards the St. Pancras-Manchester test runs, chief 
interest centres in the performance of the locomotive as 
between Derby and Manchester, over the steeply graded 
Peak Forest section. In the course of the 35} miles from 
Derby to Peak Forest the line ascends to an altitude little 
short of 1000ft. above sea level at Peak Forest Summit, 
which is actually higher than the famous Shap Summit on 
the West Coast route to Scotland. The worst part of the 
ascent is concentrated in the 14} miles from Rowsley to 
Peak Forest, including 9 miles at an average rising 
gradient of about | in 110 followed by a final 5 miles rising 
at 1 in 101 varying to 1 in 90. From Peak Forest the line 
descends almost continuously into Manchester, but full 
advantage cannot be taken thereof, as there is a general 
speed restriction of 80 m.p.h. over this section. : 

On the test run the performance of engine “5278” 
(Driver W. Smith, Fireman A. Crooks, of Trafford Park) 
exceeded expectations, as with the load of 258 tons the 
614 miles from Derby to Manchester were covered in an 
overall time of 68min. 10sec. (average 54-1 m-.p.h.), 
compared with the experimental schedule of 72 min. Two 
minutes were gained from Derby to Peak Forest, the 
35} miles to this point being run in 42 min. 50 sec. (schedule 
45 min.), with minimum speeds of 48 m.p.h. on the 1 in 100 
before Millers Dale and 38 m.p.h. on the 1 in 90 up to 
Peak Forest. Maxima were 77 m.p.h. between Belper 
and Ambergate and 82 m.p.h. on the descent into Man- 
chester. 

The overall journey of 190 miles from St. Pancras to 
Manchester (Central) was completed in 3 h. 22 min., repre- 
senting a gain of 33 min. on the fastest overall journey 
time in this direction. 

In the southward direction the gradients are even more 
severe than in the northward, the initial 253 miles from 
Manchester (Central) to Peak Forest being almost wholly 
against the engine, with a virtually unbroken ascent from 
Cheadle Heath to the summit, including a final 8 miles at 
rising 1 in 90, or a little easier. In this direction engine 
‘“* 5264’ (Driver G. H. Beebe, Fireman R. Fowlkes, of 
Trafford Park) maintained without difficulty the experi- 
mental schedule of 73 min. for the 614 miles from Man- 
chester to Derby. The initial 253 miles from Manchester 
to Peak Forest pass were run in 33 min., a gain of 2} min. 
on the experimental and 7 min. on the fastest regular 
schedule. Minimum speed on the | in 90 gradient was 
34 m.p.h.; but, as time was in hand, the engine had 
already been eased, steam blowing off freely. Numerous 
curves make it impossible to run at high speeds on the 
descent from Peak Forest to Ambergate, between which 
points speed rarely exceeded 60 m.p.h., but between 
Ambergate and Derby a maximum rate of 77 m.p.h. was 
attained. 

Engine ‘‘ 5264” with the same crew continued through 
to London and, despite the comparatively small driving 
wheels (6ft. diameter) of this type of engine, some high 
maximum speeds were reached, including one of 91 m.p.h., 
two of 86-6 m.p.h., and one of 85 m.p.h. 

The 29} miles from Derby to Leicester were covered in 
29 min. 55sec. start to stop, including service slacks at 
Spondon and Trent Junctions, the maximum rate being 
80 m.p.h. between these points. Between Loughborough 
and Leicester, on slightly rising gradients, speed was 
sustained at about 67 m.p.h. 

A notable run was then made between Leicester and 
London, the times and speeds affording an interesting 
comparison with those of the Class “‘ 5X ” engine on the 
previous Leeds—London test run. Including a permanent 
way relaying slack on the ascent from Wellingborough to 
Sharnbrook Summit, the mixed traffic engine covered the 
99 miles in 92} min. start to stop, at an average speed of 
64-1 m.p.h., and had it not been for the relaying slack the 
journey would probably have been completed in 90 min. 
Maxima included 86-6 m.p.h. at both East Langton and 
Sharnbrook, 85 m.p.h. near Bedford (after an inter- 
mediate fall to 66 over Oakley troughs), and 91 m.p.h. 
near Hendon. An outstanding feature of the run was an 
acceleration from 43 m.p.h. through Market Harborough 


Special Express.Train, London to Leicester, Tuesday, April 20th, 
1937.—Engine ‘“ 5614” (Class “5X” 4-6-0) with Train 
of 300 Tons. 


Actual 
Miles. average 
speeds. 

eae sce: RS BOO 60 oii bse Gee seen tiie ce PR 
ae eS a eeren beers | 
54... Hendon PP MERE ERE ISP the, > 
| Donmeeag: 5)” A aiapergptonep tages otc 
BOG NA RMS econ aca sce eee” en eee eee 
Tae 2S SOR Oe 
10 +... Sharnbrook Summit ... ... ...  -.. 70°6 
5}... Wellingborough ... ... ... ... «. 70-0 
Gir: cc; WORN. us ci pre Lidice: yee OS 
Os; Jai, SOs eds wiesr ts ontaces 1 SR 
6 .... Market Harborough ... ... ... ... 42°9 
16 ~~... Leicester eat eae te ieda eae’? cha ae 
99 61-9 


* Permanent way slack at. Desborough. 





(service slack) to no less than 56 m.p.h. at Desborough 
North, up 4} miles at a gradient of about | in 130. 

Including stops at both Derby and Leicester, the 
throughout journey of 190 miles from Manchester to St. 
Pancras was completed in 3h. 24 min., representing gains 
of 4 min. on the experimental and 30 min. on the fastest 
regular timings respectively. Actual running time in the 
up direction was 3 h. 154 min. 

On all the test runs the enginemen were accompanied 
by Locomotive Inspector J. H. Foulkes, of Trafford Park. 
The accompanying tables give particulars of the various 
test runs. 


Special Express Train, Leicester to St. Pancras, Tuesday, April 
20th, 1937.—Engine “5614” (Class “5X” 4-6-0) with 
Train of 300 Tons. 


Actual 
Miles. average 
speeds. 

ig, dbiiniemnetade..0) cath. ita. oo 
16 =~... Markét Harborough ... ... ... ... 51-9 
ere CO a ere: eee) eee 
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5}... Sharnbrook Summit ......... ... 48-5* 
ee ese Ie eases rer kes cee ee oa ee 
19} i) Raed Fe, ee ea Se Aer SL are 
SOP io MRP Ree el) es te 7 - RTE 
BO4sc Meiionsi61G. i. bisa. nolo ch GR 
Shi s...:; Renbiit Bowne 533) tcc = oi AB 
~ ER, cbp! ; : Sie Sines inde yotaees1 sein edi Oe 
99 64-4 


* Permanent way slack at Summit. 


Special Express Train, St. Pancras to Nottingham, Wednesday, 
April 2\st, 1937.—Engine ** 5614” (Class “5X” 4-6-0) 
with Train of 300 Tons. 


Actual 
Miles. average 
speeds. 

GCA | Ravenel iat Athi eae - 
Be Jo I ear eure wrnmg Ain inn vase, oe 
54... Hendon Bh aerotdtomts gag are teem 
aD ...) Alenia. eae, SL 
IG@h::u.. igebewid..3 tn tia min oc COe 
$Obu: «ot iietde 34. ssi eevin weeny sisdys THR 
10 +... Sharnbrook Summit ... ....-. .... 70°6 
Bh, 20+. SO GUIMEIONOMIETE wey cps cane dane eee | Ow 
a (Re eee eae 
18} ... Manton ede oe ee ie ee eee 
50! (ee AT LY RPS en, 
NG}... Da PS 
1233 63-3 


* Includes slack running fast line to slow line at Kettering 
North. 


Special Express Train, Nottingham to St. Pancras, Wednesday, 
April 21st, 1937.—Engine “‘ 5614” (Class “5X” 4-6-0) 
with Train of 300 Tons. 


Actual 
Miles. average 
speeds. 

— is. (Nottingham :..00 2.6 1600.0) deed see _ 
AGA: | cen: ROMO silers sp0s i wai fhorsear |edit eseria ge 
RR SE Tee ares eo 
BER 24s. SRI cas i ciel rant dei iads tae oo 
4. coe WOU cc Taney das kee ncn 
5} ... Sharnbrook Summit ... ...... ... 48°5t 
1G 829 ee ee eae 
BOR) 6557 SRR OE RS ere 
368 eee Mees: saci. cairn ae eS 
13. _—-.... ~Hendon Latics veat’d’ --+vabh eee 
Bl ary si TEND s coesinisteci eos hess Foe 
Bk Saas i IO cs Scedss cae cont consis “ee 
123} 64-4 


* Includes slack running slow to fast line at Kettering 


Junction. : 
{ Permanent way slack at Sharnbrook Summit. 


Special Express Train, Manchester (Central) to St. Pancras, 
Thursday, April 22nd, 1937.—Engine ‘‘ 5264” (Class 5” 
Mized Traffic 4-6-0) with Train of 255 Tons. 


Actual 

Miles. average 

speeds. 
—  ... Manchester (Central) ... -_ — 
S  ..: ‘Gheadile Meatle*':.00 8.2 Lo FoF 
9}... New Mills South-Junction Jus. iet 
$8 wil Gilley acu. vs a. hesvan «t Gl 
Gy ance: Bean Rete os95 586) seine sa re y DS 
ye gy See eS 
9} ... Rowsley eet Sige et adh, cate ee 
2? ee!” gi eer eines eta, i 
eta Sena Sig etiam Ai ot RL RR Pl, 
614 50-6 
a ee ee ere = 
8} ... Sheet Stores Junction... 55-3 
8} ... Loughborough ee 58-2 
123... Leicester 62-5 
293 59-0 
am iy theiembet clncittedanivecs)) see) piwapii ye eh oe 
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A New LockHEED AEROPLANE.—A new mid-wing 
monoplane which is expected to be 30 miles an hour 
faster than any commercial machine in the United States, 
is being built by the Lockheed Aircraft Corporation. 
To be known as the ‘“‘ Lockheed 14,” it is an all-metal, 
twin-engined machine, and will carry eleven passengers 
and a crew of three. It has a span of over 65ft. and an 
overall length of 44ft. Two 840 H.P. Wright Cyclone 
engines will give it a cruising speed of 240 miles an hour 
and a maximum speed of 265 miles an hour. According 
to Shell Aviation News, the K.L.M. has ordered three of 
the new machines for internal services in Holland, and 
the K.N.I.L.M. has ordered three for services from the 
Netherlands East Indies. 
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Power and Communication Circuits 


THE development of overhead power lines in this 
country has presented various problems to the Post 
Office. Danger of physical contact between these lines 
and those used for communication, the risk of high 
induced voltages caused by heavy earth currents from 
parallel power circuits, and the general degradation of 
telephone circuits, by noise from the residual or unbalanced 
component currents in power lines, are the possible 
troubles that have had to be faced. Discussing these 
troubles in the Post Office Electrical Engineers’ Journal, 
Mr. P. B. Frost explains that with low voltage lines the 
danger of contact can be materially reduced by using 
covered conductors for the power or telephone lines at 
crossings and proximities. Accidents that have occurred 
have been mainly due to abrasion of the protective 
covering by the sawing action of a broken wire being drawn 
across it. When Post Office wires cross above power 
wires, it is the intention in future to string the neutral 
or an earthed guard wire above the live insulated power 
wires So as to prevent the possibility of direct contact. 

With high-voltage lines the utmost care must be taken 
by adequate separation and by more robust construction 
at crossings, to prevent direct contact with telephone 
wires. Collapse under exceptional storm conditions may 
be prevented by additional staying. The risk of a con- 
ductor falling may be minimised by the use of duplicate 
insulators, bridles, and stranded conductors. Insulators 
having a flash-over value higher than that of those on the 
remainder of the line may be used at crossings so as to 
prevent a flash over which might burn the conductor 
through if the are persisted. Arcing horns are often 
employed to deflect the arc from the insulator. At the 
majority of crossings of Post Office wires substantial 
earthed guards are provided between the power wires 
above the telephone wires, so that a broken power con- 
ductor will be caught by the guard and also so that a 
broken telephone wire may not be blown by wind into 
contact with a power wire. At sharp angles separate 
vertical side guards may be used. At the 132-kV crossings 
the more certain precautions of placing the telephone 
wires in underground cable has been adopted ; indeed, 
this form of crossing is accepted as an alternative to 
guarding at the lower high voltages, where the telephone 
lines are subscribers’ lines or short junction lines, and 
where the loss of transmission efficiency which under- 
grounding involves can be tolerated. Although at such 
underground crossings a special low-capacity cable is 
employed, the losses due to reflection when a number of 
crossings on one’ route occur are considerable and are to 
be avoided if possible on long lines. 

When power lines and telephone lines run even approxi- 
mately parallel for long distances, a heavy unbalanced 
current caused by an earth fault on one phase will induce 
magnetically a high longitudinal voltage m telephone lines. 
Every effort should therefore be made to avoid such severe 
exposures as would result in the voltage in telephone lines 
exceeding 300, which may last only a fraction of a second, 
but sometimes several minutes between the occurrence 
of the fault and the operation of the circuit breaker. High 
induced voltages in telephone lines are dangerous to lines- 
men working on overhead lines and, to a lesser extent, 
lines in cable. They give rise to the operation of pro- 
tectors, and as the protector on one leg always operates 
before that on the other leg, a heavy rush of current 
occurs through the terminal apparatus, including the 
receiver. This rush of current may be the cause of 
acoustic shock, and in some cases may damage the 
apparatus and give rise to exchange fires. 

When it is impracticable for the supply undertaking 
to adopt any further precautionary measures the Post 
Office must naturally take the matter in hand. On over- 
head lines exposed to the risk of high longitudinal voltages, 
the possibility of shock can be reduced by removing the 
pole earth wires from contact with arm bolts and by cutting 
out about lft. of earth wire at ground level, a procedure 
which does not impair the value of the earth wire as a 
protection against atmospheric disturbances. Insulators 
may also be inserted in stay wires. The lines can be 
broken up into sections by one to one transformers so 
that not more than 300 volts can be mduced in any one 
section under the most severe conditions ; but this step 
is limited by the permissible transmission loss and by 
the requirements of dialling and junction signalling. An 
important step towards the solution of the problem will 
have been taken when a low-cost method of signalling 
has been made available which employs signalling currents 
within the frequency range effectively transmitted by 
underground lines. 

The only other protective method available at present 
is to provide protectors at suitable intervals to ensure 
low impedance paths to earth and which will break down 
under the influence of dangerous longitudinal voltages 
and allow a sufficiently high current to flow in the line 
to dissipate the induced voltage. As such protectors 
may be damaged by lightning they should be shunted by 
a spark gap, and a small inductance should be connected 
in series with each tube protector. While lightning will 
discharge through the spark gap, power induced voltages 
at 50 cycles per second will discharge through the pro- 
tector tube and its series inductance relatively easily. 
The tubes, which are about to be used for.the first time 
under practical conditions, exhibit a slight glow discharge 
at 150 volts and break down and form an arc at less than 
2590 volts. As the current rises to the capacity of the tube 
the voltage across the tube falls to less than 30 volts, 
so that during operation no part of the lines protected 
should exceed this voltage to earth. 

When, as is rarely the case, it is necessary for th> 
Post Office to lay a telephone cable where it will be 
seriously exposed to power induction, resource may be 
had to special types of cable sheath. Where the sheath 
is depended upon for screening, it is of vital importance 
that it should be well earthed at frequent intervals, 
and as good éarths are difficult to make and maintain, the 
continuity of sheath should never be interrupted. Certain 
precautionary measures can be adopted for reducing the 
risks to men working upon circuits exposed to high 
induced voltages. The screening factor of the sheath 
of a large cable may reduce the voltage induced in the 

conductors to less than one-half of what it would be on 


open wires under similar conditions. When a sleeve is 
slipped, therefore, the sheath must be bridged across in 
advance to maintain its conductance. Risks can be 
minimised by providing men with special rubber boots 
and protective clothing and by using dry wood guards 
to ensure that during work upon conductors direct 
contact is not made with earth or manhole walls. 
The problem of ensuring safety is considerably greater 
than it is in the case of jointing low-voltage live mains, 
for the reason that the presence of an induced voltage is 
a rare and unexpected occurrence and is usually of short 
duration. ‘ 

As regards noise interference no power system is free 
from the presence of a considerable number of parasitic 
currents of higher frequency than the fundamental of 
which the 3rd, 5th, 7th, 9th, llth, 13th, 15th, 17th,. and 
2lst harmonics are the most common. The ternary 
harmonies, 3rd, 9th, 15th, 21st, &c., are, however, always 
in phase with one another in all the line conductors, and 
therefore produce a residual or resultant current in the 
system as a whole, and even in a perfectly symmetrical 
system. In general, any ternary harmonic voltages present 
in the source may produce charging currents of the same 
frequency that return by the earth. Non-ternary 
harmonics should balance out in the three lines. Harmonie 
analysis of residual currents, however, frequently reveals 
the presence of a certain proportion of non-ternary 
harmonics generally of low amplitude due, presumably, 
to imperfect balance of the system. The use of a delta 
winding of sufficiently low impedance (primary, secondary, 
or tertiary) on the line will go far to eliminate ternary 
harmonics by providing a local path for their circulation. 
This precautionary step is adopted by the C.E.B., and is 
generally recognised to be necessary by supply under- 
takings. It is generally found that providing the danger 
of high induced voltages is avoided by adequate separation 
the question of noise interference arising from lines fed 
by large modern plant need not not be closely considered. 
Noise interference is largely reduced by a suitable system 
of transposition of the open-wire telephone lines by 
balanced line characteristics of the wires, and by the use 
of terminating equipments which are properly balanced to 
earth. Telephone lines must therefore be carefully 
constructed and maintained, and when the power supply 
undertakers’ line is suspected of being the cause of inter- 
ference, the first step is to make sure that the Post Office 
line is balanced in all respects. Tests on representative 
high-voltage lines show that noise interference is not 
necessarily increased by multiple earthing. 

Although there was reason to anticipate that the 
use of electrode boilers would result in leakage currents 
to the earth, and, therefore, interference, elaborate tests 
on many installations have shown that on this score there 
is nothing to fear. The only precaution that has been 
found to be desirable is to fix low limits for the load 
unbalance which can be permitted before the boiler is 
eut off from the supply. « The normal leakage current to 
earth from such installations is extremely small. 

From the point of view of telecommunication interests, 
the extended use of rectifiers has had to be watched with 
care, as this type of apparatus is liable to cause inter- 
ference, owing to the A.C. components of important 
amplitude which are superimposed on the D.C. output. 
The output from twelve-phase rectifiers usually contains 
large components at 600, 900, and 1200 cycles, and that 
from the six-phase type a 300-cycle component in addition, 
and many other components of higher frequency, but 
of relatively low amplitude, are often present. The 
use of a large rectifier on a relatively low-capacity network 
may also give rise to additional harmonics on the A.C. 
side which may cause or increase telephone interference. 
If any of these harmonics are in the voltage wave form 
of the A.C. supply, the presence of the rectifier may 
increase or, in some instances, decrease, their amplitude 
according to the phase relationships. The alternating 
components on the D.C. side can be materially reduced 
by the use of anode and cathode chokes, and more 
effectively by a group of resonant shunts. Four of these 
shunts usually suffice for the four frequencies named. 

The most significant fact brought to light in con- 
nection with electric traction is that the Post Office 
welcomes the introduction of trolley vehicles, because 
it is a simple matter to insulate the negative from earth 
at all points except at the station earth. The London 
Passenger Transport Board has gone a step further by 
adopting the principle of insulating the negative as 
thoroughly as possible at all points. The only trouble 
is that where guard wires are needed to prevent Post 
Office wires making contact with live contact wires, 
there is some difficulty in earthing them sufficiently well 
for safety. It is scarcely suitable, as in tramway practice, 
to connect guard wires to the negative line, which at 
its far end may on heavy load be 120 volts above earth, 
and the alternative to earthing them locally in the street 
presents real difficulties. But where both positive and 
negative lines are insulated from earth at all points a 
guard wire earthed moderately well in the street affords 
ample protection, because if a broken telephone wire 
makes simultaneous contact with either the positive or 
negative contact line and guard wire, the former is 
immediately reduced to approximately earth potential 
and all danger is removed. Trolley vehicle systems are 
rather worse from the point of view of radio than tram- 
ways, and it is now recognised practice to include radio 
suppressors on all vehicles. 

Joint construction, i.e., the use in common of one 
route of poles for the support of both telephone and 
power wires, is not adopted by the Post Office for high- 
pressure lines, and there is good reason for avoiding its 
use with low-pressure power lines, when the latter are 
run elsewhere along poles carrying high-voltage lines. 
When a fault occurs to earth at a high-voltage station 
operating with an earthed neutral, the fault current 
passes through the station earth electrode system, which 
is of appreciable resistance, and so causes an appreciable 
drop of potential in this resistance. The electrode system 
and all steel work of the building, all apparatus frames, 
&c., which are generally bonded to the earth electrode, 
are raised in potential with reference to the potential of 
earth at a distance from the station. A moderate fault 
current for a large grid station would be 5000 amperes, 
and since the earth resistance may be one ohm, the rise 
of potential above true earth potential may be 5000 volts 





or more. The. voltage gradient is very steep close to 





buried metal work in contact with the earth system, but 
falls off rapidly so as to disappear altogether a few 
hundred feet away. This would lead to no trouble if it 
were not for the fact that communication lines are 
roughly at the potential of the earth, since they are 
earthed through the apparatus at the distant exchange. 

All communication lines and apparatus in the vicinity 
of the station may be subjected to this high voltage 
between their sheaths or cases and the conductors inside, 
but the insulation provided on telephone circuits is only 
suitable for a pressure test of about 500 volts and would 
break down at 1200 to 1500 volts. In this country the 
difficulty is overcome by complete isolation of the tele- 
phone installation from the earthed structure of the 
station. Instruments are fixed in situations well sepa- 
rated from earthed metal work of the station, cable 
with special insulating covering is used for internal 
wiring, and lead-covered cable with a similar covering 
of wax mixture for the underground portion of the lead- 
ing-in cable, which is confined to places where the cable 
approaches within 20ft. of any buried metal connected 
to the station earth system. The special insulating 
covering withstands 5000 volts for one minute and 
15,000 volts momentarily. 

Where a small private exchange exists at the station 
and the internal wiring to extension instruments is 
extensive the latter may be carried out by ordinary 
methods, provided the exchange line is isolated at the 
point of entry to the station from the internal wiring 
by a 1 to 1 transformer capable of withstanding a very 
high voltage between windings. In Switzerland, where 
dialling to an automatic exchange is in use, a special 
form of repeater passes the impulse inductively through 
the transformer, and at the exchange a relay set is 
required to change them to ordinary trains of inter- 
ruptions. An alternative to the use of a transformer 
in the case of single exchange lines is to use internal wiring 
of a high breakdown strength and to mount the telephone 
in a wood cabin adequately insulated from the walls 
and floor. The C.E.B. does not consider that there is 
any danger to staff from the use of telephones, because 
they are mounted in control rooms, usually situated 
outside the sub-station fence and outside the area of 
steepest voltage gradient. There is much to be said, 
however, for avoiding situations where good contact can 
be made with earthed bodies, such as steel stanchions. 

Direct current transmission as proposed for excep- 
tional long distances is shown to present considerable 
difficuities in the field of electrical communication. The 
disturbing current in lines fed with D.C. from rectifiers 
is considerably greater than that associated with A.C. 
lines carrying an equivalent load current. But the most 
alarming feature of these projects is the intention to 
consider the earth as a spare conductor in the event of 
one line having a fault to earth, and some have even 
proposed using a single insulated line with normal 
return by earth. Such transmission lines would result 
in such high equivalent disturbing currents that it 
would be impossible to work telephone lines within 1} 
miles of them with a length of parallelism of 25 miles. 
The local rise of earth potential in the neighbourhood of 
the earth connection would make it impossible to 
employ communication circuits having an earth con- 
nection of any kind within a mile or more of such a power 
earth connection, while the dangers of electrolytic 
corrosion would prohibit the use of bare cables within 
an extremely wide area. 








Present Tendencies in Water 
Turbine Machinery.* 
By A. A. FULTON, B.Se., A.M.L. Mech. Ef 
No. I. 


WHEN reviewing modern water turbine machinery and 
the changes which have taken place since Mr. E. M. 
Bergstrom delivered his monumental paper before the 
Institution,{ what is most striking is the development 
achieved by the high specific speed water turbine. In that 
paper a hope was expressed that this turbine might have a 
future, but no one anticipated that its progress would be 
so phenomenal. The fact that it has occupied such a 
prominent place has had the effect of overshadowing what 
is happening with the other and longer-established water 
turbines. A great deal has lately been written on the 
subject of high specific speed water turbines, so it is pro- 
posed to confine this paper to the consideration of present - 
day design of Francis turbines and Pelton water wheels. 

So far as these types of turbines are concerned, there 
have been no spectacular improvements in performance 
during the last fifteen years, although to-day designers 
certainly put forward with much more confidence guar- 
antees of efficiency in excess of 90 per cent. A favour- 
able circumstance is the progressive increase which has 
taken place in the size of units, whereas, on the other 
hand, there was not much margin left for improvement. 
Regulation performance figures, in the case of Francis 
turbines at any rate, have not improved greatly, owing, 
of course, to the fact that the problem of quick closure 
is a matter of hydrodynamics and must remain so. In 
the case of Pelton wheels the problem is different, since 
deflexion of the water is the usual method of control and 
resolves itself into how quickly the water can be deflected, 
and so is primarily a mechanical matter. Several designers 
are giving this aspect their close attention, and steady 
improvement can be looked for here. It must be remem- 
bered, however, that while improved speed control with 
load thrown off can be obtained by this means, it affords 
no corresponding improvement in speed control with load 
thrown on, for in the latter case the principal factor is 
the time of acceleration of the water column, and this 
again is a matter of hydrodynamics. The same applies 
to Francis turbines equipped with pressure relief valves, 
which, of course, materially assist speed control when the 
load is thrown off, but not when the load is thrown on. 
For they do not operate with a pressure rise, such as 


* Inst. Mechanical Engineers, April 30th. Abridged. 
+ Chief Assistant Engineer, Dundee Corporation Waterworks, 
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follows a sudden gate opening, but only in response to a 
quick closing movement of the governor. 

It is well known that there has been a considerable 
increase in the size of units, and now that so many grid 
systems are in use, the large unit is definitely favoured. 
From the standpoint of cost the large unit is cheaper, 
and this applies not only to the hydraulic machinery, but 
to the electrical equipment as well. The aggregate amount 
of control gear is reduced and with a grid system as a 
standby the amount and capacity of spare plant can be 
yreatly cut down. Often enough, too, where a particular 
station has to charge a long length of transmission line, 
u large-capacity unit is ~preferable, as under these con- 
ditions voltage regulation is difficult and unstable, and it 
is easier to look after one large machine than several 
small ones. 

Naturally there are limits to size in each particular case. 
in some cases the limits are imposed by the hydraulic 
-onditions and cannot be surmounted. Again, the actual 
site may afford insufficient space or offer inadequate founda- 
tions, &e. On the other hand, there are the restrictions 
imposed by the state of the knowledge of the designer as 
regards such major problems as cavitation and the limit- 
ing size up to which it is possible to cast some critical part 
in a special metal. 

Cavitation.—On the subject of cavitation as it affects 
water turbines, considerable knowledge has been gained. 
The minimum requisite is that nowhere on the reverse side 
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Fic. 1 Relationship between Absolute Velocity of Discharge and 
Specific Speed. 
FIG. 2 -Variation of Cavitation Factor with Specific Speed. 


of a runner blade must the absolute pressure fall to or 
below vapour pressure, which is the condition inseparable 
from cavitation. To ascertain the absolute pressure at 
this point it is necessary to take into account not only the 
static suction head, but also the kinetic suction head, 
as represented by the velocity in the water as it leaves 
the runner To meet the required condition, the total of 
the two heads must not exceed the barometric pressure 
expressed in terms of feet head of water. In other words 


H,+H,+ Hy. 


In a Francis turbine the absolute velocity of discharge 
from the runner varies directly with the specific speed, 
as represented by the curve shown in Fig. 1. In the case 
of a high-head Francis turbine, which is always fairly low 
in specific speed, the, velocity in terms of the total head 
may be low but actually is very high, so that the static 
suction head of necessity must be very small. In the 
case of one of the highest head Francis turbines installed, 
where the head is 950ft., the output 17,500 H.P., the speed 
600 r.p.m., and the specific speed 15-70, the coefficient 
obtained from Fig. 1 is 0-165. This gives a discharge 
velocity of 0°1654/2gH=40-6ft. per second, and a 
velocity head of 25-8ft., leaving very little margin for the 
static suction head after due allowance is made for fric- 
tion and other losses in the suction tube and for possible 
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excessive. On the other hand, as the specific speed is 
increased: the form of the Francis runner changes from 
a narrow to a much wider shape. The effect of this is 
that, owing to the increasing absence of guiding, the 
point of lowest pressure does not necessarily coincide 
with the trailing edge of the runner. It is therefore no 
longer true to say that 

H _ H, + Hy, 
but a further term H, has to be added to represent such a 
local difference in pressure. The equation then becomes 

Hy=H,+H,+Hy,. 
In another form this can be written 
H,—H,=H,+H, 
or 
(Hg— H,)/H=(Hy +H,)/H 

where H is the total net head. How (H;,+ H,)/Hi is known 
as the cavitation factor, and is designated o. So if a is 
known, then for any given barometric height the safe 
value of H, is obtainable because 

H. = H,— CG H. 

Unfortunately, it is a complicated matter to analyse 
the pressure conditions existing over the surface of a 
runner blade, so it is usual to determine the value of 
H,+H, experimentally for a particular type and shape 
of runner. This is done by varying the values of H, and 
H in such a way as to find for any particular form of 
runner the value of o at which cavitation occurs, as shown 
by visual examination or by a definite drop in efficiency. 

A typical curve, obtained in such a way by Thoma, 
is shown in Fig. 2, where o for Francis turbines is plotted 
against specific speed. It will be observed that for a 
specific speed of 15-70 the value of o from this curve is 
0-03, which gives an allowable static suction head of 
34— 28-5=5- 5ft., or very nearly the same as by the other 
method using the velocity of discharge. For higher 
specific speeds, however, the Thoma curve must be used, 
for reasons already explained. This is exemplified by 
taking the case of a Francis turbine for a head of 49ft. 
and a specific speed of 80. From the Thoma. curve the 
value of o for this specific speed is 0-47. This gives a 
permissible suction head of 34— 0-47 x 49=11-0ft. Now, 
according to Fig. 1, the velocity of discharge=(-28 
x4/2qg H=0-28 x 56=15-7ft. per second, from which 


a velocity head of 3-8ft. is obtained. Such a result would 
appear to indicate that after making all possible allowances 
a static suction head of not less than 22ft. could be used. 
In face of the figure obtained from the curve giving values 
of o, such a result is, of course, impossible. 

Before leaving the subject of cavitation mention 
should be made of some of its subsidiary effects. In the 
case of localised cavitation brought about by imperfections 
in the finish of the blade surfaces, it is becoming just as 
general in the case of Francis turbines as with Kaplan 
turbines to use stainless steel for the runners, because 
of the proved ability of this material to withstand such 
effects. 

It has also been observed that at partial gate openings, 
especially where a plant operates under a variable head, 
cavitation occurs both on the discharge and inlet 
edges of the runner. There are one or two possible explana - 
tions of this phenomenon. One is that when the guide 
vanes are only partially open the angle at which they 
make the water reach the runner blades is not correct, 
and consequently cavitation can arise due to this faulty 
guiding. The other possible explanation is that at partial 
gate openings it is probable that the water velocities 
throughout the runner may not be identical with those 
obtaining at full load. In the latter case, and if the 
velocities happen to be higher, the conditions at the 
discharge side of the runner will be more favourable to 
cavitation effects. In practice this is what seems to 
happen, and in many cases the remedy is to employ air 
valves mounted on the suction casing and designed to 
open automatically at light loads. The admission of air 
in this way has the effect of preventing the occurrence 
of cavitation not so much by reducing the suction 
head as by sweeping away the cavities as they form, in 
a somewhat similar manner to the operation of air slots 
on aeroplane wings. ‘Usually a noticeable increase 
in output is observed when such air valves are in opera- 
tion, together with a total disappearance of the knocking 
and banging in the suction casing which is the usual 
accompaniment of cavitation. 

At this stage reference may be made to the incidence 
of cavitation on Pelton buckets. In this case there 
are no definite contributing hydraulic conditions, and 
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Fig. 3-—~‘‘ Outeut ” of Pelton Bucket. 
Fic. 4-—Effect of Cavitation, 


local irregularities in the value of the discharge velocity. 
There are very few plants in existence where the total 
suction head, both static and kinetic, exceeds 28ft., 


and practically none where it’ exceeds 30ft. 

With higher specific speed Francis turbines the dis- 
charge velocity increases in terms of the head, but as the 
head in such cases is much lower the actual velocity is not 
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Fic. 5--Cavitation Caused by Bumps 
on Surface of Buckets 


usually no general, but only isolated, attacks occur. 
On this account the explanation is rather to be found in 
the form and finish of the buckets themselves. One of 
the commonest places for cavitation is at the back of 
what is known as the “ outeut ” (Fig. 3). If the “ cut- 
away ” at the back does not have a sharp enough angle, 
cavitation appears at the back of the tip and in some 





cases results in holes eating right through to the face of 
the bucket (Fig. 4). Cases have been known to occur 
where, owing to the wrong design of the central ‘‘ cut- 
water” between the bucket bowls, this sharp edge has 
been almost entirely eaten away. If holes appeai on the 
face of the buckets, they are usually due to the presence 
of slight bumps left during the grinding of the face of 
the bucket. The presence of these bumps causes the 
stream of water to jump, and in leaving the surface cavities 
are formed which give rise to pitting (Fig. 5). These 
defects can be overcome in the first case by cutting away 
the metal to the correct angle at the back of the outcut 
and in the other by grinding the bucket surface in such 
a way as to eliminate bumps. The use of stainless stee! 
serves to restrict the occurrence of such troubles, because 
it is more resistant to local cavitation effects, but as the 
cause is so clearly one of shape and finish, the use of an 
expensive material is scarcely justified for this reason 
alone. 

Settings.—For some years now there has been in the 
case of Francis turbines (except those operating under 
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FiG. 6— Method of Interchanging Runners Quickly on 


Vertical Shaft Francis Unit. 


high heads) a decided preference for vertical-shaft units, 
and in the case of Pelton turbines for horizontal-shaft 
units. It is difficult to account for the continuance of 
such a fashion in the case of Francis turbines. It is 
generally admitted that the vertical-shaft Francis turbine 
is not readily accessible without first removing the 
generator rotor above it, and that this is recognised is 
obvious from the present practice of providing a removable 
section in the suction tube to facilitate inspection or 
withdrawal of the turbine runner from below. On vertical- 
shaft plants where the quick removal or exchange of a 
runner is essential, as when a plant is operating under 
extremes of head and requires two interchangeable 
runners with different characteristics, it has been found 
practicable to make the turbine and generator shafts 
hollow to allow a crane sling to pass through and handle 
the runners without any general dismantling of either the 
turbine or generator (Fig. 6). 

There are still many advocates of the horizontal-shaft 
arrangement, and where there is no restriction at the 
site as to the size of building, the greater accessibility 
of all parts is definitely in its favour. The plant com- 
pleted in 1934 at Tummel in Scotland is a recent example 
of this arrangement of machinery. It is often claimed 
that the horizontal-shaft arrangement is not attractive 
when considerable fluctuations in tail water level occur, 
because of the difficulty of securing the required degree 
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Fic. 7-——Machinery Level Below Maximum Flood Level. 


of water-tightness for the electrical machinery. In 
spite of this recognised difficulty it is interesting to 
record that at the No. 2 plant now in course of construc. 
tion at Burrinjuck by the New South Wales Government 
the machinery floor level is 33ft. below maximum flood 
level. A cross section of this plant is shown in Fig. 7 
from which it will be clear that the whole building has 
been made water-tight to a height well above crane 
level. Where it is not proposed to go to such lengths in 
rendering the power-house building water-tight, there is 
always the temptation in the case of horizontal-shaft 
units to keep the level of the centre line of the shaft 
high, with consequently increased risk of cavitation. 
Anyhow, it is rather remarkable that there are probably 
more known cases of cavitation occurring on plants 
with horizontal shafts than with vertical shafts. 

With the horizontal-shaft arrangement the designer 
is enabled to introduce two or even more runners. The 
immediate advantage to be gained by multiplying the 
number of runners is that for runners of the same specitic 
speed the speed of the set can be increased, if other con- 
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ditions permit, in proportion to the square root of the 
number of runners. This is evident from the usual specific 


speed formula : 





i.e. n=a constant X 4/7 


where N is the total output required and x the number 
ofrunners. On the other hand, if the speed is not increased 
to the limit permitted by an increase in the number of 
runners, but instead is kept the same or only slightly 
higher than that of a smaller number of runners, then 
the specific speed is reduced proportionately with the 
consequent advantages which this confers in the matter 
of reduced liability to cavitation. 

One reason why the vertical-shaft arrangement is 
seldom applied to high-head Francis turbines (low specific 
speed) is that physically such turbines are small and so 
even when arranged with horizontal shaft the fioor space 
they occupy is comparatively limited. This is even more 
pronounced if other conditions make it possible to mount 
the turbine runner so that it is overhung from the end 
of the generator shaft, when the set may have only two 
bearings. Such an arrangement is only possible provided 
there is sufficient fly-wheel effect for stable governing 
embodied in the rotating parts of the generator. 

Whereas it is difficult to understand the popularity 
of the vertical-shaft arrangement with all but extremely 
high-head Francis turbines, it is equally difficult to 
understand why the Pelton turbine with vertical shaft 
is so seldom used. The fact is that the use of the hori- 
zontal-shaft arrangement for Pelton turbines is almost 
universal. While it is very rare nowadays on vertical-shaft 
Francis turbines to have more than one runner it is a 
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Fic. 8—Vertical Shaft Pelton Turbine with Multiple Jets. 


simple matter to obtain the same effect in the case of 
vertical-shaft Pelton turbines. With them there is no 
question of duplicating the number of runners because 
it can be done equally well by multiplying the number of 
jets. Such an arrangement with four jets is illustrated 
in Fig. 8. It has the merit that no interference takes place 
between the discharge leaving the wheel from one jet 
and the next issuing jet. Multiplication of jets is possible 
with horizontal-shaft Pelton turbines, although at the 
moment the maximum number of jets per wheel is generally 
limited to two owing to the relative costliness, as com- 
pared with a Francis turbine, and to possible interference 
between jets. For a few exceptional cases as many as 
three jets per wheel have been proposed and applied to 
as many as three wheels; but generally the number of 
wheels has been limited to two. These can be disposed 
in various ways, one on either side of the generator, 
in which ease the runners are often overhung from each 
end of the generator shaft, or mounted two together in 
one housing ; or there may be two together in different 
housings. From what has already been stated, it will 
be clear that a four-jet single-runner Pelton turbine is 
the equivalent of a double-runner Pelton turbine fitted 
with two jets to each wheel. The jet and bucket sizes 
will be the same, and the only difference apart from the 
vertical shaft in the former case is the additional runner 
in the case of the horizontal-shaft arrangement. Relative 
to the cost of a complete installation the price of this 
extra runner with the necessary shaft and bearings is 
trifling and may be partly offset by the cheaper horizontal- 
shaft generator and the rather better accessibility of the 
runners for inspection. The multiplication of jets on a 


Pelton turbine influences the speed in just the same way 
as increasing the number of runners does in the case 





of the Francis turbine, and is governed by the specific 
speed formula already quoted. It also means smaller 
buckets, since their size is proportional to the size of the 
jets and there is also a more even torque. 

One inducement towards increasing the speed is that 
within limits the higher the speed the cheaper the 
generator. Fortunately, perhaps, cavitation does not 
impose any physical restrictions on Pelton turbines, 
but, on the other hand, their range of speed is definitely 
governed by the wheel jet ratio D/d. Not so very long 
ago a ratio of 10 and upwards was considered to be 
necessary if high efficiency at full load was to be obtained. 
Nowadays, except in cases of very high-head plants 
where the value of this ratio is too great to matter, high 
efficiencies at full load are 
being obtained with ratios 
down to about 7. ‘ 

This improvement is the 
direct result of the labora- 
tory testing of models with 
different shapes and forms 
of buckets, using various 
outcuts and altering the 
number of buckets. Some 
designers are confident that 
the ratio can be brought 
below 7. The advantage of 
this reduction is obvious, 
since the speed of the set 
varies inversely with the 
diameter of the runner. 

Considerable interest was 
shown a few years ago, 
principally in America, in 
some form of head regainer, 
or, as it was sometimes 
called, “tail water sup- 
presser.” This usually took 
the form of applying the 
energy obtained from surplus 
water to accelerate the water 
in the tail-race sufficiently to 
give a localised reduction in 
tail water level at the outlet 
from the suction tube. 
Usually, such surplus water 
is only available in times 
of flood, which generally coincides with high tail water level. 
Such devices are in use on several plants in the United 
States, with varying degrees of success. Clearly it is the 
low-head plant which stands to benefit most from such an 
arrangement, and it is only with it that storage is likely 
to be sufficiently near to the power-house to divert water 
into the suction tube outlet without too great expense. 

Another interesting arrangement has been tried on a 
large scale in connection with the generation of power 
at the frequent falls on the main irrigation canals in the 
United Provinces in India. When the idea was first 
conceived of superimposing hydro-electric plants on to 
the existing fall structures it was made perfectly clear 
that no interruption or alteration could be permitted in 
the fixed flows down the canals. It was also specified 
that in installing turbines on these structures the founda- 
tions could not be disturbed and that the whole water 
turbine equipment would have to be accommodated in 
the limited headroom available, namely, some 7ft. to 
20ft., depending on the actual height of the fall. The 
restriction in headroom offered in most cases no great 
handicap, because the dimensions of the turbines bore 
some relation to the head and flow at the fall. However, 
to meet the condition referring to non-interruption of 
flow, it was necessary to embody as part of the structure 
an automatic gate of the falling-shutter type. This gate 
was situated on the downstream side of the turbine 
chamber. As its main purpose was to maintain a constant 
flow past the fall, it was designed to operate with a change 
of water level of 2in. to 3in., so that when the load on the 
turbines varied the automatic gate responded, and closed 
or opened according to, whether the turbine load was 
increasing or decreasing. The presence of such a gate 
facilitates regulation, for whenever load is suddenly 
thrown off or on the gates operate quickly and prevent 
any considerable alteration in the upstream level. 

A large number of such plants are now in service with 
heads varying from 7ft. up to 20ft. A variation of the 
arrangement has been introduced, in that the turbines 
instead of being erected on the falls themselves, have 
been placed on by-pass canals. This has afforded more 
freedom in the choice of size and arrangement of the 
generating plant, although the automatic gates are still 
located on the falls themselves and serve the same purpose 
as before. 


INSPECTION 


(To be continued.) 








An Inspection Carriage for Water 
Mains. 


Tue Los Angeles Bureau of Water Works and Supply 
was recently engaged upon the construction of a 36in. 
diameter water main 154 miles long. This pipe was 
built up in: 30ft. lengths which were welded together 
in the trench as they were placed. The inside of the 
pipe was enamelled, and for the purpose of inspecting 
the enamel on the inside of the joints after they were 
welded, a special small self-propelled vehicle was 
built. ‘This vehicle was recently described in Engineering 
News-Record by Mr. Howard Wait, and it is from this 
journal we have taken the following particulars and our 
illustration. In addition to the restrictions placed upon 
the vehicle by the diameter of the pipe, it also had to be 
possible to remove it through llin. by 18in. elliptical 
manholes and pass through 20in. diameter valves. Other 
considerations were that a short rigid wheel base was 
necessary to get round bends in the line, the gauge had 
to be narrow to prevent the wheels riding up the side 
of the pipe, and that the size of the rider’s body had to 
be taken into account. As may be seen in the illustration, 
the motor car is composed of three main units—a battery 
box, a right, and a left wheel unit. For power, two 
150-ampere-hour, 6-volt storage batteries mounted one 


above the other and connected in series are used. On 
the left wheel unit a small starter generator is coupled 
to the single driving wheel by a chain and sprocket. 
The starter button is operated by the right foot and a 
spring clip on the end of a flexible lead permits the motor 
to be operated at voltages ranging from 6 to 12 in 2-volt 
stages. Braking is effected by means of a fibre shoe 
pressing against the tire of the right wheel. The rear 
wheel units are attached to the battery box by a vertical 
hinge and a hinged distance piece holds the two units in 
their proper gauge. Each wheel unit is a separate 
mechanism and can be dismounted bodily. A canvas 
seat is suspended between the rear wheel units, the bottom 





of the seat being 2in. lower than the tread of the wheels. 





36-INCH WATER MAINS 


CARRIAGE FOR 


The battery box carries the single front wheel, the king 
pin of which is connected to the steering wheel at the 
back of the battery box. The complete vehicle has a 
wheel base of 36in. and fully assembled weighs about 
260 Ib. In testing the pipes the high-voltage brush test 
is used, and is applied by forty wire brush units mounted 
in sets of five on eight hinged segments on the front of 
the carriage. When in working position the brushes are 
at an angle of 60 deg. with the pipe surface, and an 
umbrella type of mechanism allows the segments to 
collapse so that the brush ends clear the pipe by 3in. or 
4in. Potential for the brushes is supplied by an induct on 
coil mounted on the side of the battery box, and the 
brushes subject the enamel to a potential of about 10,000 
volts. The enamel, with its thickness of about ten- 
thousandths of an inch, withstands this voltage if there 
are no flaws. The smallest gap in the enamel causes a 
visible and audible spark as the brush passes. As the 
carriage passes along and a gap in the enamel is located, 
its exact position is found by an inspector in a small 
trailer behind the vehicle and is treated by him. 








CONTRACTS AND ORDERS. 





The Editor is always happy to print short announcements uf 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





Tae Brusx Evecrricat ENGINEERING Company, Ltd., has 
received from the Grimsby Corporation a contract to the value 
of £49,406 for the supply and installation of a Brush-Ljungstrom 
15,000-kW turbo-alternator set. 








LAUNCHES AND TRIAL TRIPS. 


San Cipriano, motor ship; built by Blythswood Shipbuild- 
ing Company, Ltd., to the order of Eagle Oil and Shipping 
Company, Ltd.; dimensions, length 460ft., breadth 59ft., 6 5 
34ft.; to carry 12,100 tons deadweight. Engines, eight-cylinder, 
four-stroke, single-acting, 650 by 1500mm. stroke ; 
structed by J. G. Kincaid and Co., Ltd.; launch, April 27th. 





con- 








CATALOGUES. 





Witp BarrieLtp Evectric Furnaces, Ltd., Elecfurn Works, 
North-road, London, N.7.—A leaflet on electric furnaces for 
high-speed steel tool hardening. 

HoLpEeN AnD Brooke, Ltd., Sirius Works, West Gorton 
Manchester, 12.—Lists 283 of centrifugal pumps and 296 of 
automatic water boosters. 

BrrmincHaM E.ectrric Furnaces, Ltd., Birlee Works, 
Tyburn-road, Birmingham.—A leaflet on salt baths for the 
heat treatment of light alloys. 

Yarrow anpd Co., Ltd., Scotstoun, Glasgow.—A brochure 
illustrating a number of destroyers, shallow draught vessels, 
boilers, &c., built by the company. 

STURTEVANT ENGINEERING Company, Ltd., 147, Queen 
Victoria-street, E.C.4.—Publication 1501 on crushing, grinding, 
screening, and separating machinery. 

GrorGE ConEN, Sons anv Co., Ltd., 600, Commercial-road, 
E.14.—Supplementary catalogue of second-hand hydraulic 
plant and machinery for sundry trades. 

WESTINGHOUSE BRAKE AND Siegnat Company, Ltd., 82, 
York-road, N.1.—Booklets on metal rectifier chargers for electric 
vehicle and track batteries and electro-plating plant. 

Newa.t’s Insutation Company, Washington Station, Co. 
Durham.—A brochure describing the protection of steelwork 
construction and electric cables with moulded asbestos. 

Asa Craic, Ltd., Strand-on-the-Green, Chiswick, W.4,—A 
booklet illustrating and giving particulars of a number of sailing 





craft and motor boats in which the firm’s engines are installed, 
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Markets, Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Iron and Steel Price Advances. 


The long-expected advance in the prices of iron 
and steel products was announced at the end of last week 
and for the most part the extent of the movements 
corresponds with the anticipations of the market. Perhaps 
the only decision which may have created some surprise 
was that the increases became immediately effective on 
May Ist. When prices were advanced at the end of May, 
1936, it was understood that they were to remain un- 
changed for a year, and many expected that the new 
quotations would not be put into practice until the end 
of the current month. The rapid rise in the prices of the 
principal raw materials is given as the reason for the 
extent and date of the movement. The price of hematite 
pig iron has been increased by 25s8., making the quotation 
for No. 1 quality £6 13s.; basic by 17s. 6d. to £5. In 
Scotland, however, basic iron has been advanced by 
£1 5s. Sheet bars have been advanced by £1°12s. 6d. to 
£7 15s.; and soft basic billets, untested, in 100-ton lots, 
by £1 12s. 6d. to £7 17s. 6d. The quotation for acid billets, 
0-36 per cent. to 0-85 per cent. carbon, has been raised 
£1 15s. to £11 5s. Rails (railway) in 500-ton lots, are up 
£1 12s. 6d. to £10 2s, 6d.; whilst the quotation for mild 
steel plates, jin. basis, has been advanced by £1 17s. 6d. 
to £11 8s., and for sections and joists by a similar amount 
to £11 0s. 6d. It is announced that these rises in price have 
been made with the approval of the Import Duties Advisory 
Committee, and it is suggested that they are barely 
sufficient to cover the advances in the costs of raw 
materials, which, according to some estimates, range from 
20 per cent. to 37 per cent. These new prices, however, have 
been framed to include the cost of purchases undertaken 
by the British Iron and Steel Corporation for supplementing 
the home supplies of scrap iron and steel and pig iron. 
Large tonnages of scrap have been bought from America 
and other countries at prices considerably above those 
which, under the control scheme, the steel makers are 
permitted to pay to home suppliers. The new rates will 
apply on all business transacted after April 30th, but old 
contracts will, of course, remain unaffected, and deliveries 
against those which were entered into at firm prices will 
continue to be made on the old terms. Much of the busi- 
ness, however, since the end of last year was done on the 
understanding that the price should be that ruling on the 
date of delivery, and in these instances it is assumed that 
the new rates will be applied. 


The Pig Iron Market. $ 


Business in the pig iron market has been 
restricted to the renewal of completed contracts and to the 
covering of small urgent requirements. None of the pro- 
ducers in any department of the market have any surplus 
material after deliveries against their existing commit- 
ments have been met. On the other hand, there is a large 
volume of business which consumers are anxious to place 
and which the manufacturers cannot see their way to 
accept. The suggestion that easier conditions may rule 
now that new prices have been fixed does not seem well 
founded, since the productive capacity of the makers of all 
description’ of pig iron is so heavily booked. Only an 
increase in the output of pig iron by bringing into operation 
new plant and augmenting supplies of coke and scrap 
can materially alter the situation. The many attempts 
which have been made to obtain foreign supplies appear to 
have borne fruit, and the International Scrap Committee 
has purchased 615,000 tons in America. It is reported 
that the price varies from £5 12s. 6d. to £5 15s. and that 
the scrap is to be divided between the ten nations repre- 
sented by the Committee. Japan, however, is not included 
in this group. Naturally enough, thé home providers of 
scrap resent the fact that the steel works have fixed their 
buying prices at much less than they are paying for 
Ameriean material. An interesting development in the 
pig iron market is the announcement advertised by the 
Central Pig Iron Producers’ Association, comprising the 
Midland firms, that the system of rebates which was insti- 
tuted in December, 1930, will be terminated on November 
30th this year. This applies to foundry iron and the 
existing rates are : for consumers of not less than 1000 tons 
and not over 1500 tons 6d. per ton; for 1500 tons to not 
exceeding 3000 tons, 9d. per ton ; for over 3000 tons, Is. 
per ton. It is anticipated that the Association will prob- 
ably adopt the rebate system in force in the case of hema- 
tite and basic, which is known as the “ loyalty rebates.” 
These are contingent upon the consumer having confined 
his purchases to British iron. The demand for basic has 
not decreased and there is practically none obtainable on 
the open market. Heavy deliveries of hematite have been 
made to the consuming industries, but the production is 
restricted as in the case of other irons by the scarcity of 
raw materials. The reduction in the imports of Spanish 
ore as a result of the troubles in that country has 
particularly affected the output of hematite. 


Scotland and the North. 


It is too early yet to see the effect of the new 
steel prices upon the volume of business in the Scottish 
market. The increase closely approximated that which 
most makers and consumers had expected. For a time, 
at any rate, it is probable that business will be largely 
confined to the renewing of old contracts, although the 
placing of a large volume of business had been held in 
suspense until the increases in the quotations had become 
known. The situation, so far as supplies are concerned, 
has not materially improved, and users of all kinds of 
steel are being seriously inconvenienced by the difficulty 
of obtaining their requirements. Although officially 
no system of priority is in force, a considerable amount 
of Government work has to be accorded preferential 
treatment in the matter of deliveries, and consequently 
the execution of much commercial work has to be deferred. 
The demand for joists and sections shows no signs of 


business, although due only to their inability to give 
anything like reasonable delivery, has resulted in a heavy 
accumulation of potential business. The constructional 
engineers are working on hand-to-mouth supplies, and 
jobs are frequently held up through delays in deliveries. 
A very_ large tonnage of plates and shipbuilding steel is 
passing to the shipyards on the Clyde, and it is evident 
that the demand from this quarter is not likely to slacken 
for many months. There is still a shortage of billets, 
but the immediate necessities of the situation appéar to 
have been relieved, and at the moment there does not seem 
to be a cessation of operations at any of the consuming 
works. Anticipations that an improvement will shortly 
be seen in the imports of Continental steel are current, 
but consumers have so frequently been disappointed 
on this score that they are a little sceptical. The position 
in the sheet industry is good so far as the volume of business 
is concerned, but practically all the works are handicapped 
by the shortage of sheet bars. Possibly at the new prices 
more material may become available for the market. 
In Lancashire, the makers are struggling to meet the 
requirements of their customers, and all things considered 
their efforts to ensure an equitable distribution of their 
products has been fairly successful. They cannot, how- 
ever, increase supplies, and all departments of the market 
are grumbling at the difficulty of maintaining a steady 
rate of operations. The scarcity of billets, in particular, 
is delaying the execution of a good deal of work, and the 
difficulty of placing orders for plates is the cause of much 
complaint. In the Barrow district all the works are 
actively employed, and more orders for billets, bars, and 
sections are being offered than the makers are able to 
cope with. 


Current Business. 


The extension to the works established by David 
Brown and Sons (Huddersfield), Ltd., gear makers, at 
Penistone over a year ago has been held up by the diffi- 
culty of obtaining a supply of electricity at a satisfactory 
price to operate the electric furnaces. The pneumatic 
drill and air compressor department at the Tyneside 
works of Sir W. G. Armstrong, Whitworth and Co., Ltd., 
are to be removed to the company’s Close Works, at 
Gateshead. An order for a 9000-ton steamer has been 
placed with John Readhead and Sons, Ltd., South 
Shields, by Newcastle-on-Tyne owners. Nobel’s Explosive 
Company, Ltd., has reopened its works at Linlithgow 
for the manufacture of munitions. The title of Davy 
Brothers, Ltd., steel works and general engineers, of 
Park Ironworks, Sheffield, has been altered to Davy 
and United Engineering Company, Ltd. The subsidiary 
company, formerly known as the British Chilled Roll 
and Engineering Company, Ltd., now trades as the Davy 
and United Roll Foundry, Ltd., and the registered office 
has been transferred from Middlesbrough to Park Iron- 
works. The Wellman Smith Owen Engineering Corpora- 
tion, Ltd., has obtained contracts for three 75-ton open- 
hearth steel melting furnaces for the Ebbw Vale Works 
from Richard Thomas and Co., Ltd., and two 5-ton open- 
hearth charging machines; ingot stripping machines ; 
vertical ingot chargers, and steel works cranes. Naval 
contracts for three battleships in the 1937 programme 
have been given out. John Brown and Co., Ltd., Clyde. 
bank, have received the order for H.M.S. ‘‘ Anson ”’; 
the Fairfield Shipbuilding and Engineering Company, 
Ltd., Govan, for H.M.S. “ Beatty’; and Swan, Hunter 
and Wigham Richardson, Ltd., Wallsend, for H.M.S. 
“ Jellicoe.” The Department of Overseas Trade announces 
that the following are open for tender :—Indian Stores 
Department : Supply, delivery and erection of one 60-kW 
shunt-wound 460-500 volts D.C. crude oil engine driven 
generating set (Simla, May 18th). Ministry of Public 
Works, Tanzim Department, Cairo: Asphalt sprayer, 
capacity 200-250 gallons (Cairo, May 20th). New Zealand 
Public Works Tender Board: One 25-ton overhead 
travelling crane (Wellington, June 29th). South African 
Railways and Harbours Administration : Supply, delivery, 
and erection of water-softening plants of the vertical lime 
soda type, capable of treating 3000 and 6000 gallons per 
hour (Johannesburg, June 2Ist); structural steel work 
for cargo shed at Port Elizabeth (Johannesburg, July 5th). 
Egytian Ministry of Finance, State Domains Adminis- 
tration: Two threshing machines and four single portable 
steam engines (Cairo, June 5th): Ministry of Public 
Works, Cairo: Sand spun C.I. pipes, straight, spigot and 
socket, 2in., 5in. and 6in. diameter; C.I. bends, spigot 
and socket, flange and spigot bends, tee and Y pieces and 
foot valves with strainers (June 2nd). ? 


Copper and Tin. 


The demand for electrolytic copper has been good 
on the whole, and prices have been fairly stable. The 
recent decline in values in the copper market, however, 
has affected sentiment, and consumers have not shown 
such a keen desire to cover their forward requirements as 
before the break in prices. In the United States the 
demand has been strong, and the position appears to 
have become stringent so far as near delivery metal is 
concerned. As a result, some impetus has been given to 
the agitation for the removal of the duty of 4c. on imported 
copper, which, it is argued, is having the effect of main- 
taining the domestic price at a somewhat inflated level, 
and of reducing the quantities of copper available for 
American consumers. Continental users have shown an 
interest in the market at the lower prices, but it is evident 
that the recent violent mov ts have shal their 
confidence, and they have bought rather spasmodically. 
The British market has been active and some of the 
Government Departments have been buyers. There is 
some scarcity of copper for near dates, and the general 
view seems to be that the situation is not likely to become 
easier until August. It is expected that the statistics 





Export quotations are 


and that there is little danger of the situation growing 
tight. In the standard market the position has become 
steadier over the past week. The recent rapid movements, 
however, have created a feeling of uncertainty in the 
market and the backwardation which had -narrowed 
owing to shipments of rough copper arriving from South 
Africa having been put into warehouse has become wider 
through withdrawals of electrolytic copper.... In the 
tin market the chief characteristic has been the con- 
tinuation of the wild fluctuations which have been a feature 
of the past week or two. At the beginning of this week 
the price rose nearly £10, but little confidence was shown 
in the permanency of this movement. Not unnaturally 
buying by consuming industries all over the world has 
been on the quiet side, and the fact that consumers in the 
United States have shown little interest in the market 
has been one of the depressing features of the situation. 
So soon as a little buying starts the price quickly responds, 
and lately this has been the signal for consumers to with- 
draw from the market. The statistics for April are con- 
sidered favourable, since they showed an increase of only 
46 tons in the visible supply to 19,642 tons at the end of 
April. The supplies during the month totalled 10,790 tons, 
and the deliveries 10,744 tons. 


Lead and Spelter. 


After a period during which prices showed a 
depressing irregularity, the lead market this week developed 
a better tone, and values sharply advanced. At the lower 
range there was a fair amount of speculation, and a bull 
account was built up, although speculative activity is 
now much less than prior to the fall. Confidence has not 
yet been restored to the market, and the general tendency 
is to await a development which will give a lead. Con- 
sumers were active buyers at the end of last and the 
beginning of the present week, but at the higher prices 
they showed less eagerness to cover their requirements. 
Heavy quantities of the metal continue to pass into con- 
sumption in this country, but the demand from the 
Continent appears to be growing. The cable makers in 
particular have a large amount of work in hand, and have 
taken good quantities of the metal. There is still a 
searcity of prompt lead, but this is not seriously incon- 
veniencing consumers, since most of them covered their 
needs some time ago, and are taking up the metal as it 
arrives in this country. Those who require supplementary 
parcels, however, have to pay a premium. American 
figures give the stocks of refined lead at the end of March 
as 137,028 tons against 156,732 tons at the end of February. 
The world’s production in March is given as 146,700 tons, 
excluding Italy and Spain, against 133,400 tons in the 
previous month. ... The tone of the spelter market has 
improved considerably of late, and although there may 
be an undercurrent of nervousness, the general tendency 
of values has been to advance. Prices remain below 
the lead quotation, and for this reason the market 
is again beginning to attract a certain amount of specula- 
tion. Not only are industrial requirements in Great 
Britain on a good scale, but reports from the Continent 
indicate that the demand there is also expanding. Statis- 
tically, the position of the metal seems to be sound. 
American figures give the world’s production of spelter 
in March as 158,569 tons against 128,466 tons in the 
previous month. For the first quarter of this year pro- 
duction was 425,572 tons. These figures include the 
estimated production of Italy and Spain, and probably 
this accounts for the substantial increase over the total 
for February. 


Non-ferrous Metals Average Prices. 


For the first time for several months the average 
prices for the principal non-ferrous metals dealt in on the 
London Metal Exchange show a decline in all departments 
for April. This, of course, reflects the conditions 
ruling in the latter part of the month when the markets 
were upset by surrounding circumstances at home and 
abroad. The average price of cash copper declined by 
£9 16s. 10d. compared with that for March, whilst three 
months metal was £10 2s. lld. down and electrolytic 
copper £9 10s. 3d. less, the fall in wire bars being £9 9s. 5d. 
and in best selected £9 lls. ld. compared with the March 
figures. The fluctuations in the price of tin were very 
pronounced during April, and the average for the month 
dropped by £15 17s. for cash and £14 14s. 8d. for three 
months. In the case of lead a substantial decline of 
£7 Os. 3d. occurred in the average for shipment during 
the current month compared with that for March, and for 
shipment in the third following month of £7 2s. 1d., the 
mean being £7 Is. ld. down. The average price of spelter 
also showed a heavy decline, the quotation for shipment 
during the current month being £6 19s. 6d. lower com- 
pared with the March figures. For shipment in the third 
following month the average was £7 ls. 3d., whilst the 
mean was £7 Qs. 4d. less than for the previous month. 
The following are the official London Metal Exchange 
average quotations for April :— 








declining, and the attitude of the makers in refusing 





for April will show that production is gradually increasing, 


STanDaRD CopPER ... Cash (mean) ... ... £62 12 1 
3 Months (mean) ... £60 18 6H 
Settlement £62 11 8) 
ELEctTROLYTIc CoPpPER (mean) £67 10 8 
Exectrotytic WIRE Baks ... ... £68 9 ly 
Best SELECTED CopPpER (mean)... ... ... £67 14 2 

Sranparp Tin... ... Cash (mean) ... ... £267 8 735 
3 Months (mean) ... £264 4 10,5 
Settlement ... ... £267 7 lly 
For shipment the current month .... £26 0 33 

For shipment the third following 
LEAD MONRO s..” ce ee wee EY GY ONT Ge 
WAG 5055 bey 23 see Ses, wane RE 
Settlement Si Sakis. Gabicned et, a ae 
For shipment the current month £26 4 3 

For shipment the third following 
SPELTER pain ag ee eee eee oe 
Mean... £26 5 74 
Settlement £26 4 5) 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. 


PIG IRON. 


Home. Export 
(Did Teesside Area) 
N.E. Coast— .-6 £s.d 
Hematite Mixed Nos.* ga”. @ <.. 
No. 1 em th SEE | Oe gts 
Cleveland-— (‘D d Teesside Area) 
No. 1 seal opue 4:,2..8.4. 
No. 3 G.M.B. 4h. 1 ei... - 
No. 4 Foundry ... ... 4 0 0... ~ 
Basic (Less 5/— rebate)... 5 0 0... — 
MipLanps— 
Stafis—— (Delivered to Black Country Station) 
North Staffs. Foundry BO, .. - 
Moree. wc @inda Dis. 
Basic (Less 5 —rebate) ... 4 2 6... 
Northampton— 
Foundry No. 3 FO: - 
Forge 318 6. - 
Derbyshire— 
No. 3 Foundry a ees £ 
DE ere sen ase Soc Me Oe 
ScoTLanpD— 
Hematite, f.o.t.furnaces* 4 17 6. — 
No. 1 Foundry, ditto oon 6: —_— 
No. 3 Foundry, ditto ... 4 8 0. — 
Basic, d/d (Less 5/-rebate) 5 7 6. —- 
N.W. Coast— 6 3 Od/d Glasgow 
Hematite Mixed Nos.* ‘6 8 6 ,, Sheffield 
614 6 ,, Birmingham 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 
LANcs. AND YORKS. £ s. d. £ os. d. 
Crown Bars tae oP 
Best Bars - an eB: 
MrpLanps— 
Chewh Bassucco. «ok 17 6. 
Marked Bars (Staffs.) ... 13 0 0. 
No. 3 Quality... . 0° 5 0. 
No. 4 Quality... é s) BS SO. 
ScoTLaND— 
Crown Bars ... . ee) te Ave rs 11 17 6 
a ee ere: eS ee ee 12 7 6 
N.E. Coasr-— 
CA EEE oc. wee Seu RE Re Ow ll 0 0 
Best Bars RM Rs pee 11 10 O 
Double Best eae ee ee a: €-8 
NORTHERN IRELAND AND FREE STATE— 
Crown Bars, f.o.q.... SES. Dz: — 
STEEL. 
Home. Export. 
LONDON AND THE SouTH— £.«.d. a oF * 
er > eae i aa ee 10 12 6 
Teese. oc ba ac.. ere eee 11 12 6 
Joists ee o ewe sae oT Bs Ors 10 12 6 
Channels... ios eaieel coe. & @ 1017 6 
Rounds, 3in. andup ...12 3 0. 1112 6 
under 3in. a eae a nm @*s 
Flats, under 5in. ... 912 6. 1l 0 0 
Plates, fin. (basis) ... 11 13 0 11 0 0 
i. site S's 11 18 0 ll 5 0 
BED Sie pons acsns ae. ae Me il 10 0 
” a a oe 1115 0 
Un. #,in. to fin. ey 1.0.4 12 2 6 
Boiler Plates, jin. acy BB 240, 1210 0 
NortuH-East Coast — a. ee ¢* ee = 
OID coe sce copy eee Wee, Oey 10 12 6 
yt eee ree: SS a 1110 0 
Rebs. : Asn ity Vote ae By 4. 1012 6 
Channels... ba BRB 10 17 6 
Rounds, 3in.andup ... 12 0 6 11 12 6 
os under 3in. ve 9 -tOro®. ll 0 O 
Plates, jin. (basis) ... ll 8 0. li 0 0 
pe Sinisa on 4 UBD ll 5 0 
ba Me. 81 tk SER DD -: 11 10 0 
» fsin. . EE Se Dit 1115 0 
Un. fin. to tin. Snel: oc, BE ae OR: 12 2 6 
Boiler Plates, jin. - Shae Os 1210 0 
MIDLANDS, AND LEEDS AND DistTRictT— 
£ s. d. £ s. d. 
Ame =. vse ses ene EOS 10 12 6 
Tk oe Sashes, Seg ae Il 12 6 
Joists batt -595- “ies ey 10 12 6 
Channela:., ...( sesso. at hh. SF 6 10 17 6 
Rounds, 3in.and up ... 12 0 6 11 12 6 
under 3in. ie ae, | Te ee 
Flats, 5in. and under ... 910 0. ll 0 0 
Plates, jin. (basis) ... 11 10 6 L1:..0; 6 
fin. ... ouch A li 5 0 
Ma. ta hBa® 26 11 10 0 
*” jgin. vid GS Sos 11 15 0 
Un. fin. to jin. inl. 11 15 6 li 2 6 
Boiler Plates, jin. ihe Gore 1210 0 














purchasing only from associated British Steelmakers. 


STEEL (continued). 


Home. Export. 
Giaseow anp Disrricr 2p. a 3 6.7. 
OR mrasse 5434 0h, ae © ac. he 10 12 6 
NSS ae eee ey Be 11 33.6 
metas Seiad. a Gaadey B16) et ss 10 12 6 
Channels.. : oo» ties LE deo es 10 17 6 
Rounds, Sin. aire up?! 0. Bbi@es@i ook. 11 12 6 
a under 3in. SAF Qe eis at Se: 11 0 0 
Flats, 5in. and under ... 910 0... ... il 0 
Plates, jin. (basis) ... 11 8 @O... ... ll 0 0 
iain ee! shew aged ut 1l 5 0 
gO dim. BO AS ARO es 11 10 0 
> fin. . apf FE “Zr sr vies 1115 0 
Un. ¥in. to din. inel. no | RRR eee ees 12 2 6 
Boiler Plates, jin. Te se Re 12 10 0 
South Wates AREA £s.d £ os. d. 
WON he rns acne | ec RR Mig ee 10 12 6 
Nhs ons. 5 cn Nese, “ean APO on 11 12 6 
NOOR fds a netitin cats OE, ee 10 12 6 
Channeles:. <<<) cis. 5/91: B58 10 17 6 
Rounds, in. aaltie Op 4) AS: @O HOw. x 1112 6 
de under 3in. Ji) © SRS ll 0 0 
Flats, 5in. and under ... 910 0 ll 0 0 
Plates, jin. (basis) ... 11 10 6 1l 0 0 
oo Tainan! si. ed 1 1l 5 0 
” BAM aye ase.) ony ae | MC ee 11 10 9 
os fin. ... =: esq AD TESA cee, ties 1115 0 
Un. in. to fin. inel. ... 10 3 0... 1. i210 0 
IRELAND—F.0.Q. BELFAST. Rest oF IrReLanp. 
£ os. d. £ oes od. 
J Rai EBA Bg SE . SAF BurOoay 2 lt 8 O 
OMI cc, homely set nant cock) MeO Cee : 12 8 0 
E>. duel Sec. ceo: oe Oe ek : 1115 6 
Channels... . (oe Be 11 13 0 
Rounds, 3in. wena eee ie Wiss: bh cca 12° 39 
o under 3in. €.-€.:@..i, 8 8 0 
Plates, jin. (basis) me ok a ee ee 11 15 66 
% fyin. ... oo aies EO cca th Sst if es 
Fac) Ses Gat'T cco eee es ak 2 5 6 
a fyin. 558; USD 0 icees 1210 6 
- fin. to fin. iy ee Bio @ ais 12 6 6 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. Bi andy £: a.).d. 
11-G. to 14-G., d/d . 141 0... ...f.o.b. 1410 0- 
15-G. to 20-G., d/d ois 4B OO yi 02. Re 114-4606 
21-G. to 24-G., d/d so ee eS eee I Oe 
25-G. to 26-G., d/d as Os. ee Ie 8 


South Africa, 24-G. Basis ‘£15 5 Os., plus 3% on invoice value ; 
Rhodesia, £15 10s. ; Irish Free State, £16 10s. f.0.q. 
The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 
Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £ s.d. Export. Basis— £ s. d, 
4-tonlotsandup... 19 10 0 26-G.andheavier 18 15 0 
2-ton to 4-ton lots 19 17 6 27-G. to 29-G.... 19 5 0 
Under 2tons ... 21 2 6 30-G. and lighter 20 0 0 
Export : India, £22 5s. c.i.f.; South Africa, £18 15s. f.o.b., 

plus 3 p.c. invoice value; Rhodesia, £19 5s. f.o.b.; 

Irish Free State, £19 10s. f.o.q.; General, £18 15s. f.0.b. 


Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 24s. 0d. to 25s. 0d. 
Tin-plate Bars, d/d Welsh Works, £7 15s. 0d. 


Billets. £ s. d. 
Basic (0-33% to 0-41% C.) ... «-. .- «- 9 DO DO 
» Medium (0-42% to0-60%C.) ... ... 910 0 
» Hard (0-61% to 0-85% C.) -<iy eee ee 
” ov -(0-86% to 0-99.C.).. ns se 1s. AO 15) 
+, » (1% C.andup) .. : )> secPheb’ 20 
Soft (up to 0- 25%, C.), 500 tons “nd up LE YTAAG 
Rails, Heavy, 500-ton lots, f.o.t. ... . ae. 1S Oe 
» Light, f.o.t. 9° 2° 6 
FERRO ALLOYS. 
Tungsten Metal Powder 5/3 per lb. 
Ferro Tungsten 5/0 per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to 6p.c.carbon £22 10 0 7/- 
's en OR6-40 Bp.c;..,,.--.. 28.10 .0 af 
“ os 8p.c.tol0pec. ... £2110 0 7[- 
” ” Specially Refined ... 
=e bs Max. 2p.c.carbon £32 10 0 1L/- 
” ” » ILp.c.carbon £35 15 0 11/- 
na oe » 0-50p.c. carbon £36 10 0 12/- 
” ” » carbon-free ... 94d. per Ib. 
Metallic Chromium.. 2/5 per Ib. 


£16 15 Ohome 


Ferro Manganese ls 76p p-c. 
£12 0 Oscale 5/—p.u. 


Silicon, 45 p.c. to 50 p.c. 


” 


iw 75 p.c. £17 0 Oscale 6/—p.u. 
» Vanadium 12/8 per Ib. 
» Molybdenum.. : 4/9 per lb. 
Titanium éacbions free) 9d. per lb. 


£180 to £185 
7/- to 7/1 per Ib. 


Nickel (per ton) 
Cobalt 2 





NON-FERROUS METALS. 


(Official Prices, May 5th.) 


Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 


CopPrper 
nai se 313 = 6515 F003) ony izgk> vceme iO: 18. DAGAEO AS ...0 
Three months ... £56 12 6to £56 15 0 
Electrolytic «... .... ... ... £@3 0 Oto £65 0 0 
Best Selected hie d/d Bir- 
mingham Sal ¥ £64 15 0 
Sheets, Hot Rolled £95 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) ... 14}d. 14}d. 
»  Brazed (basis) 14}d. 144d. 
Brass — 
Ingots, 70/30, d/d Birmingham £54 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 123d. 123d. 
»  Brazed 143d. 143d. 
Tin— 
Cash ... Se £249 0 Oto £249 10 0 
Three months... ... ... ... £247 0 Uto £247 5 0 
Leap: £23 17 6 to £23 16 3 
SPELTER : a S Mee ssh ues Mae: Sle SeO-ase. oe 0 


Aluminium in (Britieb) .. 


FUELS. 


SCOTLAND. 
LANARKSHIRE— 
(f.0.b. Grangemouth)-Navigation Unscreene 
Hamiiton Ell 
Splints 
AYRSHIRE-— 


(f.0.b. Ports}—Steam 


FIFESHIRE— . 
(f.0.b. Methil or Burntisland) 
Prime Steam . sities 
Unscreened Sevigntios 


Loraians— 
(f.0.b. Leith}—Hartley Prime 
Secondary Steam ... on 

ENGLAND. 

Sourn Yorksuire, HoLti— 


B.8.Y. Hards... 
Steam Screened 


NORTHUMBERLAND, NEWCASTLE — 
Blyth Best 
Second... ... 
» Best Small... 
Unscreened 


DurHAmM— 
Best Gas... 
Foundry Coke 


SHEFFIELD— Inland. 


Best Hand-picked Branch 
South Yorkshire : 
Seconds ... . 22/-to 23 


CARDIFF SOUTH WALES. 
Steam Coals : 

Best Admiralty Large ... 
Best Seconds hag 
Best Dry Large 
Ordinaries 

Bunker Smalls 

Cargo Smalls ... 

Dry Nuts 

Foundry Coke 

Furnace Coke 

Patent Fuel 


SwaNnsEA— 

Anthracite Coals : 
Best Large... 
Machine-made Cobbles.. 
Nuts 
Beans 
Peas fh 
Rubbly Culm... 


Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption : contracts in bulk. 


27/6 to 29, 
. 24/-to 26; 


d 


£100 to £105 


Export. 


20/- to 20/6 


21/6 
23/- 


21/- 


22/6 
19/6 to 20/— 


22/6 to 23/- 
18/6 to 19/- 


19/— to 21/- 


22/- 
42/6 to 45 


25/-- to 26/- 
25/- to 26/- 


25/- 
23/6 to 25/- 
18/6 to 19/— 
18/— to 18/6 
25/— to 26/6 
45/— to 50, 
30/-- to 35/- 
36/— to 40/— 
41/— to 48/6 


40/— to 48/6 
27/6 to 35/- 
19/~ to 25/— 
14/6 to 16/6 


20/~ to 25/- 


Exclusive of Government tax of Id. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil 


Per Gallon. 
33d. 
43d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 


The Short Working Week. 


TuHE five days’ working week was pushed forward 
with increasing momentum by the unions until it came 
to a dead stop. It has met a resistance that is backed 
up by all employers and by threats to close all shops in 
Paris. The conflict reached a climax in the distributing 
trades when Paris tradesmen declared at a mass meeting 
that they would defend their rights and the law at all 
cost. There is a parallel between what is happening in 
the distributing trades and the situation of manufacturing 
industries, but in the former case the clash is observed 
by the public which is directly affected by it, and it is 
here that the application of the forty hours is likely to 
be fought out to an issue. So long as it is assumed that 
the principle is put into practice experimentally, except 
in cases where its working is obviously impossible, 
employers are prepared to test it, but in the distribut- 
ing trades they will not submit to the “ five-eight ” 
formula of the C.G.T. Conditions vary so much in 
different trades that employers insist on their right to 
arrange with employees to spread the forty hours over 
six days. The only satisfaction offered them was a decree 
reaffirming the alternatives originally proposed. These 
are rejected by employers in the distributing trades, who 
continue to hold out the threat to close down all shops. 
Whatever may come of this conflict, which looks serious 
at the moment, the decree last week breaks down the 
C.G.T. plan for a rigid and intangible system which the 
Government has never officially recognised. The manner 
in which the unions attempt to carry out the forty hours’ 
week plan is opposed to the idea of the Senate which 
authorised the Government to apply it by decree with the 
proviso that industry must not be burdened to the extent 
of slowing down production and endangering the economic 
recovery that seemed then to be taking definite shape. 
As a matter of fact, social charges and labour reforms 
have increased burdens on industry by from 40 to 75 per 
cent., and, in some cases, they are doubled. This heavier 
burden must be accompanied by a larger production and 
turnover if selling prices are not to be inflated to the 
point of extinguishing trade. The direct result of the 
forty hours’ week is to slow down production unless 
manufacturers can install machinery that will enable them 
to dispense with much of the labour. It is significant 
that the index figure for machinery production is steadily 
rising, and this is not in consequence of any industrial 
revival, for there is little activity apart from State 
requirements and public works. 

The Building Trades. 

The use of structural and other materials depends 
so largely upon activity in the building trades that the 
part played by the men’s federation in the present difficult 
circumstances is far from reassuring. The federation 
comprises a considerable number of trades, some old and 
some new, and in many of the older trades workers carry 
on traditions opposed to subversive action, while in 
reinforced concrete especially there are no such traditions 
and the men have been leading most of the agitation at 
the Exhibition works. When concrete workers took a 
day or two off for some fancied grievance or claim, or 
refused to work overtime, other trades that were keeping 
up with them had to stop, and even though it has been 
decided to open officially the Exhibition on the 24th of 
this month and admit the public on the following day, 
they appear to be doing little to make up for lost time. 
Their excuse is that they see no chance of their finding 
work when the present jobs are finished. The federation 
delivered a sort of ultimatum to Monsieur Blum by 
declaring that the Exhibition would be got ready in time 
if he would undertake to provide employment for all the 
men on public works. As this was out of the question, 
the federation required the Government to issue a public 
loan of 10,000 million frances for the starting of works 
on which the men could be employed. Failing to obtain 
satisfaction the federation finally proposed that the 
money should be raised by the levy of a 10 per cent. increase 
on rents in Paris. This illustrates the mentality of 
extremist unions and the difficulties that lie ahead. If 
huilding activity has ceased it is on account of inflated 
costs, for no one will invest money in construction on the 
present unstable foundation. The resistance offered by 
employers to inacceptable claims by workers was 
countered by the C.G.T., which obtained from the 
Government an assurance that May Ist should be declared 
a national holiday in celebration of the labour victory, 
and pending its legalisation the C.G.T. itself organised the 
holiday last week and determined the conditions under 
which it was to be held. Formerly, it was the occasion 
of revolutionary demonstrations, and there were few 
absentees from works and factories, but henceforth the 
C,.G.T. intends to release all workers on that day. 


Dock Labour. 


The Association of Employers in French Ports 
is making an inquiry into the state of labour at the docks 
around the coast where Communist activities are said 
to be threatening the future of the ports. Complaint 
is made of the deplorable results of labour slackness and 
inefficiency. There is declared to be a heavy increase in 
the number of accidents and a considerable decline 
in the quantity of goods handled per man, which fell from 
719 kilos. in December, 1935, to 472 kilos. in March last. 
Cargoes cannot be loaded and unloaded fast enough, 
and ships are always waiting, while nothing will induce 
men to work overtime and complete urgent jobs. In a 
number of cases cargo ships have had to be diverted to 
foreign ports. The Association of Employers also com- 
plains of the unions denying employers the right to control 
the taking on of men for night shifts. The object of the 
Association in making this inquiry is to prepare a course 
of action which will put an end to a state of things that 
has become untenable. The Socialist Mayor of Havre, 
Monsieur Meyer, a former Minister of the Merchant 
Marine, has broken the Popular Front combination so 
far as his own port is concerned, and is uncompromising 
in his attack on the Communist dockers’ agitation. 


British Patent Specifications. 





When an invention is communicated from abroad the name and 
address of the communicator are pri in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Sout ton-buildinge, Chancery-lane, W.C.2, 
le. each. 

The date first given is the ee ; the second date, 
at the end of the abridgment, is date of the acceptance of the 
complete Specification. 
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MEASURING AND TESTING INSTRUMENTS. 


462,336. September 12th, 1935.—Apparatrus Yor TESTING 
THE ALIGNMENT OF CONNECTING-RODS, J. W. Thompson, 
Brook Bank, Welham-road, Norton, Malton, Yorks. 

This is an instrument for testing the accuracy of the machining 
of connecting-rods for automobile engines. It comprises a 
standard in the base of which there is mounted a shaft A. The 
working end of this shaft is provided with three feathers B, 
which can be expanded by means of the screwed spindle C to 


N°462,336 ) 
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make a tight fit in the big-end bearing of the connecting-rod D 
under test. Attached to the upper end of the main standard 
there is a bracket or table E, which is adjusted opposite the 
small end of the connecting-rod. On this table there is a pointer 
with a pair of caliper-like legs F that embrace the small end of 
the connecting-rod. By reversing the rod or the table any lack 
of alignment is immediately shown by the pointer.— March 8th, 
1937. 


FURNACES. 


462,348. November 27th, 1935.—Surrace CoMBUSTION 
Burners, The Radiant Heating Company, Ltd., Harmood- 
street, Chalk Farm-road, London, N.W.1; and A. Docking, 
19, Penwortham-road, Sanderstead, Surrey. 

This is a gas burner of the surface combustion type which may 
be turned down without there being any fear of back-firing. It 
is known that with holes about ,4in. diameter in the fire- 


N°462,348 
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brick such back-firing cannot occur, but such holes are very 
difficult to produce in ordinary fire-clay. The inventors conse- 
quently make a composite block of fire-clay with comparatively 
large openings with fitted-in plugs of china clay with fine 
perforations. It is said that these plugs can be conveniently 
made by an extruding process. The plugs are from lin. to 2in. 
deep and are fitted into holes about }in. in diameter.—March 
8th, 1937. 


MINING MACHINERY. 


462,291. July 27th, 1935._-Sxre Cuaroine Gear, The Birtley 
Company, Ltd., Birtley, Durham. 

This is an arrangement for filling the skips of, for instance, a 

colliery shaft with predetermined loads. The coal is dumped 
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into a hopper, the lower part of which is shown at A, and s 
assed into a measuring compartment B through the gate C. 
t is trapped in this compartment by the shoot gate D until the 
skip E arrives at the bottom of the shaft. The trigger gear F 











then closes the gate C and another, G, opens the gate D, so that 








a measured quantity of coal is snapped into the skip. At the 
top of the shaft the coal is discharged from the skip by the bottom 
opening door H.—March 1st, 1937. 


LIGHTING AND HEATING. 


461,242. July 9th, 1935.—-ELecrric Arc Lamps, J. L, Baird 
and Baird Television, Ltd., 58, Victoria-street, London, 
8.W.1 


The object aimed at here is an are of great intrinsic brilliancy 
which burns steadily. The apparatus is enclosed in a casing A, 
which is supplied with compressed air at B. A pressure of from 
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5 to 10 atmospheres is preferred. C is a release valve through 
which the products of combustion are carried away. The elec- 
trodes or carbons are cooled by the water jackets DD. The 
feed of the carbons is effected as follows :—A lens E focuses the 
light of the arc on to a thermo-couple F. This couple, through 
the relay G, controls the motor H, which operates the feed gear 
through the gears J J.—February 9th, 1937. 


WELDING. 


462,729. September 13th, 1935.—ELectric 
Macuines, The British Thomson-Houston 
Ltd., Crown House, Aldwych, London, W.C.2. 

This invention relates to electric spot-welding machines in 
which the switching in and out of the welding current is effected 
in dependence upon the pressure of application of the electrodes 
on the welded work by means of switches actuated by strikers 
moving in correspondence with the variation in length of a spring 
causing the pressure of the electrodes. The double electrode 

A is moved by means of a press rod B against the welded work. 

A part of the press rod is threaded and engaged by a nut C, 

which is mounted, as by splining, so as to slide in the boss 

of a worm wheel D and be rotated by the latter. The worm wheel 
is driven through a worm by a motor not shown. The nut © 
is supported through a ball bearing on a plunger E round which 
is located a spring F. From the plate G a rod H leads to strikers 
associated with switches J or K respectively. The electrodes 

A are mounted to slide in parallel guides to permit of the 

adjustment of the ends of the electrodes at different heights 

according to the thickness of the work to be welded. Preferably. 
as illustrated, the electrodes are connected by links to the ends 
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of a lever pivoted at its mid point to the end of the rod B. 
With such a construction the electrodes will always bear on 
the work piece with equal pressure in spite of different distances 
in height between the ends of the two electrodes. If the nut 
C is set in rotation by the drive D in such manner that the rod 
B moves with the electrodes A towards the welding work, then 
the nut C moves at the instant of the application of the electrodes 
owing to the resistance, in the opposite direction, and compresses 
the spring F. The plate G moves in the same direction, and with 
it the rod H with the strikers of the switches J and K, which 
are located in series directly in the welding current circuit or 
in a corresponding relay cireuit. The welding current therefore 
flows only as long as both switches are closed. Since the strikers 
are so mounted that the switch K is held open by its striker 
until a certain minimum force is produced in the spring F and 
the switch J is only opened by its striker when a certain 
maximum pressure of the spring F is attained, a welding current 
only flows between the two limits of pressure. Since, further- 
more, the position of the strikers is adjustable, the limits of 
pressure, and, thus, the duration of the welding time, can be 
adjusted in a perfectly definite manner.— March 15th, 1937. 


METALLURGY. 


462,285. May 29th, 1935.—Linep METAL CYLINDERS, rr. We 
Triggs, 57 and 58, Lincoln’s Inn-fields, London, W.C.2. 
This invention relates to hard alloy lined metal products and 
has for its object the production of an article consisting of a 7. 
formed mild or tough steel or iron body lined on its working face 
with an integrally bonded layer of an extremely hard, low 
melting point boronised ferrous alloy, and preserving without 
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substantial impairment the original characteristics of the pre- 
formed steel or iron body. The lining is composed principally 
of iron containing carbon within the cast iron range ; that is, 
from 2 to 4 per cent. by weight and substantially all in the com- 
bined form, boron ranging from 0-2 to 2} per cent. and in most 
cases nickel from 1} to 9 per cent. Any other ingredients may 
be considered as adulterants in so far as the particular invention 
is concerned, though some other metals—for example, chromium, 
tungsten, manganese, vanadium, molybdenum, cobalt—may be 
tolerated in various amounts where the most favourable 
characteristics together with low cost of production of cylinders 
lined with the alloy are not paramount. The most useful range 
of ingredients of the alloy for the lining of tubes and cylinders 
is, by weight :—Carbon, from about 2} to 3} per cent.; boron, 
from about 0-75 to 1} per cent.; nickel, from about 2$ to 6 per 
cent.; silicon, not over 1$ per cent.; sulphur, not over 0-05 per 
cent.; phosphorus, not over 0-05 per cent,; substantially the 
remainder of the alloy being iron. In forming the linings it is 
preferable to crush thin clean slabs of the alloy to small pieces, 
mtroduce the desired amount of the broken pieces of the metal 
(depending on how thick a lining is desired) into the steel or 
iron tube or cylinder which has previously been thoroughly 
cleaned internally, and close the ends of the cylinder. In some 
cases a small quantity of either sodium carbonate, sodium 
borate, calcium fluoride, &c., may also be introduced with the 
metal charge to pick up any non-metallics present, though if the 
cylinder is properly cleaned this will not be necessary. It is 
also desirable to introduce a small quantity of some volatilisable 
liquid which will form a non-oxidising gas to drive out the con- 
tained air, methyl alcoho) being very suitable for the purpose. 
The closed cylinder is then gradually and evenly heated in a 
furnace while being slowly revolved, until just above the melting 
point of the charge, then the red hot cylinder is quickly with- 
drawn from the furnace and placed between horizcntally dis- 
posed centres of a spinning lathe or supported and revolved on 
horizontal rolls, and in either case immediately revolved at a 
speed of about 2000 peripheral feet per minute for about half a 
minute, more or less, and at which time it will have lost enough 
heat by radiation to solidify the molten charge of ferrous alloy 
into a smooth even layer within the cylinder. After completely 
cooling, one or both ends of the cylinder may be cut operi and 


the hard lining ground to exact dimensions desired, and, of 


course, the outside of the cylinder may be machined in any 
manner desired.— March Ist, 1937. 


BUILDING. 


462,728. September 12th, 1935.—Concrete BuILpine BLocks, 
A. Whitney, Wenderholm, Sarisbury, Hants. 
This invention is concerned with a process for the manufac- 
ture of hollow concrete blocks reinforced by transverse wires. 
Fig. 1 is a plan of such a block with its outline shown in dotted 
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lines and the cored hollows in full limes. The cavities are bridged 
by bulkheads A A, which are reinforced by wires BB. These 
wires are lodged in recesses as shown in Fig. 2 during pouring 
of the block. The two end half-cores are then withdrawn 
longitudinally and the centre core vertically.— March 12th, 1937. 


MISCELLANEOUS. 


462,178. August 3lst, 1935.—SHock ABsorBERsS, The Monarch 
Door Controller Company, Ltd., 7, Victoria-street, West- 
minster: and G. W. Pettigrew-Smith and J. G. B. Sams. 

It is suggested that this shock absorber is suitable for incor- 
poration in a ship’s steering gear to prevent damage to the 

machinery. It comprises two elements, the driving shaft A 

and the driven drum B. These are connected by the radial arms 
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CC and the pivoted cams D D. The cams are held up against 
the arms by the,springs shown, which are anchored to the arms. 
The springs normally hold the cams up against the arms with 
sufficient force to transmit the torque, but should this be 
exceeded the rolling action of the cams on the arms provides a 
progressively increasing cushioning effect. The arrangement is 
duplicated for reverse rotation.— March Ist, 1937. 





462,219. August 4th, 1936.—ImpRoVEMENTs To LEAF SPRINGS, 
Aktiebolaget Nordiska Armatur-Fabrikerna, 61, Regerings- 
gaten, Stockholm, Sweden. 

This is an arrangement whereby the conventional hardened 
steel plates of leaf springs are relieved of a portion of the direct 
stresses induced by bending, by means of introducing bars of 
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mild steel between the leaves. These bars are loosely placed 
in recesses along the lateral edges of the plates. It is claimed 
that strains at the edges of the plates, where cracks usually 
start, are partially transferred to the bars, that the flexibility 
and strength of the spring is increased, and that the interspaces 
formed may be used for lubricant.—March 4th, 1937. 


462,146. January 2nd, 1936.—Orm Composition, B. W. Story 
and E. W. Fuller, 310, N. Clinton-street, Wenonah, and 
133, S. Horace-street, Woodbury, respectively, New Jersey, 
United States of America. 

This invention relates to the stabilisation of viscous mineral 
oils, such as transformer oils and lubricants, which have been 
highly refined as by the use of large quantities of sulphuric acid, 
including fuming acid. The inventors have discovered that 
disulphides of organic compounds selected from the group com- 
prising aliphatic and substituted aliphatic (including aromatic- 
aliphatic) disulphides are particularly effective in stabilising 
highly refined mineral oils against the formation of acidic 
materials through oxidation, and that when used in the small 
quantities which are sufficient for this purpose these disulphides 
have little or no tendency to attack copper. The invention 
consists, therefore, in the addition of one or more of such 
disulphides to a highly refined viscous mineral oil, in the amount 
necessary to reduce substantially the tendency of the oil to acid 
formation. So far as is known, all disulphides of organic com- 
pounds have the described characteristic, though in varying 
degrees. The following table shows the effect upon a highly 
refined viscous oil which normally gave 14-72 per cent. of acid 
extract after an oxygen absorption test of the addition of 
designated small amounts of various disulphides belonging to 
the group comprised in the present invention, the effect being 
indicated by the reduced amounts of acid extract. The oil in 
question was refined by successive treatments with 25 lb. of 
93-19 per cent. sulphuric acid, 25 lb. of 98 per cent. sulphuric 
acid, and about 250 Ib. of 104 per cent. sulphuric acid per barrel, 
followed by neutralisation and contact with clay. 


Acid 

Disulphide. Quantity. extract. 
Dibenzyl soo. Mee ee oes ee 0-08 
NE icc cap. scatvenntgaeae eee 5-72 
Di-isoamy! ain fe is ua heer? ae 0-07 
Tetra-methyl-thiuram ... ... 0-03 0-03 
Tetra-methyl-thiuram 0-005 0-95 
RU MRIEEEE oa oad, a0= conn 1304 eRe 0-02 
PRONE enes, cnie enn bind Vues SE 0-02 


In this table the amounts are specified as percentages of the 
weight of the refined oil. When the refined oil is such as gives, 
without the addition of the disulphide, a smaller acid extract 
than the 14-72 per cent. above specified, a smaller addition of 
the stabilising material suffices to reduce the oxidising tendency 
to a low figure. For example, in the case of an oil which nor- 
mally gave 2-94 per cent. of acid extract, the addition of 
0-01 per cent. of dibenzyl disulphides or 0-001 per cent. of 
tetra-methy) thiuram disulphide reduced the acid extract to 
0-12 per cent. or less.— March 3rd, 1937. 


462,590. September llth, 1935.—FLoatine Covers FoR 
Storace Tanks, B. Lentschewsky, 7, Xantenerstrasse, 
Berlin, W.15, Germany. 

This is a design for a floating lid to prevent the escape of 
vapours from tanks which are, for instance, used for the storage 
of petrol. The cover is made of a collection of sector-shaped 

ieces, which may be either double-bottomed, as shown in 

ig. 1, or have a top or bottom membrane only, as shown in 

Figs. 2 and 3. The outer series of these sectors makes contact 

with the wall of the tank by means of brushes A, which are said 

to be substantially gas-tight. The several sectors are con- 
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nected together by flexible diaphragms B. The flexible material 
may consist of metal foil or a metallic weave in either a single 
layer or preferably a multi-layer material, having adhesive 
interposed between the layers. Alternatively, a flexible non- 
metallic substance, such as a textile or felt, leather, asbestos, 
rubber-treated to be comparatively insoluble in rubber or the 
like, may be employed, the material being rendered gas-tight 
by proofing where it is not normally sufficiently gas-tight... In the 
ease of textiles, a suitable proofing is the material known as 
K B membrane, marketed by the firm of Kratfahrzengbedarf 
Komm.-Gesellschaft, of Berlin, Germany. The relative move- 
ment of the sectors is controlled by*the springs C.—March 11th, 
1937. 











Forthcoming Engagements. 








Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the tings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 











To-paYy 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1 
Informal meeting. ‘Through America with the World Power 
Conference,’’-J. Rogers. 6.30 p.m. 

Inst. or Sanrrary Enornerers.—Caxton Hall, 8.W.1. 
‘““Storm Water in Sewage Disposal Works,” informal talk. 
6 p.m. 

Puystcat Soc.—Imperial College of Science and Technology, 
South Kensington, 8.W.7. ‘The Velocity Distribution in a 
Liquid-into-Liquid Jet,”” E. N. da C, Andrade and L. C. Tsien ; 
“Secondary Electron Emission from Complex Surfaces,” L. 
R. G. Treloar. 5.15 p.m. 


Saturpay, May 8TH. 


Inst. OF ELEcTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Summer visit. 


Sunpay, May 9ru. 
Royat Agronavuticat Soo.—Fairey’s Aerodrome, Great 
West Road, Middlesex. Annual garden party. 
Monpay, May l0ru. 
CHARTERED Surveyors’ Inst.-12, Great- George-street, 
S.W.1. “ The Rental Value of Light,” G. Leslie Head. 6.30 p.m. 
Turespay, May llr. 


Inst. or Crvin ENGrneERs.—Great George-street, West- 
minster, S.W.1.—Annuai general meeting. 6 p.m. 


WeEpDNEspDAy, May 19ru. 


Inst. or CuemicaL Enotngeers.—Burlington House, Picca- 
dilly, W.1. “‘ Platinum and Allied Metals,’ Major C. Johnson 
and Capt. R. H. Atkinson. 6 p.m. 


Satrurpay, May 22np. 
Inst. OF MECHANICAL ENGINEERS : GRADUATES’ SECTION.— 
Visit to Brimsdown power station. 


Monpay, May 24TH. 


Assoo1aTion or “ Otp Cromprontians.”-——Grosvenor House, 
Park-lane, W.1. Annual dinner. 


TuHurspay, May 27TH. 


Royat AgronavuticaL Soc.—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2. “* Turbulence,”’ Dr. T. von Karman. 6.30 p.m. 


Sarurpay, May 297. 
Inst. oF ELecrricaL ENGINEERS: Wtrevess SEction. 
Visit to the B.B.C. Television Station at Alexandra Palace. 


TUESDAY, JUNE 8TH. 

Lonpon Iron AND Steet Excuance.—Hotel Victoria, 
Northumberland-avenue, W.C.2._ Annual luncheon. Mr. 
C. Bruce Gardner, Chairman of the Management Committee 
of the Exchange, will preside, and an address will be given by 
Prof. Henry Clay, M.A., Economie Adviser to the Bank of 
England. 12.45 p.m. 

TuEspDAyY, JUNE 8TH, TO Fripay, June lITH. 

Inst. oF British FounprymMeN.—Annual Conference at 
Derby. 

Turspay, JuNE 22ND, TO Saturpay, JUNE 26TH. 

British WaTERWoRKS’ Assoc.—Annual general meeting and 
Conference in London. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Tue Ricut Hon. Lorp BurcHiey has joined the board of 
directors of the Firestone Tyre and Rubber Company, Ltd. 


Mr. C. W. Hanson, who until recently was Press officer of 
the Crompton Parkinson—British Electric Transformer—Derby 
Cables group, has set up in business on his own account as a 
specialist in engineering and technical advertising at 39a, 
Mecklenburgh-square, W.C.1. 

Davy Brortuers, Ltd., Sheffield, announce that the name of 
the company has been changed to Davy and United Engineering 
Company, Ltd., and also that the name of the British Chilled 
Roll and Engineering Company, Ltd., has been changed to 
Davy and United Roll Foundry, Ltd. 


. . e 
Tue Stanton Ironworks Company, Ltd., in celebration of 


the Coronation, has placed in the hands of trustees representing 
its 14,000 employees, a fund to be provided by annual instal- 
ments, which it guarantees will produce a revenue of not less 
than £350 per annum, to be devoted at the discretion of a com- 
mittee representing the employees for purposes of general 
benevolence not covered by existing works reliefs funds. 


Str Joun SIDDELEY, late chairman and managing director of 
Armstrong Siddeley Development Company, has been elected 
President for the ensuing year of the Society of Motor Manu- 
facturers and Traders, Ltd., in the place of Mr. J. A. Thomson, 
who now becomes Deputy President. Mr. C. B. Nixon, deputy 
managing director of Leyland Motors, Ltd., and Mr. W. M. W. 
Thomas, managing director of Wolseley Motors, Ltd., and 
director of Morris Motors, Ltd., have been elected Vice-Presi- 
dents, Mr. F. I. Connolly, of Connolly Brothers (Curriers), 
Ltd., has been re-elected Hon. Treasurer. 


Harpy Tostn anv Co., 110, Fenchurch-street, London, 
E.C., have been appointed London representatives for Palmers 
Hebburn and Co., Ltd. Hardy Tobin and Co. will act as repre- 
sentatives in-matters of ship conversions, dry docking, voyage 
repairs, and surveys of hull and machinery. Palmers Hebburn 
anid Co., Ltd., have the largest dry dock on the North-East 
Coast between Rosyth and London, the dimensions of which are 
700ft. by 90ft. entrance by 29ft. on sill H.W.O.8.T. The river 
frontage of 1300ft. has been dredged, and with the new repairing 
jetty there is a continuous wharfage of 700ft. at the west end 
and a further wharfage of 280ft, at the dock head. 


Mr. J. E. R. Crawrorp has recently been appointed service 
and export manager of C.A.V.-Bosch, Ltd., whilst Mr. B. Leonard 
Page, who formerly held this position, has taken over another 
department. Mr. Crawford will, in future, control all service 
arrangements in this country and overseas for both electrical 
and fuel injection equipment ; in addition, he will be responsible 
for the export sales organisation of the company. Mr. Cecil H. 
Broadhurst has been appointed advertising manager of C.A.V.- 
Bosch, Ltd, 
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A Seven-Day Journal. 


Director of the National Physical 
Laboratory. 


On Thursday, May 6th, it was officially announced 
that the Lord President of the Council had appointed 
Professor William Lawrence Bragg, F.R.S., at present 
the Langworthy Professor of Physics in the University 
of Manchester, to be Director of the National Physical 
Laboratory., Professor Bragg, who will assume his 
duties during the autumn, succeeds Sir Joseph 
Petavel, who died on March 3lst, 1936.  Pro- 
fessor Bragg is the son of Sir William Henry 
Bragg, and was born in Adelaide, South Australia, 
in 1890. He received his education at St. Peter’s 
College, Adelaide, and Adelaide University, and came 
to England in 1908 when his father was appointed 
Professor of Physics at Leeds University. He entered 
Trinity College, Cambridge, where he was Allen 
Scholar and eventually Fellow and Lecturer in 
Natural Science. On leaving Cambridge he joined 
his father in his researches on X-rays. At this 
time von Laue and his colleagues had demonstrated 
the diffraction of X-rays by crystal structure, and 
Professor Bragg deduced from his results an effective 
method of determining the arrangement of the atoms 
in aecrystal. A number of further investigations were 
carried*out by him and his father, which gained for 
them the Barnard Medal of Columbia University in 
1914 and the Nobel Prize of 1915. Early in the 
war he was sent to France in charge of a small com- 
pany of scientists to study the problems of sound 
ranging, and his work led to the formation of sound- 
ranging contingents, and the training for this special 
service, of which he had charge. In 1919 he was 
called upon to succeed Sir Ernest (now Lord) Ruther- 
ford in the Langworthy Chair of Physics at the 
University of Manchester. In Manchester he has 
built up a large and important school of research, 
dealing mainly with the problems of crystal struc- 
ture. In recent years he has kept in close touch with 
the metal industries, and has given his special atten- 
tion to metal alloys. He and his associates have also 
solved the general problem of silicates, thus introduc- 
ing order into a very complicated problem of mineral 
chemistry. 


An Aeronautical Garden Party. 


‘THE garden party of the Royal Aeronautical Society 
was held on Sunday last, May 9th, at the Fairey 
Aviation Company’s aerodrome near Hayes. Some 
4000 guests, including Ambassadors, Ministers, air 
attachés, and representatives of the Dominions, 
Colonies, and foreign countries who have come to 
England, for the Coronation, attended despite the 
rain and mist, and were received by the President, 
Mr. H. E. Wimperis, Mrs. Wimperis, and Members of 
Council. Many types of civil and military aircraft 
were on view and demonstrated in flight, and a 
comprehensive exhibition of aircraft components 
was arranged in one of the company’s hangars. 
Several new and interesting aircraft were shown, 
among which were the Fairey “‘ P.4”’ bomber and 
the Hafner gyroplane, of which we give a description 
in the following note. The Fairey bomber was 
painted in the new camouflage colours and demon- 
strated in flight by Mr. C. 8S. Staniland most 
impressively, although not flown at its maximum 
speed. The machine showed excellent characteristics 
of control in executing slow rolls and banked turns. 
Among other interesting exhibitions of flying should 
be mentioned the flight of a replica of the original 
Blériot monoplane which flew the Channel in 1909. 
Several types of light aircraft were flown, some show- 
ing very good flying characteristics and performance 
for low engine powers and representing a great 
advance on the designs of only a few years ago. 
Many of the planes which were to be shown were 
unable to reach the aerodrome on account of bad 
weather and other reasons, and among these was the 
Burnelli * lifting-fuselage ’’ air liner, which was to 
have been flown from New York to take part in the 


display. 


The Hafner Gyroplane. 


A NEw type of gyroplane capable of direct take-off 
and vertical descent, like a helicopter, was shown 
for the first time to the guests of the Royal Aero- 
nautical Society’s garden party. This machine is 
known as the Hafner gyroplane and is fitted with an 
85 H.P. air-cooled radial engine. The aircraft has 
no wings, but has three rotor blades suspended above 
the pilot on a pylon. The blades, unlike those fitted 
to the autogiro, which are wind driven, are driven 
directly by the engine, which also drives a propeller 
at the front of the machine in the usual manner. 
The blades are fitted with a variable-incidence 
mechanism by which the machine is controlled about 
all axes without necessitating the use of any method 
of tilting the rotor head. The mechanism controls 
the individual blade angles, the blades being free 
to move up and down, as in the autogiro, and may be 





” ? 


made to fly ‘‘ down ” on one side and “ up” on the 
other side of the machine, providing banking for 
turns. An ordinary rudder is used for sharp turns, 
but all other flying movements are effected by two 
simple controls. A forward speed range of from 
12 to 120 m.p.h. is obtainable in level flight, and the 
cruising speed is about 110 m.p.h., which is about 
20 m.p.h. faster than the same engine provides in a 
conventionally designed aeroplane. It is claimed 
that the Hafner gyroplane ascends with a 2-yards 
take-off, by means of utilising the energy stored in 
the revolving blades, and that it clears the standard 
66ft. screen in less than 60 yards and can be landed 
within 15 yards of a 66ft. obstacle. The flying 
qualities of the machine were fully demonstrated 
by Flying Officer Clouston, who showed that rapid 
changes of direction, steep climbing, and an almost 
perpendicular descent were possible. 


Mellon Scientific Institute. 


THE new building of the Mellon Institute at 
Pittsburgh, the world’s largest institute for scientific 
research, was dedicated on Thursday, May 6th, which 
was the first of two days’ celebrations to mark the 
event. The Institute was founded in 1911 by Mr. 
Andrew Mellon and Mr. Richard Mellon as an 
‘* independent non-profit scientific institution, whose 
sole aim would be the search for truth,’ and its 
founders have so far given to the Institute about 
£3,400,000. The new building, which has cost 
£1,200,000, is nine storeys in height and the exterior 
is designed after a Greek temple, with sixty-two 
Tonic columns of Indiana limestone. The interior 
is provided with passages of a total length of 3} 
miles and 322 laboratories, where 185 research workers 
are at present employed. The laboratories are fully 
equipped with modern facilities and apparatus 
for a wide variety of research work. Among many 
novel features is one which, by the turn of a switch 
in the laboratory, enables any desired temperature 
to be obtained, from Arctic cold to tropical heat, 
while, by using another switch, a vacuum can be 
obtained which imitates conditions similar to those 
existing on the surface of the moon. It is announced 
that in the new building work will not be confined, 
as it has largely been hitherto, to research of more 
immediate interest to industry. 


The Home Fleet in the Thames. 


THE Home Fleet, under the command of Admiral 
Sir Roger Backhouse, arrived in the Thames on 
Friday last, May 7th, for a period of one week before 
proceeding to Portsmouth on May 13th for the 
Coronation Review. Included in the Fleet were the 
flagship H.M.S. “‘ Nelson” and her sister ship, the 
* Rodney,” of 33,600 tons and 33,900 tons respec- 
tively, five battleships of the ‘‘ Royal Sovereign ” 
class of 29,150 tons, the aircraft carrier “‘ Furious ” 
of 22,450 tons, and the cruisers ‘‘ Southampton,” 
“* Newcastle,” and ‘‘ Cairo.”” The ‘‘ Southampton ” 
and ‘“ Newcastle” are of 9000 tons each. There 
were also twelve destroyers, five submarines, a patrol 
vessel, a net layer, and a depot ship. The vessels 
were moored up the Thames between Southend and 
Tower Bridge. On Saturday, May 8th, the Lord 
Mayor of London, Sir George Broadbridge, paid an 
official visit to the flagship to welcome the fleet to the 
Thames in his capacity as Admiral of the Port of 
London. He went on board the destroyer “‘ Crusader ” 
at Tilbury, accompanied by Alderman and Sheriff 
Pollizer and Mr. Sheriff McRea, and by the Sword- 
bearer and Sergeant-at-Arms and the City Marshal. 
The ‘‘ Crusader ” then conveyed the party to South- 
end. The Admiral’s flag was flown during the journey 
and naval honours were paid. The Lord Mayor was 
entertained to luncheon on board the flagship. 


The “ Hindenburg” Disaster. 

THE Zeppelin airship “ Hindenburg” burst into 
flames as she was about to moor at Lakehurst Air- 
port, New Jersey, on Thursday evening, May 6th. The 
‘* Hindenburg ” was making her first round voyage of 
1937 across the North Atlantic and had left Frankfort- 
on-Main on Monday evening at about 8.15 p.m. She 
was due to land about six o’clock on Thursday morn- 
ing, but had been delayed about twelve hours by 
heavy head winds over Newfoundland. On her 
arrival at Lakehurst a thunderstorm was in progress 
and the ship cruised around the airport for over an 
hour before attempting to land. She had just tossed 
her nose lines to the ground when there appeared to 
be a sudden burst of flame from the stern of the ship. 
Within a few seconds the whole of the ship took fire 
and in a few minutes there was little left except a 
twisted mass of metal. The ship’s complement was 
about 100 persons, and the death roll is now reported 
as thirty-five. It includes Captain Lehmann, who was 
acting in an advisory capacity to Captain Preuss, 
the commander of the ship. On Tuesday, May 11th, 
the Naval Board of Inquiry met to make a formal 





report to the United States Government, and at the 
same time the Board which has been appointed by 
the Department of Commerce began its public 
inquiry. The official German Commission of Enquiry 
is travelling on the “Europa” to New York. It 
includes Dr. Eckener and Director Durr, of the 
Zeppelin Company, Professor Bock and Chief Engi- 
neer Hofmann, of the German Institute for Aero- 
nautical Research ; Professor Deickman, of Munich 
University ; and Lt.-Col. Breithaupt, of the 
German Air Ministry. 


Training Maritime Apprentices. 


On Wednesday, May 5th, a meeting took place 
of the Central Board for the Training of Officers for 
the Merchant Service. It was then announced that 
the educational and training scheme under elabora- 
tion since 1935 was now in full operation. It was also 
announced that the Board of Education had approved 
a grant which, with the existing income, should place 
the standardised training system for apprentices and 
cadets of the merchant service on a sound financial! 
basis. A secretary, Captain F. A. Richardson, has 
been appointed, and offices have been opened at 
65a, Fenchurch-street, London, E.C.3. The object 
of the Board is to provide educational facilities for 
navigational officer apprentices at sea equivalent to 
those available for apprentices ashore, such as tech- 
nical schools, evening classes, &c. <A _ standard 
syllabus of instruction with an introduction and notes 
has been prepared for the use of officers having appren- 
tices under their instruction covering the whole 
apprenticeship period. Periodical reports on conduct 
and progress are to be sent to owners. Finally, an 
annual examination on board is to be held to test 
progress and to accustom apprentices to the technique 
of answering examination papers. Papers are set 
on mathematics, navigation, seamanship, miscel- 
laneous knowledge, ship construction, and engineering. 
Correspondence courses at approved navigational 
schools are also to be recommended by the Board. 


University Entry for Engineer Officers. 


SPEAKING in the House of Commons on Wednesday, 
May 5th, Sir Samuel Hoare announced that a new 
scheme for the direct entry of engineer officers into 
the Navy had been adopted by the Admiralty. 
Under this scheme applicants, who must be not less 
than twenty-one and more than twenty-five years of 
age, must, in addition to the normal requirements for 
entrance into the Navy, have undergone a course of 
three academic years as students, and must produce 
satisfactory evidence that they have been regularly 
trained in mechanical engineering and possess suffi- 
cient practical experience. Further, the candidate 
must hold a degree in mechanical or electrical engi- 
neering which is accepted by the Institution of 
Mechanical Engineers as exempting him from parts A 
and B of the Institution’s examination for Associate 
Membership. Detailed regulations and entry forms 
for the scheme can be obtained from the Secretary of 
the Admiralty or from theauthorities of the Universities 
of Birmingham, Bristol, Cambridge, Durham, Leeds, 
Liverpool, London, Manchester, Oxford, Sheffield, 
Aberdeen, Edinburgh, Glasgow, St. Andrews, Wales, 
and Belfast. University entrants will undergo a two 
months’ course in naval discipline and routine in R.N. 
barracks, and will then be available for appointments 
to ships. They will be on the same footing and have 
the same prospects as engineer officers who enter 
through the ordinary channels. Twenty com- 
missions in the Royal Navy will be available to 
university graduates next September, and others will 
follow each half-year. 


Coronation Honours. 


In the official list of Coronation Honours, bestowed 
by the King, which was published on Tuesday, 
May 11th, the following names appear :—Sir Robert 
Horne, the chairman of the Great Western Railway 
Company, becomes a Viscount in recognition of his 
public services ; Sir John Cadman, the chairman of 
the Anglo-Iranian Oil Company and the Iraq 
Petroleum Company ; Admiral of the Fleet Sir Ernle 
Chatfield, and Sir John Siddeley, managing director 
of Armstrong-Siddeley Motors, become Barons. Sir 
David Milne-Watson, the governor of the Gas Light 
and Coke Company, is made a Baronet. Knighthoods 
are conferred upon Mr. W. V. Woods, senior vice- 
president of the executive of the London, Midland 
and Scottish Railway Company; Engineer Rear- 
Admiral A. G. Crousaz becomes a C.B., as also do 
Major-General F. 8. G. Piggott, D.S.0., R.E., Major- 
General E. K. Squires, D.S.O., M.C., R.E., Major- 
General M. S. Brander, M.I. Mech. E., R.A.S.C., and 
Dr. D. R. Pye, M.I. Mech. E., Director of Scientific 
Research, Air Ministry. The G.C.B. is conferred upon 
Sir H. J. Wilson, Chief Industrial Advisor to H.M. 
Government. Dr. C. T. R. Wilson is made a Com- 
panion of Honour in recognition of his services to 
experimental physics. 
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Sinking Deep Caissons by the 
Sand-Island Method. 


HE sand-island method of sinking offshore piers 
4 has definitely established its usefulness and its 
adaptability, as proved in the sinking of the caissons 
for the deep-water piers of the New Orleans Bridge 
across the Mississippi a short distance upstream from 
the Crescent City. 

As will be recalled, the sand-island method of 
caisson sinking was devised and first used in con- 
nection with the Martinez-Benecia Bridge, built by 
the Southern Pacific Railroad across Suisun Bay, 





the aid of sand islands, the shallower pier had its 
sand island confined within a circular cofferdam of 
steel sheet piling. In the cases of the four other piers 
the confining cofferdams were steel shells—see draw- 
ings and half-tone illustrations herewith and on 
page 568—formed of curved plates reinforced hori- 
zontally with steel angles. Two of the shells were 
LLlft. in diameter and 70ft. in height, and the two 
largest were 122ft. in diameter and 100ft. in height. 
All the enveloping steel work of the sand islands 














NEW ORLEANS BRIDGE ACROSS MISSISSIPP! RIVER 


California, during 1929-30. After much deliberation, 
the sand-island method was decided upon as the one 
best suited to meet the much more difficult conditions 
imposed at the site chosen for the New Orleans 
Bridge. The wisdom of the selection has been amply 
established by the manner in which this aid in 
caisson sinking functioned during the work of getting 
the footings for the deeply seated river piers down to 
the prescribed depths in the bed of the Mississippi. 

The water bed of the river in the vicinity of New 
Orleans consists first of an upper layer of easily eroded 
silt, which is followed downward by succeeding strata 
of sand and clay and silt separately and intermixed, 
the clay nowhere having a vertical thickness in excess 
of 25ft. The deepest of the exploratory borings, 
carried far below the pier footings, did not penetrate 
any more stable formation. The problem was further 
complicated by the requirement that the bridge should 
be a high-level structure that would afford an under 
clearance of 135ft., so as not to interfere with ocean- 
going river traftic. This high clearance imposed pier 
foundations carried down through 40ft. to 77ft. of 
water and reaching a maximum depth in the river 
bottom of 170ft. below the datum of the mean level of 
the Gulf of Mexico. The Mississippi River is annually 
subject to flood stages that raise the water level 
on an average about 18ft., with a maximum recorded 
stage, in recent years, of 21-27ft. When in flood the 
ebb flow attains a velocity of quite 6 miles an hour. 
It will be appreciated that such circumstances 
impose hard and even hazardous conditions for pier 
construction. Indeed, the recognised hazards long 
delayed efforts to bridge the Mississippi in the vicinity 
of New Orleans. The present bridge was, therefore, 
not undertaken until 1931, and foundation operations 
were not started until early in 1933. 

The river crossing has a length of substantially 
3525ft., but because of its high level and the low 
ground of the two shores the approaches are notably 
long. Therefore the entire structure has a total 
length of 22,995ft. The bridge has two railway 
tracks, centrally placed, two flanking 18ft. vehicular 
roadways, and on the outside of each roadway there 
is a sidewalk, the roadways and the sidewalks being 
cantilevered outward from the main span trusses. 
The general gradient of the railway tracks is 1-25 per 
cent., but the vehicular sections of the approaches 
have a maximum gradient of 4 per cent., because they 
are shorter than the railway approaches. So much for 
the bridge, which represents an outlay of 13,000,000 
dollars, the Southern Pacific Railroad binding itself 
the pay annually in tolls a very substantial minimum 
sum to help towards the amortisation of the debt. 
Otherwise the bridge is toll-free to other users in the 
form of motor vehicle traffic and pedestrians. 

Four of the river piers rise from El. — 170, while a 
fifth of these offshore piers has its seating at El. — 80. 
While all five of the piers had their caissons sunk with 





reached from the river bed up to 22ft. above the level 
of mean high water, so as to assure some freeboard at 
the highest probable flood stage. What was done at 
one of the deep pier sites will serve to make clear what 
was done at the others. 

Owing to the instability and tendency to scour of 
the superficial stratum of silt, steps had to be taken 
the check any displacement within the area imme- 
diately around a sand island. Accordingly the bottom 
at each of these islands was covered with a protecting 
mattress of woven willow branches, sunk and held in 
place by means of riprap. The mattresses were all 
250ft. wide and the longest of them were 450ft. in 
length. As soon as a mattress was planted the sand 
island area was surrounded by an encircling succession 
of falsework bents formed of timber, the bents being 
unifor ly 25ft. wide, and the encompassed area had 





beyond the interior circumference of the-platform or 
retracted out of the way. The needle beams served 
to support the cofferdam shell during different stages 
of its assembly. Each of the twelve hoist frames had 
sufficient height to handle the steel of a shell during 
its assembly to successive heights of 30ft., and then 
to take the load of the lengthening shell while lowering 
it into the river preparatory to adding still other lifts 
to the cylinder. 

Each sand-island shell was composed of curved 
plate sections, 30ft. long and 10ft. high, made up of 
plating ranging from }in. to }fin. in thickness, held 
together by bolts to form unit rings or lifts of the 
prescribed diameter; and contiguous rings were 
bolted to one another. The lowest lift had a height of 
but 5ft. and the two rings immediately above that 
lift had each a height of 2}ft. All other lifts were LOft. 
in height, and the purpose of making the three bottom 
lifts narrower than the others was to minimise the 
amount of unrecoverable metal when hoisting out and 
disassembling a shell so that it could be used again 
after a caisson had been sunk to its prescribed depth. 
The detachable bottom lifts were held together with 
lug bolts set in slotted holes that made it easy for 
divers to loosen them and to knock them clear from the 
lowest lift accessible when caisson sinking was com- 
pleted at a pier site. 

With the needle beams cantilevered inward to 
afford a construction base, a complete shell lift was 
assembled, and then followed in due order the assem- 
bling and the interconnecting of two surmounting 
lifts, forming usually a cylinder or shell, 30ft. in 
height. Next, the hoist frames took the load of the 
shell with the aid of their power-driven winches, the 
needle beams were retracted, and the shell lowered 
until the lip of the topmost lift was caught by the 
needle beams, once more projected for that purpose, 
when the hoist frames were relieved of their burden. 
The stage was then set for the assembling and adding 
of any other lifts needed to lengthen the shell, so 
that its bottom edge would rest on the willow mattress 
while its upper rim remained a suitable height above 
water. With a shell completed, the next operation 
consisted of clearing away the mattress area within 
the shell by means of a chisel, 24in. wide, secured to 
the bottom end of a 1LOOft. pile and driven with a 
steam hammer. The mattress was thus cut away 
along the interior periphery of the shell, and then 
further cut up and excavated with clamshell buckets 
operated from the revolving derricks, which had 
booms from 85ft. to L00ft. in length, depending upon 
the diameter of the sand island. With the mattress 
removed, the enclosed river bottom area was dredged 
sufficiently to cause the steel shell to settle five or 
more feet into the water bed, and, as an added pre- 
caution against scouring around the base of the 
cylinder, a bank of riprap was placed around and 
against the outside of the shell. Everything was 
then in readiness for filling the cylinder with sand to 
form the island on which to set precisely the cutting 
edge of the caisson and then to upbuild the caisson 
as that structure worked its way progressively down- 
ward through the island, and thence into the water 
bed of the Mississippi River. 

The necessary sand was obtained conveniently, by 
dredging, at a point about a mile upstream, where 
channel deepening was necessary. As soon as the 
shell was filled to the designated elevation and 
levelled, the steel cutting edge of the caisson was 














ROAD AND RAIL APPROACHES TO BRIDGE 


a maximum width of 125ft. A circular platform on 
top of the bemts provided a working base for succeed- 
ing operations. At opposite exterior points were 
mounted two revolving derricks at each pier site, and 
at a third extension of the platform was a steam 
boiler, which provided motive power for a com- 
pressor, an electric generator, and for twelve hoists 
associated with a corresponding number of hoist 
frames arranged equidistantly around the platform. 
At the platform level there were also numerous hori- 
zontal needle beams that could be extended inward 





precisely erected and centred on the sand. Steel 
forms were used to upbuild the rectangular caisson 
in 10ft. lifts. Sinking was not started until the 
caisson walls were 20ft. in height. The cross walls 
subdivided the caisson into a number of symmetrically 
arranged dredging wells—the number of wells vary- 
ing with the dimensions of the different caissons. 
The largest of the caissons were 65ft. by 102ft. in 
plan. As sand was excavated through the dredging 
wells with clamshell buckets of 2 or 3 cubic yard 
capacity, a caisson settled progressively into the 
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island by reason of its own deadweight ; and when a 
caisson had sunk sufficiently, then a superposed 
10ft. lift was added. The caissons were of reinforced 
concrete. The alternate sinking and lengthening of 
a caisson continued until the caisson attained a 
maximum height of 135ft. and had its top at an eleva- 
tion of approximately 17ft. above the datum of mean 
Gulf level. It was then necessary to employ other 
means to get the caisson down to the final depth of 

170ft. This change of procedure was necessary 
to meet the requirements of the United States Army 
Engineers, who-would not allow any caisson, when 


bottom of the side walls and the cross walls of a 
caisson, and spaced at intervals of about 3ft., afforded 
leads for jets used to clean the walls of the cutting 
edge and the lower cross walls preparatory to the 
placing of the bottom concrete seal when a caisson 
had reached its final depth in the river bed. The 
sealing concrete was placed with tremies and had a 
vertical thickness of not less than 20ft. The tremie 
pipes were 10in. in diameter and 198ft. long, and three 
such pipes placed the concrete successively in each of 
the three central wells of a caisson. The nine wells in 





the middle body of a caisson were thus speedily sealed 





removable cofferdams. As soon as a pier base was at 
a suitable height above water the timber cofferdam 
was flooded, the tie-down rods released, and the 
cofferdam floated and removed in sections for use 
again at another pier. 

The sand-island method of caisson sinking made it 
possible for the contractor to locate the piers with a 
maximum variation of 1-03ft. from the prescribed 
position and with a minimum variation of 0-40ft. in 
the case of the river piers. It will be recalled that 
sand was dredged out of the island enclosure to reduce 
skin friction and to facilitate the sinking of a caisson. 
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SAND ISLAND PREPARED FOR CAISSON SINKING 


finally seated, to rise above El. —33. To meet the 
prescribed conditions, the contractor placed a remoy- 
able cofferdam on top of each of the deep caissons so 
that the caissons could be sunk to the maximum 
depth. Each of the cofferdams was 50ft. in height, 
strongly braced internally, fashioned of 8in. by 12in. 
and 12in. by 12in. timber, fastened with drift bolts, 
and caulked to make it water-tight. Each cofferdam 
was secured to the top of its associate caisson by rods 
terminating in hooks that could be released from 
above water for removal after the pier’s base, con- 
structed within the cofferdam, had risen to a suitable 
elevation above the surface of the river. 

At the Martinez-Benicia Bridge, the construction of 
which immediately preceded that of the New Orleans 
Bridge, the sand island fill had been kept continuously 
above the level of high water, the idea being to steady 
the caisson during sinking and to keep it vertical, 
and, incidentally, to maintain an effective pressure 
against blow-ins of the river bottom under the lower 
edge of the island shell and the cutting edge of the 
caisson. The same procedure was planned for the 
New Orleans Bridge, but circumstances compelled a 
change. The skin friction between the enveloping 
sand and the outer surface of a caisson was found to 
arrest the sinking ofacaisson when penetration reached 
a depth of about 70ft., and that skin friction tended 
to hang up a caisson and to promote blow-ins when 
subsequent dredging was done to induce sinking. 
Therefore after a caisson reached a depth of approxi- 
mately 70ft. in the sand island, the contractor had 
to dredge away some of the enveloping sand at each 
10ft. descent of the caisson. While this effectually 
and progressively reduced hampering skin friction, 
nevertheless it increased the likelihood of blow-ins. 
Most of the blow-ins that occurred were of a com- 
paratively minor extent, and were easily and quickly 
counteracted, but in the case of the caisson for Pier 4 
there was a blow-in of considerable magnitude that 
caused much anxiety for awhile. 

That caisson had reached El. — 165, and its cutting 
edge was just entering fairly firm sand when the 
caisson was arrested by the skin friction of some hard 
clay penetrated shortly before. In the belief that the 
clay, in the form of walls under the interior cutting 
edges, was holding up the caisson, the contractor 
used small charges of dynamite to break up those 
impeding walls, and, as a result, the caisson dropped 
abruptly 3ft., while a blow-in simultaneously forced 
some 8000 cubic yards of material into the caisson 
and upward. to a height of 66ft. above the cutting 
edge. Water, above that material, was forced high 
enough ** to blow out the cofferdam, above the top of 
the caisson, on the river side.’’ Furthermore, the 
steel shell of the sand island on the same side settled, 
assumed an elliptical shape, and tore down inci- 
dentally 25 per cent. of the adjacent timber falsework. 
Fortunately, that was the climax of the trouble, and 
as soon as the invading material could be cleared out 
of the dredging wells, the caisson was carried satis- 
factorily to its final resting place 2ft. lower. 

Wells, 8in. in diameter, extending from top to 





in succession, and twenty-four hours later the three 
remaining wells at each end of the caisson were com- 
pletely dredged and promptly sealed with concrete. 
Each seal for two of the caissons required the placing 
of 3400 cubic yards of concrete, while the caissons 
for the lesser piers involved the placing of 2300 cubic 
yards each. 

Ten days after a deep caisson had been bottom 
sealed, the surmounting timber cofferdam was 
unwatered down to the top of the caisson. Leakage 
into the caisson was held under control by two steam 
pumps that worked intermittently for something like 
three hours per diem. In order to keep the dead- 
weight on the sustaining river bed as low as practic- 
able, none of the dredging wells above the bottom 
seal was filled with concrete, but they were purposely 
left open so that they could be flooded. The super- 
posed pier shaft rises from the top of its caisson on 
what is termed a “ distributing block” having an 
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CAISSON SUNK TO PRESCRIBED DEPTH 


Accordingly, as soon as a caisson seal was set the steel 
shell of the island was removed so that it could be used 
at another point. To release the shell so that it could 
be hoisted up by the hoist frames, which were re- 
placed for the purpose, having been dismounted after 
the shell was first completed and set on the river bed, 
two divers went down inside of the shell to free the 
lug bolts that held the lowest of the accessible rings 
or lifts, as mentioned earlier in this article. When 
that work was accomplished the major part of the 
original shell was lifted by the hoist frames and alter- 
natively sustained by the needle beams, the procedure 
being the reverse of that followed in the assembling, 
lowering, and gradual lengthening of the shell in the 
first place. The steel sections were disconnected with 
the aid of floating derricks and moved away to another 
pier site if needed there for re-use. Before the shell 
was detached and lifted the enveloped river bottom 
at the base of a pier received a blanket of riprap to 




















ERECTING RINGS OF SAND ISLAND STEEL SHELL 


overall length of 85ft. 4in. and an outside width of 
24ft. 6in., the block being set centrally along the 
longitudinal axis of the caisson. The concrete dis- 
tributing block is really a hollow structure with walls 
12ft. 3in. thick, and the enveloped area at the top of 
the embracing dredging wells is sealed or covered 
with a 2ft. slab of concrete. The outlying and 
surrounding wells were closed with timber covers. 
The granite-faced masonry bases of the piers are 
founded on their respective distributing blocks, and 
were constructed in the dry within their several 





lessen the likelihood of scour adjacent to the pier. 
Despite an uncommonly protracted period of high 
water and the other difficulties associated with the 
construction of the river piers, the substructures;were 
completed by November 21st, 1934, the elapsed time 
between the start and finish of the piers being only 
twenty-one months. In the case of one of the deep 
river piers the elapsed time was only 135 days from 
the start of the driving of the timber falsework 
ring to the completion of the sealing of the 
caisson. ; 
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The advantages claimed for the sand-island method 
of caisson sinking have thus been stated by Harry J. 
Engel, one of the engineers identified with the under- 
taking :—‘‘ Since the sand island is carried up to an 
elevation above high water, flood waters cannot inter- 
fere with the work. Once the sand island is prepared, 
work can be carried forward continuously to com- 
pletion of the pier, resulting im a considerable saving 











In general the foregoing claims have been sub- 
stantiated during construction operations. 

Messrs. Modjeski, Masters and Case, Inc., were the 
designing and supervising engineers for the under- 
taking, while Messrs. Moran and Proctor were the 
consulting engineers on the foundations. Siems- 
Helmers, Inc., was the contractor for the sub- 
structures, and developed and used the sand-island 
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ERECTINGYRIVER PIERS 


in time. The caisson walls can be built of reinforced 
concrete throughout, unweakened by the timber used 
in the conventional caisson. All the conerete in 
these walls is placed in the dry, and in a place so 
easily accessible that careful inspection is possible 
for every lift. Once the sand island is filled, before 
any concrete has been placed, the river bottom is 
subjected to its maximum load, reducing the hazard 
from that point on.” 





system for the Martinez-Benicia Bridge. The 
bridge has been financed conjointly by the New 
Orleans Public Belt Railroad Commission and by the 
Louisiana State Highway Commission, with the aid 
of the Reconstruction Finance Corporation, a Govern- 
ment organisation. 

There is reason for the belief that the sand-island 
method of caisson sinking will soon have another 
important application. 
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Coke RESEARCH. 

ATE on Thursday, April 29th, the meeting 
2 considered the work of the Coke Research 
Committees of the Lron and Steel Industrial Research 
Council, a report on which was presented by 
Messrs. E. C. Evans and J. M. Ridgion, of the 
British Lron and Steel Federation. 

Mr. E. C. Evans, in presenting the Report, said 
that although he and Mr. Ridgion accepted respons- 
ibility for the Report, it was, in a fact, a Report by 
the Co-ordinating Committee which was formed after 
the work of the Coke Committees had been started. 
Later in his presentation of the Report, Mr. Evans 
said that during the past few years of prosperity in 
the iron and steel industry, the quality of coke had 
been of greater uniformity than in any previous 
period of prosperity, a result which was due entirely 
to the work of the Committees. He also referred to 
the special qualities of Continental cokes and said 
he did not know the reason why they were superior 
to British cokes. That fact, however, indicated the 
necessity for getting down to something much more 
fundamental than had been attempted before. It 
was necessary to examine the properties of the coal 
which determined the coke value. He added that 
Professor Riley, of the Northern Coke Committee, 
had developed an entirely new series of methods 
during the past few years for attacking that problem. 

The President said he came into the ‘blast-furnace 
business in the Cleveland district just about the time 
when the by-product oven was replacing the bee-hive 
oven in Durham. Up to that time the blast-furnace 
people had been the spoiled children of the industry 
because for generations they had lived on the very 
finest coke which was to be found in England, and, 
he might almost say, in the world. The coal had only 
to be coked in bee-hive ovens to give an almost perfect 
fuel for blast-furnaces. But just then the question 


was being asked whether the by-product oven would 
give as good coke for the blast-furnace as the bee-hive 
oven, and he remembered his father saying that the 
quality of coke would be the same provided they 
put into the by-product oven the same quality of 
coal as they were, perforce, compelled to use in bee- 
hive ovens. 


Lower quality caals would nof give a 








coke which would stand up to the blast-furnace at 
all. But because the by-product oven would make 
a decent looking coke from coal which colliery 
owners would never have put into the bee-hive oven, 
such a coke was made; it all went to mush in the 
blast-furnace and’ up went the amount of coke and 
the cost of pig iron. He was very pleased to hear of 
the work that was being done by the Coke Committees 
and to know that with the aid of the new tests 
developed by Professor Riley, there was a prospect 
of getting some further information on coke which 
would result in a by-product coke equally suitable 
for the blast-furnace as was the old bee-hive coke. 

Dr. F. S. Sinnatt (Director, Fuel Research Station, 
and Chairman of the Coke Co-ordinating Committee) 
said that the three Coke Committees of the country 
were doing a very important piece of work and the 
development was due practically entirely to the 
personality of Mr. Evans, who first had the idea of 
coke research and then set to work to develop it 
throughout the country. He had brought about 
co-operative research in a most extraordinary way. 
Remarking that it was necessary to extend the range 
of coking coals which were available for the produc- 
tion of first-class metallurgical coke, Dr. Sinnatt 
said that some of the very best seams in this country 
were now worked out and the problem was how to 
use coal which was not so good and make coke which 
was just as good, and that was a national problem. 

As Chairman of the Coke Co-ordinating Committee, 
he said he welcomed criticisms. The Fuel Research 
Board was more than just interested in the matter ; 
it felt that it was a vital part of the work of fuel 
research and it was more gratifying to the Board 
to find that the work was evolving from the iron and 
steel industry itself and was not being imposed upon 
it from the coal side. 

Mr. J. B. R. Brooke (John Lysaght, Ltd.) said that 
one of the most important conclusions from the work 
already done was that it had been proved without 
appreciable doubt that the mechanical condition of 
coke could be quantitatively measured. That was 
a conclusion of major importance for it was an indica- 
tion that the shatter and abrasion tests were reliable 
when read in conjunction with each other. He agreed 








with the remark by Dr. Sinnatt that this work was 
of national importance, and it was so, not only from 
the point of view of endeavouring to make a better 
coke from worse coking coals, but also from the point 
of view of the importance of differentiating between 
the types of coke used for domestic and metallurgical 
purposes. 

Professor H. L. Riley (Secretary, Northern Coke 
Research Committee), speaking with regard to the 
future of coke research, said it involved more difficult 
problems than had to be dealt with in metallurgy, 
because there was no way of looking directly at a 
piece of coke and seeing its microscopical and sub- 
microscopical structure. The only course was to 
use X-rays, and it was the intention in Newcastle 
to develop research on those lines. At the present 
time far too little was known about solid carbon, 
but with the help of X-rays it was possible to deter- 
mine the actual size of the crystallites in carbon. 

Mr. H. E. Blayden said that one of the most 
important indications arising out of the Report was 
that more was known of the factors determining 
coke quality than of the factors which determined 
the suitability of a coke or the efficiency which a coke 
would give in the blast-furnace. Notwithstanding 
that fifty years ago the importance of reactivity 
and combustibility of cokes as applied to blast- 
furnaces was emphasised, it was clearly shown in the 
present Report that the factor of dominant import- 
ance was mechanical strength, and he did not believe 
that any blast-furnace operator would express any 
doubt on that matter. He would therefore like to 
see the question of the mechanical strength discussed 
in view of the indication given by Professor Riley 
that the time had come for a reorientation of ideas 
on research in connection with coke. 

Mr. E. C. Evans, in a few comments at the close of 
the discussion, said the suggestions that had been 
made would all be carefully considered, and he 
specially thanked Professor Riley for presenting some 
ideas in atomic physics in language which he, at all 
events, could understand. Professor Riley was 
developing an entirely new method of attack, and if 
the Institute wished to have a paper from him he 
knew he would be delighted to give it. 

The first paper presented at the morning session 
on Friday, April 30th, was ‘‘A Practical Trial of 
Roofing Sheets of Copper Steels and other Materials,” 
by Sir Robert Hadfield, F.R.S., and Mr. 8. A. Main. 

COPPER STEEL ROOFING SHEETS. 

The paper gives a brief account of a series of practical trials 
of roofing sheets now in progress at the East Hecla Works in 
Sheffield, with the results so far ascertained, i.e., after 9} years’ 
exposure. At these works, with some 50 acres of buildings, 
mostly protected by steel roofing sheets, the average quantity 
of sheets required during the years 1920 to 1935 amounted to 
no less than 84 tons per annum. The maximum purchased in 
any one year was 145 tons. 

The external atmosphere, while not subject to the same 
amount of precipitation or content of noxious gases as in some 
other parts of Sheffield, is of a distinctly sulphurous and sooty 
nature, the works being situated in the River Don Valley, 
from which the noxious gases do not so readily escape, between 
Sheffield and Rotherham. 

In all cases, but to varying degrees, the inner surfaces of the 
sheets were subject to heat and fumes. 

The trials concern galvanised sheets, both painted and 
unpainted, of the following materials :—(a@) Copper-bearing 
steels of two different makes (0-22 and 0-35 per cent. of copper), 
and (6) ingot iron, these being er with (c) ordinary 
unalloyed sheets as currently employed. 

Only the unpainted sheets have given useful information 
so far. 

Copper-bearing steel is proving definitely superior to ordinary 
steel, but its merits did not appear until the galvanised coating 
had weathered off. The ingot iron tried has proved definitely 
inferior to ordinary steel. 

The relative life periods of the different materials will only be 
ascertainable after further exposure. 

The four locations, of varying severity as regards corrosion, 
give consistent information. 

Steel containing both copper (0-42 per cent.) and molyb- 
denum (0-10 per cent.) is included in a further series of trials 
not yet sufficiently advanced for report. 

The paper concludes with a commentary on the usefulness of 
practica jtrials of this nature, and the conditions necessary for 
their successful conduct. 

The President said the Sheffield atmosphere was 
very trying, but he was not quite sure that the cliffs 
exposed to the north-east gales on the north-east 
coast had not an equally trying atmosphere. He had 
tried both ordinary sheets and asbestos sheets, and 
the latter, after being on the main building for twenty 
years, were still in good condition. 

Mr. 8. A. Main (co-author with Sir Robert Hadfield) 
said the trial mentioned in the paper was started ten 
years ago when asbestos sheets were not in common 
use ; but the authors felt it was their duty to carry 
on the trials to their completion. It might possibly 
take four or five years, but at the end there would 
be available information which would be of great 
value. The total roofage of the two works at East 
Hecla was 50 acres, of which 31 acres were covered 
with sheets and the remainder with slates or tiles. 

Dr. W. H. Hatfield said the Corrosion Committee 
of the Iron and Steel Institute and the British Iron 
and Steel Federation had a very fine corrosion station 
at Sheffield, and tests were being carried out on 
plates and not sheets, but the conclusions of the 
authors were quite in accord with the findings of the 
Committee on the heavier form of material. He asked 
what kind of ingot was used for producing the sheets 
referred to. A better sheet could be rolled from a 
rimming steel ingot than from an ordinary ingot. 

Professor Carl Benedicks suggested that even in 
the case of these copper steels it was desirable to 
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have meteorological observations going on during 
the period of the trials in order that the distribution 
of the rain, and the humidity and temperature might 
be recorded. The chemical pollution of the atmo- 
sphere was also important, and should be ascertained, 
if possible. He suggested that such observations 
should be taken at comparatively close intervals. 

Dr. W. H. J. Vernon observed that the conditions 
of the tests in the present case were complex, 
inasmuch as the sheets were covered with zinc, but 
the results were interesting as confirming the view 
that copper steels gave better results than the hot 
zine coating on ordinary steel. The authors had 
used two steels containing 0-22 and 0-35 per cent. 
of copper, and had found that the higher amount 
of copper gave the better results. He did not suppose, 
however, that they would wish to convey the impres- 
sion that the 0-35 per cent. copper steel was generally 
better than the 0-22 per cent. copper steel. If that 
were so, it would be rather contrary to the results 
obtained by Dr. Hatfield and Dr. Hudson, who had 
concluded that there was no advantage in going above 
0:25 percent. He desired to know to what the authors 
attributed their view that ordinary mild steel was 
superior to ingot iron. 

Professor J. H. Andrew (Sheffield University) 
asked the authors to give their opinion as to whether 
the lower carbon content of the British steel was 
partly responsible for its better corrosion-resisting 
qualities. 

Dr. J. C. Hudson (Iron and Steel Institute Corrosion 
Committee) said that the results in the paper con- 
firmed the results of the initial tests on sheets that 
were made by the American Society for Testing 
Materials, particularly as regards the effect of copper- 
bearing steel. It was interesting that the ingot iron 
sheets had been found in practice to behave worse 
than mild steel sheets, but that was more or less in 
general agreement with the experience of other 
investigators, and this point had been referred to in 
the fourth Report of the Corrosion Committee. 

Mr. H. B. Toy asked whether the authors had made 
any comparisons with galvanised steel sheets and 
sheets made from puddled iron. Many years ago he 
had the opportunity of inspecting microscopically 
some puddled iron sheets and discovered that the 
coating was not such a definite coating as in the case 
of steel, but that the puddled iron sheets absorbed 
the spelter and were very much more durable than 
steel sheets so treated. He imagined that the reason 
why the authors did not use puddled iron sheets was 
the high cost. 

Sir Robert Hadfield, replying to a few points, 
said he agreed with Professor Andrew that the high 
carbon content of the American steel was rather 
against it. However, it was used as it was received, 
but the authors would try to follow up the question 
of the effect of different percentages of carbon. If 
copper steel was proved to be more economical 
from the point of view of life, it was evident that 
establishment charges would be reduced. 

Mr. Main also replied to the discussion, and said, in 
reply to Dr. Hatfield, that it was not desirable 
to give the name of the ingot iron which was used in 
the tests, but it was a type of rimming steel with 
which both Dr. Hatfield and others were quite 
familiar under a certain name. Commenting on the 
remarks by Professor Benedicks, he said that when 
the final results of the tests were given a few years 
hence, the meteorological data would be recorded in 
full in order that those concerned might come to 
their own conclusions. In reply to Professor Andrew, 
he said that no attempt was made in the paper to 
attribute reasons why one material was better than 
another. Reference had quite rightly been made to 
the difference in carbon, and it would seem that 
purity in the material, including in this case carbon, 
was not necessarily a desirable point with regard to 
resistance to sulphurous acid in the atmosphere. 
In reply to Dr. Hudson, Mr. Main said the authors 
would study their records more closely to see whether 
the life could be related to the thickness of the coating 
on the separate sheets. He added that the reason 
why puddled iron was not used was the high cost. 


The final paper on Friday morning was one by 
Dr. H. A. Miley on ‘* The Thickness of Oxide Films on 


lron.”’ 
OXIDE FILMS ON IRON. 


New values have been obtained for the thickness of the oxide 
films responsible for the interference colours on iron by measur- 
ing the millicoulombs of electric current needed for their cathodic 
reduction. The apparent discrepancy between the gravimetric 
and optical results in the past has been explained as being due 
to the invisible oxide carried by the specimen at the time of the 
first weighing. The values obtained also agree well with chemical 
estimations of the thickness of the homogeneous films after 
removing them from the metallic basis. Thus, four methods 
have been brought into satisfactory ag t, and’ their 
differences explained by the fact that the different methods do 
not measure the same things. 

Having ascertained the accuracy of the new method by 
comparison with others, it has been used to measure the rate 
of oxygen uptake at ordinary temperatures, and the results 
point to a rapid rate of oxidation for a short time (influenced 
by temperature changes, effective area, and cracking of the 
film resulting from abrasion or other treatment), followed by 
a relatively slow rate of oxidation. Vernon’s observation 








(“‘ Transactions ” of the Faraday Society, 1935, Vol. 31, page 
1674) that no bright colours appeared on iron below 200 deg. 
Cent.—even when the amount of oxidation was sufficient to 
have caused colours at higher temperatures—was confirmed. 
The author believes that the oxide formed below 200 deg. Cent. 
is y-Fe,O, (cubic structure) and the oxide formed above 
200 deg. Cent. is «-Fe,0, (hexagonal structure) ; if the y-Fe,0, 





is in optical continuity with the iron basis (cubic structure), 
it will afford no adequate lower reflecting surface, whereas, if 
the «-Fe,O, is crystallographically discontinuous with the 
basis it will provide the conditions necessary for interference. 


Discussion. 


Dr. U. R. Evans (Cambridge) said that one of the 
main objects of the work described in the paper and 
of other researches at Cambridge was to ascertain the 
laws connecting the growth of films and other forms 
of corrosion. He emphasised the importance of 
testing the method used for measuring the thickness 
of films before starting the work; the electrical 
method used by the author was tested against two 
other important methods and two other less important 
methods, and reasonable agreement was obtained. 
That policy he had always encouraged. It might be 
thought that the electrical method was more com- 
plicated than others, but actually it was very simple 
to those accustomed to thinking electro-chemically. 
He believed that in the near future it would be possible 
to publish fairly complete experimental data for the 
oxidation of iron in dry air at ordinary temperatures 
or at temperatures a little above the normal. 

Dr. H. J. Vernon said the point at issue was the 
actual thickness of the very thin oxide films on iron. 
The limiting thickness was represented by films which 
showed the characteristic temper colours, so that if 
interference of light were the only explanation of the 
colours, then the limiting thickness must be in the 
order of magnitude of the wavelength of light. It 
was very tempting, therefore, to apply optical 
methods ; the author appeared to place faith in such 
methods, but was apt to overlook their limitations 
and the assumptions involved. He had quoted 
Constable’s results as constituting, so to speak, the 
court of appeal. But those results were obtained at 
a temperature of 550 deg., and Constable himself 
had referred to anomalies which prevented the 
method being applied at lower temperatures. Dr. 
Miley apparently had not examined films produced at 
between that temperature and intermediate tempera- 
tures; Dr. Vernon asked why he had chosen a rela- 
tively high temperature at which the changes were 
completed so rapidly. Work at Teddington had 
shown that the lower limit of temper colour formation 
was about 200 deg. Cent. It seemed rather strange 
that Dr. Miley had not chosen a temperature nearer 
to that lower limit, where the colours were formed 
more gradually and where there were better oppor- 
tunities for control. 

Dr. T. P. Hoar asked on what evidence the author 
had based the assertion that the oxide film had a high 
electrical resistance. It was not possible, from the 
figures in the paper, to work out the resistance of the 
oxide film nearer than within a very large range ; 
from rough calculations it appeared that the blue 
temper colour film had a resistance between 20 and 
100 ohms per square centimetre, which seemed rather 
a high figure for the resistance of so thin a film, when 
compared with the specific resistance of ferric oxide 
as given in the literature. Inasmuch as that literature 
was widely dispersed, he suggested that the paper 
would be improved if the author could include some 
references to it. 

Dr. Miley, replying, said that he had a large number 
of curves, but he had given in the paper a curve 
representative of what was usually found ; the points 
fell uniformly on the curve. However, he would 
submit some curves if desired. As to the requests for 
more data, he said that at the time the paper went to 
press he was in the midst of measurements, which 
would be forthcoming soon. 

There were three factors which had to do with the 
interference. The first was reflection at the back of 
the film (which was dependent on the smoothness of 
the film and optical continuity) ; the second was the 
transparency of the film; and the third was the 
uniformity of the film. 

Discussing the value of 210 Angstrom units, which 
he had given as the mean thickness of the invisible 
film at ordinary temperature, a value which Dr. 
Vernon was not prepared to accept without further 
evidence, he pointed out that Dr. U. R. Evans and 
others at Cambridge had stripped the films off at 
ordinary temperatures by electrolysis; the films 
must be reasonably thick to have sufficient rigidity to 
be removed in that way. 

The next paper taken was ‘“ Alloy and Fine-grained 
Steels for Locomotive Coupling-rods,” by Mr. H 
O’Neill. We reprint the official summary below. 


STEELS FOR COUPLING-RODS. 


The mechanical properties of heat-treated nickel-chromium- 
molybdenum and manganese-molybdenum steels which had 
given good service as locomotive coupling-rods are discussed, 
and certain unusual features infrequently observed in the latter 
are described. 


a 


One of these feat is banding, and another concerns variable 
values for the Izod impact tests. The view is expressed that, 
owing to local heterogeneity on perhaps only a microscopic 
scale, some portions of the steel enter the A, transformation 
interval durmg tempering which has been conducted at a 
nominally correct temperature. The result is to produce 
transformed structures giving impaired Izod values in the 
affected localities. 

Manganese-molybdenum steels of controlled inherent fine 
grain size have furnished uniformly satisfactory results. Par- 
ticulars are given of plain carbon steels of inherent fine grain 
size which yield practically the same mechanical test values as 
low-alloy steels and are giving satisfactory performance, both 
during manufacture and in service as coupling-rods. Their 
Izod notched bar values are notably high. 

Laboratory investigations of forgings from two commercial 
casts of fine and coarse-grained plain carbon steel of a given 
composition suitable for coupling-rods are described. The 








eQuaid-Ehn carburising test has been compared experi- 
som or with various other methods of inherent grain "io 
determination. It was found to be satisfactory for d tiat- 
ing these two casts of steel, though strain-hardened samples 
should be avoided. Methods involving a range of temperature 
are, however, ps more useful in general. A temperature 
gradient chlorine etching test has been developed for this pur- 
pose which is rapid and suitable for laboratory pu 8. 

As regards depth of carburising and decarburising, flame- 
cutting, machining and cold-working properties, no important 
differences were observed between these fine and coarse-grained 
qualities. The hardness gradients in oil-quenched blocks were 
similar. The coarse-grained steel hardened more intensely and 
more deeply on water quenching, however, and was slightly 
harder after oil treatment. 

The coarsening induced in both types of steel at 1000 deg. 
Cent. is removed by subsequent heat treatment, but in one test 
made after soaking at 1230 deg. Cent. for four hours the fine- 

ined steel was not fully restored to its normal Izod value. 

ery high process temperatures of this order should therefore 
be avoided if very high Izod values are finally desired. 

Actual physical grain size per se is not considered to be the 
prime cause of the great differences in Izod value observed in 
the two types of steel. 

Mr. T. H. Turner: said that Sir Nigel Gresley 
contributed a distinct step forward in locomotive 
design when he began to use nickel-chromium steel 
connecting and coupling-rods in 1920. Since that 
date Sir Nigel had fitted at least ten classes of his 
more recent locomotives with rods made from that 
alloy.. They were designed so that the section ran 
gently and delicately from one thickness to another, 
avoiding stress concentrations, and every pound 
weight of the rod carried 155 lb. of the piston load 
(20 tons with steam full on). The author referred 
to the steel analysis which Sir Nigel Gresley published 
in his paper to the Institution of Locomotive Engi- 
neers in 1920, but although the chromium steel there 
mentioned gave very satisfactory results, the specifica- 
tion had been revised a short time ago, adding the 
requirement of 0-3 to 0-5 per cent. of molybdenum 
and a minimum Izod figure of 35. Thus, the materials 
used successively for coupling-rods might be sum- 
marised as wrought iron; 32-—38-ton carbon steel ; 
50-ton nickel chromium steel, and a similar, but 
tougher, nickel-chrome-molybdenum steel. It was 
probably fair to say that more than 90 per cent. of 
the connecting-rods on the L.N.E.R. engines were 
made from B.8.S. No. 8, Class C Steel for Special 
Forgings without wearing surfaces, 7.e., 32-38 carbon 
steel. The manganese-molybdenum steel described 
in the present paper was weaker than the nickel- 
chromium-molybdenum steel which had given such 
very good service on the L.N.E.R., and it would 
therefore have to be used in thicker and heavier 
sections than were employed on that railway. Was 
the relatively slight economy in initial price of that 
steel worth considering in view of the greater weakness 
and that the machining and heat-treatment charges 
must be a large proportion of the total cost ? Was one 
to read the practical lesson from the paper as being 
that if sufficient care be taken something less than 
the best could be used ? 

Referring to “ banding,” which was illustrated 
in the paper, Mr. Turner said he had found that 
phenomenon in one of his nickel-chromium connect- 
ing-rods and he hoped that the steel makers would 
either be able to avoid its production in the future, 
or prove that it was a desirable feature. In the 
machining of his connecting-rods after final heat 
treatment, the cutters were sometimes damaged owing 
to what appeared to be variations in the hardness 
of the same forging, and since distortion took place 
during machining, it would seem that the forgings 
were in a state of internal stress. 

Finally, Mr. Turner said it was common practice 
in the shops to straighten carbon steel connecting- 
rods cold, and so long as that practice was limited to 
relatively mild steel or wrought iron rods, no harm 
appeared to result. He would be pleased, however, 
if some authoritative pronouncement could be made 
as to the danger of cold straightening alloy steel rods 
after they had been bent in service, as there was 
at present a difference of opinion on the subject. 

Professor Carl Benedicks said the interesting 
point in the paper was the establishment of two 
carbon steels of definite composition, containing 
35 per cent. of carbon, but having very different 
grain qualities. The question arose as to the reason 
for that difference, but no explanation was attempted 
in the paper which might give the impression that 
physical chemistry was not able to give anything 
like an explanation of a remarkable fact. Professor 
Benedicks, with the aid of several diagrams on the 
blackboard, then put forward a possible explanation 
in which he suggested that surface tension played a 
part in conjunction with the discontinuity of the 
grain boundary. He added that that was an aspect 
of metallography on which a great deal of experi- 
mental work had yet to be done. 

Dr.-Ing. Joseph Vietorisz (Royal State Iron and 
Steel Works, Hungary) said he appreciated the 
paper the more because very extended experiments 
had been carried out a few years ago in the Hungarian 
State Iron and Steel Works at Diosgyor on the same 
type of chrome-nickel-molybdenum ailoy steels 
mentioned by the author, the object being to obtain 
an alloy steel of higher impact value. Briefly, it 
was found, first, that the impact values in the direc- 
tion of forging as well as across it were essentially 
dependent on the method of production of the steel. 
and secondly, that the impact values of such 
chromium-nickel-molybdenum alloy steels could be 
improved by repeated heat treatment, t.¢., by quench- 
ing and annealing three times. The structure of 
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steel so treated showed finer grain than that of the 
same steel quenched and annealed only once, and 
the refining of the structure in that way resulted 
in an improvement of the impact values. If the 
grain refining per se did not explain the improve- 
ment in the impact values, then he suggested that 
small carbide particles might go into solution during 
every reheating for quenching. At the same time, 
it had to be said that the improvement obtained 
by such repeated heat treatment had not been 
very great and from the practical point of view he 
emphasised that the essential factor lay in the hands 
of the metallurgist who made the steel. 

Dr. T. Swinden (United Steel Companies), speaking 
with regard to the irregularities in impact value 
of what he presumed from the paper was the coarse- 
grained mechanism of molybdenum steel, said the 
author had drawn attention at some length to the 
effect of varying manganese. If, however, molyb- 
denum did segregate in the manner suggested, then 
the effect of the initial heating temperature should 
be carefully examined. Im the work which he did 
as a Carnegie Scholar in 1913, it was shown that there 
was a temperature which would affect the position 
of the change point of cooling. It was gratifying 
that the author had confirmed one or two: points 
which were brought out in his Carnegie Research, 
and particularly: with regard to machinability and 
hardenability of coarse and fine-grained, oil-quenched 
forgings. He himself had reported that there was 
no difference in machinability, and further that 
hardenability, as such, had apparently no detri- 
mental effect. Referring to the McQuaid-Ehn test, 
Dr. Swinden said he held no brief for it, but, at the 
same time, in his view, it differentiated between 
steels having different properties in the resulting 
heat-treated state. Although the test which the 
author had developed had been very well worked 
out, and was an interesting and most valuable 
method of research, he was unconvinced that the 





McQuaid-Ehn test failed to be a thoroughly reliable 
test for providing certain data, at least in the higher 
carbon steels, although it had certain disadvantages 
in dealing with other types of steel. Referring to 
Dr. Benedicks’ remarks on the. paper, Dr. Swinden 
expressed the hope that the hypothesis which had 
been put forward would be explained in greater 
detail later in order to show why the grains should 
not grow. If an inherently fine-grained steel had 
been coarsened by heating to, say, 1100 deg. Cent., 
then, by the simple process of reheating to that tem- 
perature, it could be brought back to the fine-grain 
condition. Personally, he had no doubt that could 
be done, and he looked forward with the greatest 
interest to the hypothesis which would explain that 
reaction. 

Mr. M. L. Becker said he was particularly interested 
in the author’s rather novel methods of etching by 
means of chlorine, because it should be useful in 
general service owing to the difficulty of measuring 
with certainty the temperature at any given point 
along a particular specimen. The quenching method 
was very useful, but it did not give the whole story, 
as it gave the result only at one temperature. A 
method which would show the size of the austenite 
grain would be very useful. 

Dr. W. H. Hatfield said the author had not made 
it clear in the paper whether he had a preference 
for coarse-grain or fine-grain steel, and it would be 
interesting to know whether the coarse-grain steel 
rather than the fine-grain steel would not be more 
suitable for the purpose the author had in mind 
owing to the deeper hardening it wonld take. 
Finally, Dr. Hatfield congratulated the author 
on the chlorine etching test which he had developed 
and suggested it would probably be found a useful 
alternative to the McQuaid-Ehn test at elevated 
temperatures. 

There was no time for the author’s reply. 

(To be continued.) 
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T is an interesting fact that the perfect crystal is a 
rarity. Diamond and Iceland spar are nearly 
perfect, but rock salt was found at an early date of 
the X-ray researches to be very imperfect. Optically, 
it seems clear and whole, but the X-rays find it to be a 
mosaic of smaller crystals. It is nearer perfection 
when it is formed from the melt ; as it cools, especially 
if it is worked, it takes on the mosaic condition, and 
it also does so if it is formed by evaporation. Simi- 
larly, a crystal of sodium formed from the liquid at 
about 95 deg. Cent. is a much better erystal than when 
it s cooled down. It has recently been shown by Mr. 
R. Dawton at the Royal Institution that a certain re- 
forming takes place during reheating, and that there 
is a hysteresis effect if the temperature is varied in 
cyclic fashion. If, however, the crystal is much 
cooled, as in liquid air, there is a more thorough 
break-up, and afterwards no hysteresis effects are to 
befound. The original condition is only to be restored 
by melting. 

It would seem that the perfect crystal is not, so to 
speak, the natural form ; in other words, it is not the 
form of least energy. The atom may be treated as 
isotropic when the temperature is high, but at a lower 
temperature when its motion is less violent and its 
effects in different directions are not subject to 
averaging, the ideal form of arrangement is no longer 
adhered to, although the departure therefrom is 
insufficient for detection by X-rays. One might say 
that the pattern can only be adhered to strictly by a 
restricted number of atoms. 

Whatever may be the final aspect in which the 
crystallite must be regarded, it is clear that the con- 
dition which it represents more or less perfectly is 
fundamental to our understanding of metallic pro- 
perties, and especially those which most affect the 
work of the engineer. For that reason the present 
situation is of great interest, and work in this region 
is worthy of strong encouragement and support. 

In the interior of a crystal each atom is held in its 
place by forces due to surrounding atoms. Near the 
surface the surrounding is incomplete, and the atoms 
may be expected to break away more or less from the 
normal pattern. There is, in fact, a surface layer in 
which the laws of the interior are modified. It is 
extremely thin and its presence has no effect on the 
mechanical, electric, and magnetic properties of the 
crystal as a whole. But it modifies very greatly such 
properties as depend upon the action of the surface 
atoms on other atoms brought near to them. Such 
effects are considerable and often very important. 
All those included under the heading of catalytic 
action are of that kind. Corrosion, for example, 





* Forty-third James Forrest Lecture delivered April 27th 
before the Institution of Civil Engineers. 





depends on surface arrangement. When the oxygen 
atoms settle on the surface of a metal and form 
oxides, the readiness with which the effect occurs 
varies not only with the metal itself, but also with the 
state of the surface. Lubrication effects are also 
connected with surface arrangement. In matters of 
biochemistry surface actions are of the greatest 
importance, since physiological processes depend on 
the nature of the surfaces at which they occur. It 
must not be thought that the internal crystalline 
arrangement is therefore of no importance ; on the 
contrary, the surface conditions are derived from 
those inside. 

The X-ray methods cannot give information about 
surface conditions because their penetration is too 
great, and their effects are determined by the state of 
the interior. Consequently the still more recent 
methods of electron diffraction have come as a most 
welcome reinforcement. The very remarkable dis- 
covery that X-rays and electrons are to be regarded 
as interchangeable forms, that both have corpuscular 
properties and wave properties, and differ rather in 
degree than in kind, led naturally to the attempt to 
use electrons for the exploration of crystalline 
structure in the way that had been successful with the 
X-rays. The electron stream of an ordinary electric 
discharge in an exhausted chamber is equivalent to a 
train of very non-penetrating X-rays ; it is diffracted 
in the same way, but all the diffraction occurs in the 
first few atomic layers of the solid. In a remarkably 
short space of time—a few seconds generally—an 
electron diffraction photograph is formed by the 
surface layers, the interpretation of whieh is of the 
same general character as that of the X-ray photo- 
graph. Only in certain details of appearance and 
interpretation are there real differences. A few 
pictures will serve as illustrations (Figs. 6 to 9). 

Certain very interesting conclusions are drawn from 
pictures such as these. There is, for example, new 
light on the nature of a polished surface. The late 
Sir George Beilby showed that in certain cases the 
polished substance “‘ flowed ”’; scratches and flaws 
were covered over by what he supposed to be an 
amorphous layer. If the layer were removed by 
etching, the original scratches might reappear. Such 
a polished body, when examined by X-rays, still 
shows the crystalline character of the body, but when 
the diffraction methods are used it appears that in 
some cases, although by no means in all, the top 
layers are indeed non-crystalline. The properties of 
such a surface are quite different from those of the 
crystal. For example, Mr. G. I. Finch has shown that 
when zine is sprayed on to the normal crystalline 
surface of copper, zinc crystals are formed, which 
indeed continue, as well as they may, the ordered 
arrangement which they find there. If, however, the 





surface has been polished, the zinc first deposited by 
the spray shows for a short interval that it has taken 
a crystalline form, and then it dissolves into the 
amorphous-copper layer as if it were a liquid. When 
the spraying is continued the absorption ceases after 
a while. It is as if the atoms of copper in the 
polished layer, not being properly bound up with 
other copper atoms, enter with especial ease into com- 
bination with the zinc. 

The series of photographs shown in Figs. 6 to 8 is 
due to Mr. G. I. Finch.t| They show another surface 
phenomenon of great interest. A thin foil of alumi- 
nium gives the electron picture of Fig. 6. The 
rings are nearly complete, but have a spotty character. 
This shows that the foil consists of a number of smal! 
crystals variously oriented. When the foil has been 
quickly drawn through the hot gases of a Bunsen 
flame the picture changes to that of Fig. 7; the 
erystals are fewer in number and larger in size. 
Further heating leads to the still greater regularity 








Fics. 6. 7, 8 AND 9—ELECTRON PICTURES OF 
ALUMINIUM 


of Fig. 8; a single large crystal has formed, and 
the picture shows a rectangular arrangement of spots. 
More drastic heating brings about a chemical change 
(Fig. 9). Aluminium has combined with oxygen 
to form crystals of corundum (A],Q 3), the ring pattern 
being characteristic of that substance. The crystals 
are very fine, so that the rings are continuous. Since 
intense local eating is produced at a surface where 
rubbing is taking place, minute crystals of corundum 
must be formed where there is sufficient friction 
between aluminium and any other substance. 

If now we turn from the consideration of metals 
and alloys to that of other substances, we must give 
first place to the earths, rocks, and clays which form 
the crust of the earth. These also are made use of in 
the constructions of the engineer. They may be used 
in their natural state or they may be fired to form 
bricks, pottery, glasses, or refractories. Here, again, 
we find that at the bottom of all the phenomena lie, 
on the one hand, the tendency for atoms and mole- 
cules to arrange themselves in regular order, and, on 
the other hand, the opposing tendencies to disrup- 
tion and irregularity, due to temperature, impurities, 
conditions during formation, and so on. 

Oxygen and silicon are by far the most common 
constituents of the surface of the earth. Half the 
known world is composed of the former and a quarter 
of it of the latter. It is not surprising therefore to 
find that these two elements form the basis of a 
great class of minerals known as the silicates. Of 
this class the simplest is quartz, which contains silicon 
and oxygen only, in the proportion of one of the former 
to two of the latter. Here we find a type of construc- 
tion which is totally different from that of the metals. 
The atoms are held together by strong bonds, termed 
by the chemist ‘‘covalent.’’ It is convenient to 
think of covalent bonds as due to a sharing of electrons 
by neighbouring atoms, each atom incorporating 
them into its own structure. The two contiguous 
atoms are thereby held together in far stronger 
fashion than is found in metals, where the link is 
indirect, and is due to the attraction of each atom 
towards a free electron. In a substance like quartz, 
where all the bonds are covalent, there are no free 
electrons ; quartz is a non-conductor of electricity. 

In all the silicates—and this is a very curious fact- 
every silicon atom lies at the centre of a regular 
tetrahedron formed of four oxygen atoms. A silicon 
atom makes its connection with another silicon atom 
in quartz by the inclusion of one and the same oxygen 
in the two corresponding tetrahedra (Fig. 10). It is 
clearly possible to form chains of tetrahedra in this 





G. I. Finch, A. G. Quarrell, and H. Wilman, “ Electron 
Diffraction and Surface Structure.’ Trans. Faraday Soc., 
Vol. xxxi (1935). 
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way, and quartz may be defined as consisting of such 
chains placed side by side and linked together by 
oxygen sharing. The chains are twisted to form 
spirals, which accords with the well-known capacity 
of quartz for rotating the plane of polarisation of 
light. When quartz is sufficiently heated it becomes 
viscous. Bonds are broken, but chains still exist of 
irregular form and length, based no doubt upon the 
spirals of the original structure. The substance 
may now be likened to a mass of sticky intertwining 
fibres which once had lain side by side. There are 
still links to make-the substance strong, but it has 
lost the properties which depended on the spiral 





Tre EnGingen 


Fic. 10-ATOMIC ARRANGEMENT OF SILICATES 


arrangement. It is less tightly packed, and therefore 
the density is less. The heated substance is viscous 
because the chains, although linked together, are free 
to move over each other. 

This is also the structure of glasses of various kincis. 
The irregular and irregularly connected chain-like 
formations are in existence here also, but metal atoms, 
such as sodium, are interspersed here and there, 
and form intervening links, weak compared to those 
of fused quartz. There is always a tendency for the 
chains to form up again as in quartz, so-that a glass 
may in part recrystallise, or as it is termed, be 
* devitrified.” Such changes are to be found in 
many other materials, and lead sometimes to 
important changes of properties. They instance the 
continual tendency to regularity of arrangement. 

There are minerals in which the long chains of 
linked tetrahedra, each composed of four oxygen 
atoms at its corners and a silicon atom at the centre, 
lie side by side, joined together by connecting links 
of metal atoms. Asbestos belongs to this class, and 
because the metallic links—calcium and magnesium— 
are so much weaker than the oxygen-sharing bonds of 
the chains themselves, the material is easily split up 
into fibres. Again, the oxygen tetrahedra may be 
linked together so as to form sheets, which are fastened 
together by intervening atoms of metal. Mica may 
be taken as an example. The ease with which it can 
be split is due to the strength of the separate sheets 
and the relatively feeble nature of the metallic bonds 
that hold the sheets together. 

Aluminium atoms sometimes replace silicon atoms 
at the centres of the oxygen tetrahedra. Now alumi- 
nium. is tervalent, whilst silicon is tetravalent. 
Consequently, there is an unsatisfied valency for 
every tetrahedron. This defect is remedied by the 
addition of extra metal atoms, such as sodium, 
magnesium, or calcium, in sufficient quantities. 
The structural plan of the crystal is unaltered, being 
governed by the skeletal arrangement of oxygens. 
This is the constitution of the felspars. In this class 
are also the zeolites. It is sometimes a simple matter 
to change the extra atoms, substituting sodium for 
calcium, for example. Analcite, one of the zeolites, 
is often used for this reason as a water softener. 

After oxygen and silicon, the most common atom 
is aluminium, which also enters freely into associa- 
tion with oxygen, singly or in compounds containing 
other atoms. The simple compound, corresponding 
to SiO,, is Al,O3;, corundum, ruby, or sapphire. 
Sheets can be formed of aluminium and oxygen 
atoms in somewhat the same fashion as the sheets of 
silicon and oxygen already described, and these sheets 
alternating with the silicate sheets form the clays. 
The bonds between the two types of sheet are of the 
hydroxyl (OH) type and are relatively weak, so that 
the layers slide easily over one another. The X-ray 
photographs show that as clay absorbs more and 
more water the sheets remain unchanged in structure, 
but are forced apart from one another by the intruding 
atoms. 

Although the crystals that are of most direct 
interest to the engineer are of mineral origin, there 
are many of less immediate interest to be found 
among the organic substances of the animal and 
vegetable world. Natural fibres are woven into cords 
and textiles. In this region is found the curious 
insistence of Nature upon the long molecule formed 
in the fashion of a chain by adding together link after 

link of some standard pattern. A picture of the 





cellulose molecule is shown in Fig. 11. Each ring 
contains five carbon atoms and one oxygen atom, and 
with certain attachments forms one link of the chain. 
It is strange how economical Nature is in her selection 
of designs, for this cellulose pattern is universal in 
the vegetable world. Long chain molecules link 
themselves side by side to form in the fibre a regular 
arrangement which deserves to be called crystalline, 
and gives X-ray and electron pictures. The tensile 
strength and flexibility of the chain are the basis of 
the similar properties of the fibre. 

The protein chain is equally important to anima) 
life. A picture of one of its simplest forms is shown 
in Fig. 12. Its chief characteristic is the backbone 
formed of a series of carbon and nitrogen atoms, two 
of the former to one of the latter. Side chains of 
many kinds can be attached to it, hence the vast 
variety of the protein family. Here also there is 
often sufficient arrangement to give crystalline 
character. At the present time biochemists are 
particularly interested in certain forms of protein 
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FiG. 11—ARRANGEMENT OF CELLULOSE MOLECULES 
known as vitamins and viruses, and their crystalline 
character is important. Various forms of protein are 
the chief constituents of hair, wool, and horn. 

Much attention is paid in these days to substances 
in which units of regular shape are linked together in 
irregular fashion. One of the best known and most 
used is “* bakelite,” formed by the action of formalde- 
hyde on derivatives of benzene such as phenol. The 
regularly shaped hexagons of the benzene ring are 
tied together corner to corner in irregular fashion, 
forming a three-dimensional network of great strength, 
a non-conductor of electricity. The class of resins 
to which bakelite belongs has been much enlarged of 
late. 

Another long-chain molecule of great interest and 
importance is the zig-zag chain of carbon atoms which 
is the basis of all the paraffins, fatty acids, and 
alcohols. When it is of sufficient length it holds on to 
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Fic. 12—THE PROTEIN CHAIN 


a neighbour lying beside it with such force that at 
ordinary temperatures the substance is solid. <A 
number of molecules arranged like the stalks of corn 
in a field form a cohesive layer. In the paraffins the 
stalks are upright, in the fatty acids they are on the 
slant, as if blown over by the wind. In the solid 
substance layer lies upon layer, but the force between 
the layers is relatively weak, so that one slides easily 
over the other. Hence arises the value of some of these 
substances as lubricants. 

To sum up, the origin of the properties of all the 
substances that we use in our constructions is to be 
considered in relation to the mode of assemblage of 


solid bodies there is pattern involving regularity of 
arrangement, that is to say, the substance is to that 
extent crystalline. The crystallinity is largely respon- 
sible for the characteristics of the body in which it is 
found, and since we can investigate it as it, occurs 
both within the substance and on its surface, we find 
ourselves in possession of a new and powerful means 
of examining the materials with which we build. We 
may devise new materials, we may learn how to 
improve those that we have already, or to use them 
better, and we have a new insight into the wonderful 
and fascinating construction of the world animate 
and inanimate. 

The situation being as I have tried to describe it, 
it is not surprising that the crystalline character of 
materials is under investigation in laboratories in 
many countries, both in devotion to the cause of the 
increase of knowledge and on behalf of the more imme- 
diate applications to industry. We in this country 
are trying to do our part. At the National Physical 
Laboratory Dr. Gough and his colleagues have 
under way a research on the fatigue and other 
properties of metals to which I have already made 
some reference. Also, at the same Laboratory, there 
is a small section of the Physics Department which, 
under Dr. Shearer, is at work on instances of direct 
application of the new methods to industrial problems, 
including the cold working of metals, corrosion, jewel 
setting, paints, chromium deposits, transformer 
steels, and so on. A pamphlet issued by the Depart- 
ment of Scientific and Industrial Research gives a 
short account of this work. At Manchester University 
great progress has been made with the examination 
of the structure of alloys. At Cambridge the work is 
of a general kind, but has lately been carried on in 
collaboration with the biochemists, with most 
interesting results. In Leeds the crystal properties 
of textile fibres have been considered, and more 
recently the corresponding properties of nerve and 
muscle, to which the former study leads quite 
naturally. At the Royal Institution particular atten- 
tion is given to the organic substances, such as the 
paraffins and fatty acids, and to the accurate deter- 
mination by a new method of the form and size of 
various organic molecules. Good work is being done 
at Birmingham and Bristol Universities. As one 
civil engineer (by your grace) to other civil engineers 
I commend all these efforts to you, hoping that my 
lecture may have added to your interest in them, and 
begging you to help them forward whenever the 
opportunity presents itself. 








In our issue of May 18th 1877 we reprinted a paper 
read before the United Service Institution by Mr. Donald- 
son, a partner in the firm then known as Thornycroft and 
Company of Chiswick. The paper gave a description of 
the torpedo vessels which the firm had constructed up 
to the date of its presentation. The first systematic use 
of torpedo boats was made during the American civil war. 
At least two ships, the Federal steamer ‘“‘ Housatonic ” 
and the Confederate ram ‘“ Albemarle,” were sunk by 
torpedo attack and several others were severely damaged. 
The torpedo boats used during that war were either 
submarines or ordinary steam launches fitted with out- 
rigger torpedoes. The “ Housatonic” was sunk by a 
submarine which itself perished in the attack. The early 
Thornycroft torpedo boats were steam launches plated 
to withstand rifle fire and were direct descendants of the 
famous “‘ Miranda,” a 50ft. launch built by Mr. Thorny- 
croft in 1871 which astonished the world by attaining 
a speed of 16} knots. The first Government to recognise 
the significance of Mr. Thornycroft’s vessel for naval 
purposes was the Norwegian which in 1873 gave the firm 
an order for a torpedo boat 57ft. in length, 7ft. 6in. in 
beam and 3ft. in draught, the speed to be 14 knots. Similar 
boats were soon afterwards ordered by the Swedish and 
Danish Governments. Later Austria and France placed 
orders with the firm for larger and faster boats and still 
larger and faster vessels were subsequently ordered by 
the Dutch and Italian Governments. At the date when 
Mr. Donaldson read his paper the firm was building a 
number of boats 87ft. long with a beam of 10ft. 6in. 
and a guaranteed speed of 18 knots. The armament of 
these vessels was in each case fitted by the Government 
concerned. In some instances the “ torpedo ” consisted 
of an explosive charge at the end of a spar projecting 
from the bow of the boat: In others the torpedo was a 
floating body towed, after the manner of a modern para- 
vane, by a rope attached to the mast or funnel of the 
launch. Mr. Donaldson was concerned not only with the 
design of torpedo boats but also with the provision of means 
for warding off their attack. He believed that the best 
defence would be found to lie in the provision of a number 
of similar boats which would steam round the vessel to 
be protected ready to ram or otherwise destroy—possibly 
by means of some modification of the hand grenade— 
the attacking boats. This solution was eventually 
adopted and gave rise to the type of vessel known as 
torpedo boat destroyers. Torpedo boats as such have 
recently been reintroduced into the Navy. 








Tue Paris TrapE Fatr.—The date of opening the 
annual Paris Trade Fair had been fixed for the 
15th of this month in order to profit from the 
presence of visitors to the Paris Exhibition, but 
as the opening of the Exhibition has been _post- 


poned to the 24th the date of the Fair has been 
changed to May 22nd. It will remain open until June 7th. 
The Fair appears to have received particularly good 
support in view of the circumstances that should increase 
its attraction, and 8350 entries have been received, 








¢ C. E. Marshall, ‘The Constitution of the Clay Minerals.” 
Science Progress in the Twentieth Century, Vol. 30, p. 422. 





the atoms of which they are composed. In nearly all 


including 800 foreign. 











May 14, 1937 


THE,ENGINEER 


562 








‘SMF 4IOCNE LV NOILIIS 


‘SVT00N09 INIONT YVI4 FHL LV NOILIIS ‘SVTOONOD INIINZ CHYMYOI FHL LV NOILIIS 





199 f'ON 40f anjog 
absmyasig svg 

















CEES 


a / fl 
SY 
WA 











1190 gM 40f anjny 
faljey 809 








1199 B°ON 40f ano, 


abunyosig sv S2 





‘s60g yspjjog 0} shombung p - 3 “‘doysysoy - b 
“s4appvoy] ssadoy 0} shombung g -s "sa140j0007 - d 
‘sauibuz 0} shombuvg-4 ‘uy bunvjnue,-0 wy s,seeurbuz u 


5y 096 ‘24038 worsinorg | - ws 5y 009 yovz ‘},awog abvb6n7 Z - } 
By 009 ‘21078 uojsinorg 1 - — 7 OW YODZ 'syuDs 40,0M Buljo0g » - y 
5y 009 YonZ ‘swooy yung asndg g - ¥ 7 008 * g ‘sbvg Jsn}j0g ajqnog » - 6 


‘NV Td 


7 009° y9D7 ‘930M IsD/J0g pasonoday sof syuDy G-Lf 
7009'S you} ‘syuny seqny fyiig g- 0 














9 31/29 80H g 





t 





ol 





9 





eulbuz 


yove 








oe suaqsono) 


°9 ®p| y 9 
9,maig 


Sp 


'p| 'p 








380g 





‘g'p) ¥ Y\'» 


sobuassng 


spjopuog eu;buz 

















NOILVOOWWOIDV YIONISSVd LY NOILDIS 





7 000'¢ yan? ‘eyo p8D/7og pasonoday 40f syuny Z-2f 1009'S Yon? ‘syUvl 4020M ySe1y J - p 
7008S ‘yuny 100M Buryurg 1 - 0 
7088 yong ‘syuny 10 '9n7 -79 7: OGS'I Yon] ‘syun, J19 Jang p-?D 








«B33NIONZ BHy,, 


‘VY T00N09 T0YLN09 L¥ NOILDIS 




















"ones — aff 
K\\ ZY \ 
pNAN AWW 


ma 


7 008 yong ‘syury 110907 9-49 7. 008 YoR7 ‘syuny aoinieg j10 Jang p-Pd 
7 088 Yan] ‘syuny j19 janyg-Sv 7 008g yonz ‘s3say9 anjng 110 Jang p-en 
7 00'S yong. ‘syuny j19.)any 9z-1v 








l 








403008) 


sBuiy *xny 





204m Bulpun7 




















































































































‘NOILVAITI 
spay isn fpjoy pjopuop 0. 
y Buys WW buusooy /04ju09D uoRDpoMoooy 84ap0nb UDI aovdg aovdg 
in s4aqs0no) a Vv 4eBuassng 8,masg 6,uap o14j0a)7 06109 06109 poate 
4 - o6.0, 
a ‘ = . 810}40ND 8,maig 
y > 
> ras Va > a 
‘ene 
a 7 x KI MEK x & i 1180 sop 
id 7 
etopuuiteg “7 A NOTA VA Wa 4appv7 sse00y profjunp v | 
x Bunnjnuas 
A ae Z 
7 NAN Y 
% / anjo4 7 ass S 
- VA foley sop / ) y Y. x 
; . 2n/D4 AVA ; aes — = 
auog ‘ , absnyosig svp y (a. - = a nee 

suepuip = - : ———— 

busoow = ; ay plofiuoy svg wupanes =! 56 ——— 
A ea EES a ane 
— I — ‘i ~ >< | 6 


sBuly *xny 
~ 
SHUOLONULSNOO ‘NGA VHSHOLYCaTHA 


“DHNOANAGNIH> AdIHSUILYV NITYddaZ WH 


uly Uo 








‘Hew NITAdMAZ AATHOSLANT + WANDISUC ‘UANGMOM “H “NG 


iL 




















May 14, 1937 





THE ENGINEER 


563 











The Zeppelin Airship “‘ Hindenburg.” 


No. I. 


I", our Seven-Day Journal we record with deep 
regret the loss by fire at Lakehurst, New Jersey, 
of the Zeppelin airship ‘‘ Hindenburg,”’ which occurred 
as the ship was about to moor on her arrival on 
Thursday evening, May 6th, after her first North 
Atlantic crossing of 1937. For the first time use was 
being made of her new cabins, which increased the 
number of passengers from about fifty to seventy 
persons. The loss of this fine example of lighter- 
than-air construction, at a time when British and 
American interest was again being aroused in the 
possibilities of a commercial North Atlantic airship 








THE 


service, and when the postal advantages of a two-day 
voyage between Frankfort and New York were being 
recognised by all, will retard progress, but it will not 
stop the further perfecting of the design by Dr. 
Eckener and his trained staff of workers on the build- 
ing and operation of airships. While the services of 
the sister ship the “ Graf Zeppelin ” have been tem- 
porarily cancelled, pending the German inquiry into 
the cause of the accident, it is officially announced 
that work is to be accelerated on the construction of 
the new ship, “ L 130,” similar in design to the 
‘ Hindenburg,” which is now approaching completion 
at Friedrichshafen, and will, it is hoped, be ready for 
service in-the early autumn of the present year. 

The Zeppelin Company has suffered a particularly 
severe loss in the death of Captain Ernst August 





** HINDENBURG "' 


Fritz Sturm dealt with the engines. The particulars 
of the Atlantic services were prepared by the Zeppelin 
Reederei G.m.b.H. 


DESIGN OF THE ‘‘ HINDENBURG.”’ 

A few weeks ago, by permission of the German Air 
Ministry, we were afforded an opportunity of inspect- 
ing the “ L 130” in her shed at Friedrichshafen, and 
also paid a visit to the “‘ Hindenburg ”’ at the Frank- 
fort-on-Main airport, just before she made her first 
trip this year to South America. We were greatly 
impressed by the thorough way in which the problems 
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of design have been worked out and embodied in the 
construction of the new ships, and the way in which 
the arrangements for the operation and navigation of 
the ships have been perfected. 

The ‘Hindenburg’ was designed by Dr. H. 
Eckener, who decided on her requirements as regards 
passenger and cargo-carrying, and settled the ques- 
tion of her propelling machinery, for which for the 
first time in a Zeppelin Daimler-Benz heavy oil 
engines were adopted. The building and construction 
was carried out at the works of the Luftschiff Zeppelin 
G.m.b.H., at Friedrichshafen, on Lake Constance, 
under the supervision of Director Dr. L., Diirr and the 
late Captain E. A. Lehmann, who was her first com- 
mander when in the early part of 1936 she entered 
the service of the Zeppelin Reederei G.m.b.H. 





Lehmann, who, next to Dr. Eckener, did so much to 





INTERIOR OF CONTROL GONDOLA 


bring about the very successful North and South 
American services of last year, an analysis of which 
accompanies this article. 

More than usual technical interest will attach to 
the forthcoming American and German inquiries into 
the cause of the disaster, and the means which may 
ultimately be adopted to remove the remaining fire 
risks in airships, and we publish this article giving 
detailed particulars of the design the ship and of her 
machinery, so that the findings of the inquiry may be 
more clearly followed by our readers. We would 
express our indebtedness to the special V.D.J. 
‘“ Zeppelin ’’ issue of March 28th, 1936, in which 
Dipl.-Ing. W. E. Dérr gave details of the hull design 
and the passenger accommodation, while Dipl.-Ing. 


’ 








The general particulars of the hull and propelling 
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machinery are given in the accompanying table. The 
gas capacity of the ship, 200,000 cubic metres, is 
about double that of the earlier ‘ Graf Zeppelin,” 
and the diameter is 10 m. greater, with an increase 
in overall length of about the same amount. As our 
drawings on the opposite page clearly show, an out- 
standing feature of the new design was the separation 
of the control gondola, which was placed below in the 
front of the ship, from the passenger quarters, which 
were arranged on two decks inside the hull of the ship. 
By this means more space was made available for the 
use of the passengers, while a better view backwards 
under the ship was obtained. 

As regards the general construction, there was no 



























































Zeppelin construction which have been followed 
during the last thirty-five years of airship construc- 
tion by the Zeppelin Company. 

In an accompanying engraving we show a 
typical view of the “‘ Hindenburg ” as she appeared 
when in flight. The longitudinal plan and elevation 
on the opposite page, together with the accompanying 


Hull and ihieibid Particulars. 

245 m., or 804ft. 

41-2 m., or 135ft. 

Approx. 6 to 1 

44-7 m., or 146ft. 

46-8 m., or 153ft. 

200,000 cubic metres, or 
about 7,060,000 cubic 
feet 

Four Daimler-Benz 
L.O.F.6 type oil 
engines 

1100 to 1200 B.H.P. 

800 to 900 B.H.P. 

0-167 gm., or about 
0-373 lb. per B.H.P. 
hour of gas oil 

1500 r.p.m. 

1350 r.p.m. 

2tol 

6 m., 


Length overall . 

Largest diameter as 

Length to breadth ratio ... 
Maximum height over landing “wheels 
Maximum width over air screws 

Full gas capacity 


Propelling machinery 


Maximum power each engine . 
Cruising power each engine 
Fuel consumption normal service 


Speed of engines, maximum 

Speed of engines, service 

Speed reduction to air screws 

Diameter of air screws... 

Radius of action at 500 m. , with fifty 
passengers at 110 kiloms. per hour 


or 19ft. Sin. 

20,000 kiloms., or 12,000 
miles 

121 kiloms., 

139 kiloms., 


or 75 m.p.-h. 


Normal service speed 
or 86 m.p.h. 


Maximum speed 
Total load carried at normal tempera- 


ture and pressure . epi iisy 114-6 tons 
Number of passengers for ‘long 

voyages ... aac! ome ee ae 
Number of passengers ‘for short 

COIN) cs! Te wleies barca GEOR 
Places for crew and training staff . 56 


Analysis of 1936 aepiaen, 


Total voyaging time 2810 h. 26 min. 


Total length of voyages’... 308,323 kiloms. 
Number of passengers carried 2656 

Weight of mail carried in kilos. . 8294 kilos. 
Weight of cargo carried in kilos. .. 9047 kilos. 
Number of flights to December 7th ... 56 


1936 North Atlantic sia ae 


Number of round trips 10 
Number of single trips 20 
Number of passengers carried 1002 
Weight of mails carried in kilos. 4458 kilos. 
Weight of cargo carried in kilos. 4196 kilos. 


136,949 kiloms. 
1163 h. 42 min. 
20 


Total distance travelled 

Time taken on voyages a 

Number of Atlantic crossings, 1936 ... 
1936 South Atlantic Flights. 

Number of round trips AO ee 

Number of single trips 14 


Number of passengers carried 559 
Weight of mails carried 2906 kilos. 
Weight of cargo carried 4851 kilos. 


148,352 kiloms. 
1369 h. 53 min. 
14 


Total distance travelled 
Time taken on voyages an 
Number of Atlantic crossings, 1936 co 


cross sections, illustrate clearly the general design of 
the ship and the method of construction adopted. 
The arrangement of the passengers’ quarters is shown, 
along with the parts of the ship used by the officers 
and the crew and the lay-out of the various tanks for 
fuel and lubricating oil is also marked on the drawings. 
A view taken at the rear of the ship shows the 
position of the rear engine gondolas in relation to the 
skin of the ship, and another view within the navi- 
gating or control cabin is also reproduced. 














EMENT OF ENGINE AND GONDOLAS 


From the drawings it will be seen that there are 
fifteen main rings dividing the hull of the ship into 
sixteen parts, and between each main ring there are 
two secondary rings. The main rings are spaced at 
about 15 m. apart and they are made in the form of a 
thirty-six-sided figure, with the longitudinal members 
arranged at each of the corners. As the cross sections 
show, the main rings carry bracing wires, which are 
attached to the ring members and a centrally arranged 





essential difference made from the basic designs of 


girder member in such a way that only the cornérs of 
each two sides are braced. In our next article we 
propose to deal further with the constructional details 
of the ship and the arrangement of the gas bags and 
the valves for filling and discharging the gas. 

(To be continued.) 
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Machine Tool 


Electric Drives. 


By Professor Dr. G. SCHLESINGER, Brussels. 


NDIVIDUAL drive by separate electric motors 

for machine tools becomes more popular almost 
daily. Older machines are being converted and new 
machines are designed with their own motors incor- 
porated. Hence the question arises both for the 
designer and for the purchaser, How small can the 
motor be and still provide adequate power for the 
largest roughing cut specified with a reserve capacity 
to take a possible 20 per cent. overload without excess 
heating ? The data required are :— 


(1) The maximum toughness of the material to 
be machined. : 

(2) The maximum section of chip when roughing. 

(3) The material used for the tool. 


The material specification and the section of chip ¢ 
give the cutting force required P. The specifications 
of the material being machined and of the tool used 
determines the cutting speed V. From these two 
factors the motor horse-power N can be calculated, 
since 

N=CxPxV. 

The constant C is the required factor to maintain 
the necessary arithmetical relationship with P in lb. 
and V in feet per minute. 

After a considerable number of tests, the relation- 
ships between the properties of the materials, the 
section of cut, the cutting force, the cutting speed, 
and the motor horse-power have been obtained for 
the principal modern machine tools. The material 
used for all the test pieces was identical in specifica- 
tion, so that the results should be strictly comparable. 
It was a medium hard steel of reasonable toughness, 
as very generally specified for machined parts, having 
the physical properties given in Table I. In general, 


Taser I. 

St. 50-11 (German) ; 
S.A.E. 1035 (American) 
50-60 kilos. /mm.?; 
32-36 tons/sq. in. 
before 


Specification of material ... 
Tensile strength 


Minimum elongation 
breaking : 

Short test bar ... 

Long test bar 

Elastic limit 


22 per cent. 

18 per cent. 

27 kilos. /mm.?; 
17 tons/sq. in. 
0-35 


Percentage carbon 
Very slight hardening 


Heat treatment 
it was a carbon steel of 50-60 kilos. per square milli- 


metre (=35 tons per square inch), about equivalent 
to the American specification S.A.E. 1035, or to the 














Table II, the motor power will be 5-8 kW. The 

efficiency of the machine may be estimated at approxi- 

mately »=0-7. The motor efficiency, as given by 

the makers, is 0-85, so that the overall efficiency will 

be 0-7x0-85=0-6, and the required horse-power 
will be. 

in 

0-6 

The design of a crank-operated shaping machine 


=9-6 kW=12-8 H.P. 
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calls for a maximum cut of 7mm. by 2mm.= 14 square 
millimetres (0°276in. by 0-079in.=0-022 square 
inch) in the standard steel, with a speed V of 29- 5ft. 
per minute, or 9 m. per minute. Table IIT gives as 
the maximum power required, 6-5 kW, with which 
the maximum cutting force of 2380 kilos. (5200 Ib.) is 
exerted. From this figure the gears, shafts, crank— 


Tasce II.- 
Tool shape, per Fig. 5 


Figures based on : 
Material per specificat 


ion 


running at 650 r.p.m., the motor required for average 
working should develop 5 kW at 1500 r.p.m., the 
1500 

650 =2-3. 

If, by the use of a high-duty rapid steel tool, a 
cutting speed of 20 m. per minute (65ft. per minute) 
is adopted, the gear ratio must be halved, the 
motor output being doubled, or else the section 
of cut must be halved. The power required for a 
small rack and pinion operated shaper is obtainable 
from Table IV. 

The figures for cutting force and motor output given 
in the tables depend on the use of tools ground to the 
most suitable shape. This shape depends entirely on 
the material to be machined. Thus the lathe tool 
(Fig. 2) and the shaper tool (Fig. 3) were shaped and 


initial drive ratio being 





@ 18° Clearance 
B 65° Wedge 

” se i 
5 45° Adjustment 

€ 130° Cutting Corners 
A 10° Front Inclination 


Top Rake 
ngles § 
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ground till with a maximum cut the chips were not 
hot enough to discolour them, except for a slight 
brown tingeing. A good tool does not generate great 
heat, which is inefficient in two respects. First, 
because heat means loss of power and the work done 
by the machine should be turned into cutting energy 
not heating energy, and secondly, because heat 


Lathe Efficiency Table. 


Table [. 


Speed V = 26 m. per minute = 80ft. per minute. 
Overall efficiency of machine= 7 = Efficiency of machine tool drive x Efficiency of motor = 0:75 x 0-8=0-6. 


4 PV _ 600 x 26 
100x 60 100x60 


9. 
- 


kW net= 





Examples : 


rs 2-6 7 
kW gross- i, 3 kW. 


Section of cut, 


Distribution of section, i.e., 


6 kW. 


| 


Main force acting, power | Power required, 































































































medium rapid tungsten steel tool (18 per cent.), a 
maximum section of cut of 8mm. by 1 mm.=8 square 
millimetres (0-315in. by 0-039in.=0-0124 square 
inches), a cutting speed V=26 m. per minute (80ft. 
per minute) on the standard steel. Then, as given in 

















in fact all the transmission gear parts are calculated. 
Although 6-5 kW gives the maximum power the 
machine can transmit, a 5-kW motor will be found 
adequate for most of the work machined on this 
shaper, so that assuming a belt drive with a pulley 























German St. 60-11. tga a depth : feed, t.¢e., a: 58. component (P vertical). 
rere ns SF , Sean ow Senn seeeeees 
Efficiency tables were obtained for : Mm.? Sq. inch. Mm. Inch. Kilos. Ib. | kW net. | kW res 
n=90- 
(1) Lathe. _ et : ee - —__— : ser 
(2) Shaping machine, 3 0- 00465 3x1 0-118 x 0-039 600 1320 2-6 4:3 
(3) Drill 4 0- 0062 4x1 0-158 x 0-039 730 1600 3-2 5-3 
ames ‘ 5 0-00775 5xl 0-197 x 0-039 860 1900 3:8 6-3 
(4) Milling machine. 8 0-0124 8x1 0-315 x 0-039 1320 2950 58 | 9-6 
(5) Grinding machine. 10 0-0155 10x 1 0-394 x 0-039 1660 3650 7-2 | 12-0 
ate 20 0-0310 10x 2 0-394 x 0-079 3200 7055 14-0 j 23-2 
An example of the method of ascertaining the 30 0-0465 15x 2 0-59 «0-079 4300 9480 18-7 } 31-3 
correct motor horse-power would be :—Assuming a| 2 
Tas_e IIt.—Effciency Table of a Crank-driven Shaper. 
4 ieee SSRI ed ORS AMR See te ENN RL  ITLCNa ~~ Sick malenenecies Septet dest citi mata ee nae 
Speed. Power of 
. Number |—— Horizontal motor. | Effici- 
Section of chip. of cutting force. ency 7. 
_—-——— - , Length of strokes Working. Return. 
a=depth. S = feed. q=area Material. stroke. per N total. 
——_; — — —————|__ min. ———_—— 
Mm. Inch. Mm. | Inch. | Mm.” | Sq. inch. | Mm. | Inch. M./min. | Ft./min.| M./min, | Ft./min.| Kilos Lbs. kW. Per cent 
—- } 4 | = — as aa \ 
Idle — — | — | — | a | St. 50-11 490 19-29 12-5 9 | 29-5 10-2 33-5 —_ — 0-7 _— 
1 0-0394 1 | 0-0394! 1 | 0-00155 | (50-60 kilos. /mm.?) 1 ow: Se ee eS 4 ss 170 375 1-15 18 
2 0-0788 1 | oe } 2 ; 96-0031 Mild steel ’ ‘ » * i ” ” 345 760 1-49 31-8 
3 0-116 1 | » | 8 | 0-00465 | Mediumhard | ,, See sated Bee i 525 1160 2-0 38-4 
4 0-158 1 | 4 | 0-0062 | 35 t./sq.in. | bitte, » | ae 3 700 1540 2-35 47-7 
i al ee SAEs | EN eS SRT Ba Ee RL an, I 
4 0-158 1-25 0-049 5 0-0078 | | € ‘Se ae 8 a 860 1890 3-1 47-8 
4, toe 158 1-50 0-59 | 6 0-0093 | | » | % * ” * 1020 2250 3-7 46-6 
4 | 0-158 a | 0-079 | 8 0-0124 | Soe te ‘ ‘ * 9 1376 3010 4-3 54-7 
& | 0-197 2 | os 10 0-0155 } | » | ” ” ” 1720 3740 5-2 58-4 
6 | 0-236 2 | as 0-0186 Bee an a | ‘ pa 7 2040 4480 | 6-1 59-5 
— | Saeiea pean Goan | j 
= 4 0-276 2 | ” 14 0-0217 * ” | ” ” ” 2380 5200 6-5 60-0 
‘ t | 
Tas_e IV.—Efficiency Table of a Small Shaping Machine with Pinion and Rack Drive. 
= See ae wea Bes ee aa i er ; Pea aS arenes NaF sides 
: : : Number 
Dimensions of cut. Material. Length of of Speed. Actual length Gross 
stroke. strokes of cut. power, 
SS ee a eee -- per — - - N 
Depth, a. | Feed, 8. q=a.5, section. min Cutting stroke, V A. | Return stroke, V R. 
ioe ’ 1 eS eS oe anes Me emcee nee 
Mm Inch. | Mm. | Inch. Mm | Inch. | | Mm. Inch | M./min. | Feet/min. M./min. | Feet/min. | Mm. Inch. kW. 
0 | 0 | 0 fing | St. 50-11 | 205 9-84 28 | 10 32-81 16 52-40 0 | 0 0-58 
1 0-0394 0-25 | 0-01 0-25 0- 00039 (S.A.E. 1035) ” os ee 9-8 32-15 15-5 51-7 173 6-81 0-62 
1 | 9 | 0-5 0-02 0-5 0-00078 mild steel an ” - 9-8 32-15 15-5 51-7 173 6-81 0-68 
1 0-75 0-03 | 0-75 0-00116 | medium hard as és ne 9-8 32-15 15-5 51-7 173 6-81 0-70 
1 | . wg 04k Rls 5 als a 0-00155 | 50-60 kilos./mm.? + os pe 9-8 32-15 15-5 51-7 173 6-81 0-78 
1 » || 2-26 | 0-05 | 1-25 000189 | =36 t./sq. inch si ; 9-8 32-15 15-5 51-7 173 | 6-81 | 0-80 
1 | ¥ 1:6: | 10:06 | 1-5 | 0- 00233 | o* ” 9-8 32-15 15-5 51-7 173 6-81 0-86 
| ae ah F bes “fake 








generated in cutting destroys the cutting edge of the 
tool. For these reasons it is important for both user 
and designer to discover the correct tool shape and 
setting. 

The efficiency table for drilling machines (Table V) 
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(Fig. 4). 


assumes a drill of the conventional twist drill type 





: The table of efficiencies of a milling machine must | to provide an efficiency table for use with the cylin- 
It has for use on the standard test piece | take into account the form of cutter, i.e., either the | drical cutter (Figs. 5 and 6) and in Table VIII for 


steel a twist angle of about 26 deg. and a tip angle of | cylindrical cutter (Figs. 5 and 6) or the cutter head ! the inserted cutter head (Fig. 7). 


TaBLe V.—Effciency Table for the Drill Press, Drilling Holes into the Solid Material with a Twist Drill 





Diameter, d. Material. | Cutting 
, Mm Inch, Mm. /min. 

5 | ~ Ore St 50-11 20 

10 0-4 (8S.A.E. 1035) | * 

20 0-8 50-60 kilos./mm.* | ” 

30 1-2 = 35 t./sq. inch | és 

40 1-58 mild steel ¥ 

50 ~2-00 medium hard } - 

60 | 2-4 . 


118 deg. It is now possible to obtain the vertical 
force P and the turning -moment M for the different 


TasBie VI. 


Se 2 | 





Numbers of revs. for D= | 


100mm, 90 mm. | 75 mm 





( patting: speed, 


3in.) 


‘ | Observations. 
| 





m./min.| Ft./m. | (4in.) (3fin.) | ( 
| n n | | 
me roa ar es Bee eee arya ae 
“mire Many? | 48 53 64 | For hard steel 
2 | a | | 70 | 85 I For soft steel 
> | | and cast iron 
30 | 98 96 106 127 
100 328 315 352 425 | For brass and 
200 | 655 635 705 850 aluminium 
' | | 








diameters of drills from 5mm. (0-2in.) to 60 mm. 
(2-36in.), assuming a constant cutting speed of, say, 


Tasie VII.—Efficiency Table for the Cylindrical Milling Cutter. 











of Very High-speed Steel (22 per cent. Tungsten, 1 per cent. Vanadium). 











B=Angle of Twist 26 deg. ; «= Angle of Centre 118 deg. (see Fig. 4) 
. ae ee ¥ a. tf tee n Tt “| " 7, eee cr as YP geees aaa Pos er 
| Number of. | | Gross | Cooling 
speed, v. | revolutions Peed, 8 Feed, 8. Vertical thrust, P. | Turning moment, M. } power, | medium. 
per min,, n. | i 
CRETE: bec nee SEY Ua SR MERE MME RRS. 1 ay SPR ll aS LE RY Lt Ry Scan Seles 
Feet /min. | Mm./rev. | Inch/rev. | Kilos. | Lbs. | Kgm. | Ft.-Ibe. | kW. | 
ance iB RC tt es 12} BRED L S553 En Serene” oa Er pete |S yonag 8 Se 
65-6 1,280 0-1 0-0039 100 | 220 | 24 58 0-08 | Soap water 
“ | 640 0-18 0-0071 220 | 480 | | 506 0-45 | be 
: 320 0-29 0-0114 550 | 1,220 | 480 | 3,500 | 1-4 | = 
| pe | 210 0-37 0-0146 950 | 2,100 1,300 9,400 ; 2-8 | aa 
5 160 0-42 0-0165 1,500 | 3,300 | 2,400 | 17,360 | 3-0 | sg 
| 130 0-45 0-0177 1,850 | 4,100 4,000 | 28,900 5-0 | is 
110 0-48 0-0189 2,300 | 5,100 6,000 43,400 6-3 oa 
= —— - | 
(Fig. 7). For both types the diameters of cutter (D) For a cylindrical cutter of D=100mm. (4in.) 
and arbor (d) are fixed as well as the number of teeth | (Table VII) two cutting speeds were selected, 
(Z), and in certain cases the spiral angle (8). The} V=10m./min. (33in.) and V=20m./min. (65in.). 
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FIG. 6 


cutting speed V is dependent on the material to be 
machined. For various diameters of cutters the 
relations between V, D, and 7 are given in Table VI, 








| 


No. of | Angle of | 











| 
D. V=2D.n. | 
{ | teeth. | helicoid | Cut. | Material. 
oe — nn eres -| Z. 4 {—-.---—-.--.— —_-—_—$— |, -——_—_——_ - ——- —| 
Mm. |Inch.| M. per | Feet per | | | Depth. ! Width. | Feed per min.: N net, | N total | 
| min. | min. | | , cae |—__—_—_,—_--—, kW (n=0-7); 
| | | | j}@mm.| Inch. | 6 mm.| Inch. } S mm. | Inch. i | eg 
| Deg. | | ; 
100| 4 | 10 | 33 | 8 | 35 | 2 | 0-08; 100] 4 | 100 4 1-1 | 1-5 {| St. 50-11 
| | | ; ‘ (S.A.E. 1035) 
100} 4 | 10 | 33 & 4+ -& hee, Pale 100 41 23 | sa j > 
100 4 | 10 | 33 Soli 10 | 0-4 | 100 4 100 4 6) £4 e 
100 | 4 | 10 33 e138 2 | 0-08| 150 |} 6 | 100 4 Bet lo ee | : 
100 | 4 | 10 | 33 8 ae Dee 0-2 | 150 6 | 100 4 Sa eo ee : 
100} 4 | 10 | 33 8 | 35 10 | 0-4 | 150} 6 | 100 4 6-6 | 9-5 | si 
100 | 4 | 10 33 8 35 2 0-08} 200; 8 | 100 | 4 2-0 | 2-9 | ts 
1001 #1} 10 4 8 s | 3 {| 5 | o-2 | 200| 8 | 100 4 | 42 | 60 | : 
100} 4] 10 | 33 8s | 35 | 10 | 0-4 | 200| 8 | 100 | 4 | 80 | 11-4 Y 
100} 41] 20 66 6.4 Sg 0-08} 100} 4 | 100 | 4 | 1-2 | 1-7 | ; 
100; 4] 20 66 8 35 | 5 | 0-2 | 100} 4 | 100 | 4 | 3-0 | 4:3 | : 
100| 4/| 20 66 8 | 35 | 10 | 0-4 | 100| 4 | 100 | 4 | 60 | 8-6 | 
100 | 4 20 66 8 35 | 2 | 0-08/ 100; 4 200 | 8 2-0 | 2-9 | - 
100} 4 20 66 ip gg 5 | 0-2 | 100] 4 | 200 | 8 4-6 | 6-5 5 
100 | 4 20 66 8 | 35 | 10 | 0-4 | 100 4 | 20 | 8 | 86 | 12-4 | re 
100} 4 20 | 66 8 35 | 5 | 0-2 | 150] 6 | 200 | 8 | 9-0 | 13-0 : 
| ' | | ( i | | 
TasLe VIII.—E ficiency Table of Inserted Cutter Head. 
D. | Vv. No. of Depth. } Width. Feed per min. Power Power 
$< —————— |__| teeth, ce ees ere 2 
Mm. Inches. | M./min, Ft. /min. Z. | amm./| Inch. | bmm. Inches. Smm. Inches. kW. kW. 
190 7:5 15 49 12 2-5 0-1 150 6 | 116 4-6 2-5 3-6 
190 7:5 15 49 12 2-5 0-1 | 150 6 | 150 5-9 2-7 3-9 
190 7:5 15 49 12 2-5 0-1 | 150 6 207 8-2 3-2 | 4-2 
190 7:5 15 49 12 2-5 0-1 | 150 6 | 260 10-2 3-2 | 4-5 
190 7-5 15 49 12 4:0 0-1 | 150 6 | 32 6-2 4:3 | 6-2 
| 


V=20 m./minute (66ft./minute) and the usual co- 
ordinated feed, namely, S= 0-1 to 0-48 mm. (0-004in. 
to 0-019in.). The power N of a good machine having 























FIG. 4 
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an efficiency n= 0-65, using a drillof 50 mm. diameter 
(2in.), is given as 5 kW in the table of efficiency for 
drilling machines, Table V. 


Consumption of 
power. | 








| 


which covers the three diameters 100 mm., 90 mm., 
and 75mm. Even when using the standard material 



































They were tried with three depths of cut, a=2 mm., 
5mm., and 10mm. (0-08in., 0-2in., and 0-4in.) ; 


three widths of cut, 6=100mm., 150mm., and 
200 mm. (4in., 6in., and 8in.); and two feeds, 
S=100 mm. and 200 mm. (4in. and 8in.). With the 


cutter head D=190 mm. (Table VIII) the depth of 
cut (a) was changed from 2-5 mm. to 4 mm. (0: lin. 
to 0-16in.) and the feed/minute S from 116 mm. 
to 260 mm. (4-6in. to 10-2in.). 

The table of results (Table LX) was obtained from 








Taste IX. 
V=10 m./min. (33in.) 20 (65in.)| 20 (65in.) 
a=10 mm. depth (}in.) ... .-| 10 (}in.) 5 ( fin.) 
6=200 mm. width (8in.) .-| 100 (4in.) 0- 150 (6in.) 





.--| 200 (8in.) 





S=100 mm. /m. feed (4in.) 








12-4 


N (app.)=11-4 kW 





tests on a knee type milling machine having a 12-kW 
motor and a cylindrical cutter of D=75 mm. (3in.), 
a mandrel of d=40 mm. (1-6in.), working in the 
standard material. 

The data in Table X were obtained by the use of a 
ceramic-bound emery wheel having a diameter of 
500 mm. (20in.) and a width b of 50 mm. (2in.). The 
standard material was again used for the test. The 
cutting speed of the emery wheel was kept uniform 
at 30 m./sec. The circumferential speed of the work V 
was also kept uniform at 30 m./min. 

The feed per one revolution of the piece was 
set at S=10 mm./rev. (0-4in.), and S=20 mm./rev. 
(0-8in.). 

The cutting depth was measured from a=0-01 mm. 
to a=0-02 mm. (0-0004in. to 0-0008in.) and then 
continuously from 0-02 mm. to 0-14 mm. (0-0008in. 
to 0-0055in.). 

The results of the measurements were :—(1) 
Overall power requirement for all drives=N total ; 
(2) power requirement of the emery wheel only for 





St. 50-11 or S.A.E. 1035, a series of trials must be 


TaBLE X.—Efficiency Table of the Grinding Machine. 


cutting=N wheel. 





Cut dimensions. | 





























V wheel. | V piece. b width. S feet ‘rev. a depth/rev. N total| N wheel Material. 
-- ---— ——-|-—-—- ——$ —  ——— —X“-_-— — H.-P. H.P. 
M,/sec. | Ft./sec. !M. /min. Ft./min} Mm. | Inches... Mm. Inch. Mm. Inch. | 
30 98 30 98 50 2 10 0-4 0-01 | 0-0004 7-6 1-6 
30 98 30 98 50 2 10 0-4 0-02 | 0-0008 8-6 2-6 
30 98 30 98 50 2 10 0-4 0-04 0-0016 11-0 4-8 St. 50-11 
30 98 30 98 50 2 10 0-4 0-06 | 0-0024 12-7 6-4 (50-60 kilos. 
30 98 30 {| 98 50 2 10 0-4 0-08 | 0-0032 | 13-9 7:6 r mom.*) 
30 Si), 3]. 50 2 10 0-4 0-10 | 0-0039 14-7 8-4 (32-36 ton per 
30 98 30 | 98 50 2 10 0-4 0-12 | 0-0047 15-2 8-8 square inch) 
30 98 30 98 50 2 10 0-4 0-14 | 0-0055 | 15-5 8-9 
30 98 30 98 50 2 20 0-8 0-01 0-0004 7-8 1-9 
30, | (98 30 98 50 2 20 0-8 0-02 | 0-0008 10-0 4-1 
30 |) 98 30 98 50 2 20 0-8 0-04 | 0-0016 14-2 9-3 
30 |: 88 30 | 98 50 2 20 0-8 0-06 | 0-0024 | 16-5 10-5 St. 50-11 
30. |) 98 30 | 98 50 2 20 0-8 0-08 | 0-0032 | 18-2 | 12-1 
30 98 30 | 98 50 2 20 0-8 0-10 | 0-0039 | 19-5 13-4 
30 | 88 30 98 50 2 20 0-8 0-12 | 0-0047 | 20-6 | 14:5 
30 98 30 | 98 50 2 20 0-8 0-14 | 0-0055 | Sh8 1). MS 31 





made of the various depths, widths, and feeds of 
cutting to test both the power requirements and the 
absence of vibration of the machine. Since the 
width and depth of cut are capable of considerable 
variation, any standard rules are difficult to lay down. 
Nevertheless, in Table VII an attempt has been made 





N total includes the power required for :— 
(a) Drive for emery wheel, 
(6) Drive for work, 
(c) Table feed, 
(d@) Drive for water pump, 
(e) Forward cutting action. 
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The feed inwards at the end of each traverse was 
carried out without traversing, so that no additional 
power was required. The greatest tangential force 
at the emery wheel was found to be about 80 kilos. 
(176 Ib.). The figures in Table X correspond to 
modern practice. 

It is not unimportant to know how to cut the same 
chip from the same material with the minimum 
amount of power. Up to the present time no serious 
effort has been made to improve the mechanical 
efficiency of the machine tool and this reflects on 
machine tool design generally. The exchange of 
information and data on the best shapes and sizes 
of tools would also be of value. Both fields of research 
could be carried out in the universities where, how- 
ever, the cost would be great, or, better still, in the 
works of machine tool manufacturers themselves. 
The cost might be high, but the information gained 
would be of great value to user and manufacturer 
alike, 








Proposed New Canadian Bridge. 





WE have recently obtained particulars of the design 
of the proposed new road bridge, to be known as the 
Lions’ Gate Bridge, which will cross the First Narrows, 
Vancouver, connecting Marine-drive, West Vancouver, 
with Stanley Park. As will be seen from our illustra- 
tion below, the main portion of the proposed bridge is 
of the stiffened suspension type, with a central of 
1550ft., providing a minimum clearance of 1500ft. between 
the inside faces of the main piers. The main structure 
is symmetrically disposed, both side spans being 614ft. 
long, but the north end is approached by a long viaduct 
leading through the present bush, from Marine-drive, 
while the south end connects directly with Stanley Park. 
The navigational clearances, as approved by the Canadian 
Federal Government, call for at least 200ft. vertically 
above extreme high water, for the central 200ft. of the 
channel, under the worst conditions of tide, temperature, 
and loading. The design provides for about 209ft. at 
the centre above normal high water, for normal tempera- 
ture, and normal loading, and for about 194ft. clearance 





bearing on the heavy gravel which constitutes the shore 
in this district. The height of the viaduct falls from about 
150ft. at the water edge to about 35ft. at the northern 
abutment, beyond which gravel embankment is used for 
some 1016ft. northwards to Marine-drive. The bents 
are arranged in groups, each group containing a stiff 
tower, formed by connecting two adjacent bents with 
horizontal struts. One of these towers rests on the 
anchor block into which the cables from the main span 
are led. 

The floor slab on the north viaduct will be of the normal 
reinforced concrete type, 7in. thick on the roadway 
and 3in. thick on the pathways, and will be supported 
on transverse beams, spaced at 4ft. 6in. centres, alternately 
long and short, the long beams carrying the fence posts. 

The electric lighting system will probably be of the 
sodium vapour type, the units being mounted on standards 
situated outside the trusses for the main span, outside 
the fences for the viaduct, and outside the footpaths on 
the embankment approach. Navigation lights will also 
be provided to outline the channel, and floodlights to 
indicate the position of the piers. There is also a possibility 
that a signal station may need to be incorporated in the 
structure on the top strut of the south tower bracing, and 
on this account, as well as for inspection purposes, the 
tower sections have been designed to permit the installa- 
tion of lifts. 

Foundation conditions are such that the south main 
pier can be taken down to sandstone rock, but the north 
main pier will be sunk as an open dredging caisson into 
coarse gravel, deep enough to provide for a possible future 
dredging programme. The north anchor block will also 
be founded on this same coarse gravel and will be entirely 
of the gravity type, while the south anchor block in 
Stanley Park will be built into pits excavated in the 
clay, which is at present being explored for this purpose. 

The toll houses and administration offices will be 
situated on the embankment on the north side, and all 
collection will be performed at the north end of the bridge, 
except, probably, for pedestrian traffic. Parking space 
will be provided at the entrance plaza, Marine-drive, 
and opportunity will be furnished for architectural treat- 
ment of all the buildings situated at this point. Similarly, 
the south anchorage, in Stanley Park, which will be 
almost entirely underground, will carry certain structures 
subject to architectural treatment, such as look-outs, 
pedestrian turnstiles, toll collecting offices, storage rooms 
for tools and maintenance equipment, and, possibly, 
ornamental pylons. 





at the main piers. In order to achieve this clearance, the 
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The promoters of the project are the First Narrows 


















The scheme of division of the subject into groups and 
sections is as follows :— 


Group I. JourNaL AND THRUST BEARINGS. 


Section I. Journal Bearings : (1) General :—(a) Theory ; 
(6) experimental work; (c) application of results from 
(a) and (6) to design. (2) Practical aspects, covering :— 
Use of full and partial bearings; clearance and fitted 
bearings; central and excentric loading; running in ; 
starting and stopping; alignment; distortion; causes 
of hot bearings; current loads, speeds, clearances, &c.; 
temperature rise ; cleanliness of oil; high or low-pressure 
supply ; Lubricants, mineral, compounded, fatty oils, 
grease; lubricant supply, quantity required, high and 
low-pressure supply means, ring oiling, pad and wick 
lubrication, grooves in bushes, filters, collar oiling. 
(3) Bearing Materials:—(a) Whitemetals (tin, lead, 
cadmium-base metals), bronze, &c., lead bronze; (6) 
self-oiling bearings, porous bronze ; (c) Special materials, 
(i) lignum vite, (ii) laminated fabric and resin, (iii) rubber ; 
(4) Tilting-pad journal bearings 

Section II. Thrust sate 
(2) collar and related types. 


(1) Tilting-pad type ; 


Grovr II. Ene@rne LUBRICATION. 

Section I. Internal combustion engines: (1) Cylinder 
lubrication :—(a) Régime betweén the rings and the 
cylinder wall—fluid or boundary lubrication. (b) Wear 
of cylinders and piston rings. (ce) Oil consumption— 
influence of ring pressure, ring form, cylinder wear, 
accuracy of cylinder finish, &c. (d) Lubricants: (i) 
Relation of physical and chemical test figures with per- 
formance—viscosity, viscosity- temperature curve, oxida- 
tion, coking, pour point, moisture, flash point, volatility, 
&c.; (ii) type of oil—mineral, fatty, compounded ; (ili) 
reclamation of oil and use of reclaimed oil. (2) Bearing 
lubrication otherwise than as considered under Section | 
of Group I :—(a) Bearing and crank pin wear. (b) Influence 
of sludge, moisture, and abraded particles. (3) Lubricant 
supply :—(a) Pressure, combined pressure, and splash 
systems. . (6) Filters. 

Section II. Reciprocating steam engines: (1) Cylinder 
lubrication :—(a) Régime between the rings and the 
cylinder wall—fiuid or boundary lubrication. (6) Wear 
of cylinders. (c) Oil consumption—influence of ring 
pressure, ring form, cylinder wear, accuracy of cylinder 
finish, &c. (d) Lubricants: (i) Relation of physical and 
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chemical test figures with performance—viscosity, 
viscosity-temperature curve, oxidation, coking, pour 
point, moisture, flash point, volatility, &c.; (ii) type of 
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PROPOSED LION'S GATE BRIDGE, FIRST NARROWS, VANCOUVER 


roadway rises on a continuous parabolic curve from the 
south end of the side span to the crown of the bridge the 
total vertical rise being 53ft. From the north end of the 
north side span a gradient of about 1 in 20-7 carries the 
roadway down to the entrance plaza, situated on the fill, 
just south of Marine-drive. 

The sag of the main cables is 150ft., which is a little 
less than one-tenth of the central span, and the elevation 
of the top of the finials crowning the main towers is 484 - 2ft., 
nearly 400ft. above low water. The main piers are finished 
to elevation 117-5, which is about 20ft. above the normal 
high water, and the towers are thus 366ft. 8in. from the 
masonry to the extreme top. 

The stiffening truss of the main span is 15ft. deep, 
centre to centre of chords, and is of the simple Warren 
type, discontinuous across the main towers. The trusses 
and cables are spaced at 40ft. centres, this dimension 
being also the spacing of the towers at their upper 
extremities where they carry the saddles. The tower 
legs are battered for the sake of stability and to minimise 
the overturning effect of wind, the width at the base being 
69ft. 94in. 

The cables are each composed of sixty-one strands, 
approximately 1,,in. diameter, each strand being built 
up of fifty-one wires, or some other suitable number to 
be agreed upon in the course of construction. The overall 
diameter of each cable will be about 13in., and the weight 
of wire in the cables about 1000 tons. 

The suspender ropes will be spaced at about 32ft. 
centres along the span, which is twice the floor panel 
length, and each suspender will consist of a 1}in. diameter 
rope connected at both ends by sockets to the vertical 
web members of the stiffening truss and passing over 
‘suitable grooved bands situated on the main cable. The 
deck will accommodate three lanes of traffic, and two 
4ft. footpaths, the width between kerbs being 29ft. 4in. 
The flooring of the main span will be of “ Teegrid”’ 
construction, about 3in. deep for the roadway, and 1}in. 
deep for the footpaths. Steel kerbs will bé designed so 
as to provide ample drainage for flushing the deck without 
the use of gullies. Fences for pedestrians will be of 
galvanised steel wire mesh, framed into panels with 
tubular rails and connected to the truss by welding. 
Arrangements will be made for carrying telephone and 
lighting conduits, water mains, and other services, as is 
normal on such structures. Expansion joints at the 
main towers will be of major importance as they provide 
for the movement of both side and central spans, and 
will follow the accepted finger type of construction. 

The north approach viaduct consists of about 2200ft. 
of plate girder construction, carried on tall, slender bents. 
These bents are built as tapered plate girders, flared at 
the bottom for the sake of stability and appearance, 
and provided with quadrant-shaped brackets, also for 
the sake of appearance. Each bent will be supported on 
an individual concrete pedestal with spread footings, 








Bridge Company, of Vancouver, which will also be 
responsible for the construction of an approach roadway 
through Stanley Park, leading to the City of Vancouver. 
The president of the company is Mr. A. J. T. Taylor, and 
the secretary, Mr. J. Anderson, with offices in the Marine 
Building, Vancouver, B.C. The designing and supervising 
engineers are Monsarrat and Pratley, of Montreal. 








General Discussion on Lubrication 
and Lubricants, October, 1937. 





TuHE Council of the Institution of Mechanical Engineers, 
with the co-operation of other societies and institutions, 
have decided to hold a general discussion on lubrication 
and lubricants from Wednesday afternoon, October 13th, 
to Friday morning, October 15th, 1937, when a series of 
about 100 papers from leading authorities throughout the 
world will be presented. The opportunty has been taken 
to review the present state of knowledge by means of a 
general discussion among those especially interested 
and qualified to discuss the major problems of the subject, 
with objects such as to endeavour to establish a correlation 
between theory and practice, and to show how bearing 
design can be applied, to relate academic research with 
trade practice, to obtain current views upon bearing 
metals, and to review the significance of laboratory tests, 
including wear and friction tests. 

It is proposed to organise an exhibition in connection 
with the meetings ; details will be announced at a later 
date. 

The meetings will take place at the Institution of 
Mechanical Engineers and at other places if the probable 
attendance calls for such arrangements being made. 

The proposed programme is as follows :— 


Wednesday, October 13th: Afternoon, opening session 
and discussion of papers in Group I; evening, opening of 
Exhibition of Apparatus, and informal conversazione. 

Thursday, October 14th: Morning, discussion of papers 
in Group II ; afternoon, discussion of papers in Group ITI. 

Friday, October 15th: Morning, concluding session, 
discussion of papers in Group IV; evening, Institution 
annual dinner. 

In view of the importance of the subject to all branches 
of engineering, it was decided to invite the active co-opera- 
tion of other societies and technical institutions, of which 
a large number have already accepted. 

It is intended to print the papers which will be pre- 
sented, as well as the resulting discussions, and to issue 





the complete proceedings as a single bound volume. 


fatty, compounded; (iii) reclamation of 
(2) Lubricant supply :— 
(b) hydrostatic 


oil—mineral, 
oil and use of reclaimed oil. 
(a) Mechanical lubricators and atomisers ; 
lubricators with and without atomisers. 


Group III. InpusTrRiaAL APPLICATIONS. 


Section I. Lubrication of anti-friction bearings: 
(1) Ball bearings ; (2) roller and needle bearings. 

Section II. Gear lubrication: (1) Oils, greases, extreme 
pressure lubricants; (2) lubricant supply—bath, spray ; 
(3) wear and failure. 

Section III. Miscellaneous: (1) wire drawing; (2) 
metal pressings; (3) cutting fluids; (4) wire ropes; 
(5) chains ; (6) pivots. 

Group IV. PROPERTIES AND TESTING. 

(1) Friction and wear tests :—(a) Static; (b) kinetic. 
(2) Physical properties and tests :—(a) Viscosity—expres- 
sion of units (poises, centistokes, &c.), viscosity-tempera- 
ture characteristics, viscometers suitable for engineering 
use; (b) density, volatility, pour point, flash and fire 
points, specific heat, surface tension, &c.; (c) surface 
condition tests—electron diffraction, energy of wetting. 
(3) Chemical properties and tests :—-Oxidation and gum- 
ming, carbon residue, asphalt, tar, acidity, &c. 

The Executive Committee, which has been appointed 
by the Council of the Institution of Mechanical Engineers 
to make the arrangements for the discussion in consulta- 
tion with representatives of the co-operating societies and 
technical institutions, consists of the following :—Dr. 
H. J. Gough, M.B.E., F.R.S. (Chairman), Mr. Herbert 
Chambers, Mr. E. A. Evans, Sir H. Nigel Gresley, C.B.E., 
D.Sc., Mr. H. L. Guy, F.R.S., Mr. Aubrey B. Smith, 
Professor H. W. Swift, M.A., D.Sc. (Eng.). 

Further information about the discussion may be 
obtained from the Secretary, the Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, London, 
8S.W.1, to whom offers to contribute papers and applica- 
tions to take part in the meetings should be addressed. 








CoLtour Licur SiagNaLLInc at LeEps.—After three 
years’ work the semaphore signalling at Leeds new station 
has been converted to colour light signalling. The new 
signals are like enclosed projectors, with a fan-shaped 
holder containing three lenses, which are brought into 
position automatically on the movement of the signal- 
box levers. The one light is of about 30,000 candle-power. 
Three boxes have been dispensed with, one reduced in 
size, and a new one built atthe western end of the station. 
On the new system the control levers on a 14ft. wide panel 
replace 250 mechanical levers. The points are worked 
electro-pneumatically. The system is similar to that on the 
main line near York. 
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Rail and Road. 





Paris UNDERGROUND Rari~way.—A recently opened 
extension of the Paris Underground Railway continues 
the line across Paris as far as the bridge over the Seine at 
Neuilly. 

RAILWAY RECONSTRUCTION IN  ARGENTINA.—Work 
has begun on the reconstruction of the Transandine 
Railway in the Argentine, which, when completed, will 
connect Pie de’ Palo. with Mendoza. 


RaiLway ELECTRIFICATION IN Traty.—Electrie trains 
are now in service upon the newly electrified line between 
Milan and Como. Under the new system the time of fast 
trains between the two towns has been reduced from 
| h. to 45 min. and slow trains from 80 mii. to | h. 


AMERICAN Rattway Orprers.—On April lst the Class I 
railways in the United States had on order 46,439 new 
freight wagons, 359 new steam locomotives, and 24 new 
oil and electric: locomotives. During 1936 the total value 
of all purchases, including fuel, by the railways was over 
803 million dollars. 


EXTENSION OF GLASGOW UNDERGROUND STaTIons.— 
The principal stations on the Glasgow Underground 
Railway at Copland-road and Cessnock are to be extended 
to cope with the increased traffic expected during the 
Empire Exhibition next year. The Copland-road station 
is to be altered at a cost of £1700, after which the recon- 
struction of the Cessnock station will be undertaken. 


New Soviet Rartway.—lIt is reported in the Soviet 
Press that plans are being made to build a new railway 
across the north of the Soviet Union, running through the 
Pechora district of the Autonomous Region of Komi and 
the Nenetz National Region. The railway will be divided 
into two seetions :—Ust-Vym-Chibyu, 260 kiloms. long, 
and Vokruta-Ust—Usa, 400 kiloms. long. The route for 
the new railway is being surveyed and on the section Ust— 
Vym-Chibyu work is being carried out in felling the forests 
in localities where the railway is to pass. 


MopERN Roaps anp Trarric.—At the annual meeting 
of the Roads Improvement Association, Sir Arthur 
Stanley said that there would be no substantial reduction 
in the number of road accidents in this country until the 
existing roads were modernised. Mr. R. Jeffreys said that 
there were two logical solutions to the critical road situa- 
tion which exists to-day. The first was to build new roads 
of modern design to keep pace with the growth of traffic. 
The second was to determine the capacity of the existing 
roads and to prohibit the building of motor cars or bicycles 
above that quantity. He added that on American roads 
outside the built-up areasa safe average speed of at least 
20 m.p.h. greater than in this country was possible. 


Tyne Toit Bripers.—Grants from the Road Fund 
totalling over £112,000 have been made by the Minister 
of Transport towards the cost of acquiring the toll rights 
of the High Level Bridge and the Redheugh Bridge, two 
of the four bridges connecting Newcastle and Gateshead. 
The bridges are freed from tolls as from May 10th. 
The High Level Bridge, a combined railway and 
road, 1350ft. long, is owned by the London and North- 
Eastern Railway Company. It was opened in 1849 and 
strengthened by the railway company in compliance with 
Newcastle-on-Tyne Corporation Act, 1920, to carry heavy 
tramcars. Redheugh Bridge, which is owned by a private 
company, .was rebuilt in its present form some thirty-six 
years ago and has a length of about 1370ft., with a width 
of 34ft. The abolition of the tolls will, it is expected, 
help to relieve the congestion in the central areas of both 
county boroughs. 


Tue Lonpon—SouTHEND Roap.—The first part of the 
scheme to build a second carriageway on the London-— 
Southend road is now nearing completion, and in order 
that the work of modernisation may be carried on without 
interruption, the Minister of rt has made a grant 
from the Road Fund to the Essex County Council for the 
second instalment of the scheme, estimated to cost over 
£64,000. Work is at present in progress on the section 
from Squirrels Heath-road to Great Warley-road. Under 
the second part of the scheme the improvements will be 
continued from Great Warley-road to Dunton-Wayletts, 
4 miles farther east. In addition to another carriageway, 
22ft. wide, se ted from the first by a central reserva- 
tion, 18ft. wide, there will be a cycle track on each side of 
the road and a footpath. When this second section of the 
road is completed there will be dual carriageways and 
cycle tracks for an additional length of about 7} miles, 
and it is intended to go forward with this work until the 
Southend borough boundary is reached. 


Fast RUNNING ON THE L.M.S.—With the introduction 
of the London, Midland and Scottish Railway Spring Time- 
table on Monday, May 3rd, a noteworthy run was made 
by the 4.10 p.m. Liverpool to Euston express. Between 
Nuneaton and Euston this train is scheduled to cover the 
97-1 miles in 92 min., at an average speed of 63-3 m.p.h. 
On its first run to the new schedule the overall time was 
89} min., representing a gain of 3 min. and an actual 
average speed of 65-2 m.p.h., notwithstanding two severe 
permanent way slacks, in addition to the normal moderate 
service speed restriction through Rugby. The train com- 
prised seven vehicles, 233 tons tare and 245 tons gross, 
hauled by the engine “‘ Sherwood Forester,” of the “ Royal 
Scot ” 4-6-0 class. Attaining 81 m.p.h. near Brinklow, 
the train passed Rugby, 14-5 miles, in 15 min. 12 sec., 
after which a slow passage was made of the Kilsby Tunnel 
on account of engineering work. Some very fast running 
followed, however, the 39-2 miles from Welton to Chedding- 
ton (where the engine was eased owing to time being in 
hand) being covered at an average speed of 79-4 m.p.h., 
with an intermediate average of 84-4 m.p.h. over the 
19-7 miles from Roade to Leighton Buzzard. Maximum 
speeds included 80 m.p.h. before Weedon, 90 approaching 
Wolverton, and 84 beyond Bletchley, with a minimum of 
73 m.p.h. on the slight rise from Blisworth to Roade. 
A severe permanent way slack near Boxmoor prevented 
the usual very fast time being made from Tring to 


Miscellanea. 





New Liverpoo, TELEPHONE EXCHANGE.—A new auto- 
matic telephone exchange is to be built at Liverpool at a 
cost of £200,000 for the building and £400,000 for equip- 
ment, 

DuBLIN WaTERWORKS SCHEME.—According to reports, 
the Dublin Corporation is to ask for power to borrow 
£896,000 for the Poulaphouca waterworks scheme, for the 
purpose of supplying Dublin with water. 


Seconp MaaGnyitocorsk Dam.—The- building of the 
second Magnitogorsk dam on the Ural River has been 
completed. The new dam is 328ft. wide at its base, 59ft. 
high, and raises the level of the river some 35ft. 


Hormway with Pay.—We are informed that British 
Insulated Cables, Ltd., Prescot, Lancs, are giving a week’s 
holiday with pay to all their employees paid on an hourly 
rate who have been in their employ for a period of not less 
than one year. 


PerrRoL From CoaL,—At a meeting of the Royal Society 
of Arts, Professor A. W. Nash said that to provide a hydro- 
genation system capable of supplying all this country’s 
domestic requirements of petrol from coal in peace time, 
the plant necessary would cost about 140 million pounds. 


AccIDENTS IN Mryes.—According to the report. of the 
Mines Department for the five weeks ending April 10th, 
1937, there were 83. persons killed and 324 seriously 
injured in the mines of this country. The fatalities under- 
ground were attributed as follows :—Falls of ground, 48 ; 
haulage accidents, 17 ; other causes, 11. Surface accidents 
accounted for seven lives. 


New Rapro Stations BEYOND THE ARCTIC CIRCLE.— 
The Soviet Authorities are to set up three new radio 
stations this season beyond the Arctic Circle, as soon as 
the opening of navigation on the northern sea route 
permits the delivery of the necessary equipment. Of the 
three stations, one will be situated on the southern shore 
of Kotel Island, one on the De Long Archipelago, and the 
third on Cape Chaplin, near Providence Bay. stations 
will signal to ships information relating to ice and weather 
conditions in their respective sections. This will enable 
them to take shorter cuts along the route. All three 
stations will be in constant communication with the radio 
centres of Tixie Bay and Anadyr. 


GENERATION oF ELEctricrry.—The, official returns 
rendered to the Electricity Commissioners show that 
1832 million units of electricity were generated by autho- 
rised undertakers in Great Britain during the month of 
April, 1937, as compared with the revised figure of 1554 
million units in the corresponding month of 1936, repre- 
senting an increase of 278 million units. The number of 
working days in the month, i.e., excluding Sundays, was 
twenty-six, as against twenty-four last year. During the 
first four months of 1937 up to the end of April, the total 
amount of electricity. generated by authorised under- 
takers was 8026 million units, as compared with the revised 
figure of 7101 million units for the corresponding period 
of 1936, representing an increase of 925 million units. 


Tue Speakinc Crocx.—In reply to a question in the 
House of Commons on Monday, May 3rd, Major Tryon 
said that the speaking clock was designed by the Post 
Office engineering research department and was con- 
structed by Post Office engineers from parts manufac- 
tured in this country. The total capital cost of installa- 
tion of the mechanism and associated plant, including 
the necessary preliminary experiments, was about £9000. 
In addition, substantial expenditure is incurred in day-to- 
day maintenance and in the provision of power and of 
exchange and junction plant and of operating staff for 
dealing with the calls. The date of the extension of the 
service to other large centres is dependent upon the manu- 
facture of special equipment and the provision of addi- 
tional line plant. 

A Soviet TELEPHONE “ TaLKrna CLocKk.”—A note in 
the Electrieal Review describes a ** talking clock” which 
has been connected to the track lines of Moscow’s tele- 
phone system. By this system, when a subscriber dials 
a certain number he is connected to the clock and hears a 
man’s voice announcing the correct time. Two sound 
tracks of the voice are placed on a revolving drum. On 
one track are recorded hours, on the other minutes. 
Parallel to the drum are two photo-electric cells. Under 
the photo-electric cells and parallel to the drum is a lamp 
which throws a narrow beam on that part of the sound 
tracks near the photo-electric cells: Altering in accord 
with the sound vibrations (modulated), the light from the 
sound tracks on the drum is reflected into the photo- 
electric ‘‘ eyes.” The light waves are converted into 
electric waves, which, after amplification, are transmitted 
by means of a relay to the telephone line. The slow 
turning of the drums is synchronised with a clock. A 
number of identical machines are to be made this year. 


GerMaN HIGH-TENSILE StrRucTURAL STEEL.—In a 
recent paper on New German Bridges read before the 
Institution of Structural Engineers, Dr.-Ing. G. Schaper, 
of the German State Railways, said that the new German 
high-tensile structural steel, known as St 52, was required 
to give the following values :—For a rolling thickness up 
to 18 mm. (0-7lin.) a breaking stress of 5200 kilos. to 
6200 kilos. per square centimetre (33-0 to 39-4 tons per 
square inch), an elastic limit of at least 3600 kilos. per 
square centimetre (22-8 tons per square inch), an elonga- 
tion at fracture of at least 20 per cent. in the direction of 
rolling and at least 18 per cent. transversely. For a ro!ling 
thickness of 18 mm. to 30 mm. (0-7lin. to 1-18in.) a 


centimetre (33-0 to 40-6 tons per square inch), an elastic 
limit of at least 3500 kilos. per square centimetre (22-2 tons 
per square inch), and an elongation of at least 19 per cent. 
in the direction of rolling and at least 17 per cent. trans- 
versely. For a rolling thickness in excess of 30 mm. 
(1-18in.) a breaking stress of 5200 kilos. to 6400 kilos. per 
square centimetre (33-0 to 40-6 tons per square inch), 
an elastic limit of at least 3400 kilos. per square centimetre 
(21-5 tons per square inch), minimum elongation 18 per 





Wembley, but the maximum speed near the latter place 
was 84 m.p.h. 


cent. longitudinally and 16 per cent. transversely, 


breaking stress of 5200 kilos. to 6400 kilos. per square | possi 


Air and Water. 





New Worip Guiipinc Recorp.—A Soviet pilot has 
set up a new world gliding record by flying a distance of 
over 332 miles in 7 h. 43 min. 

New Irisn Arrport.—A new civil airport is to be 
established at Collinstown, Co. Dublin, by the Irish Free 
State at an estimated cost of £150,000. 


New Om Tankers.—Orders for eight motor tankers, 
each of about 12,000 tons deadweight, have been placed 
by the British Tanker Company, Ltd., with shipbuilders 
in this country. : 

Socrery or British Arrcrarr Construcrors.—In 
succession to Sir Robert M’Lean, Mr. F. Handley Page 
has been appointed chairman of the Society of British 
Aircraft Constructors. 

New R.A.F. Deror.—The Air Ministry is to acquire 
500 acres of land near the Carlisle municipal aerodrome 
for the building of a Royal Air Force equipment depot. 
The estimated cost of the scheme is one million pounds. 


New AttirupE Recorp.—It is reported that an 
Italian airman, Colonel M. Peozi, has beaten the altitude 
record for aeroplanes by reaching a height of 51,361ft. 
He was flying a Caproni 161 machine with a Piaggio 
‘engine. 

New Marayan Arrport.—To commemorate the Corona- 
tion, the Sultan of Kelantan has made available a site for 
a@ new aerodrome on the Malay Peninsula at Kota Bharu. 
A sum of money has been set aside for its development and 
maintenance. 

DeatTH oF AN AIR PIONEER.—We regret to note the 
death of Herr Walter Mittelholzer, the well-known Swiss 
airman. He was a director and air superintendent of the 
Swiss Air Company, and had been interested in flying for 
the past twenty-two years. 

Tue “ Agurranta’s” ReEcorp.—On a recent voyage 
from New York to Southampton, the Cunard White Star 
liner “ Aquitania’’ made the fastest crossing in her 
history by covering the distance in 5 days 8 h. 37 min. at 
an average speed of 24-87 knots. 

ANOTHER TRANSATLANTIC FLiGHT.—Flying a _ twin- 
engined Lockheed ‘“ Electra” machine, two United 
States Airmen, Messrs. R. Merrill and J. Lambie, have 
flown from New York to this country in 214 hours. The 
journey was made at an average speed of 164 miles an hour. 


SHIPBUILDING ON THE CLyYDE.—During April, Clyde 
shipbuilders received orders valued at over 180 million 
pounds. The shipbuilders in this area have, in addition 
to forty warships, orders for about 140 other ships. 
During April eight vessels aggregating 40,768 tons were 
launched on the Clyde. 

TrRarntne or Orricers.—The educational and training 
scheme, set up in 1935 by the Central Board for the Train- 
ing of Officers for the Merchant Service, is now in full 
operation. It will be remembered that the object of the 
Board is to provide for navigating officer apprentices 
at sea some substitute for the educational advantages 
which apprentices in shore trades can enjoy by way of 
technical schools, evening classes, &c. 


New Dvortcu Liver.—The Netherland Company has 
ordered a 20,000 gross ton liner from the Netherland 
Shipbuilding Company of Amsterdam. The new ship 
will be 630ft. long, 83ft. 6in. in breadth, and 38ft. 4in. 
deep. She will have triple screws and the engines, to be 
built by Sulzer Brothers, will give a shaft horse-power of 
27,000 and a of 21 knots. Accommodation will be 
provided for 513 first, 148 tourist, and 52 third-class 
passengers. The new ship will cost about 12 million 
guilders to build, and is to be delivered in July, 1939. 


Seconp-ctass Ark Fares.—From May 20th British 
Airways, Ltd., are introducing first and second-class fares 
on the Parisair route. The first-class passengers will travel 
on the faster services and the second on slower services. 
The two regular daily services operated between London 
and Paris by the “ Electra ” air liners of British Airways 
will become the first-class services. In addition, there will 
be three more services daily. These, the second-class 
services will be maintained by aircraft which cruise 
at speeds about 20 miles an hour below those of the 
** Electras.” 

IncrEasinc Costs or NEw Sarps.—At the launch of 
the new motor ship “ Dunera” for the British India 
Steam Navigation Company, Ltd., Lord Inchcape said 
that unfortunately his company’s ships were old, and no 
sooner had it been decided to renew them than the price 
of new tonnage went up. The British India Company 
had planned an ambitious programme a short time ago, 
but that had to be drastically cut down owing to the 
increased cost of ships. They realised that was no fault 
of the shipbuilders, but that it was really due to the sudden 
demand created by the rearmament programme which 
had been forced upon them. That was doing shipowners 
a great deal of harm, and in the long run he was quite 
certain that builders would prefer to build mercantile 
marine ships rather than battleships. 


Tue Furcnt or a HELIcoprer.—Previous reports 
of the Air Ministry have dealt with the vertical ascent 
and the horizontal flight of a helicopter. A recently 
issued report extends the analysis to the case of the flight 
of a helicopter with a single airscrew (or with two coaxial 
airscrews rotating in opposite directions), the axis of 
which is tilted to give the necessary propulsive force for 
horizontal flight. Among the conclusions reached in the 
report are that for a helicopter airscrew of given blade 
loading and tip speed the solidity should be as low as 
ible, to minimise the induced drag. The tip speed 
must. be high in order that the ratio of forward speed to 
tip speed shall not be too large, when the helicopter is 
flying at its maximum horizontal speed. The blade angle 
should be easily adjustable in flight. The energy equation 
shows that the performance at small angles of climb of 
a helicopter would be the same as that of a similar gyro- 
plane, if the efficiency of the gyroplane propulsive airscrew 
were unity. This comparison neglects the extra weight 
of the reduction gearing of the helicopter and is therefore 





too favourable to the former. 
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The Coronation. 





WE are confident that we speak for all classes 
of engineers, from the most eminent in the land 
to the humblest lad in works or shipyard, when we 
offer to their Majesties, King George VI and his 
Queen, our congratulations upon their Coronation 
in Westminster Abbey. The crowns placed upon 
their heads are still, and may they long remain, 
the emblems which unite the scattered countries 
of a vast Empire by a sentiment which is as old as 
mankind. Kings and Queens pass, but the crowns 
they wear endure from generation to generation, 
and command the respect and allegiance of peoples 
to whom the personality of succeeding monarchs 
may mean little or nought. We speak, in a happy 
phrase, of the “ subjects of the Crown,” and by 
so doing acknowledge a perpetuity of rule which 
might otherwise be jeopardised whenever a new 
King or Queen ascended the throne. 

Thus does the gorgeous ceremony of the Corona- 
tion mean far more than its outward show. It 
drew to Westminster on Wednesday last the rulers 
or their representatives of every nation which is 
comprised within the far borders of the Empire. 
Each one of them must have felt that he was 
honouring not merely a man and a woman who 
had made themselves already dear to their subjects, 
but by his presence was helping to ensure the 
perpetual existence of a monarchical system which, 
with one interruption, has remained unbroken for 
nearly nine hundred years. 

The King and Queen received the insignia, the 
Orb, the Sceptre, and the Crown, which makes them 





one with all the Kings and Queens who have sat 
upon the throne of the Kingdom and the Empire. 
In the eyes of their peoples they have been made 
greater than they were by the conferment upon them 
of a dignity which is a thing apart from their person- 
alities, which existed before them, and will endure 
long after them. But in the hearts of their own 
especial people, the people of the United Kingdom, 
they will always be a man and woman who have 
shown kinship and sympathy with their subjects 
and devotion to all those things which make for a 
contented and happy land. They have entered 
upon a reign, which we all pray may be long, at a 
time when prosperity is favouring the country, 
but none doubt that when troubles do come, as 
in the course of nature they must, they will meet 
them with fortitude and show to their people the 
sympathy and understanding which they have 
displayed in happy days. 

On Wednesday last the Empire greeted them 
with a common voice in the words of the age-old 
acclamation, 

Gop SAVE THE KING AND QUEEN. 





THE NEW BATTLESHIPS. 


THE keel of the “ Anson,” one of the three 
;| battleships included in the new construction pro- 
gramme for 1937, was laid at the yard of John 
Brown and Co., Clydebank, on Wednesday last, 
May Sth. It is understood that an early start will 
be made with the “ Jellicoe’ and “ Beatty,” the 
former to be constructed by Swan, Hunter and 
Wigham Richardson, Wallsend-on-Tyne, machinery 


‘| by Wallsend Slipway and Engineering Company, 


and the latter by the Fairfield Shipbuilding Com- 
pany, Govan. The fact that these three ships are 
being put in hand barely two months after they 
were authorised is impressive evidence of the 
Government’s determination to rebuild the British 
battle fleet with the least possible delay. A sum of 
approximately £520,000 is to be spent on each ship 
during the financial year and the contracts are 
believed to stipulate delivery before March 31st, 
1941. Meanwhile the battleships “ King George V” 
and “‘ Prince of Wales,’ which were laid down on 
January Ist by Vickers-Armstrongs, Walker-on- 
Tyne, and Cammell Laird and Co., Birkenhead, 
respectively, are making good progress, and 
approximately £1,500,000 will have been spent on 
each vessel at the close of the current financial 
year. It has been officially announced that the 
five ships are of uniform design, with a standard 
displacement of 35,000 tons, and a main armament 
of 14in. guns. These are the only official details 
so far available, but certain other data have been 
freely canvassed in the Press. For instance, it has 
been widely stated that the speed will be not less 
than 30 knots, and we are inclined to accept this 
figure as accurate. It is further reported that the 
ships will be protected on a new system which 
ensures the best possible defence against all forms 
of aggression, whether by gun fire, aircraft, or 
underwater weapons. As the provisional estimate 
of cost is £8,000,000 per ship, they are the most 
expensive vessels to be built for the British Navy 
up to the present time. Not less than five further 
battleships will, it is anticipated, be authorised in 
1938-9, with a view to raising the battle fleet to a 
total of twenty-five ships by the year 1942. The 
future distribution of Britain’s capital ships is for 
the time being speculative, but we observe with 
interest a prediction by the Marine Rundschau, the 
official German naval organ, that the five recon- 
structed “‘ Queen Elizabeths ”’ will form the back- 
bone of a new Pacific Fleet. 

Two features of the “ King George V”’ class 
which invite attention are the high speed and com- 
paratively light armament. Assuming 30 knots 
to be the authentic figure, it follows that the ships 
belong to the battle-cruiser type, in spite of being 
officially rated as battleships. Fifteen years ago, 
when the “ Nelson ” and ‘‘ Rodney ” were planned, 
it might not have been possible to give a capital 
ship of 35,000 tons, with a speed of 30 knots and a 


l4in. armament, really adequate armour pro-_ 


tection. In the “ Nelson” herself the relatively 
low speed of 23 knots was accepted to enable nine 
16in. guns to be mounted and still leave weight 
available for exceptionally massive armour pro- 
tection. Since then, however, remarkable improve- 
ments have been effected in marine engineering, 
particularly with reference to boilers, and there is 
no doubt that full advantage of this development 





has been taken by the designers of the new battle- 
ships. There has been some criticism of the type 
on the grounds that such a high speed must neces- 
sarily involve a grave sacrifice of protection, the 
vital importance of which was repeatedly demon- 
strated in the last war. On the other hand, great 
speed failed to prove as tactically or strategically 
valuable as had been anticipated by the Fisher 
school. It was only natural, therefore, that a 
revulsion against high speeds in capital ships 
should have set in after the war, as far as the British 
Navy was concerned. In this connection we recall 
some interesting remarks made by the present 
First Sea Lord, Admiral of the Fleet Sir Ernle 
Chatfield, in the course of a discussion on a paper 
read before the Institution of Naval Architects. 
Speaking with unrivalled experience as the former 
flag captain to Earl Beatty, commanding the 
Battle Cruiser Fleet in the Jutland and other 
North Sea actions, Sir Ernle pointed out that the 
speed gauge was of doubtful advantage if the ship 
possessing it were inadequately protected against 

fire at decisive fighting ranges. Those 
who heard his observations formed the con- 
clusion that as captain of H.M.S. “Lion” he 
would cheerfully have forfeited a knot or two for 
thicker armour over the vitals of the ship. This 
being so, we cannot conceive a Board of Admiralty, 
whose professional head is Sir Ernle Chatfield, 
approving a capital ship design in. which protection 
was unduly sacrificed to high speed. We believe, 
on the contrary, that when full particulars of the 
“King George V” class become available the 
ships ge be ye to represent a rational com- 
promise between the three salient qualities of 
armament, protection, and speed. Be that as it 
may, there would have been legitimate grounds for 
criticism, and even for apprehension, had the 
Admiralty accepted a speed of, say, 25 knots when 
all the numerous capital ships now building on the 
Continent are known to be designed for a minimum 
of 30 knots. It is obvious that substantial 
economies in weight will result from the adoption 
of 14in. guns instead of 16in., and this, no doubt, 
was the main reason why the smaller calibre was 
chosen. Although the l4in. guns of 80 tons is 
only 25 tons lighter than the 16in., the total weight 
of gun, mounting, and shield is less than half that 
of the 16in. The actual figures of aggregate weight 
given in the Vickers-Armstrongs gun tables are, for 
the 14in., 597,500 kilos., and for the l6in., 
1,290,000 kilos. While it does not follow that this 
imposing difference in weight applies to the com- 
plete armament, there is reason to believe that a 
net saving of at least 35 per cent. will be effected 
by the adoption of the 14in. gun. On paper, of 
course, our new ships are inferior to the 16in. gun 
battleships projected abroad, but the Navy’s 
gunnery experts are satisfied that the armament of 
the “ King George V” and her consorts will be 
equal to all tactical requirements. The 14in. gun, 
firing a projectile of about 1560 Ib., has an extreme 
range exceeding the limit of visibility ; it is very 
accurate at all ranges, and its rate of fire is appre- 
ciably higher than that of the 16in. gun. In our 
opinion it is all to the good that the Navy has out- 
lived the former craze for monster ordnance, 
which was mainly responsible for the abnormal 
growth in the size and cost of capital ships from 
1910 onwards. 


It will be interesting to see whether the “ King 
George V” type perpetuates the disposition of 
main armament adopted in the “Nelson,” in 
which all the guns are mounted forward. In view 
of the obvious tactical drawbacks to this arrange- 
ment, we think it probable that one or more turrets 
of the ‘“‘ King George V ”’ will be in a position to 
fire directly astern. We understand that there 
will not be less than ten 14in. guns, with an 
auxiliary armament of 6in. mounted in turrets, and 
at least twelve anti-aircraft pieces of 4in. or 4-7in. 
calibre, besides multiple pom-poms and lighter 
machine guns for high-angle fire. Torpedo arma- 
ment could and, in our opinion, should be dispensed 
with, for it is now the almost unanimous verdict 
of: naval officers, other than torpedo specialists, 
that torpedo tubes are out of place in any vessel 
above the light cruiser category. In the case of the 
“Nelson ” the fitting of two submerged tubes for 
discharging huge torpedoes of 24}in. calibre was a 
costly experiment which we hope will not be 
repeated. As regards protection the “ King 
George V”’ class will benefit from the prolonged 
and very thorough experiments which the 
Admiralty, in collaboration with the Air Ministry, 
have made to determine the effect of aircraft 
bombs on ship targets. Deck protection is likely 
to be superior even to that of the “ Nelson,” which 
has 6}in. horizontal armour over her vulnerable 
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spaces. It should, however, be made clear that 
the modern tendency to concentrate on deck pro- 
tection is not due entirely to the menace of air 
attack, the potency of which is still problematic. 
Strong horizontal protection would in any case be 
needed as a defence against the plunging efiect of 
long-range fire. Incidentally, naval students must 
have derived some amusement from the attempts 
made by extreme air partisans to represent the 
alleged bombing of the Spanish battleship 
“ Espafia ’’ as “the death-knell of the capital 
ship.” They were, in fact, a little premature, for 
reports which have since reached the Admiralty 
make it morally certain that the vessel was 
destroyed by a mine. The only British eye- 
witnesses of the sinking declare positively that no 
bombs were dropped in the vicinity of the 
“ Espafia.” In any case it would be unwise to 
attach much importance to this incident. Not 
only on account of her age, but still more because 
of her original design the “ Espaiia ’’ was totally 
obsolete. Against modern weapons, whether bomb, 
projectile, torpedo, or mine, such a vessel would be 
virtually defenceless. In our opinion, therefore, it 
is of no consequence whether she was sunk by a 
mine or a bomb, since the circumstances in either 
case would be devoid of technical interest. 


The Rise in Iron and Steel Prices. 


ON May Ist the official prices of all the descrip- 
tions of iron and steel in most general use were 
raised by amounts varying from 17s. 6d. to 
£1 17s. 6d. per ton, the percentage increases 
ranging from 17 to 26. These figures did not 
include the prices of re-rolled steel bars and strip, 
which later were advanced by £2 8s. Not since 
the war years have price increases of such magni- 
tude, and on such a variety of products been 
notified at the same moment, and it is safe to say 
that rarely has a price movement roused so little 
comment. Users of iron and steel had been fore- 
warned that the advance was inevitable, and in the 
famine conditions existing in the market the new 
price schedule had been awaited almost eagerly 
in the hope that it would result in more iron and 
steel becoming available. It is too early yet to say 
how far these hopes will be realised, but it is doubt- 
ful if any substantial degree of relief will be experi- 
enced for a long time, since most of the works 
have sold their production over the greater part of 
this year. It may be assumed also that the steel 
makers will not fully reap the benefit of the higher 
prices for several months, although the situation in 
this respect is unusual, as a considerable volume 
of business was transacted before the increase with 
the stipulation that the price should be that ruling 
at the date of delivery. It is stated that the rise 
in the prices of raw materials used in the produc- 
tion of iron and steel made immediate increases 
in quotations necessary, and that the new rates 
include the cost of purchases by the British Iron 
and Steel Corporation of foreign supplies of iron 
and steel scrap and pig iron. These transactions 
presumably included the purchase of 400,000 tons 
of basic pig iron from India and the British share 
of the 615,000 tons of scrap in the United States, 
of which deliveries are expected to extend over a 
considerable period—in the case of Indian iron 
over the next two years. 

The new prices are intended to last until the end 
of the year, but no official announcement has been 
made, and it may be that circumstances will bring 
about an alteration before that date. A similar 
understanding existed with regard to the prices 
fixed at the end of May, 1936, but on the with- 
drawal of the railway rebates, advances of 3s. per 
ton were made in steel and the most recent changes 
have occurred a month before the year expired. 
The steel makers have felt for some time that the 
conditions of the markets in which they bought 
their raw materials and sold their products 
warranted a substantial price increase, and had 
they been left to themselves it is probable 
that there would have been more than one 
upward movement during the past year. The 
control exercised by the Import Duties Advisory 
Committee, or, to be more correct, by a triumvirate 
composed of the Committee, the British Iron and 
Steel Federation, and the Board of Trade, has 
delayed the movement, and it may be accepted 
that the former body has been satisfied that the 
rise in the costs of production justified the increases. 
Yet, notwithstanding the organisation of the 
market and for some reasons because of it, the 
outlook is by no means reassuring. Not since 1921 
has the price of steel stood as high as at present, 
but that was a black year for the steel trade, and 
marked the collapse of the post-war boom. At the 
beginning of 1921 steel angles on the North-East 






Coast stood at £24 and ship plates in Scotland at 
£24 10s.; but at the end prices were respectively 
£10 and £9 10s. The present organisation of the 
industry is designed to protect it from such violent 
reversals of fortune, but it has yet to withstand the 
test of time, and must be regarded for a long while 
to come as an experiment. That it has succeeded 
in keeping prices at an artificially low level is 
obvious, but at a cost which it is difficult to esti- 
mate. The consuming industries have not been 
called upon to pay the prices ruling in many foreign 
markets, but neither have they been able to obtain 
the steel they required to maintain their works in 
uninterrupted operation. There is little doubt 
that had foreign suppliers been able to get the same 
prices in Great Britain as in other export markets, 
more steel would have come to this country. The 
position has been simple as regards scrap, pig iron or 
steel. Either we paid the price demanded or went 
without, and those in control have taken the view 
that the latter was the better course. The out- 
standing feature of the situation has been that 
those who had most to lose—the consumers—were 
practically powerless in the matter, since they were 
prevented from making direct individual foreign 
purchases, through the operation of the import 
duties, the quota agreement between the British 
Iron and Steel Federation, and the Cartel, and the 
interlocking arrangements of the organised British 
steel industry. The controllers of industry appear 
to have pinned their faith to a system of collective 
buying of foreign supplies which in the case of 
scrap has been applied internationally. It can 
scarcely be disputed, however, that it is a method of 
trading that is still upon its trial, and there is a 
body of opinion that believes that had individual 
initiative been allowed more freedom, it would 
have blunted the edge of the scarcity. On the 
other hand, it is hardly open to doubt that home 
trade prices would have advanced at a more rapid 
rate. To draw an historic parallel: From the time 
Government control ceased on May Ist, 1919, until 
the height of the post-war boom in May, 1920, 
the price of angles on the North-East Coast rose 
by £6 10s. to £23 per ton, and of ship plates, 
d/d Glasgow, by £9 10s. to £27. 

From another aspect the advance in quotations 
for iron and steel is disturbing, since it forms part 
of a general movement that bears a resemblance 
to events in the post-war period. The phrase 
*“ vicious circle’ has come down to us from those 
days, and connotes a sequence of rising prices and 
social unrest. The products of the steel mills play 
such an important part in modern civilisation that 
it is impossible to localise the effects of a price 
movement or to estimate accurately the extent 
to which it may adversely influence the cost of the 
steel works themselves. The announcement that the 
railways have applied for permission to raise their 
charges is pertinent to this line of reasoning, since 
the cost of steel is an important item in 
railway economy and railway freight charges on 
steelmakers’ costs. If the recent advance proves 
anything, it is that no organisation can indefinitely 
resist economic forces and keep down prices, just 
as it will be found impossible to maintain values 
when the pressure is reversed. Not without 
reason, therefore, will the trading public watch 
the progress of the steel trades’ experiment in 
organisation with close attention. 


The Airship “ Hindenburg.” 


Ir is too early as yet to discuss the technical 
aspects of the disaster which befell the German 
airship “ Hindenburg’’ when she was on the 
point of mooring at Lakehurst on May 6th 
just after completing a Transatlantic crossing. 
Whatever may ultimately be found to have 
initiated the conflagration which destroyed the 
vessel, opinion, outside Germany, will certainly 
regard the disaster as one more demonstration of the 
inherently unsatisfactory nature of the airship. 
France, Great Britain, Italy and the United States, 
following, in each case, painful experiences, have 
ceased building lighter-than-air craft. Only in 
Germany has faith in them remained. To the 
persistence of the German Government and people 
and to the courage of Dr. Eckener the rest of the 
world may well pay a high tribute however strongly 
it may be felt that that persistence and courage 
have been misplaced. For a time it almost 
seemed that Germany, alone amongst the nations, 
was to achieve success with the airship and in other 
countries some people whose faith in it had not 
been wholly shattered were beginning to point to 
the achievements of the ‘‘ Graf Zeppelin ”’ and the 
‘“‘ Hindenburg” as evidence that the adverse 
decision ought to be revised. That argument 








will probably be silenced for some time to 





come. It is reported that Germany will not be 
deterred by the disaster to the ‘‘ Hindenburg ” 
from completing a sister-ship now under construc- 
tion or from building further airships. From this 
stubborn defiance of the lessons of experience we 
cannot withhold a measure of admiration. Human 
progress has always exacted its toll of cruel suffer- 
ing and disappointment and it is against man’s 
nature to bow his head, where progress is concerned, 
before the barriers to it which he encounters. We 
would applaud Germany’s decision without reserve 
were we convinced that the airship does in the true 
sense of the word promise to contribute to human 
progress. But, all technical questions apart, we 
desire to express our sympathy with the German 
nation in this blow to a success which seemed to be 
rewarding its perseverance and a more personal 
sympathy with all those who have lost friends or 
relatives in the disaster. 
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The Making and Moulding of Plastics. By L. M. T. 
Bett. London: Hutchinson’s Scientific and Tech- 
nical Publications. Price 12s. 6d. 

Booxs hitherto published on the subject of plastics 
have dealt chiefly with the chemical theory of 
synthetic resin manufacture, and in some instances 
have included a fairly comprehensive review of the 
patent literature on the subject. Whilst these books 
have proved useful in academic circles and to the 
research worker, they afforded little assistance to 
the practical man in this comparatively new industry. 
It is therefore refreshing to find that in his book Mr. 
Bell has taken a different course and has endeavoured 
to provide an easy means for all those engaged in the 
industry to study the materials, plant, and methods 
of manufacture without having, primarily, a technical 
training. The author has had a long experience in 
this branch of applied science, both as a research 
worker and as a managing director of a well-known 
company in the trade, and it is evident from a perusal 
of the book that the best of this experience is 
e.abodied in the work. It contains about 240 pages, 
made up of twelve chapters, which, besides adequately 
covering the manufacture and testing of mouldings, 
&e., deals with products like shellac, hard rubber, 
and bituminous compounds. 
In discussing the merits of steam versus gas or 
electricity for the heating of moulding presses, Mr. Bell 
does not view the future of the steam-heated press 
very optimistically. Whilst, as is well known in the 
trade, steam heating has certain disadvantages, such 
as leakage through faulty flexible couplings on the 
platens, thereby making the atmosphere too moist 
for the efficient working of some moulding powders, 
it possesses a distinct advantage over gas or electricity 
in giving a more uniform heat to the platen and 
obviating an undue temperature rise, which may 
easily occur with other sources of heat. On the other 
hand, gas or electricity affords an easy and convenient 
means of heating the presses in factories having no 
boiler installation ; but it is doubtful whether steam 
will ever be ousted from its present predominant 
position as a heating medium. 

An innovation, so far as books on plastics are con- 
cerned, is the part devoted to the inspection and 
testing of mouldings. Large users, as well as 
makers, of such mouldings have long felt the 
necessity of finding and standardising suitable 
methods of testing these products. In his book 
the author uses some of the methods long recognised 
in engineering practice, and which are now 
in use in his own works, e.g., tensile strength, com- 
pressive strength, and resistance to impact. A further 
test, plastic yield, is in reality a measure of the 
compressive strength of the material at elevated 
temperatures, but is usually considered to be a 
separate property of the compound. The method of 
ascertaining tensile strength, recommended by the 
author, consisting of suspending a bucket from a 
strip of the moulding and gradually pouring water 
into the bucket until fracture or break occurs, appears 
to be somewhat crude; nevertheless, he assures 
readers that it is as accurate as any elaborate 
apparatus yet devised. It is evident that any 
stress which a moulding is called upon to resist 
must “not exceed that which strains the material 
beyond its normal limit of elasticity. This limit is 
most readily found by gradually applying the load 
and measuring the increasing distortion of the 
piece until fracture finally occurs. From such 
measurements the maximum commercial _ load 
may be ascertained. Useful paragraphs on the 
testing of chemical resistance in mouldings are 
included ; and the electrical testing of mouldings is 
fully discussed. 

The book is well written, profusely illustrated, and 

neatly bound. To the general reader with a thirst 

for knowledge, but especially to anyone connected 


with the industry, it is well worth its modest price. 








New Power Sration in Patestine.—Work is shortly 
to begin on a new £500,000 power station near Tel Aviv, in 





Palestine. 

















May 14, 1937 


THE ENGINEER 





571 








Modern Hydraulic Turbines. 


By JOHN D. WATSON. 
No. 


(Continued from page 529, May 7th.) 


THrRust BEARINGS. 


FRANCIS turbine with a double-discharge 
f\ runner on a horizontal shaft is in axial balance 
and two single-discharge runners on the same shaft 
constituting the duplex type of turbine if discharging 
left and right also balance the axial thrust of each 
other, and any thrust bearing with which such 
machines may be equipped is only in the nature of 
protective equipment and not intended to carry any 
appreciable load under normal working conditions. 
A single-discharge runner, however, will require 
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Fics. 44, 45 AND 46—TYPES OF KINGSBURY BEARINGS 


either an hydraulic balance or a thrust bearing, or 
both. The vertical shaft machine, which has been 
built to develop as much as 115,000 H.P., thus depends 
wholly upon a thrust bearing to support the whole 
weight of its moving parts plus the water load. As 
might be anticipated, this may well reach 500 tons 
or more at between 100 and 200 r.p.m., and the 
support of this moving load proved a formidable 
problem to the early designers of large units, 
as anything in the nature of a footstep proved 
impracticable. 

Actually, to-day, the thrust bearings of these 
large units are not only relatively small, but they 
operate without any appreciable trouble and absorb 


ry. 


exceeds one-fifteenth of 1 per cent. of the total 
power of the machine. A 35,000 H.P., 875ft. head 
unit running at 514 r.p.m. built by the Pelton 
Wheel Company has a load of 120 tons carried in a 
35in. bearing. The maximum power loss even under 
this exceptional head for a vertical-shaft machine 
does not exceed 55 H.P., or one-sixth of 1 per cent. 
of the total output, while in the case of the 70,000 H.P. 
Morris turbines at Niagara, which run at 187-5 r.p.m. 
on a head of 304ft., the thrust load is no less than 400 
tons, though it only absorbs 85 H.P. 

Owing to the classic investigations of Osborne 
Reynolds and Beauchamp Tower some forty years 
ago, the properties of the wedge-shaped oil film were 
established. In the experiments leading up to their 
discoveries which have largely revolutionised lubri- 
cation as a whole, it was shown that oil, because 
of its adhesion and viscosity, drags along to form a 
wedge-shaped film between the stationary and 
moving parts of the bearing, and if the latter be so 
designed as to give every facility to this condition, 
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Fic. 48—THRUST AND STEADY BEARING 


there need be no metallic contact at all. Bearings 
of the class outlined have been actually tested under 
a unit pressure of 350 Ib. per square inch at 94 r.p.m., 
giving a mean surface speed of 900ft. per minute 
without any distress with just sufficient light mineral 
oil circulating to carry away the heat, while at 
10 r.p.m. the oil film was still maintained under a 
mean surface speed of 95ft. per minute. 

For large bearings the more common arrangement 
in use to-day is one of six shoes in combination with 
either an equalising full-split mounting—Fig. 44—or 





comparatively little power. They are, in almost 





FIG. 47—-KINGSBURY BEARING FOR SAFE HARBOUR TURBINE 


every case, bearings of the pad or shoe type associated 
with the Michell and Kingsbury designs, the latter 
especially being almost universal on the American 
continent for the largest vertical-shaft turbines, 
including those of 115,000 H.P. at the Boulder dam, the 
70,000 H.P. sets at Niagara, and those of 95,000 H.P. 
recently put into operation at the Diablo plant of 
the City of Seattle. This Kingsbury bearing is to 
be found on at least 300 units of over 5000 H.P., and 





the friction load expressed in actual power rarely 





an adjustable mounting—Fig. 45—which may be 
compared with the sphe- 


rical seated mounting 
shown in Fig. 46. When 
these bearings are in 


operation the bearing faces 
are wholly separated by 
a film of oil, so that 
there is no metallic con- 
tact. This oil film will 
form automatically as soon 
as the bearing commences 
to turn, and while in opera- 
tion the bearing faces of 
the shoes lie very slightly 
inclined to the opposing 
bearing face. 

The previous illustra- 
tions show in the maim the 
correct disposition of the 
collar, pads, segments, oil 
well, &c., as they are in 
an actual bearing such as 
that shown in Fig. 47, built 
by the Kingsbury Bearing 
Company for the plant 
at Safe Harbour. Many 
turbines have steady bear- 
ings of the lignum class, 
and later the use of cutless 
rubber bushings has come 
into favour for that particular purpose. A combined 
thrust and steady bearing is illustrated in Fig. 48. In 
Fig. 49 is shown a bearing with spherical pads for 
units at Rosetilla, Mexico. 

The oil from the spaces between the shoes con- 
tinually supplies the film at the thicker end, and as 
the oil in this film naturally heats up it is usual to 
equip the bearing with means for cooling it, usually 
in the shape of a water-circvlating coil—Fig. 48. 





automatic circulation that causes the hot oil to mix 
with the main body of it, and while the water coil 
serves this purpose in a number of instances, including 
those of the aforementioned Niagara turbines, the 
oil is sometimes withdrawn from the reservoir con- 
tinuously and circulated through a cooler, which 
may, again, serve several bearings. It is stated that 
the actual oil loss in these large bearings does not 
exceed 20 gallons per year. 

As regards materials, while hardened steel or chilled 
iron collars often work well against hard bronze 
or babbitted shoes where the speeds are low, higher 
ones are better served by mild steel or cast iron 
collars working on babbitt-faced shoes, and in the 
case of hydraulic turbines a loading up to 450 lb. 
per square inch is permissible though about 350 lb. 
is the more usual when using an oil with viscosity 
150 seconds Saybolt. This viscosity gives a mean 
coefficient of friction of 0-00009 times the square 
root of the revolutions per minute. Or, assuming 

















FiG. 49—SPHERICAL KINGSBURY BEARING 


100 r.p.m. at a pressure of 350 lb. per square inch, 
the mean coefficient of friction is 0-0009, which is a 
very low valve. 

Actually, if there was any appreciable amount of 
friction in these large thrust bearings, the power 
absorbed would prove quite an appreciable loss. 
Assuming, for instance, that the mstalled H.P. 
cost is £40, a 25,000 H.P. plant would cost £1,000,000. 
One-tenth of 1 per cent. on this amount runs to 
£1000, while the actual cost of the Kingsbury bearing 
is stated to average one-fifteenth of 1 per cent. of 
the installed cost of the unit, or about two-thirds 
of the installed capacity equivalent of the power 
loss. It is therefore an exceedingly good investment. 
As regards the differént types referred to, the six- 
shoe adjustable construction has several advantages. 
There is available vertical adjustment of about }in. in 
the average sizes used on hydraulic turbines. This 
amount suffices to take care of any errors inthe machin- 
ing and assembling of the whole machine. The shoes, 
too, may be removed two at a time for inspection 
while the load is carried on the others, and by slack- 
ing off the adjusting screw so as to remove the thrust 
load from any one shoe it can be withdrawn radially. 
The bearing, too, can be readily adjusted so that the 
shaft is centralised with the lower guide bearing. 
The babbitt-faced shoes are mounted on hardened 
steel discs that distribute the supporting reaction 
over the back of the shoe so as to avoid load con- 
centration over the pivot. The slight elasticity 
of the discs assists them in functioning and adds 
to the uniformity of the load distribution obtained 
by means of the adjusting screws. These larger 
size bearings are also usually provided with insulated 
sub-bases to avoid the destructive effect of stray 
electrical currents. 


(To be continued.) 








PROGRESS IN AEROPLANE PowER PLantT.—A lecture 
on “ Power Plant Trends” was given before the Royal 
Aeronautical Society recently by Mr. G. J.. Mead, the 
vice-president of the United Aircraft Corporation. In 
the course of his remarks Mr. Mead examined the progress 
made during the last decade to obtain some indication of 
probable future developments® The output. per litre had 
risen steadily from 18 to 35 H.P., crankshaft speeds 
from 1900 to 2800 r.p.m., take-off mean effective pressures 
from 132lb. to nearly 200lb., cruising pressures from _ 
90 Ib. to 135 1b., and inter-overhaul periods from 300 to 
600 hours. He said that the use of fuels with higher 
anti-knock ratings, additional displacement, better 
cooling, greater boost, higher operating speeds, and lower 
fuel consumptions might confer higher performances upon 
standard type engines. In the development of existing 
engine types there was a trend toward smaller cylinder s 
and higher speeds. Maximum performance was being 
secured with the total displacement reduced from 10 to 
15 per cent. in the latest examples of nine-cylinder radials 
and twelve-cylinder vees. The exception to the general 
trend was the two-row radial. Here it was feasible to 
use eighteen instead of fourteen cylinders providing a 
satisfactory built-up crankshaft could be developed. 
This would provide an increase in displacement and 
correspondingly greater power. The diameter would be 
only slightly greater than the fourteen-cylinder type with 





The rotation of the collar or runner maintains an 


cylinders of the same size. 
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The Development of the Steel 
Industry." 


By ALFRED HUTCHINSON, M.A., B.Sc. 


PROPOSE in this address to give you some 

account of applications of technical inventions 
and discoveries in the North-East Coast area. My 
own interest in the iron and steel trade dates from 
the time when, as a very small boy, I was taken as a 
great treat to the wrought iron malleable works, 
called the Newport Rolling Mills, of Messrs. Fox, 
Head and Co., of which my father was commercial 
manager, a works producing some 300—400 tons per 
week of puddled iron. I was shown the puddling 
furnaces, the balling of the puddled product, the 
hammering and the finishing of the rolling into 
plates. I was thrilled, and there was awakened in 
me a keen interest in all the operations in the manu- 
facture of wrought iron. 

Later, a new phenomenon appeared in the district. 
Every few moments the town became illuminated 
with brilliant lights to the north and east, making 
the long winter evenings at intervals as light as day. 
The illuminations were caused by the after-blow of 
the basic Bessemer plants at Bolckow, Vaughan 
and Co., Ltd., and the North-Eastern Steel Com- 
pany’s works, and we became aware that a new 
industry had been started in the district which was 
destined ere long to replace entirely the manufacture 
of wrought iron by that of steel. 

When I entered the steel trade I became a member 
of the Iron and Steel Institute, and have, I think, 
attended every Annual Meeting since. The papers 
and discussions thereon to which I have listened 
from time to time, together with visits to other 
works forming part of the Autumn Meetings in Great 
Britain and abroad, have acted as a constant stimulus 
to my deep interest in the technical advances in the 
manufacture of steel and iron awakened by my 
boyhood’s visits. 

The first visit of the Iron and Steel Institute to the 
Middlesbrough district was in 1869, and the visitors 
must have seen a fully developed wrought iron and 
pig iron industry in active operation. 

Following the discovery of ironstone in the Eston 
Hills, seventeen mines had been opened up and 167 
blast-furnaces erected. The pig iron so produced 
formed the raw material for the foundry trade in the 
district and in Scotland and for the wrought iron 
trade. 

The point of technical importance was that the 
liquid pig iron produced was allowed to cool on the 
pig beds, so losing its initial heat, and was sent as 
cold pig iron to foundries or forges, in which it had 
to be remelted to produce finished products, and the 
finishing operations of a large proportion of the pig 
iron output were conducted in other districts. 

The members of the Institute who, we hope, will 
visit us in the autumn of this year will find a very 
different state of affairs. The wrought iron trade has 
completely disappeared, being replaced by steel works, 
in many of which the molten pig iron is converted 
into steel without the loss of its original heat, and 
rolled into finished steel products on the spot, and 
in some cases there are attached to such steel works 
finishing departments in which the essential parts of 
structural steel buildings are manufactured. Even 
the basic Bessemer process has entirely disappeared. 
The plant in which basic Bessemer steel was first 
produced at Cleveland works has recently been 
demolished to make room for a stockyard for ingots 
produced by the basic open-hearth process in a 
thoroughly up-to-date basic open-hearth plant. We 
may well ask what were the notable inventions and 
discoveries which led to the complete disappearance 
of the making of wrought iron in the district, the intro- 
duction of the manufacture of steel by the basic 
Bessemer process and its ultimate abandonment in 
the North-East Coast district. Discoveries and inven- 
tions in all branches of metallurgy and engineering 
have effected this great change. 

Broadly, it may be stated that three great inven- 
tions helped the production of steel :— 

(1) The invention of the basic Bessemer con- 
verter with its basic lming ; 

(2) the invention of the Siemens-Martin open- 
hearth regenerative furnace, in which steel was 
made first by the acid open-hearth process ; and 

(3) later by the basic open-hearth process. 


Certainly, with regard to the basic Bessemer 
process, it was in Cleveland that the pioneer work 
was carried to a successful issue. It was operated by 
Bolekow, Vaughan and Co., Ltd., and the North- 
Eastern Steel Company for many years, and large 
outputs of rails, billets, and sheet bars were manu- 
factured. It was also in Cleveland plants that pro- 
gressive development of the basic open-hearth process 
was effected. In a rebuilt plant at Clarence, in which 
pig iron specially selected from the numerous blast- 
furnaces in operation and desulphurised by the 
Saniter process was used, steel was produced in open- 
hearth furnaces (the first of small capacity, about 
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12 tons). This steel satisfied the tests required by 
engineers and was of more uniform quality than can 
be obtained by the basic Bessemer process. This 
made possible the large future development of open- 
hearth basic steel in Cleveland for sections and joists, 
and later also for plates after the prejudice in favour 
of acid open-hearth steel for plates had been over- 
come. 

Sir Arthur Dorman at once determined to adopt 
this process generally and to manufacture basic open- 
hearth steel in furnaces originally working the acid 
open-hearth process at the Britannia Works. He 
there adopted the hct metal process, taking liquid pig 
iron from Messrs. Samuelson’s blast-furnaces close 
at hand and thereby saving the cost of remelting cold 
pig iron. Henceforth the hot metal process became 
the rule in Cleveland for all basic furnaces. 

These developments affected the general pig iron 
trade of the district. For the successful making of 
acid open-hearth steel, hematite pig iron, low in 
sulphur and phosphorus, was required, and some 
twenty-two furnaces were changed from a native 
Cleveland ore burden to a Spanish hematite ore 
burden. Other furnaces to supply a truly basic 
pig iron suitable for the basic Bessemer process were 
turned on to the manufacture of Bessemer pig iron 
made from a mixture of Cleveland and foreign ores 
and puddler’s tap, of which there was a plentiful 
supply from the waste heaps of the large malleable 
plants in the district. 

Further progress was made when Mr. Benjamin 
Talbot worked out the continuous making of steel 
by the basic open-hearth process in tilting furnaces 
of large capacity—175 tons in the early days, and 
later up to 250 tons—erecting at Cargo Fleet a 
completely new steel plant with rolling mills attached. 

The whole development of steel making was greatly 
helped by the invention of the by-product coke oven. 
This revolutionised the manufacture of the coke 
supplied by the Durham collieries for use in the 
blast-furnaces. In the first place, the chief advantage 
lay with the collieries where the spare gas was 
utilised to generate electric current for distribution 
over the county, but an important step forward was 
made when Messrs. Samuelson erected a battery of 
coke ovens at Newport Works, the spare gas being 
used to supplement the town gas supply of Middles- 
brough. Gradually, from this beginning, came the 
development of the complete combined coke oven, 
blast-furnace, and steel works plant, which are now 
the general practice of the district. The outlet of 
town supply was an important one and remains so 
to this day—the towns of Middlesbrough and Redcar 
taking a considerable proportion of the spare gas 
produced at the coke oven batteries erected at the 
Newport, Cleveland, and Redcar works of Dorman, 
Long and Co., Ltd. 

The advantage of a coke-oven battery on the 
spot proved a great asset to the economical working 
of the steel plant. At least 50 per cent. of the gas 
produced at the battery was available for external 
use. The possibilities of the use of coke-oven gas 
of 500 B.Th.U. mixed with blast-furnace gas of 
100 B.Th.U. in suitable proportions at once offered 
the opportunity of saving the whole or part of the 
coal used in the producers erected for making the 
producer gas by which the open-hearth furnaces were 
heated for many years. 

When the Skinningrove Steel Works were first 
erected, soaking pits designed to be heated by blast- 
furnace gas alone were put into operation ; the first 
bars to be rolled in the Skinningrove mill were from 
the first ingots in Great Britain heated by blast- 
furnace gas alone. After the war, at these works, the 
steel furnaces were heated by a mixture of coke- 
oven and blast-furnace gas. A very simple method 
of ensuring mixtures in the right proportions was 
invented, a full account of which has been given 
before this Institute. 

Along these lines progress has been continuous 
and most satisfactory, and, further, during the 
last ten or fifteen years the value of coke-oven 
batteries adjacent to steel works has been enhanced 
by the introduction of the silica-brick coke oven, 
which incidentally helped the brick-making plants 
of the district, increasing the demand for the high- 
quality silica bricks manufactured by them. 

An outstanding example of a thoroughly up-to- 
date combined plant has recently been completed 
at the Cleveland works of Dorman, Long and Co., 
Ltd., where in reorganising their melting shops and 
mills they have erected two batteries of coke ovens, 
a total of 136 ovens, with a coke output of 13,000 
tons per week, adjacent to the thirteen blast-furnaces 
which are in operation at these works. The spare 
gas from the coke ovens and the blast-furnaces 
is carried in separate tubes to every department 
of the works, with a very accurate but simple means 
of adjusting the proportions of blast-furnace and 





coke-oven gas required by any particular part of 











the plant. An interesting illustration is the use of 
pure coke-oven gas in the new open-hearth fixed 
furnaces on the North Plant, each producing some 
1200-1400 tons per week. 

The above inventions were mainly concerned with 
the metallurgical process involved in the making of 
the steel ingot. Many equally important inventions 
have been utilised in the production of the fine finished 
steel products. Examples are the invention of the 
Parsons turbine, the water-tube boiler, and on 
the electric side, the great developments of electric 
power schemes based on the original discoveries of 
Michael Faraday, whose life’s work at the Royal 
Institution laid the foundation for the great electric 
developments of the present age and opened up great 
possibilities for the steel works engineer. 

The invention of the gas engine greatly helped the 
steel trade. The first gas engine used in the district 
was by Messrs. Cochrane for blowing blast. This was 
followed by the installation of gas engines at the 
Cargo Fleet Works, made by Messrs. Richardson, 
Westgarth and Co., the well-known local engineers, 
and when the Skinningrove Steel Works were built 
gas engines were installed for the generation of electric 
power and, by a later addition, for the blowing of 
blast at the blast-furnaces. The use of blast-furnace 
gas in the gas engines was only rendered possible 
by the thorough cleaning of the gases, and led to 
great development in the methods employed for the 
cleaning process. After trials with the electrostatic 
method, the Halberg-Beth method and wet methods 
of cleaning by means of static washers followed by 
the Theisen washer, the general practice seemed to 
be the adoption of the wet method. 

An interesting chapter in the technical history 
of the district is the gradual improvement of blowing 
the blast to the blast-furnaces. Beam engines were 
replaced by reciprocating steam engines fed with 
steam generated, in the first place, in egg-ended 
boilers, then in improved Cornish and Lancashire 
boilers; and, lastly, in water-tube boilers. The 
trade followed very closely the great engineering 
improvements effected over many years. Where new 
blowing plant is to be erected the preference seems 
to be tending to the installation of turbo-blowers of 
the Parsons type, driven by steam generated in water- 
tube boilers heated by a mixture of blast-furnace 
and coke-oven gas. A fine installation of such a 
blowing plant supplies the blast for thirteen blast - 
furnaces grouped round the Cleveland steel works. 

But it is not alone in the production of the main 
products of the steel works—plates, sections, and 
joists—that improvements have been made. Gradu- 
ally, through a long series of years, methods of 
using up the other products of the blast-furnace and 
steel works have been invented and carried to per- 
fection. The temporary success of the basic Bessemer 
process in the district was dependent on the simul- 
taneous production of a basic slag rich in phosphates 
which commands high prices as a fertiliser, and, 
though the basic slag produced in the basic open- 
hearth process is not so valuable, it is still a useful 
by-product. 

The blast-furnace slag has also come into its own. 
At Skinningrove nearly fifty years ago it was con- 
verted by a hydrating process into hydraulic blast- 
furnace cement, which enabled the management 
there to get a firm foundation under sea water for 
a jetty which ensured the success of the company as 
pig iron makers, and for many years they carried on 
the manufacture of slag wool made from slag spun 
into long crystals by a jet of steam, this being the 
basis of a very useful insulator for building purposes. 

The demand for suitable material for the making 
of roads all over the country was met by the manu- 
facture of tarmacadam from crushed blast-furnace 
slag. This, together with the extensive use of such 
crushed slag for the ballasting of railway tracks all 
over the country, is resulting in the gradual disappear- 
ance of the unsightly slag heaps which so disfigure 
the district. This is a further example of the way in 
which the various by-products formed in the manu- 
facture of pig iron have gradually been brought into 
the service of mankind instead of being wasted as they 
were two generations ago. 

These few examples of applications of technical 
inventions in the Cleveland district must serve to 
illustrate how far such inventions have secured con- 
tinuous advance in the various processes involved 
in the manufacture of ingots and the ultimate rolling 
of such ingots into finished products. 

Side by side with this general improvement, other 
industries in the district using steel and iron have 
made great progress. The foundries have expanded, 
the most modern and up-to-date plant being Messrs. 
Cochrane’s new pipe foundry, where Mr. Fox, greatly 
daring, erected on the site of the old blast-furnaces, 
now dismantled, a thoroughly up-to-date plant for 
making spun pipes, and thus achieved the same 
success as he formerly did at his Stanton Works in 
the Midlands. 

Side by side with the great part played by Sir 
Arthur Dorman should be mentioned the success 
which his structural steel department adjacent to the 
Britannia Works has achieved, thus turning into 
buildings and bridges a large proportion of the finished 
steel products manufactured in the steel plants con- 
trolled by his company. The Sydney Harbour Bridge 
is a monument to the genius of Mr. L. Ennis and his 
assistants. 
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New uses for steel are continually being found 
which were little dreamt of two generations ago. 
Comparatively new departures for the Cleveland 
district are the erection of tube works, built near the 
old Stockton Malleable Works, and the latest scheme 
developed by the South Durham and Cargo Fleet 
Company for the installation of the most up-to-date 
and modern mills for the production of strip. 

Finally, may I remind members of the Institute 
that it exists for the promotion of research? The 
great improvements which I have outlined are the 
direct result of research, to which many great minds 
in the past devoted their whole lives. Under the 
auspices of this Institute and the research department 
of the British Iron and Steel Federation, active 
research has been stimulated in every department of 
the trade. In such research the Cleveland district 
has played no unworthy part. It was Sir Isaac 
Lowthian Bell, who at Clarence carried out the great 
experiments on the principles of blast-furnace prac- 
tice which remained the classic on the subject for 
over fifty years. Indeed, it is remarkable how little 
new work was done on this important matter until 
comparatively recently, and when new work was 
started it was by Professor Bone, a native of Stockton, 
who had already made for himself a world-wide reputa- 
tion by his researches on the explosion of gases which 
he had carried out over a long period of years at the 
Imperial College of Science and Technology. Such 
researches require for their prosecution the highly 
trained mind not only of the man who directs the 
research but of the large band of highly qualified 
research students who work under him. Professor 
Bone, after publishing most important papers on the 
laboratory investigations and the reactions which 
go on in the blast-furnace, will shortly publish his 
accounts of field works experiments in the Lincoln- 
shire area, and these are being followed up by experi- 
ments to be conducted on the new blast-furnace 
recently blown in at Skinningrove. We cannot all 
be researchers in this highly technical work, but it is 
for the trade as a whole to ensure that by appro- 
priate endowments such work is made possible for 
men who must devote their whole life’s work to carry- 
ing out such scientific work. 

It is not only academic research for which this 
Institute stands. Its desire is to encourage in every 
possible way inquiry into all possible means of 
improving the processes of steel and iron-making, 
and to this end it should prove helpful to those 
members who are the practical managers of works in 
which steel and various other products are produced. 
In a sense every workman who makes the smallest 
suggestion towards the improvement of the working 
operations of his plant is a worthy successor to the 
greater minds who invented the fundamental process 
on which the industry rests. The roller in the mill 
who suggests an improvement in the lengthening of 
his guides might result in the turning out of a more 
perfect section, the bricklayer who suggests some 
slight alteration in the gas ports of his furnace, or 
the man who invents some simple but very efficient 
form of port, is making his contribution to technical 
improvements and advances. 

1 would conclude my address with a personal 
reference to the memory of my father, who, without 
previous experience in making pig iron, on taking 
charge of a small plant at Skinningrove turned his 
attention at once to improving its method of operation 
in every possible way. He improved the distribution 
of the materials in the furnace by, altering the dia- 
meter of the bell, thereby reducing his coke con- 
sumption by 2ewt. per ton of pig iron and getting 
increased makes ; he adopted Cowper stoves in place 
of pipe stoves—a further reduction of 2 cwt—and, to 
get out of the difficulties of excessive railway carriage, 
invented from blast-furnace slag the hydraulic 
cement referred to above and with it built a jetty 
which put him on to the open sea. 

When, later on, the ironstone accessible to the works 
without railway dues became contaminated with 
shale, which when smelted in the blast-furnace 
increased the coke and lime consumption and the 
consequent cost of the pig iron, he completed a mech- 
anical process of cleaning the ironstone by the erection 
of belts at Skinningrove and later at Boulby. By this 
means he restored his costs to the normal and proved 
that it is cheaper to clean ironstone mechanically 
than to smelt shale in the blast-furnace. It may be 
remembered that he read an important paper on this 
subject at the last Middlesbrough meeting in 1908. 

He thus inspired all his staff with the desire for 
progress and economy, and later, when building steel 
works, encouraged the adoption of electric rolling ; 
during the war he supported the members of his staff 

—notably Mr. Ernest Bury, who invented his own 
methods for the manufacture of T.N.T. (trinitro- 
toluol), poison gas and potash from coke oven and 
blast-furnace products, which were badly required 
in the time of national need. 

Cleveland has produced through two generations 
men whose names were great in research and inven- 
tion—Sir Isaac Lowthian Bell, Mr. Windsor Richards, 
Sir Arthur Dorman, Mr. Benjamin Talbot, Dr. J. E. 
Stead. All played a great part in laying the founda- 
tion of the future prosperity of the district, and it is 
for those members of the Institute who are left to 
carry on their work to see to it that in the future 
improvements and economies are effected in the 
industry which is so important to the nation. 
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THE SOLIDIFICATION OF INGOTS. 
By CECIL H. DESCH, D.Sc., Ph.D., F.R.S., Metallurgy Depart- 
ment, National Physical Laboratory. 

THE manner of solidification of an ingot may affect 
the properties of forged or rolled material made from the 
ingot in two ways—through the shape and arrangement 
of the crystals, and by the uneven distribution of the 
chemical constituents. These two factors are not 
independent, but are both determined by the process of 
solidification. When molten metal enters the mould, 
the first effect is usually to produce a large number of 
nuclei at the surface of contact, giving a layer of small 
crystals with random orientation. Those that have a 
favourable direction of growth perpendicular to the 
cooling surface continue to grow, crowding out the 
remainder. The survivors are the “ columnar” crystals. 
With a thin mould or with very hot metal, the first layer 
may be remelted, and crystals are not formed again until 
the temperature of the whole has fallen. The ingot has 
then no “chilled” layer, but the columnar crystals 
start from relatively few nuclei. The meeting of two sets 
of columnar crystals on a line bisecting the angle at the 
corner of a mould is a source of weakness, owing to 
contraction. 

In most ingots columnar growth ceases before the 
centre is reached, and many nuclei appear in the liquid 
mass, giving rise to the “equiaxed” zone. The causes 
of this change of habit are disputed. It has been attributed 
to undercooling in passing from the metastable to the 
labile state ; to the sudden separation of the ingot from 
contact with the mould owing to contraction; to the 
change in the rate of outflow of heat caused by the mould 
having reached a constant temperature, and to a critical 
ratio between the volume of metal remaining liquid and 
the area of the solidifying surface. 

Metals which contract in freezing will form a cavity 
in the last part to freeze; whether a conical pipe or an 
internal cavity is formed depends on the shape of the 
mould and on the degree of “‘ feeding.” 

These processes are the same for an alloy as for a pure 
metal, but in most alloys some degree of chemical 
differentiation occurs and this “ segregation ’’ profoundly 
affects the properties of the solid mass. It has, therefore, 
been the main object of study of the Heterogeneity 
Committee,t the reports of which contain a great mass 
of observations and experiments bearing on the problem. 

The crystalline nuclei grow into dendrites, and the 
central skeleton of each dendrite contains less than the 
average of such dissolved elements as lower the freezing 
point. Successive layers contain increasing quantities, 
so that there is an accumulation in the interstices between 
the branches, especially where neighbouring dendrites 
meet. This ‘‘ minor segregation” is fully accounted 
for by the diagram of thermal equilibrium. It is most 
pronounced for dissolved elements which give a long range 
of freezing and low solubility in the solid metal. Thus, 
in steel, carbon and phosphorus show marked minor 
segregation, but not silicon or manganese. Nickel is 
decidedly segregated on this scale, in spite of the small 
freezing range, owing to the very slow diffusion of nickel 
in solid iron. Sulphur is in a different position. In the 
later stages of freezing, at least, the sulphides of iron and 
manganese are present, alone or in the form of a eutectic 
with ferrous and manganous oxides, as a second liquid 
phase in suspension. Such particles are trapped between 
the branches of the dendrites, so that the segregation of 
sulphur (and oxygen), on the minor scale, follows that of 
carbon and phosphorus, although the mechanism is 
different. Steel also contains liquid particles of silicates, 
&c., which are trapped in the same way, but an anomaly 
is found, in that a pyramidal zone in the lower part of the 
ingot, although less segregated than the average, and 
containing less sulphides, retains an unusually high 
proportion of silicate inclusions. 

Separation on a larger scale, or “ major segregation,” 
is also found in most ingots. The same impurities which 
constitute minor segregation are concentrated in certain 
regions. In steel, the smaller vy segregates in the central 
part of the ingot, forming cones with their points down- 
ward, may be accounted for by the sinking of the level 
of the liquid through contraction, but the larger A segre- 
gates, which form, in large ingots, conspicuous bands with 
an inward slope towards the top, are the subject of much 
discussion. They occur, in the main, at the junction of 
the columnar and equiaxed zones. Convection currents, 
escaping and changes in density of the liquid through 
the separation of relatively pure dendrites, must all play 
a part in producing them. The greatest concentration 
is found in that part of the ingot which is last to freeze—in 
the feeder head, round the pipe communicating with it, 
or around the central cavity in ingots cast with the narrow 
end upwards. In ingots with the wide end up there is 
a fairly steady increase from the bottom to the head. 

An exceptional condition is that of ‘‘ rimming ”’ steel. 
This form of low-carbon steel, only partly deoxidised, 
has an outer zone or rim of remarkable purity and freedom 
from inclusions. It is immediately followed by a zone in 
which segregation is excessive, and here are also found 
blow-holes containing gas. The carbon in the rim is 
very constant in quantity, and there is no progressive 
increase from the surface inwards. As it corresponds 
fairly closely with the limit of solid solubility of carbon in 
6 iron, it has been suggested that the rim represents 
metal which solidified as 6 crystals and did not undergo 
a peritectic change. 

Segregation of impurities in the last portions to freeze 
is described as “normal.” “Inverse” segregation, 
consisting in an accumulation of impurities in the outer 
zone, appears to be even more frequent. It is charac- 
teristic of most non-ferrous alloys and also of completely 
austenitic steels. The causes which determine it have 
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been disputed. Differential solidification causes the 
individual dendrites, as before, to show a progressive 
increase of foreign elements from the central skeleton 
to the periphery, but an excess of dissolved elements 
is found between the columnar crystals. The quantity 
of interstitial matter is often greater than that indicated 
by the equilibrium diagram, as in many alloys the solid 
solubility changes greatly with temperature and, during 
freezing, equilibrium is not reached. The diffusion of 
zine in solid copper is rapid and that of tin slow, so that 
brass shows little and bronze much inverse segregation. 
The greater the freezing range, the greater the segregation, 
and it is more marked in ingots cast in cold moulds 
than in those cast in sand, but it is suppressed by very 
rapid quenching. Contraction of the columnar crystals 
is a determining cause, the liquid being sucked back 
into the cavities so formed. Pressure from gases escaping 
from solution causes excessive segregation, the most 
fusible part of the alloy being sometimes extruded from 
the surtace, but experimental evidence, including that 
of ingots cast in a vacuum, proves that it is only a con- 
tributing factor and not the primary cause. 

Inverse segregation may be observed even in steel 
ingots, when analyses and micro-examinations are made 
on a sufficiently close scale. Similarly, normal segrega- 
tion is found in some non-ferrous alloys, especially those 
of bismuth, which expand on freezing, thus preventing 
the formation of contraction cavities. 

In spite of the very large amount of experimental 
material, the solidification of ingots is still a controversial 
subject, and this summary can only be regarded as 
tentative. 





WROUGHT ALUMINIUM ALLOYS IN 
GREAT BRITAIN. 


By 8. L. ARCHBUTT, F.L.C., National Physical Laboratory. 


THERE has been considerable progress in development 
of wrought aluminium alloys in recent years. Whereas 
twelve years ago it could be said that duralumin was the 
only wrought aluminium alloy on a commercial basis of 
production, to-day a wide choice is available to meet 
particular requirements for strength and stiffness, marked 
workability with fair strength, strength at high tempera- 
tures, control of hardening after quenching, or corrosion 
resistance. This progress has followed the application 
of results of research into the mechanism of the spontaneous 
hardening (age hardening) of duralumin and other alloys 
after quenching, into grain refinement, and‘ corrosion, 
and into the constitution of alloy systems, particularly 
into the solubility behaviour of constituents in the solid 
alloys, on which hardening after quenching has been found 
to depend. 

Several alloys with useful properties and moderate 
strength may be mentioned. Those containing magnesium 
(5-10 per cent.), with or without a small amount of 
possess good ductility with remarkable 
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manganese, 
resistance to atmospheric and marine corrosion. Alloys 
with silicon (8-12 per cent.) are highly ductile. A very 


useful alloy consists of aluminium to which small amounts 
of magnesium and silicon in proportions obtaiming in 
the compound Mg,Si are added. In the hot-worked or 
annealed condition it can readily be formed into various 
shapes and afterwards hardened by simple heat treatment 
to give a tensile strength of 23-5 tons per square inch 
with 9 per cent. elongation on 2in. The development 
of this alloy followed the discovery that age hardening 
occurred in alloys containing magnesium and silicon 
in the proportions of the compound Mg,Si. Owing to 
its excellent electrical conductivity (90 per cent. approxi- 
mately of that of aluminium), lightness, and strength, 
it has proved valuable for overhead electrical transmission 
lines. Another medium-strength alloy consists of 
aluminium with 4-5 per cent. copper and small amounts 
of silicon and manganese. In this alloy the variable 
solubility of the compound CuAl, is made use of to obtain 
hardening by heat treatment after quenching. In sheet 
form a tensile strength of 25-5 tons per square inch 
with 15 per cent. elongation on 2in. is obtained. 

Regarding stronger alloys, in the light of the new know- 
ledge of age hardening referred to above, it has been 
found possible by slightly altering the proportions of 
certain of the constituents of that well-tried alloy dur- 
alumin to harden it further by suitable heat treatment 
after the spontaneous hardening following quenching. 
In this way a tensile strength over 30 tons per square 
inch with 10 per cent. elongation on 2in. is obtained. 
Still higher strength was obtained by spontaneous harden- 
ing after heat treatment in an aluminium alloy containing 
copper 2-5 per cent., zinc 20 per cent., to which small 
amounts of magnesium and manganese were added. A 
tensile strength up to 40 tons per square inch with 10 per 
cent. elongation on 2in. was obtained from rolled rod. 
This alloy, unprotected, is very sensitive to corrosion 
and approximately 10 per cent. heavier than duralumin. 
Though successfully produced in sheet form on a com- 
mercial scale in a Government airship works during the 
Great War, it has not been taken up by industry. 

For strength at high temperatures for purposes ‘such 
as pistons and cylinder heads of internal combustion 
engines, an alloy containing copper 4 per cént., nickel 
2 per cent., magnesium 1-5 per cent., developed during 
the war, has proved very satisfactory. At room tempera- 
ture the alloy gives 26-28 tons per square inch tensile 
strength with 18-25 per cent. elongation in forged bar 
spontaneously hardened after quenching. About half 
this strength is obtained in a short-time tensile test at 
350 deg. Cent. compared with one-third for duralumin. 
By altering the proportions of the constituents in this 
alloy and adding a small amount of titanium, which has 
been found to produce grain refinement in cast aluminium 
alloys, another valuable series of alloys has been produced 
with mechanical properties at ordinary and elevated 
temperatures, competing with those of the alloy previously 
mentioned. One of the features of alloys of this series 
is a high proof stress. 

In the search for means of combating corrosion, par- 
ticularly of the intercrystalline type, an _ interesting 
development has been the production of the stronger 
wrought alloys with a thin coating of pure aluminium 
or corrosion-resisting alloy rolled on. 

There are demands for alloys with a greater ratio of 
strength to weight at atmospheric temperature, and 
greater strength at elevated temperatures, the latter by 
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reason of the rise in operating temperature which con- 
tinues with progress in efficiency of internal combustion 
engines for high-speed aircraft. 





RECENT PROGRESS IN ALUMINIUM CASTING ALLOYS. 
By A. G. C. GWYER, B.Sc., Ph.D., and H. G. DYSON, B.Sc., 
The British Aluminium Company, Warrington, Lancs. 

RECENT progress in cast aluminium alloys in Great 
Britain, as is the case elsewhere, can be looked at from 
two points of view—the introduction of new or improved 
alloys, and additional or increased uses of either estab- 
lished or new alloys. From the former point of view, 
some idea of the progress made can be obtained by 
considering the new specifications issued. Some British 
Standard and Air Mini specifications for cast alloys 
have been issued, though the former have been redrafts 
of existing specifications. Among the latter, specifica- 
tions covering alloys of the R R type have been issued— 
RR 50, RR 53, and RR53B are covered, and similar 
alloys in which cerium replaces titanium as the grain- 
refining agent are also covered by another specification ; 
another alloy of similar type contains chromium. 

A new specification covers “ Aeral,’’ a heat-treated 
alloy contaming cadmium, which is added to improve 
corrosion resistance by its cathodic action; the alloy 
also has outstanding machinability. 

A heat-treated copper alloy ‘containing magnesium 
is also covered by a new specification, as are some 
heat-treatable silicon alloys. These latter are of two types, 
a high silicon (13 per cent.) and a low silicon (5 per cent.) 
alloy. They depend on the presence of magnesium for 
their improvement by heat treatment. 

All the above specifications are for heat-treated alloys, 
and the only non-heat-treated alloys covered by new 
specifications are a modified silicon alloy of medium 
silicon content and a silicon alloy containing nickel, 
which improves the elastic and dynamic properties. 

From the above list the outstanding points are the 
increasing use of heat-treated alloys, the use of grain- 
refining agents, such as titanium, and the progress of 
the heat-treatable silicon alloys. Heat-treated alloys 
are favoured on account not only of their increased 
strength, but because the ratio of proof stress or elastic 
limit to the ultimate tensile stress is raised, while the 
ductility and toughness are superior to that of as-cast 
alloys. 

The heat-treatable silicon alloys are really the chief 
new alloys, and they show definite advantages over some 
of the other heat-treated alloys. They are easier to 
cast, give less trouble in the foundry, and seem less liable 
to develop internal cracks and strains on quenching from 
high temperatures. 

Many of the new alloys used are not covered by official 
specifications; this does not imply that they are not 
largely used, but that they have found their chief uses 
in other purposes than aircraft parts. The chief develop- 
ments have been : 

(1) The increasing use of high silicon alloys with a 
relatively low thermal expansion for pistons. These 
alloys are largely used for automobile pistons; they do 
not seem to be so much used for larger internal combustion 
engine pistons. Apart from any advantages derived 
from their low thermal expansion, these alloys can be 
anodically oxidised by the cheapest process. 

(2) There is a tendency to use cast alloys with a low 
total content of alloying elements, in order to obtain 
as high a corrosion resistance as possible and a satisfactory 
match, when anodised, with pure or wrought alloys. An 
alloy containing 1-25 per cent. Mg and 0-7 per cent. Si 
is an example of this type. The use of such alloys presents 
difficulties as their high shrinkage is apt to cause foundry 
troubles. They are not very strong in the as-cast state, 
and if an alloy amenable to heat treatment is required 
an alloy hardened by Mg,Si, such as the one mentioned 
above, is necessary. 

(3) There is some use of magnesium or magnesium- 
manganese alloys in the as-cast state. These alloys have 
@ corrosion resistance superior to that of many cast 
alloys and reasonable mechanical properties. The hi 
magnesium heat-treated alloys have not made much 
progress. 

(4) Medium-silicon alloys, 7.e., those containing from 
6-10 per cent. Si, have made considerable progress ; 
with the lower silicon contents they do not revert rapidly 
from the modified to the normal state and they have good 
ductility and casting properties. 

Among technical improvements there is little to note 
except that the use of fluxes is much more common than 
it was, and that this and other improvements in melting 
and casting technique have made it possible to produce 
castings nearly free from’ gas. Though pinholding has 
thus been eliminated, some users of degassed metal 
have had trouble with increased shrinkage and con- 
sequent cracking. The use of pressure die castings and 
gravity die castings is increasing, and alloys specially 
suited to these processes are being increasingly used ; 
special alloys have been developed which give pressure 
die castings of improved dimensional accuracy. 

There are few absolutely new applications of cast 
alloys, though progress continues in a number of fields. 

the automobile industry the use of aluminium 
alloy cylinder heads is becoming more common and is 
perhaps the largest single advance, but alloy cylinder 
blocks are also being increasingly used, while cast heat- 
treated alloy wheels have also become a commercial 
proposition. 

An interesting development which may have far- 
reaching consequences is that of the Cross engine; this 
has an aluminium piston working in an unlined aluminium 
cylinder. It is claimed that as a result of using a special 
type of piston ring the wear is less than in the normal steel 
or iron cylinder bore with an aluminium piston. Alu- 
minium-alloy cylinder blocks would be more commonly 
used if a steel or iron liner were not required. 

The use of aluminium pistons is now almost universal. 
Attempts are being made to develop aluminium alloy 
bearings chiefly to save weight in aero-engines, but 
although alloys have been patented for this purpose, 
there is as yet no commercial application of specific bearing 
alloys. Aluminium-alloy connecting-rods are being 
successfully used without bearing liners in engines in 


Aluminium applications in architecture have been 
more concerned with wrought than cast alloys, but cast 
decorative panels, large grilles, and other ornamental 
parts, some of considerable size, such as column caps 
and bases, have been made. Many of these are anodically 
treated and dyed and special alloys are required. Another 
application which has made some progress is that of 
small fittings, such as door and window handles, latch 
plates, and parts and fittings for shop fronts. 

In the electrical field, cast aluminium clamps for over- 
head transmission lines are now used to a considerable 
extent, and anti-vibration dampers employing aluminium 
castings have also been fitted in large numbers. For both 
these uses alloys with a d corrosion resistance are 
necessary. Many parts for switchgear are made of 





required to co-operate in large measure in the supply of 
armaments during peace.” 

The Government, says the White Paper, are in agree- 
ment with these conclusions, supported as they are by a 
converging series of convincing arguments, and confirmed 
by current experiences. Accordingly the Government 
accept the conclusion of the report that “‘ the abolition of 
the private industry in the United Kingdom and the sub. 
stitution for it of a system of State monopoly may be 
practicable, but it is undesirable. No sufficient case has, 
in our opinion, been made out for taking so drastic a step. 
We believe that the reasons for maintaining the private 
industry outweigh those for its abolition. We are of 
opinion that the necessities of Imperial defence cannot be 
effectively met, in existing conditions, except by the 
maint © in peace time of a system of collaboration 





aluminium alloys on account of their non-n 
properties and light weight. 

In many industries where moving parts which have to 
be frequently started and stopped are , Such as the 
textile industries, the light weight of aluminium alloys 
is proving useful. Aluminium moulds for rubber goods 
are being used to a considerable extent on account of 
their clean surface, light weight, and thermal properties. 
In cases such as petrol pump nozzles, where plated heavy 
metals become damaged by rough handling, aluminium 
alloys are replacing them. 
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Private Manufacture of and 
Trading in Arms. 


TxeE Royal Commission on the Private Manufacture of 
and Trading in Arms was appointed in February, 1935, 
and signed its report on September 24th, 1936. The 
report has received the consideration of His Majesty’s 
Government, and the conclusions reached were published 
in a White Paper last week. 

The Government accepts the conclusion of the Com- 
missioners expressed in the following words :— 

“ Apart from the question of practicability, however, 
we do not consider that a change to a system of universal 
State monopoly of the manufacture of arms is desirable 
whilst the present international situation obtains. We 
do not think that the establishment of such a system 
would entirely remove the objection which is entertained 
to making a profit out of the trade. It is, we think, 
difficult to assume that producing Governments would 
be prepared to supply arms to non-producing Govern- 
ments at cost price. The profit under such a system might 
go to the taxpayer instead of to the individual, but the 
inducement would remain. It is conceded that the non- 
producing countries are entitled to a supply of arms and 
munitions of war for the perfectly legitimate p of 
self-defence, the maintenance of order, and the fulfil- 
ment of international obligations, and that if all sources 
of private supply are cut off, a non-producing country 
must either start its own manufactories or purchase from 
some producing country. 

“The conclusion at which we have arrived on this 
point is that in the present state of international affairs 
the setting up of a universal system of State monopoly is 
unlikely either to reduce the available supply of arms and 
munitions of war or to increase the prospect of a general 
peace. 

““ We are accordingly unable to recommend that, while 
present conditions obtain, the promotion of general State 
monopoly should be accepted as part of the international 
policy of this country.” 

On the question of State monopoly in the United King- 
dom, the unanimous conclusion of the Commissioners is 
as follows :— 

“We thus reach the conclusion that, when judged by 
reference to the four criteria which we regard as relevant, 
the proposal to prohibit the private manufacture of and 
trade in arms in this country, and to substitute for it a 
State monopoly is unacceptable.” 

This conclusion is also accepted. 

The White Paper directs attention particularly to the 
considerations set out in the report bearing upon the 
possibilities of rapid expansion in the case of great national 
emergency or the breaking out of war. The Commissioners, 
it says, point out that private armament manufacturers 
are able, by utilising their plant and their employees on 
alternative work when Government orders are not avail- 
able, to maintain the reserve of equipment and labour 
which is invaluable to the country on an outbreak of war. 
The maintenance by the State of factories on a 
scale sufficient to meet such fluctuations and demand 
would be wasteful and costly. Reserve plant maintained 
by the State would need constant renewal if it were not 
to become obsolete. In conditions of modern warfare 
the need of the country on the outbreak of war is for a 
system which ensures the most rapid and effective mobili- 
sation of the whole of our industrial resources. Neither 
State enterprise nor private industry can alone secure the 
position. It can only be secured by the utilisation of both 
and by the greatest measure of collaboration between the 
State and private industry in peace time. Moreover, if 
the utilisation of private industry (paragraph 84) for the 
manufacture of arms in peace time were discontinued, and 
the whole of the Government’s peace time requirements 
were to be manufactured in Government establishments, 
the amount of plant and equipment available for the 
expansion of production in the eventuality of war and the 
personnel of all kinds experienced in the use of that plant 
and equipment would be very materially diminished. 
If it be assumed that in the event of a major war the con- 
scription to the Government’s needs of all the industrial 
capacity of the country may become necessary, “it is 
beyond question,’ say the Commissioners, “that the 
proper utilisation in war time of the resources of the 
country’s private industry will not be achieved unless it 
is fully and efficiently planned and organised in advance in 
peace time. There is all the difference in the world between 
this preparation for war emergency during peace, followed 
by the general conscription of industry when the crisis 
arrives, and a policy of nationalisation in anticipation 
of the crisis. Indeed, the situation requires, in our 
opinion, as a specific condition of the successful employ- 
ment in emergency of the general industry of the country, 


between the Government and the private industry of the 
country in the supply of arms and munitions.” 

On the subject of Government regulation and contro! 
of private industry, the Royal Commission recommende:| 
‘that the Government should assume complete responsi- 
bility for the arms industry in the United Kingdom and 
should organise and regulate the necessary collaboration 
between the Government and private industry ; that this 
responsibility should be exercised through a controlling 
body, presided over by a Minister responsible to Parlia- 
ment, having executive powers in peace time and in war 
time, over all matters relating to the supply and manu- 
facture of arms and munitions, costing, and the, authorisa 
tion of orders from abroad. 

“We further recommend that the Government’s own 
manufacturing establishments should be fully equipped 
for the production in some measure of naval, military, and 
air armaments of all types.” 

The Commissioners, says the White Paper, state thai 
many interesting and constructive proposals have been 
made by certain witnesses in regard to the machinery for 
the control proposed in the first part of these recom- 
mendations, and they accordingly refrain from reporting 
in detail on that aspect of the matter. The evidence 
referred to has been studied by His Majesty’s Govern- 
ment, but they regret to say that they do not find in it 
any solution of the practical difficulties which would 
beset such a control, if established in peace conditions. 

The first part of the recommendation involves the 
establishment in peace of an executive Minister and 
Ministry to take over from the three Service Departments 
the whole of their work of munitions supply. 

The question of a single executive Minister and Ministry 
of Supply in peace is one which was carefully considered 
by His Majesty’s Government in 1926, when the problem 
was remitted to the Committee, whose terms of reference, 
for the present purposes, were ‘to make definite pro- 
posals for the amalgamation, or, if this appears impossible 
or undesirable, for the co-ordination as far as possible of 
the Supply Departments in the Service Ministries.” 

The Committee, however, reported ‘that no steps 
should be taken to bring about either complete or partial 
amalgamation of the Supply Branches of the three Fighting 
Services or of any section of those Branches.” 

The Government accordingly decided that a single 
Ministry of Supply in peace was not required in the public 
interest. This decision carried with it the corollary that 
the executive responsibility for preparing for supply in 
war must also remain with the Service Departments, but 
it was felt that strong co-ordinating machinery was 
necessary, and, in view of the importance of the issues, 
that this machinery should be established under the xgis 
of the Committee of Imperial Defence. The Principal 
Supply Officers Committee, with its subsidiary bodies, 
was therefore set up as a Sub-Committee of the Committee 
of Imperial Defence, and this organisation has been occupied 
for several years in considering the war needs of supply 
on bases given to it by the Committee of Imperial Defence, 
and in framing plans to meet them, and especially plans 
for war adaptation and war expansion in certain branches 
of industry. 

His Majesty’s Government believes that the needs of 
the case are adequately met by the arrangements above 
outlined, and that there is no present case on merits for 
the radical change suggested. It is further to be remem- 
bered that the whole organisation is at present working at 
very high pressure on the Defence Programme, and that 
sweeping changes in it must delay progress, and could only 
be justified by the strongest grounds of public interest, 
which His Majesty’s Government, as at present advised, 
are unable to discover. 

The above observations, it should be added, have refer- 
ence to supply organisation in peace. The question of 
supply organisation in war conditions raises different 
issues. 








Lonpon Fire BricgapE HEADQuARTERS.—Referring 
to the opening of the new building for the London Fire 
Brigade in Southwark Bridge-road in our issue of last 
week, we spoke of it as a ferro-concrete erection. As a 
matter of fact, it is a steel-framed building with a stone- 
faced ground floor storey and brick treatment of the 
storeys above with a proportion of stone dressings. 


An Unusvat Transportina InstaLLaTion.—In the 
new Detroit works of the American Blower Company, an 
interesting system of moving loaded overhead travelling 
cranes from one bay of the works to another has been 
adopted. As described in Iron Age, the installation con- 
sists of four units, two of which are standard overhead 
travelling cranes serving the length of the working bays, 
and the other two travel at right angles to the end of the 
bays along the length of the building. When it is necessary 
to move a piece of machinery from one bay to another, it 
is picked up by one of the bay cranes, which carries it to 
the end of the bay. Here the complete crane with its load 
runs on to the transfer cranes, which are fitted with a 
section of runway which locks in position and serves as 
an extended track for the entire bay crane and its load. 
Moving along the end of the bays the transfer crane can 
be locked into position opposite the end of any required 
bay and the bay crane moved off on to its own track. 
In the installation described the transfer cranes are of 
25 tons capacity and travel 120ft. along the ends of the 
bays, whilst the bay cranes have a capacity of 5 tons and 








which they run on nitrided steel shafts. 





that the plant and personnel of that industry should be 





10 tons, and operate on runways 364ft. long. 
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Portable Testing Sets for Insulating 
Oil. 

ABOUT seven years ago portable oi] testing sets were 
introduced by the British Thomson-Houston Company 
for the use of engineers responsible for the operation and 
maintenance of oil-insulated apparatus. A new and 
improved equipment, developed by the firm, consists of 
two portable units. One, weighing 42 lb., contains the 
— volt testing transformer, and the other, weighing 
15lb., the tapped auto-transformer for voltage adjust- 
ment, main and tapping switches, a voltmeter calibrated 
in kilovolts, instruction cards, and components for the 





riding at speeds of 80 to 100 miles an hour.—During 1936 
there were .556 locomotives ordered, twenty-three of 
which were for export. Also, twenty-four electric loco- 
motives and seventy-five internal combustion locomo- 
tives; 68,340 freight cars, and 317 passenger cars, of 
which about 48,000 freight cars and 150 passenger cars 
were built within the year. Automatic signals were applied 
on 495 miles of line. permanent way service there 
were 221,000 employees ; 950,000 tons of new rails were 
placed, and of 48,300,000 ties—or sleepers—38,000,000 
were treated by preservative processes. Welded rail 
joints are on the increase, and in some new tunnel con- 
struction the long welded rails are laid on wood blocks 
mbedded in a concrete floor, thus reducing repair work 
to a minimum. New streamlined motor-operated trains 

















PORTABLE TESTING SETS FOR INSULATING OIL 


testing cell and leads. The glass cell in which the dielectric 
strength of the oil is tested and its sphere gap are strictly 
in accordance with British Standard Specification No. 148. 
A definite breakdown of the oil is obtained and the results 
are in every way comparable with those obtainable with 
larger laboratory sets. Improvements in the design of 
these equipments have been accompanied by a reduction 
in cost. 








American Engineering News. 


Lake Levels and Solar Cycles. 


In the chain of five lakes forming the “‘ Great 
Lakes ’’ of North America, with a length of some 1400 
miles and an area of more than 90,000 square miles, there 
is continual fluctuation of levels, owing to two different 
causes. There are the changes due to weather and wind, 
and to the rainfall conditions on the several tributary 
watersheds or drainage areas. But there are also changes 
occurring and recurring over long periods of time, and 
evidently cyclical in character. From a study of records 
and meteorological discoveries, Mr. Sydney M. Wood, 
civil engineer, is of opinion that fluctuations in level 
which might seem to be governed by chance and local 
conditions, in reality follow definite laws whose trends 
can be studied and anticipated. In other words, it is 
possible to forecast these changes, which affect naviga- 
tion, coast erosion, port development, beach protection, 
municipal water supply, and many other interests and 
factors. When the Chicago drainage canal was proposed, 
drawing water from Lake Michigan to the Mississippi 
River, there was much fear of a disastrous lowering of 
the lake. Yet since then the lake has risen 5ft., causing 
great losses in erosion and damage. Such a great change 
occurring in a few years has been traced to sun-spots 
and solar cycles, with their influence on rainfall and 
evaporation. Marked changes in climate accompany 
the fluctuations in release of solar energy, including a 
great increase in storms in some regions during the 
maximum solar period. Records of the Smithsonian 
Institution show that differences in solar radiation 
are cyclic in character and have a very decided influence 
upon the weather. The lakes show short-term fluctuations 
having a duration of eleven years or multiples thereof, 
corresponding with eleven-year solar periods; but there 
are also long-term fluctuations. In support of his opinions, 
Mr. Wood has taken Lake Victoria Nyanza as the world’s 
best example of the close relationship between the solar 
cycle and lake levels. 

American Railway Affairs. 

In 1936, American railways had a total of 44,239 
locomotives in service, averaging about 75,000 locomotive 
miles per month. Only 100 miles of new line were built, 
with 1500 miles abandoned. Of thirty-four streamlined 
and high-speed trains, twelve were operated by steam 
locomotives and twenty-two by oil-engine equipment 
on the cars. For trains of this class a higher degree of 
maintenance is required on the line, for economy and 
safety of working as well as for the comfort of passengers. 
Extensive tests have shown that lateral thrusts of the 
driving wheels are accentuated seriously at high speeds 
on relatively rough track. The track construction is 
of ample strength, but high-speed service requires reduction 
of curvature wherever possible, and especially the lengthen- 
ing of transition curves which connect the straight line 
with the body of the curve. Where the trains are of light 
weight, the effects upon the track are minimised, but with 
ordinary locomotives and carriages the maintenance 
forces have extra work to keep the track in the exact 
line, surface, gauge, and cross-level essential for easy 





are being introduced, and there is a decided trend towards 
increased speed of main line passenger and freight trains 
in general. 


New American Tankers. 


Tanker construction was a large item in ship- 
building in the United States during 1936, when the 
merchant work was nearly double that of 1935, and 
naval work six times that of 1935. At the end of 1936 
there were 530,000 tons of ship work under construction, 
the largest proportion being at Atlantic Coast ports. 
During the year thirty tankers were built or ordered, 
aggregating 230,000 gross tons. For the Standard Oil 
Company there were two of 13,000 tons deadweight 
capacity for seagoing service, and one of 5000 tons for 
the Great Lakes. Two of 11,000 tons for the Gulf Oil 
Company are peculiar in being designed to carry several 
different grades of oil simultaneously in sixteen main 
tanks and eight deck tanks. This necessitates numerous 
independent pumping units. These boats are 442ft. 
long, 64ft. wide, 34ft. deep, with 274ft. draught; they 
have cross-compound, double-reduction geared turbines 
of 3000 H.P. for single screws, giving a 12-knot speed. 
The hulls are built on the Isherwood bracketless framing 
system, and have the engines close to the stern. Some 
larger tankers for the Pan-American Petroleum Company, 
with deadweight capacity of 15,500 tons, are 500ft. 
long and 68ft. wide, with a loaded draught of 30ft. and a 
displacement of 21,500 tons. The hulls are of the Isher- 
wood longitudinal bracket type, with two longitudinal 
bulkheads arid transverse bulkheads to form eight centre 
tanks and eight wing tanks on each side. A short fore- 
castle, central bridge, and deck-house, and long poop 
are connected by walkways. A double-reduction, cross- 
compound geared turbine of 4000 H.P. of the impulse 
type, with helical gears, drives a single screw having 
bronze blades on a cast nickel-steel hub. Cargo tanks 
hold 5} million gallons. Coal bunkers hold 1280 tons for 
four water-tube boilers, which give 300 lb. pressure at 
the turbine. The sea speed is about 13 knots. To serve 
ports with the smaller oil terminals there are new tankers 
of similar type, but 445ft. long, 66}ft. beam, and 28ft. 
draught, carrying 100,800 gallons of cargo oil. Turbines 
of 3000 H.P. give a sea speed of about 12 knots. 


Magnetic Roasting for Iron Ore. 


For the manufacture of merchantable ore from 
the low-grade ore of which there is an almost inexhaustible 
supply in the Lake Superior district, of the United States, 
different methods are in use for treating ores that cannot 
be concentrated simply by washing. One of these, which 
handles ores not susceptible to washing or jigging, roasts 
the ore to the magnetic state and then concentrates it 
on magnetic separators. The results indicate that this 
process may produce high-grade iron ore from low- 
grade ore that is now practically worthless. The ore is 
crushed to a maximum jin. size, and fed continually from 
bins to a vertical furnace, so that the shaft of the furnace 
is kept full. At the bottom the ore is discharged by a 
rotary feeder. The jin. size, fines, and oversize are delivered 
to three separate bins, all of which feed to the furnace. 
As the mass of ore slowly descends in the furnace, it passes 
ports through which enter the products of combustion 
from oil burners in a combustion chamber. These hot gases 
pass up through the ore and are drawn out at exhaust ports 
by a fan, with dust catcher. The fine ore then mixes 
with the coarse ore in the reducing chamber, with a tem- 
perature of about 1270 deg. Fah., while the exhaust gases 
are at about 200 deg. The reducing gas is produced by 
vaporising fuel oil in a steam chamber. A water-sealed 
cooling chamber at the bottom of the furnace forms a 
tank into which the ore slowly falls. With oil vapour 
as the reducing agent, carbon is deposited on the particles 





of ore and causes a distinct loss in excess heat required. 
This loss may be eliminated by the use of a gas that does 
not crack and deposit carbon under the conditions encoun- 
tered in the reducing chamber. It is estimated that ore 
containing 7} per cent. moisture and 6 per cent. water of 
crystallisation may be roasted with the consumption of 
1,000,000 B.Th.U. per ton of ore fed. This heat may be 
obtained from 80]b. of coal, 7 gallons of fuel oil, or 
1000 cubic feet of natural gas. 


Hydro-electric Automatic Control. 


An example of how automatic control has made 
the development of small water power sites economical 
is a municipal plant on the Grand River for the city of 
Lansing, U.S.A., designed to produce 1,000,000 kWh per 
year from a unit of 200 kW operating at 8ft. head. The 
dam, which had been built primarily to maintain a con- 
stant water level in the channel through the city, is 235ft. 
long, with an adjustable crest consisting of four gates of 
the drum type, each with a discharge of 1250 cubic feet 
per second. On account of the danger of ice, electric 
heaters are formed in metal conduits encircling the 
face of each pier, while a similar heater extends 
the length of the lip sill. The gates are of welded 
construction, with the upper part sealed air-tight to form 
a buoyancy chamber. The 54in. turbine is rated at 
300 H.P. under 8ft. heaé@—maximum 8$ft.—and 120 
revolutions. It drives a 60-pole, 120-revolution, 250-kVA, 
three-phase, 60-cycle generator and 12-kW_ exciter. 
Operation is controlled by a float switch which starts the 
unit when the water level reaches the crest of the dam, 
and stops it when the water is drawn down Yin. A solenoid . 
valve admits oil pressure to the governor, which then 
opens the gate about one-third of its travel and gradually 
increases it in bringing the unit to full speed. At 98 per 
cent. synchronous speed a centrifugal switch on the 
generator operates the main oil circuit breaker and puts 
the unit on the line as an induction motor. Then the field 
cireuit is closed and the unit is pulled into synchronism. 
The generator is guaranteed for 78-7 per cent. efficiency 
at quarter load and 87-6 per cent. at full load; while 
factory tests showed 83-8 and 90 per cent. respectively. 
With 7-24ft. head and gate full open, service running 
tests showed 80-6 per cent. overall efficiency, 89-2 per 
cent. turbine efficiency, and 90-4 per cent. generator 
efficiency. The automatic control prevents starting if 
conditions are not normal; it shuts down and stops the 
machine in case of overheated bearings, failed excitation. 
generator subjected to excessive overload, or short- 
circuited requiring examination or repair. 








THE PURIFICATION OF WATER BY 
ELECTRICITY. 


We had an opportunity of inspecting recently a plant 
for the purification of town’s water which has recently 
been installed by the Ashton-under-Lyne, Stalybridge, 
and Dukinfield District Water Undertaking at Knott Hill 
reservoir, near Stalybridge. The plant, which is elec- 
trically operated, is a French invention, and it has been 
extensively adopted on the Continent, but hitherto there 
has only been one in use in this country—at Brighton. 
In the treatment of water the oxidising properties of 
ozone are utilised to destroy practically all forms of 
bacterial life, as well as organic impurities. In the 
apparatus supplied by the British Otto Ozone, Water, 
Wood, and Textile Treatment Company, Ltd., the active 
element, ozone, is prepared by discharging electrical 
current of very high voltage across a gap, thus converting 
a portion of the oxygen in the air into ozone, which is 
then intimately mixed with the water. This is done by 
means of an appliance called an emulser, consisting of an 
earthenware cone through which the water is forced at a 
pressure of about 8ft. head. The sudden expansion 
of the water at the end of the cone causes a partial vacuum 
in the chamber surrounding the cone, into which the 
ozonised air rushes to form an emulsion with the issuing 
water. The makers claim that the sterilisation of the 
water is practically instantaneous at this point, but to 
complete the process the mixture of air and water is 
carried down an earthenware pipe into a closed reinforced 
concrete chamber, called the self-contact chamber. Imme- 
diately after leaving this chamber and after cascading 
over steps the water is deprived of all traces of ozone. 

An essential feature for the success of the scheme is 
that the air which is ozonised shall be as dry as possible, 
and this is effected by a desiccator containing calcium 
chloride and coke. It is then passed through glass 
dielectrics in which alternating current at 500 cycles and 
a pressure of 20,000 volts is used. 

So far, the results obtained from this method of treat- 
ment appear to have been quite satisfactory in every 
sense. The ozonised water, without any ‘mechanical 
elimination of impurities is colourless, and, according to 
tests made by the water authority’s analyst, is chemically 
and bacteriologically perfect. We hope to give a fuller 
illustrated description of this interesting plant in a future 
issue of THE ENGINEER. 











HorsHaM Roav Diversion.—A grant has been made by 
the Minister of Transport to the West Sussex County 
Council towards the cost, estimated at over £11,000, of 
diverting part of the Horsham-—Crawley road. On the west 
side of Crawley a by-pass is in course of construction, and 
the existing road from Horsham crosses the line of this 
by-pass at an acute angle. The Horsham road will be 
diverted southwards to a new line, which will intersect 
the by-pass at right angles and enable a symmetrical 
traffic roundabout to be constructed. The diversion will 
extend for about 700 yards, beginning just west of the 
by-pass and terminating at Goffs Park-road. It will have 

a single 20ft. carriageway and one footpath. Part of the 
Gaipenedee length of road will be closed and the remainder, 
which is narrow and winding, will terminate in a turning 
circle on the east side of the by-pass. It is expected that 
the scheme will be completed in about eighteen months 
from the date of commencement. 
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THE timing and regulation of watches and similar time- 
keepers has always been the longest process in the horo- 
logical industry, and after manufacture or repair it is 
usually necessary to carry out a series of successive 
running tests and adjustments in order to obtain a satis- 
factory performance. The time absorbed by these is often 
considerably more than that called for by all the other 
operations combined, and to minimise this, an ingenious 
instrument, designed to give rapid and accurate readings 
in graphic form, has been introduced by the Western 
Electric Company, Ltd. 

It is known as a rate recorder, and consists of two dis- 
tinct units, so coupled that the beat or “ tick’ of the 
watch under test can be compared with an accurate alter- 
nating current of known frequency. The beat of the 
watch supplies the basis of the check on it, and if the 
interval between the beats is either longer or shorter than 
it should be a distinct and readable record of the error 
is marked upon the graph of the recorder. 

The main portion of the recorder is the graph drum, 
which is rotated by a specially constructed electric motor 





completes its reeord in thirty seconds. The former is used 
for the earlier stages of regulation and indicates errors of 
timing up to fifteen seconds per day, but the longer test 
detects smaller errors, and gives a reading as close as two 
seconds per day. 

In operation, the watch to be tested is mounted in the 
clip and the recorder started up. If the watch is keeping 
correct time it will make five beats per second, and as the 
synchronous motor which rotates the drum is controlled 
to a speed of five revolutions per second the series of dots 
will be marked along a line parallel to the graph drum 
axis. Any lack of synchronism between the beats of the 
watch and the rotation of the drum will result in the dots 
being marked either a fraction of a second early or late, 
aceording to whether the watch is gaining or losing, and 
this will cause a definite slope of the line, the angle, when 
read against the graph lines, giving the error as a direct 
reading in seconds. 

With the five-second record each line crossed indicates 
an error of thirty seconds per day, and with the thirty- 
second record each line crossed indicates a five-second 
error. 

Positional errors, or errors which the watch develops in 
varied positions, such as “‘ dial up,” “ dial down,” and so 
on, can be tested by putting the watch in such positions 








rate to the extent of about 5 to 10 parts in 1,000,000, and 
after a short time slight re-calibration may be necessary. 
Once this has been set the generator should run without 
further adjustment. 

The synchronous motor of the recorder is started up by 
a special additional starting motor, which is built into the 
recorder and functions automatically, starting up the 
main motor and then dropping out of action, being 
coupled by an over-riding clutch. 

Once the recorder is ready for testing all that is neces- 
sary is to draw a supply of paper from a roll housed inside 
the graph drum, clip it in place around the outside of the 
drum, place the watch to be checked in the desired position 
in the holder, and operate the start control handle on the 
front of the recorder. When the record is completed the 
recorder automatically stops. 

The position of the stylus during its traverse is shown by 
an indicator which moves in a slot just above the starting 
handle, and a simple power switch controls the supply of 
current to the recorder. 

In addition to giving records of the rate and timing of 
the watches under test, the recorder can be used to detect 
various mechanical troubles, such troubles as banking, 
escape wheel excentricity, loose pallet jewels, and similar 
faults being easily recognised by an experienced operator 



































of the synchronous type at a speed of exactly 300 r.p.m. 
Suitably divided graph paper is mounted around the 
drum, and immediately below it is a stylus, which is moved 
up to make a dot on the graph at each beat of the watch 
under test. Between the stylus and the record is a ribbon, 
which makes an inked marking every time the stylus makes 
an upward movement. 

The watch to be tested is mounted in a movable clip 
holder on the recorder, and its beat is employed to operate 
a microphone, the output of the laiter being amplified by 
thermionic valves and passed on to the electro-magnetic 
mechanism which actuates the stylus. In addition to its 
upward movement, the stylus is also traversed across the 
graph in a direction parallel to the axis of the graph drum 





INSTRUMENT FOR RECORDING PERFORMANCE OF WATCHES 


by means of an adjustable attachment to the holder clip, 
and complete data obtained. 

The accurate alternating current which operates the 
recorder is provided by the complemental unit which is 
called the frequency generator. This embodies a 300-cycle 
tuning fork, the material of which is a special alloy, only 
slightly affected by temperature changes. It is mounted 
in a special insulated housing, the temperature control of 
which is secured by a thermostat to within one degree of 
constant. The fork housing is sealed under vacuum, for a 
change of pressure will materially affect the accuracy of 
the fork and consequently the frequency of the alternating 
current. 

The vibrations of the fork generate a primary current 





by a Jead screw operated by the motor which revolves the 
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Recorp A.—Fairly Good Performance. Slight Gain. 


Record B.—Record Showing Gaining Rate and Very Erratic 
Performance. 


drum. This ensures that the dots resulting from move- 
ments of the stylus point will be marked at evenly spaced 
distances on the graph paper, and will thus make a line 
across the paper as the recording proceeds. 

The graph paper is specially divided, being lined in a 
manner which gives easy reading, and each sixth line is 
heavier than the others. Each line represents either 
thirty or five seconds, according to the speed of the 
recorder. Two lead screw speeds are available, and either 
may be used at will by the movement of a gear-shift lever. 
The more rapid traverse of the stylus gives a record in five 
seconds, whilst the second gear has a slower action and 











which is amplified by a three-stage thermionic valve 
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Recorp C.—Record Showing Gain in *‘ Pendant Up” Position 
and More Pronounced Gain in “‘ Dial Up” Position. 


amplifier, the output being employed to drive the synchron- 
ous motor of the recorder and to maintain the vibration 
of the fork. 

The power supply for the generator is drawn from the 
normal supply mains, an alternating current of from 105 
to 125 volts and of a frequency of 50-60 cycles being 
required. The average power consumption is about 
125 watts. 

After starting up the generator requires about six hours 
before it reaches its stable rate of calibration of 10 parts 
in 1,000,000. It is therefore left functioning when once 








by the distinctive graphs which they produce. The usual 
record drawn in such circumstances is a line of dots which 
deviates from the normal straight line in an uneven 
oe the type of inequality showing the location of the 
ault. 

In the case of watches and clocks which are too large to 
be inserted in the holder clip, a stiff wire, preferably of 
bronze or piano wire, can be used to transmit the sound 
vibrations from the escapement to the clip, the recorder 
being sufficiently sensitive to overcome any slight attenua- 
tion caused by this method. 

In order to allow of the sound of the watch to be actually 
heard a jack is also provided on the recorder, and by con- 
necting headphones to this and making a small adjustment 
to the amplifier the action of the watch may be listened to 
and unusual noises, caused by defective action, studied 
very easily. 

Of course, the recorder only checks the timing that the 
watch is giving during the actual test, and cannot foretell 
the variations of timekeeping set up by differing output of 
power of the mainspring during the full run of the watch, 
but by testing with various degrees of mainspring tension 
a mean can be arrived at, and in any case the modern 
watch mainspring has a power curve which varies little 
during the normal run. 

As the performance of a watch varies in different 
positions, it is usual to test the timekeeping for what 
are called positional errors. A high-grade watch should 
keep a reasonably constant rate in all positions, and as a 
test five are used. 

With the watch lying flat, as it would be on a table, the 
balance is running on the end of its lower pivot, and with 
the least possible friction, whilst in the hanging position, 
with the spindles horizontal, the friction is appreciably 
greater. 

The five positions tested are: “dial up,” with the 
spindles vertical and the dial plate uppermost; “dial 
down,” with the movement turned to bring the dial under- 
neath; ‘‘ pendant up,” with the spindles horizontal and 
the winding shaft at the top; “pendant right” and 
*“‘ pendant left,” with the spindles still horizontal, but 
with the winding spindle inclined to right or left. 

Tests carried out in these five positions will indicate 

any avoidable inequality of friction or lack of poise in the 
balance which can affect the timekeeping. On graph B 
it will be noticed that the watch under test behaved quite 
well in the “dial up”’ position, but became very erratic 
in the “ pendant up ” position. This was due to frictional 
errors caused by worn parts. 
Graph A shows the more consistent performance of a 
well-adjusted watch, and graph C shows how the reduction 
of friction in the dial up position led to a slightly more 
pronounced gaining rate. 











started. A slight ageing takes place at first, affecting the 
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Present Tendencies in Water 
Turbine Machinery.* 
By A. A. FULTON, B.Sc., A.M.I. Mech. Et 
No. II. 
(Continued from page 550.) 


As regards details of construction, quite a number of 


new ideas are being tried both on Francis and Pelton 
turbines, and are of sufficient interest to be briefly referred 
to. 

Francis Turbines ; Runners.—So far as the runners of 
Francis turbines are concerned, the designer’s attention 
is mainly directed towards the selection of the best material 
and improved methods of manufacture. ‘This ig because 
efficiencies are reaching the stage when little more can 
be expected, whereas operating conditions are steadily 
becoming more exacting. Schemes now being developed 
demand large units and involve difficult hydraulic con- 
ditions sometimes with wide limits of variation’ of head, 
both pressure and suction. As already explained, a turbine 
intended to run under conditions of varying load, more 
especially if the head fluctuates as well over a wide range, 
experiences, when lightly loaded, difficult flow conditions 
at the inlet edges of the runner. If the suction head also 
is high, the discharge conditions at partial loads may 
also be difficult. The general effect of both these con- 
ditions is that the material of the runner must be such as 
will withstand any small localised cavitation effects which 
these circumstances favour. For these reasons bronzes 
and stainless steels are much in demand, although present- 
day experience goes to show that the latter give the best 
results. At plants where the runners are of ordinary cast 
steel and suffer from cavitation effects, electric welding 
is extensively used for repairing in situ. “It is not 
uncommon for the new material deposited by welding to 
endure better than the original material. The coating of 
susceptible areas with stainless steel electrodes has also 
been tried, with fairly satisfactory results. 

Runner Clearances.—In the case of high-head Francis 
turbines a feature which has always caused the turbine 
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Fic. 9—Aniti-rotation Device. 
Fic. 10-—Rubber Wearing Rings on Runner. 


designer a good deal of concern is that of the running 
clearances between the runner and the casing. The 
leakage through these clearances represents a consider- 
able part of the loss of efficiency of the runner itself. Not 
only so, but the thrust induced by the rotation of that 
part of the leakage water which escapes to the top side 
of the runner represents the bulk of the hydraulic end 
thrust of the runner. This thrust can be reduced by 
adopting the expedient of fixing an anti-rotation device 
in this chamber (Fig. 9). It is effective in this respect, 
but its presence has an adverse effect on the efficiency of 
the runner, sometimes to the extent of 2 or even 3 per 
cent. Asimilar arrangement is sometimes fitted to turbines 
using silt-laden water, for by preventing the water from 
rotating, wear due to abrasive action on the turbine cover 
is prevented. To reduce the thrust as much as possible 
it has always been the practice to relieve the pressure on 
the top side of the runner either by having relieving holes 
through the runner itself, or by providing a pipe or pipes 
from the turbine cover to connect with the suction tube. 
Provided the runner clearances do not increase due to 
wear caused by silty water or otherwise, these methods of 
relief are able to limit the thrust to a more or less fixed 
amount. 

On the other hand, should the leakage for any reason 
increase beyond the capacity of the relieving system, then 
the thrust may increase gradually to a figure in excess 
of the thrust-bearing capacity. To deal with this problem 
one or two systems have been tried for keeping and main- 
taining the clearances at the smallest possible figure. 
One of these is to use copper wearing bands shrunk on to 


* Inst. Mechanical Engineers, April 30th. Abridged. 
t Chief Assistant Engineer, Dundee Corporation Waterworks. 





the periphery of the runner and intended to make contact 
with a machined face on the casing. Another and more 
successful method has been to use rubber wearing rings, 
as shown in Fig. 10. On the plants where these methods 
have been adopted the thrust has been kept at a satis- 
factorily low figure, and after several years’ operation it is 
reported that in the case of the rubber wearing rings the 
wear has been negligible. The absence of wear has been 
explained as being due to the fact that since the rubber is 
continuously lubricated with water there is no friction. 
Even where the water contains sand or silt it is claimed 
that the rubber is sufficiently resilient to allow the grains 
of sand, &c., to pass without causing wear. The rubber 
used is specially compounded to withstand submersion 
in water without deterioration or change in volume. 
Spiral Casings.—At the present time there are various 
ways of constructing these casings. Where the units are 
large steel plate is usual, although instead of using rivets 
a large proportion of the joints are electrically welded. 
In the case of all field joints, such as those between the 
spiral casing and the cast steel speed ring, rivets are 
generally preferred. For smaller turbines with low heads, 
cast iron casings with screwed-in steel stays are normal 
practice. For heads which are higher, but not quite high 
enough to require the complete casing to be of cast steel, 
it is possible to use a cast steel stay ring to which is bolted 
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Fic. 11—Cast Iron Spiral Casing with Cast Steel Stay Ring. 


a cast iron casing—see Fig. 11. This has proved very 
satisfactory in practice for heads up to 420ft. and outputs 
up to 10,000 H.P. 

Suction Tubes and Bends.—In the search for that little 
improvement in efficiency which designers are ever being 
pressed to obtain, the suction tube has received a good 
deal of attention. Where a common suction tube is used 
for two runners, as in the case of a double-runner horizontal 
shaft Francis turbine, there has always been some question 
as to the best form to give to the suction casing. Not only 
must the hydraulic efficiency of the casing be considered, 
but also its overall length, because this governs the span 
between the bearings and consequently the size of the 
shaft which has to pass through the casing. It is interest- 
ing to record that a satisfactory solution of both these 
considerations was reached in the design adopted, after a 
series of tests on models, for the double-runner 24,000 H.P. 
turbines of the Grampian Electric Supply Company at 
Tummel. The elliptical shape which was arrived at 
(Fig. 12) ensured a minimum length of casing and showed 





the 55,000 H.P. turbines of the Queenston development 
at Niagara. 

Where the water is clean, water-lubricated bearings 
leave little to be desired. They are cheap, easily adjusted, 
and, where necessary, render the packing of the shaft an 
extremely simple matter. Where the water is sandy or 
carries silt in suspension they are not so satisfactory. In 
such cases, and if unavoidable, some form of bearing lined 
with white metal and lubricated under water is used. 
Usually this type of bearing depends upon the correct 
adjustment of a packed gland for its effectiveness. Where 
the lubrication is of the “‘ trickle-feed ” nature, i.e., one 
or two drops per second, failure occurs if the packing 
becomes too slack and allows water to come in. Failure 
has also been known to occur owing to the packed gland 
being too tight. This was not, however, through lack of 
lubricant, but owing to the pump building up sufficient 
pressure on the end of the shaft to force it over until one 
of the runners damaged itself by striking the end cover of 
the turbine casing. For correct adjustment the packing 
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Fic. 13—Design of Suction Pipe for Dnieperstroi Plant, Russia. 


must allow wastage equal to the capacity of the pump, so 
whenever the packing is allowed to slacken off too much 
the lubrication becomes inadequate and water enters the 
bearings. This is serious if the water contains sand or 
silt, because wear of the shaft is then inevitable. It has 
been found that, for bearings of this description, lubrica- 
tion by grease rather than oil is more satisfactory. 
Wherever possible, however, it is better to avoid an under- 
water system of lubrication, whether by oil or grease, if 
the water contains sand or silt. Satisfactory reports have 
followed the adoption of water-lubricated rubber-lined 
bearings both in this country and America. Provided 
that there is adequate circulation of water, the arrange- 
ment works well and even with silty water little wear 
takes place. The 8500 H.P. turbines made in this country 
for the Jordan River scheme in Palestine are typical 
examples, and it is reported that practically no wear has 
occurred on the rubber after five years’ operation, although 
the bronze sleeves on the shafts have worn. A notable 
case in America of the use of rubber bearings is that of 
the 45,000 H.P. propeller turbines at the Wheeler plant 
at Tennessee, where the head is 48ft. and the speed of each 
unit is 45-7 r.p.m. 

The reduction which it has been found possible to make 
in the overall length of horizontal shaft generating sets, 
such as the 17,000 H.P. Pelton sets of the Shanan plant in 
India, by the use of Michell radial bearings, has had the 
effect of encouraging designers to reduce the ratio of 
length to diameter of the ordinary ring-lubricated white 
metal-lined bearing. Instead of a ratio of 3: 1 in vogue 
not many years ago, a ratio of about 1:1 is now being 
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Fic. 12—Diagram Showing Saving in Length when Using Elliptical Form of Outlet. 


an improvement in efficiency as compared with the older 
design which employed a truly circular outlet for the 
suction casing. 

Most engineers are familiar with the rather unusual 
shapes of suction tubes in use with certain high specific- 
speed turbines, so it may be interesting to direct attention 
to the peculiar shape of the suction pipe used for the 
94,700 H.P. turbines at the Dnieperstroi plant in Russia, 
the design of which is indicated in Fig. 13. These turbines 
operaté at a head of 117ft. and run at a speed of 88-25 
r.p.m. 

yf have always been various forms of 
submerged bearings, as this type of bearing was used on 
nearly all the earliest makes of water turbines and is still 
in favour for open-flume turbines and, by some designers, 
for turbines mounted in cylindrical steel plate casings. 
Amongst the several kinds available the water-lubricated 
type is familiar, particularly since they are fitted to quite 
a number of large modern vertical shaft spiral casing 
turbines. The use of such bearings is not confined to 
water turbines, since lignum vite bearings have been used 
for many years in the stera tubes of steamships. Lignum 
vite bearings are in common use to-day on large turbines 
in the United States and Canada, a notable instance being 





approached, and with correct clearance, grooving, and 
oil supply gives far better results than the 3: | ratio. 

Other Details—In addition to the cavitation effects 
experienced on the inlet and outlet surfaces of the runners 
of high-head Francis turbines, pitting frequently occurs 
at the throat of the suction tube. To prevent this, a lining 
of bronze, stainless steel, or white metal has been used at 
this point, with satisfactory results. The application of 
a white metal lining is illustrated in Fig. 14. ; 

The packing and support of guide vane spindles in the 
case of high-head Francis turbines have required the 
special attention of the designer. Undoubtedly the most 
effective although the most expensive arrangement requires 
three bearings, one on each side of, and close to, the guide 
vane and the third as near as possible to the guide vane 
lever. On small turbines the bearing on the side where 
there is only one is often omitted, making the guide vane 
overhung from the nearer one of the remaining two. 
Where the water is inclined to be silty it is important that 
none should reach any of the bearings, and for this reason 
they must be protected by an effective packing such as a 
U-leather with or without a rubber filling piece in it to 
prevent its collapse, or, as has been done recently, by a 
moulded rubber U-ring. 
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Even in the earliest turbines a breaking link was 
generally provided to prevent the guide vanes and 
operating mecharism from becoming damaged due to 
some foreign object jamming itself between two guide 
vanes. In the first instance it was simply a bronze link 
of light section which broke at or near a known load. It 
had the drawback that the breaking load was different for 
tension and compression. To provide for this circum- 
stance it latterly became the practice on large turbines to 
make the lever in two parts and to insert a shearing bolt 
between the two (Fig. 15). As a broken bolt may be difti- 
cult to remove, a rather better and certainly less expensive 
method has been adopted, wherein the link is shaped so 
that it will break at the same load whether in tension or 
compression. Such a link whose design was checked 
experimentally is shown in Fig. 16. 

There are various methods in use for sealing turbine 
shafts. In all cases the main purpose is to prevent exces- 
sive ingress of air along the shaft into the suction tube. 
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Fic. 14 —White Metal Lining in Suction Tube. 
Fic. 15—-Shearing Bolt in Breaking Link. 


For this minimum requirement an attractive arrangement 
consists of a series of soft copper rings bearing lightly on 
the shaft and resembling somewhat one kind of packing 
box used on steam turbine shafts. In some cases, but 
usually when the turbine is standing or just starting, 
water may begin to leak back along the turbine shaft 
should the tail water rise unexpectedly. In such a case 
something more elaborate is required, such as, for instance, 
the common type of packed gland, using hemp or similar 
material. As it is known that hemp can cause shaft 
wear at the high surface speeds encountered on large- 
diameter shafts, a considerable number of large plants are 
fitted with water-sealed labyrinth boxes. With these it 
has been found that the water supply has to be carefully 
controlled and adjusted to prevent water from being 
splashed about when starting and stopping. This appears 
to be due to insufficient suction at these times. Further, 
the water supply to a labyrinth box must be clean and free 
from grit, and for this reason special filters are often pro- 
vided for cleaning the labyrinth box supply. 

With the introduction and almost general use on all 
large vertical shaft water turbines of thrust bearings of 
the Michell, Kingsbury, and other similar types there has 
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Fic. 16—Breaking Link ; 


been a pressing need for some means of stopping a unit 
quickly rather than let it come to rest slowly or—even 
worse—continue to rotate at a slow speed as a result of 
leakage through the guide vanes. The method most in 
favour at the moment is to mount oil-operated mechanical 
brakes on the lower cross arms of the generator stator and 
apply them to the generator rotor. Such oil-operated 
brakes can act also as jacks for raising the generator rotor 
and the other rotating parts when required. For a hori- 
zontal shaft turbine a special brake drum is usually 
required, although a hydraulic brake operating at the 
back of the runner has been used on both horizontal and 
vertical shaft Francis turbines. 

To combat excessive wear due to dirty water precautions 
may have to be taken for the protection of the guide 
apparatus in addition to the other parts already men- 





Dimensions in millimetres. 





tioned. Such protection in the case of the guide apparatus 
may consist of renewable steel plate liners, of ordinary or 
stainless fsteel, for the sides of the guide wheel and the 
use of either stainless steel or bronze for the guide vanes 
themselves. It may not always be necessary to make the 
guide vanes entirely of these materials, but only the guide 
vane spindles, using, if necessary, bushes of special 
materials, such as ‘‘ Aleo ” bronze. 

Use of Welding.—Until recently, surprisingly enough, 
little use has been made of welding in the manufacture of 
Francis turbines. It has been tried in the making of 
runners, but without much success as yet. For low heads 
it is standard practice to make runners by casting specially 
shaped steel plate blades into rings and bosses of cast iron, 
and such runners have benefited from the smooth surfaces 
possessed by the steel plate blades. Runners built up by 
welding similar steel plate blades to cast steel bosses and 
rings would possess similar advantages in comparison 
with steel runners cast in one piece, but so far the tech- 
nique has not advanced sufficiently to enable the welded 
runner to replace the solid cast. one. 

Welded construction has been used with considerable 
success for large casings, although transport difficulties in 
the case of shop-welded work and the lack of confidence 
in field-welded work are hampering the use of welding in 
this direction. It is only a matter of time, however, 
before the standard of field welding of pressure vessels 
will have sufficiently improved to enable welded casings 
to be used more extensively. 

Pelton Turbines.—The principal preoccupations of 
designers of this class of turbine have been the finding of 
more suitable materials for buckets, needles, and nozzles ; 
improvements in regulation and in the methods of fixing 
buckets, especially for high heads and large outputs ; 
and the use of welded construction wherever possible. 

Buckets.—_With the steady increase in output, buckets 
have grown in size, and with this growth there has been 
an outbreak of cracking of the thin metal at the outcut 
of the bucket and also at the central cut-water between 
the bowls. Such cracks have been attributed in the main 
to the effects of vibration in the bucket itself and have 
caused designers to reinforce their designs where practic- 
able. These cracks have been prevented from spreading 
by drilling small holes at the inner extremity of the crack, 
and where permanent repairs have been required electric 
welding has been used, although not always with very 
happy results. Where possible, annealing after such 
welding is recommended, provided that certain precautions 
are observed, since annealing may cause distortion of the 
bucket and make refixing to the dise difficult. Stainless 
steel has been successfully used in some cases for bucket 
material but its performance is not good if the heat 
treatment fails to produce a close-grained tough material. 

Several factors influence the manner of fixing the buckets 
to the dise. In the first place, most designers have found 
that within certain limits the greater the number of 
buckets the higher the efticiency. This means that room 
must be found for a given minimum number of buckets 
round a disc which is limited in diameter by a shaft speed 
kept as high as possible for the sake of a cheap generator. 
The diameter of the runner is a function of the speed and 
head, and is independent of the output. Consequently 
when the buckets are large and the runner small, as occurs 
when the head is low and the output high, there may be 
great difficulty in finding room for the bucket lugs. In 
such a case the designer may decide to cast the buckets 
in pairs and secure an economy in the number of fixing 
bolts. For instance, if he has been in the habit of using 
two bolts per bucket, he is enabled to reduce this to three 
bolts per pair of buckets. In extreme cases bolts and lugs 
have been eliminated by casting the buckets and disc of 
the runner in one piece. This design is not very popular, 
as such a casting is both difficult to make and to 
machine. To obtain more space for the bucket lugs it 
has frequently been the practice to forge the dise in one 
piece with the turbine shaft, as there is then no runner 
boss to consider. 

There are several different methods of fixing buckets to 
the runner dise. Perhaps the most straightforward is to 
use bolts with a slight taper of from 1 in 200 to | in 100, 
depending on the bolt diameter. On account of the taper 
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Fic. 17—Method of Fastening Buckets. 


there has been considerable argument as to the need for a 
nut on the large end of such bolts. Theoretically no nut 
seems necessary, although in practice it is claimed 
that the extra nut pulls everything up tight. With a view 
to reducing the size of bolts needed, some designers adopt 
the practice of allocating only one bolt to a bucket and by 
providing in this way for the centrifugal forces, arrange for 
the distribution of the remainder of the bucket loading to 
adjacent buckets by means of a key between all the 
bucket lugs. The shape of these keys varies with the 
designer’s ideas, but often takes the form of a small fitted 
pin or bolt (Fig. 17). Other fixing systems include (1) the 
use of a tapered sleeve in conjunction with a tapered bolt 
(Fig. 18), as thereby it is claimed that any possible stresses 
set up in the lugs and disc by the taper on the bolt are 
eliminated ; and (2) the special methods adopted in the 





case of extremely high heads, some of which were described 
by E. M. Bergstrom before the Institution in 1920. 

Needles and Nozzles, &c.—-The most frequently occurring 
trouble with these parts is wear, due either to sand or silt 
in the water or to the effect of a slight squirt of water 
escaping past the needle when it is closed. Such troubles 
have been practically eliminated under all conditions of 
head and quality of water by the use of a certain forged 
stainless steel for these parts. The form of needles and 
nozzles undergoes periodic changes of “ fashion,”’ brought 
about, no doubt, because of the lack of reliable experi- 
mental data as to the stability of jets under high heads. 
It is mainly because the stability of a jet under high heads 
is thought to be adversely affected by the presence of 
dispersion vanes that this method of controlling the jet 
has not proved so popular as anticipated. No satisfactory 
method of direct measurement of the distribution of 
velocity in a jet has so far been found, although certain 
investigators have done such work, using a Pitot tube. 
For the purpose of ascertaining the exact behaviour of « 
jet with differing shapes of needles and nozzles, strobo- 
scopic photography has been used in several instances wit! 
interesting results. With a large jet diamet>r the weight 
of the needle head is correspondingly heavy and the 
provision of an adequate length of bearing to carry this 
weight is of the utmost importance. Any tendency shown 
by the needle to vibrate can be very detrimental to the 
stability of the jet. The guiding action of the fins or webs 
supporting this bearing also plays a large part in ensuring 
stability. To be effective the fins must be as long, as 
smooth, and as straight as possible. 

Control of the Jet—To control the jet most turbine 
designers have standardised the combined needle and 
deflector system. It has the merit of extreme simplicity 
and provides the maximum safeguard for the pipe line. 
Considerable ingenuity is, however, being directed towards 
methods of improving the speed regulation when load is 
thrown off by increasing the speed at which the deflector 
enters the jet. This is likely to take the form of some 
multiplying gear to give an exaggerated amount of trave! 
to the deflector for a given amount of governor movement. 
Another tendency at present is to design the needle 
operating gear with a constant closing effort, this being 
provided either by a spring or by water pressure, whereas 
the opening itself is performed by oil under pressure. The 
usual method of controlling the speed of closing of the 
needle is.by adjustment of the rate of discharge from the 
cylinder of the oil used for opening. If the turbine is fel 
from a long pipe line the speed of opening of the jet may 
be a serious problem and, whereas the rate can be regu- 
lated by controlling the speed at which pressure oil is 
admitted to the opening cylinder, complications can only 
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Fic. 18—Tapered Bolt and Sleeve for Bucket Fastening. 


be avoided practically if it is possible to limit the rate at 
which load is applied to the machine or if the factor w R* 
is increased to an excessive amount. 

Casings.—For a long time many Pelton wheel casings 
have been made of steel plates riveted together, but 
latterly there has been a change to welded construction. 
Bed-plates have nearly always been of cast iron, although 
welded construction is now appearing frequently. From 
an esthetic point of view the welded bed-plates so far 
produced can hardly be said to be attractive, but since 
so little of them is really seen it is not likely to limit their 
use. 

Brakes.—The provision of a brake on a Pelton turbine 
is an easy matter, since it simply consists of a small jet 
directed on to the back of the buckets. Experience has 
shown, however, that to cope with an emergency which 
involves the shutting down of the main inlet valve it is 
prudent to take the supply of water for the brake from 
the upstream side of this valve, as a supply for the brake 
can then be had under all conditions. : 

Main Inlet Valves.—Although the inlet valve is not 
strictly part of the turbine, it is an important adjunct and 
must be effective and reliable both for isolating the turbine 
and for closing in an emergency. It is equally important 
that when fully open its waterway must be such as to 
make the permanent head loss as small as possible. All 
these conditions are more difficult to meet when the head 
is high or when the valve diameter is large. 

The limitations of the ordinary sluice valve in these 
directions are fairly obvious. The waterway is poor and 
if emergency closure has to be effected while the turbine 
gates are full open, damage may be caused to the seats 
if these are not heavy enough to take the pressures which 
occur in such circumstances. For these conditions a 
tapered tongue is not suitable owing to the possibility of 
vibration. 

As an improvement on the ordinary sluice valve there 
are the several forms of the piston or needle valve, the 
best known of which is the Larner-Johnson valve, This 
valve, being nearly balanced hydraulically, has the merit 
of being easily moved at all reasonable rates of flow 
through the valve. Unless specially guarded against, 
slamming shut has been known to occur with some needle 
valves. The needle valve can be operated either hydraulic - 
ally or mechanically, although the former is the more usual. 
In some designs, such as the Larner-Johnson, the needle 
moves relative to the seat, while in others, as, for instance, 
the Seewer type, the seat moves relative to the needle, 
which is fixed. 
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It must be acknowledged, however, that the needle 
valve is expensive and suffers accordingly. In the matter 
of permanent head loss it also suffers by comparison with 
the other types of valves, since the waterways are com- 
paratively narrow and although there is no actual restric- 
tion, the large area of wetted surface causes friction, 
which, when added to the losses due to changes in direction 
of flow, amounts to quite a considerable permanent. loss 
of head. 

Another interesting type is the rotary valve, which up 
to now has been used only to a limited extent in this 
country, but owing to a recent development may be used 
more frequently in future. One of the difficulties encoun- 
tered with this type of valve has been the provision of an 
efficient method of sealing the rotor when in the closed 
position, and one which would not interfere with the 
freedom of movement of the valve when closing or opening. 
Several methods have been patented and tried. They 
include making the plug slightly excentric, so that when 
pressure is applied to the small end the plug lifts sufficiently 
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The arrangement of the hose and the general design of 
the valve is illustrated in Fig. 19. 

A valve of the sluice type has been developed, with 
distinct possibilities of meeting all the requirements. It 
goes under the name of “ spectacle-eye”’ sluice valve. 
It is similar to a sluice valve, but differs from it in that the 
tongue is longer and contains a circular opening of the 
exact bore of the adjacent pipe. When the valve is in the 
full-open position this opening is opposite the bore of the 
pipe and provides a perfectly smooth and continuous 
waterway. Shutting is effected in the usual way, but 
owing to the longer length of tongue there is an increased 
bearing surface, which is sufficient to take the pressures 
occurring when the valve is in the partially open position. 
Such valves have been used for considerable sizes and 

pressures, as, for instance, the 40in. by 480ft. valves at 
feces, India, and for the 16in. by 3076ft. valves for the 
Pykara plant in India. 

In the case of turbine inlet valves of large dimensions 

there has always been ‘some difficulty in providing a svit- 


























Valve closed 


Swain Sc 


Fic. 19-—Method of Tightening Valve by Means of Rubber Hose. 


A Erection and dismantling piece 
B Rubber sealing ring. 

C Drain. 

D Indicator. 


Kk Water from hand pump and pressure supply to rubber hose 
F Servo-motor. 

G Hydraulic packing. 

H_ Rubber hose. 


The diameters of the waterways of these valves range from 18in. to 26in. 


to allow rotation to take place without contact between 
the seats. Prior to opening, the bearings are rotated 
slightly, but sufficiently to move the rotor clear and allow 
rotation to take place without contact between the seats. 
Another system relies on having one set of seats movable, 
so that when pressure water is applied after the valve has 
been closed the seats move forward and make a joint. 
Unfortunately, both of these, and all other similar systems, 
suffer from the complaint known as “ slamming ” as soon 
as any play or looseness appears in the mechanism. This 
complaint is a very serious one, as it gives rise to water 
hammer, which is very undesirable in installations where 
such valves are mostly used, that is, on high-head plants 
with high pipe line velocities. It is therefore not surprising 
to find that rotary valves which have developed such 
troubles are virtually unusable. 

It should perhaps be explained that ‘‘ slamming” is 
the term used to describe any form of abrupt contact 
between the seats of a valve at the moment of closure. 
Such abrupt contact may create a wave of pressure of 
sufficient magnitude to damage the pipe line or valve. 

A new approach to the problem has been made by 
adopting the Boving-Darling method of tightening by 
means of a special rubber hose. This hose is fitted round 
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Fic. 20— Method of Sealing Large Inlet Valve. 


the rotor in the place usually occupied by the rotor seat 
ring. It is of such a size that it does not touch the body 
when the rotor is rotating. When the valve is shut, 
pressure water is applied to the hose and inflates it suffi- 
ciently to close completely the gap between the rotor and 
the body. It is claimed that this form of tightening is 
drop-tight and, of course, is free from any slamming 
troubles, as there are no free or loose parts liable to be 
affected by the high velocity of the water. As soon as the 
valve reaches the closed position the sealing hose can be 
gradually expanded or inflated until the hose makes 
contact with the seat. If this should cause a pressure 
increase at the seat, the momentary rise in pressure will 
overcome the pressure in the sealing hose and unseal the 
valve, thus relieving the over-pressure and damping the 
tendency to water hammer. Special arrangements are 
provided in the design for the immediate evacuation of 
the hose as soon as the valve begins to open, and this 
feature prevents friction and consequent wear of the hose. 





able and yet cheap form of valve. For heads up to 
about 50ft. the ordinary butterfly valve was sufficiently 
satisfactory, provided that there was a large enough drain 
valve on the downstream side to take away leakage water. 
This difficulty has been overcome and the utility of the 
butterfly valve greatly increased by providing tightening 
for the periphery of the blade. There are two distinct 
ways of doing this. One, the McAulay system, consists of 
a sealing ring which can be adjusted by means of jacking 
and locking screws to give a tight joint all round the 
periphery of the disc. The other system makes use of a 
rubber hose let into the edge of the blade (Fig. 20) or the 
seat ring on the body. Pressure water is applied to this 
hose after the valve is closed and the expansion of the hose 
which takes place is sufficient to make a practically drop- 
tight joint. Both methods have been applied to valves 
with diameters of 12ft. or more, and for pressures up to 
500ft. head with valves of about 6ft. in diameter. 

Conclusion.—While it has not been possible in this 
review to point to any spectacular developments, sufficient 
has been recorded to indicate that over a period such as 
twenty years considerable progress has been achieved in 
the design and manufacture of Francis and Pelton water 
turbines. That the water turbine industry is alive and 
active is evident from the fact that the designers 
have been able to meet all demands made upon them both 
for size and performance and have been able to solve all 
problems which have arisen. There is every indication 
that they will continue to do so in the future. 








South African Engineering Notes. 
(By our South African Correspondent.) 
CarE Town, April 15th, 1937. 
New Railway Developments. 


Big new railway developments for the Rand and 
Pretoria at a cost of over £6,000,000 have recently been 
detailed by the Minister of Railways and Defence, Mr. 
O. Pirow. The Minister, stated that £1,250,000 will be 
spent on alterations to the Pretoria Railway. The 
Rand is to have £4,750,000 spent on railway developments, 
which, apart from the electrification scheme already 
embarked on, and the quadrupling of certain lines, will 
include the provision of three new branch lines, the con- 
struction of a number of new and attractive railway 
stations, and the provision of further facilities, such as 
new goods yards, to cope with the huge increase in traffic 
to the Rand. If gold was the basis of the remarkable 
change from poverty to plenty, the State, Mr. Pirow said, 
was also entitled to say that it had been alive to the new 
position and had taken steps in time to support the changed 
condition of affairs. The figure of £18,000,000 mentioned 
in the Railway Budget as capital expenditure is actually 
an underestimate. When certain new provisions are added 
the figure will be nearer £20,000,000. 


Railways Buy Buses. 


The first of a batch of 128 new motor buses for 
the railway motor services have just been trucked to their 
service areas. They are of a new 4-ton four-wheel type 
with bodies built in the railway workshops fitted on 
Thornyeroft chassis. The remainder of the batch of 
vehicles will be in service in a few months all over the 
Union, while work will be started on a further 200 machines 
during this month. The cost of each bus is approximately 
£1500. The present batch constitutes the first of a new 





series to provide replacements and to augment the 
existing fleet of vehicles of which there are nearly 500 on 
the roads. 


Copper from South-West Africa. 


The boom in base metals is restoring prosperity 
to many odd corners of Africa. One such place is Tsumeb, 
in the northern territory of South-West Africa. The copper 
mine there opened in the days of German occupation and 
shut down five years ago. The first consignment from the 
re-opened mine of 500 tons of ore has just been shipped to 
Germany, and there are 100,000 tons, mined before the 
slump, awaiting railage to Walvis Bay. About 2000 tons 
a month is expected to be shipped. All this copper traffic 
must pass over the longest narrow-gauge railway in the 
world. When, in the ’eighties of last century, copper was 
found at Tsumeb, there was no transport through the 
desert and nothing could be done. Construction of a toy 
railway with the metals 2ft. apart started from Swakop- 
mund in 1903. War with the natives delayed progress 
and finally an Italian contractor was given the job and 
he imported Italian workmen. Water was another great 
difficulty. Finally, after years of toil, the narrow line was 
carried northwards from Usakos for 257 miles to Tsumeb. 
Branch lines brought the total distance up to 359 miles. 
This is the line which, with its tiny coaches and trucks, still 
serves the copper mine, the cattle, and Karokul farms, 
and the creameries of the northern districts of South- 
West Africa. 


Table Bay New Harbour. 


Government Departments are working at full 
pressure obtaining the mass of data required before tenders 
ean be called for the dredging and reclamation work of 
the new Table Bay harbour (Cape Town), which it has been 
decided to let out on private contract. The actual quay 
building and drainage construction will be carried out by 
the Government. It is expected that tenders will be called 
for at the end of May, but it is unlikely that the dredging 
and reclamation work will be started much before the end 
of the year, as some months must elapse before the 
successful tenderers will be able to assemble their plant 
here. It is known that a famous Dutch dredging and dock 
building company is investigating and one of its principals 
has recently arrived in Cape Town to make an inspection. 
One of the largest British companies engaged in such work 
is also considering the work and one of its officials has 
already carried out investigations on the spot. Most of 
the world’s premier dredging and contracting companies 
will bid for the tenders, for at no other port in the world 
is such a large extension scheme being planned. Mean- 
while the steel work for the cargo shed on “‘ D ” berth, the 
new deep-water quay, has at last been shipped from the 
Continent, nearly four months late, on board an Ellerman 
cargo steamer, the “‘ City of Mobile.” 


Durban Harbour Improvement. 


Six hundred and twenty-five feet of the North 
Pier, Durban, known as the cant, is now being demolished, 
and it is estimated by the harbour engineers that the work 
will take about three years. Owing to the weather it is 
often impossible for the divers to work more than three 
daysinamonth. The divers go down to attach the thick 
cables to the blocks before the crane hauls them up. On 
an average only eight a day are lifted. The blocks are 
then scraped and taken to the deep-water berths, where 
they are used in sinking the eight monoliths now under 
construction. The part of the pier to be demolished is 
built directly over the hulk of an old ship, and difficulties 
are expected when the work reaches the wreck. The cant 
is being removed because it is a danger to shipping. The 
north and south piers, if extended, would meet, and owing 
to the strong current ships entering the harbour from the 
south are inclined to be swept on to the extremity of the 
North Pier. With the removal of the cant this danger will 
be obviated. 


More Ships for Cape Trade. 


The flow of orders for new shipping for the South 
African trade continues unabated. It is now learned that 
five fast cargo motor ships, flying the Norwegian flag, are 
to be placed on the Canadian-South African trade. Further- 
more, the Shaw, Savill and Albion Line, following its 
order for a 26,500-ton passenger liner for the South 
African, Australian and New Zealand route, has placed an 
order for another cargo-passenger liner of smaller size for 
the route. The Wilhelmsen Line, of Norway, has also 
launched the new express motor cargo liner “ Titania ” 
for the Union trade. The Silver Line has completed plans 
for a fast cargo motor ship, which will be of about 7000 
tons gross, with a service speed of 15 knots. The vessel 
which the Shaw-Savill Line has ordered is to be of 11,000 
—s gross, and will cost about £400,000 to build. She ‘will 

be 5354ft. in length overall and 515ft. between perpen 

diculars, with a beam of 70ft. and depth of 43ft. 4}in. 
Accommodation is provided for twelve passengers. The 
vessel will be refrigerated throughout. The order has been 
given to Harland and Wolff, Ltd., and the ship will be 
completed about the middle of next year. A special 
feature of her construction is to be the provision of space 
for 1000 tons of chilled beef, as this traffic is increasing 
rapidly. 


Oil from Union Coal. 


A committee has been appointed by the Depart- 
ment of Commerce and Industries to investigate the possi- 
bilities of manufacturing petrol from coal in the Union. 
The following constitute the Committee :—Mr. F. J. 
Fahey, Chairman of the Board of Trade; Mr. W. J. 
Lamont, formerly Secretary for Commerce and Indus- 
tries, and now commercial manager of Iscor (Pretoria 
Iron and Steel Works); Dr. Vogel, director of the Fuel 
Research Institute in Pretoria; Dr. V. Bosman and Mr. 
F. P. Spooner, technicians in the Department of Com- 
merce and Industries ; and a representative of the Depart- 
ment of Mines, who, it is understood, will be Dr. S. H. 
Houghton, Director of Geological Survey. 

The Department is reticent regarding the scope of the 
Committee’s instructions. [It is understood that the 
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Committee will confine itself mainly to an investigation 
of the hydrogenation process, and that it will be asked to 
report on the feasibility of establishing a plant for the 
manufacture of petrol from coal and to recommend to 
what extent any undertaking in this connection should be 
financially supported by the Government. 

It is believed that the Government has been seriously 
considering projects for the production of petrol on a 
large scale from South African coal. Some years ago 
investigation into this matter by the Fuel Research 
Institute showed that it would be economically possible 
to start operations in this connection in an inland centre 
provided that the tax of 6d. per gallon on imported petrol 
and the then existing railway rates remained for a certain 
period, and that the Government gave some kind of 
assurance against what is termed predatory competition. 
Recently, however, the railway rates were reduced by 3d. 
per gallon, and from the beginning of the new financial 
year the customs duty will be reduced by one penny. 
But to-day the Government is more anxious to make the 
country independent, as far as possible, of foreign supplies 
of petrol than it was some years ago. South African coal 
has a higher ash content than British coal and the cost of 
establishing a factory in the Union would be higher than 
in Britain. The cost of production would be on a higher 
scale also. It was estimated that the Witwatersrand 
consumed about 20,000,000 gallons of petrol a year, which 
was about one-third of the country’s import. To establish 
a factory which would produce 20,000,000 gallons would 
cost about £7,000,000. It will have to be considered also 
whether it would be more economic and equally satis- 
factory to obtain petrol from torbanite, of which there are 
stated to be large quantities in the Transvaal. The whole 
question will be examined thoroughly and the Government 
will then consider the report submitted. 

The petrol investigation is being linked with a rumour 
that the Government has adopted the policy of building 
up large reserve stocks of base metal, to have on hand 
either for emergency use in the Union or for shipping to 
the United Kingdom should a special demand for such 
material arise there. 


Paper Pulp Factories. 


Within about two years three paper pulp factories 
will be in operation in South Africa, supplying most of the 
country’s requirements in Kraft paper. There will be one 
at Sabie in the Eastern Transva@t, one at George, and 
another on the Vaal River, possibly at Parys. The George 
factory may reach production by the end of 1938 and is 
likely to give employment to about 400 people, apart 
from the additional forestry workers required to supply 
it with material. Thousands of cubic feet of wood now 
wasted will find a ready market, as the raw material for 
pulp will include all the forest thinnings which have 
to be extracted annually in the course of forest main- 
tenance and the residue of timber trees unsuitable for 
sawing. The factory at Sabie, although on a slightly 
smaller scale, will. probably employ 300 workers. <A 
number of skilled workers will be imported at first to 
train South Africans. At Sabie an area of forest has been 
set aside for the purpose of supplying a guaranteed 
quantity of timber to the mill for twenty-five years. The 
other Transvaal factory is on the Vaal River, which will 
supply unlimited water, which is a first essential. It is 
also proposed to use wheat straw and maize stalks, which 
produce a high-quality paper, a certain proportion of 
wood pulp being added to give strength. 


Klip Power Station. 


When the installation of equipment is completed 
the Klip power station of the Electricity Supply Com- 
mission will have a capacity of 431,000 kW and will be 
among the largest in the world. Five 33,000-kW turbo- 
generators are already operating, together with two house 
sets of 7000 kW. The sixth 33,000-kW set is at present 
being installed and the remaining six are coming forward ; 
parts of two of the sets have already arrived. Two more 
7000-kW house sets are on order and a fifth is under con- 
sideration. The Commission also has on order one 
30,000-kKW set for the Congella power station (Durban), 
and it is hoped it will be operating by early next year. 
These additions will serve to meet the increased demand 
for electricity coming from the mines and from the rail- 
ways when the electrification of the railways on the Rand 
is completed towards the end of this year. The current 
from the Klip power station is fed into the network of the 
Victoria Falls Power Company’s power stations for distri- 
bution as required. 


Colenso Power Station. 


The 88,000-volt transmission line from Dann- 
hauser to Volksrust was switched on and successfully 
tested recently. The supply now radiates 135 miles 
north to Volksrust, 188 miles south to Durban, and 
77 miles east to Harrismith. The distance east will be 
increased another 65 miles when the transmission line to 
Bethlehem is finished, about the end of June. After the 
successful testing of the transmission line to Volksrust 
the municipal steam generating machinery at that town 
was closed down. All Volksrust now receives its current 
from Colenso. It was stated officially on March 31st that 
the extension of electrification from Glencoe Junction is 


expected to be completed and ready for-the running of 


electric trains by the middle of June. With the exception 
of two gaps at Milnedale and Mount Prospect, where 
deviation work is being carried out, the erection of the 
overhead line has been completed throughout the whole 
section. Work on the six sub-stations is proceeding 
satisfactorily. 


Vaal-Hartz Irrigation Scheme. 

The great Vaal-Hartz irrigation scheme, which 
is costing the Government from £50,000 to £60,000 
a month and providing beneficial and constructive work 
for a community of 1500 to 2000 men, is now half com- 
pleted and the major difficulties tackled and overcome. 
The completion of the scheme will, however, not 
reached for some years yet. So far, however, few of the 


average citizens of the Union know what is being done ; 
nor is this surprising. 
are still desolate country. 


The Vaal and Hartz River valleys 
Kimberley, the nearest big 





town, is over 50 miles away from the nearest point of the 
scheme. Later there will be a large town at Andalusia, 
supported by settlers on the irrigated land. But now is 
a@ most interesting time to see the work that is going on. 
So much has been done that the ultimate form of the 
scheme can be easily discerned, and the difficulties which 
the engineers in charge, the artizans, and even the 
labourers, have had to overcome are also quite plain. 
The irrigation portion of the scheme starts near Warrenton 
and Fourteen Streams, where the weir to impound the 
water for distribution has been built. From there begins 
the 75 miles of main canal, which will run off eventually 
in 600 miles of subsidiary canals. The weir has already 
been severely tested, for twice the floods have brought the 
water over the top of the wall. The first time was in 
November, just after the sluice gates had been installed. 
With the water flowing nearly a foot deep over the top 
they were thoroughly tested. The weir is a wide wall of 
hollow cement thrown across the river, which at that point 
is almost exactly half a mile broad. It stands 25ft. above 
the bed of the river, but the foundations in parts are 
another 15ft. down. Behind the wall is a broad block of 
cement running across the river bed to keep the silt from 
swirling near the foundations. On the upstream side of the 
river is a small conservation reservoir, stretching back for 
more than 20 miles. It is termed small in comparison with 
the main supply for the scheme which is provided for in 
the huge Vaal bank dam near Vereeniging, 60 miles from 
Johannesburg and over 360 miles from the weir below it. 

Following the course of the main canal one comes to 
the second section of the work, where the cutting had to 
include the excavation of solid rock to a depth of 25ft. 
to 32ft. It is the four-mile cutting which transfers the 
water from the Vaal River to the Hartz River valley. 
This excavation was more difficult than the rest of the 
digging in the canal, which was only done to a depth of 
10ft. through sand. From the far end of this cutting into 
the Hartz valley the canal divides into two channels 
round the outside of the irrigable area; one of them is 
50 miles long and the other 25 miles. They enclose an 
area of well over 100,000 acres of valuable agricultural 
land, of which 80,000 acres has already been earmarked 
for settlement. In the heart of this work is the head- 
quarters of the scheme. The headquarters forms a village 
of its own, named Andalusia. Four years ago it hardly 
existed. To-day it is a largish self-contained community 
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and has been laid out as a carefully planned township ; 
and by the time the Government has placed settlers on 
the entire 100,000 acres of land it should be a flourishing 
centre. There one tunnel has been blasted through a 
hillside to carry the irrigation waters through it, and 
another still remains to be constructed. 


Sand River Valley Dam. 


The Government contemplates building a storage 
dam in the Sand River Valley at Doornfontein, 14 miles 
from Cape Town. It is stated that irrigation department 
officials and engineers have investigated the dam, which 
will be made by constructing a concrete wall, 114ft. in 
height and 480ft. in length, to block up the narrow gorge 
through which the Sand River enters the valley. The 
estimated cost of the scheme, which will conserve 
24,000,000,000 gallons of water, is £48,000. At present 
the valley is dependent for irrigation on storage from 
small dams at points along the river. A large number of 
farmers are facing ruin to their crops next year unless the 
projected scheme is completed before the next rains. 


A Pretoria Dam in Danger. 


The Bon Accord dam, about 8 miles north of 
Pretoria, was reported on Thursday, March 18th, to be on 
the verge of collapsing owing to the subsidence of the 
foundations as the result of floods. A subsidence which 
had occurred in the wall was discovered on Wednesday, 
and tremendous efforts to prevent the collapse were 
quickly begun. An inner facing of sand bags was con- 
structed, and this work had to be continued as the subsi- 
dence of the outer portion of the wall continued. With a 
terrific storm sweeping over the dam area the collapse 
was expected to oecur at any moment. However, on the 
arrival of the Irrigation Department’s engineers and the 
Special Service Battalion, work was redoubled and the 
spillway was blasted to a greater depth, while all the 
sluice gates were opened wide, a step which should have 
been taken when the danger was first realised. Success 
attended the efforts and the dam was saved, but it is 
considered certain that it will have to be drained so that 
a new wall or, at any rate, a new section may be built. 











At the height of the crisis the country for 30 miles 
north of the dam was cleared of people and animals. Thx 
Defence Department had a military gun in sight of the 
dam, so that if and when the wall broke it could be fired, 
There were also rockets for the same purpose and aero- 
planes to spread the alarm. Had the dam, which con- 
tained 300,000,000 gallons, collapsed, 100 square miles 
would have been affected. In this area there is a popula 
tion of about 1250 Europeans and about 9500 coloured 
and native people. Altogether it is estimated 11,000 
persons would have been affected by the wall collapsing. 
If the dam has to be drained several hundred farmers 
will have their lands without water for a considerable 
period and will lose the crops of vegetables, green foods, 
and corn which they produce in the area, nearly all of it 
under irrigation. 


Rhodesian Railway Manager. 


It has recently been officially announced from 
Bulawayo that Mr. W. J. Skillicorn, at present assistant 
general manager (commercial) of the South African 
Railways and Harbours, will take up the appointment of 
general manager of the Rhodesian Railways in April, 
1938, when Mr. H. Chapman, the resident director in 
Africa, who has held the position of general manager fo 
many years, will relinquish the latter position. 


A French Streamlined Pacific 
Engine. 


As a result of the popularity of streamlined locomotives, 
the attention of a number of railway locomotive engineers 
has been directed to the possibility of streamlining existing 
engines. The difficulties of converting standard engines 
without drastic structural alterations are obvious, and 
the appearances of a number of locomotives so converted 
are, to say the least, most unusual. Our illustration shows 
one of the standard “‘ Pacific ’’ engines of the P.O.—Midi 
Railway of France, which has recently been streamlined. 
It has been placed in the Sud Express service on the Tours 
Bordeaux and Tours-St. Nazaire routes. As may be 
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seen, the streamlining has been carried out as far as 
possible without altering the general arrangement of the 
engine. The lines from the dome over the front of the 
smoke-box have been carried, without any sharp corners, 
back over the driving cab and on to the tender; but to 
permit better cooling and facilitate inspection the driving 
wheels with their valve gear and axle-boxes have been 
left uncovered. The engine is painted a matt metallic 
grey picked out with stainless steel. The chief engineer of 
the P.O.—Midi Railway informs us that with the locomotive 
in its converted form he hopes to get an increased efficiency 
at high speeds of about 10 per cent. 








Books of Reference. 


Specification, 1937. Edited by F. R. 8S. Yorke, 
A.R.I.B.A. London: Architectural Press, 9, Queen 
Anne’s-gate, 8.W.1. Price 10s.°6d. net.—The new edition 
of this reference book is on the same lines as previous 
issues. The contents have been brought up to date, and 
several of the sections completely rewritten. Notwith- 
standing the fact that some of the matter has been con- 
densed, the book continues to increase in size, the present 
edition containing over 800 pages, as compared with 
730 pages in the 1936 issue. This volume has been invalu- 
able for reference purposes in these offices for many years, 
and we welcomé the new edition, which has already been 
found as comprehensive and complete as in former years. 


Mercantile Year Book and Directory of Exporters, 1937. 
London: Lindley-Jones and Brother, 52, Bishopsgate, 
E.C.2.—The information given in this useful reference 
book has again been brought up to date and revised. As 
in previous issues, it lists the names of export merchants 
in this country and in the chief European countries, and 
the names of importers in all parts of the world. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The International Steel Position. 


Although the stringency in the iron and steel 
markets in this country is as severe as at any time since 
the world scarcity devoloped, there are signs that the 
position in some of the Continental countries is becoming 
easier. In France, for instance, production is maintained 
at a steady level and the disorganisation resulting from 
the institution of the forty-hour week is gradually being 
overcome. The home market is taking less steel than had 
been anticipated, but the works can afford to regard this 
without anxiety, as their order books are well filled. The 
shrinking in the volume of new business, however, has 
enabled the French steel makers to accept more export 
orders, and partly for this reason the premiums charged on 
Continental material have decreased during the past week 
or two. The normal seasonal decline in export business 
has been noticeable lately, and it has been estimated that 
the volume of export orders has contracted by 35 per cent. 
and of home orders by 25 per cent. compared with the 
beginning of the year. The French works are badly 
behind in deliveries, and in the case of some products 
require six months for the execution of an order. The 
Belgian steel makers are making great efforts to increase 
production. Not only is the home market taking larger 
quantities of steel than for many years, but a large tonnage 
of export business has had to be refused as-delivery could 
not be guaranteed. The selling organisations report that 
foreign buyers are no longer showing a desire to buy at any 
price, and whilst the works are expected to increase their 
prices by £1 gold per ton, the Comptoirs have had to 
reduce the premiums they have been obtaining on the 
official prices. The rise in price, therefore, will not influence 
the effective selling price, but gives a larger proportion of 
profit to the works at the expense of the Comptoirs. In 
April the sales were in excess of production at 237,336 
tons, of which 127,285 tons was for export and 110,051 for 
home consumption. Delivery times show little change 
and vary from four to five months, according to the product. 
The German steel industry claims to be working at 90 per 
cent. of capacity. The Government recently issued regu- 
lations regarding the acceptance of far forward business, 
and as a consequence all orders in excess of production 
are now refused. The result has been greatly to reduce 
the time required for the execution of orders and the usual 
period is now eight to twelve weeks. At the beginning of 
the year eighteen to twenty weeks was frequently stipu- 
lated. A tight rein is kept upon export business and the 
proportion of orders accepted is from 45 to 60 per cent. 
and in the case of ship plates and castings 29 per cent. 


The Pig Iron Market. 


The conditions in the pig iron market have not 
been materially altered by the advance in prices. The 
scarcity has not been relieved, and it is that which is 
paramount in the minds of all consumers. Buyers are as 
eager to place orders as before the advance, but it is a 
disheartening task to find a producer who has any parcels 
to sell. Foundry iron prices have not been advanced 
except in Scotland, where an increase of 25s. has occurred ; 
but it is expected that a rise of at least 20s. per ton will be 
announced shortly by English makers. The producers of 
this description of iron have their own trade organisation, 
but are not affiliated with the British Iron and Steel Federa- 
tion. The last advance took place in December, and the 
prices then fixed were expected to rule until June 30th ; 
but the circumstances which led to the increase in hematite 
and basic qualities also apply to foundry. The situation 
in the foundry iron department has definitely deteriorated 
since even the beginning of May, and many old customers 
who have received regular supplies from particular firms 
for years past are finding their ration ‘seriously cut down. 
In some cases consumers are faced with the prospect of 
having to close departments of their works for lack of 
supplies. So far, however, matters do not appear to have 
reached this pass and although consumers are going 
through anxious times and struggling along on hand-to- 
mouth supplies, they have hitherto kept going. On the 
North-East Coast business is practically suspended, 
partly because of the uncertain price position, but chiefly 
because of the sold-out position of the producers. 
Deliveries are heavily in arrears and the current output is 
being divided amongst old customers and even so is 
barely sufficient to go round. In the Midlands the 
situation is similar, and the production of Derbyshire iron 
is sold into the third quarter. Deliveries are severely 
rationed and in some cases consumers are not-.getting much 
more than half the quantities they received last year. 
Some Midland producers, however, it is reported, will be 
in a position to sell for third quarter delivery when the 
new prices are fixed. In Lancashire the foundries are 
finding it increasingly difficult to maintain full operations, 
and the situation does not seem likely to improve for a 
long time. In Scotland the light castings foundries are 
handicapped by the difficulty of getting supplies. Some 
small tonnages of Continental iron have been sold in 
Scotland, but this has not influenced the situation. In the 
hematite market the increase in prices has not affected the 
position. Makers are in arrears with deliveries and can 
only spare a few odd parcels for export in satisfaction of 
old contracts. 


The North-East Coast and Yorkshire. 


_ With all the works operating practically at 
capacity the production on this coast is not equal to the 
demand. It is a position that has existed for months, 
and in consequence the makers are heavily in arrears 
with their deliveries. Production will be increased as 
new plant is put into operation; but that is not likely 
to take place for some time and must be contingent upon 
supplies of raw material being assured. For the first 
quarter of this year the production in this district exceeded 
the 1936 fi by 84,000 tons. Lately, the supplies of 


Continental steel to the Tees have improved, and during 
April reached 2400 tons compared with 1392 tons in 
March. This has helped to relieve the stringency in the 





semi-finished steel market, although the re-rolling industry 
is still hard pressed to obtain enough billets and sheet 
bars to maintain uninterrupted operations. The situation 
in this respect, however, does not seem so bad as in some 
other districts. The increase in the prices of all descrip- 
tions of semis is unlikely to affect the demand in the 
present stringency. Similarly, the announcement of 
the new rates is not likely to decrease the volume of 
business in finished steel. The works are inundated 
with specifications against existing contracts, and it 
will be some time before the makers will benefit to the 
full from the new prices. Shipbuilders and constructional 
engineers with plenty of work on hand are already trying 
to ensure supplies at the new prices for the last months 
of the year, and to this extent the advance has afforded 
relief, since consumers are now in a position to estimate 
on their own work. This applies particularly to bars, 
angles, joists, and plates, although it is increasingly 
difficult to place orders for the latter material even for 
far forward delivery. Some increase in the supplies of 
sheet bars has enabled the sheet works to improve their 
position; but they are still working below capacity 
and their outputs are insufficient to meet the demand. 
Only far forward business is negotiated, and export as 
well as home merchants complain of delays in deliveries. 
In Yorkshire the high rate of operations which has been 
maintained is reflected in the production figures. In 
Sheffield, the output for March totalled 150,000 tons, 
or 13,400 tons more than in April. The production of 
basic steel is proceeding at a record rate, and the manu- 
facture of the special steels particularly associated with 
Sheffield is increasing. The demand for stainless steel 
is exceptionally strong, and there is a good demand 
for steel for aircraft construction. The requirements of 
the railways are also providing a large amount of work. 


Scotland and the North. 


The rather quieter conditions that have prevailed 
for the past week or two in the Scottish steel market may 
be attributed to consumers realising the impossibility of 
placing fresh contracts for the time being. So congested 
are the works’ order books that there seems little likelihood 
of general commercial business being accepted on any 
scale for some months. The placing of Admiralty orders 
with Clyde shipbuilders for two battleships ensures a con- 
tinuation of busy times at the steel works ; but it is under- 
stood that a considerable proportion of the steel required 
was ordered before the announcement of the receipt of the 
contracts was made. A heavy tonnage of steel is passing 
to the shipyards and the works are experiencing con- 
tinous pressure for delivery of shipbuilding material. All 
the marine engineering establishments in Scotland have 
as much work on their hands as they can deal with and the 
steelmakers are not finding it easy to meet the demand from 
the general engineering firms. The difficulty of placing 
orders for plates is a feature of the market and is partly 
due to the requirements arising from the defence pro- 
gramme. Although the stringency as regards supplies of 
raw material for the steel works, including scrap, basic 
pig iron, and ore has been partly relieved, the situation 
is not without its anxieties. The re-rollers are feeling the 
effects of this shortage in restricted supplies of semis. 
Their output naturally suffers and there is a tendency for 
arrears against deliveries to accumulate. The bar iron 
makers in Scotland have benefited by the scarcity in the 
steel market and their products are frequently used for 
purposes for which steel would be specified in normal 
times. In Lancashire the general situation is similar to 
that existing in other parts of the country. Attention is 
concentrated upon obtaining deliveries of steel and work 
at consumers’ establishments is frequently held up by the 
non-arrival of urgently needed material. The Manchester 
Town Hall Extension Committee has recommended the 
purchase of foreign steel as the result of a report by the 
City Architect ; but, in view of the arrangements existing 
between the British iron and steel makers and the Cartel 
and the higher prices obtained by Continental makers in 
other markets, it is difficult to see how these purchases 
can be negotiated. The steel works in the Barrow district 
are fully occupied and makers are showing no desire to add 
to their existing commitments. 


Current Business. 


An order for an oil tanker of 3800 tons has been 
placed with Smith’s Dock Company, Ltd., Middlesbrough, 
by the Anglo-Saxon Oil Company. Nitrate Producers 
Company, Ltd., have placed an order for a steamer of 
10,000 tons with Short Brothers, Ltd., of Sunderland. 
The North Eastern Marine Engineering Company, Ltd., 
Wallsend, will supply the engines. A contract for the 
supply of a Greenwalt sintering plant has been placed 
with Head, Wrightson and Co., Ltd., Thornaby-on-Tees, 
by the Compagnie Financiére et Industrielle d’Ougrée. 
The value of the contract is given as about £25,000, and 
the plant will be installed at the Ougrée Marihaye works in 
Belgium. A new plant is to be laid down by United Steel 
Companies, Ltd., Workington, for the manufacture of 
shell steel. A repeat order for two high-pressure boilers, 
with auxiliary plant, valued at £60,000, has been placed 
with Clarke, Chapman and Co., Ltd., Gateshead, by Slough 
Estates, Ltd. The Ohio Brass Company, of Mansfield, Ohio, 
have appointed the Anti-Attrition Metal Company, Ltd., 
London, as sole manufacturers and licensees in the United 
Kingdom for their overhead collectors and trollybus fittings. 
Colvilles, Ltd., are to build a machine shop at Crosshill- 
street, Motherwell. In connection with the new iron 
and steel works to be erected in Turkey, it is announced 
that the contract for the coking plant has been awarded 
to Simon-Carves, Ltd., Cheadle Heath, Stockport. The 
order includes forty-two Simon-Carves “ underjet’”’ 
compound coke ovens of the Otto twin-flue type, a com- 
plete by-product plant, wagon tippler coal-handling plant, 
coke-handling and screening plant, &c. T. and J. Harri- 
son, Ltd., Liverpool, have placed an order for a cargo 
steamer of 9000 tons d.w. with Charles Connell and Co., 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


Ltd., Scotstoun. Barclay, Curle and Co., Ltd., White” 
inch, will supply the machinery. The Department of 
Overseas Trade reports that the following contracts are 
open for tender :—Egyptian Ministry of Finance, Depart- 
ment of Survey and Mines: 4500 tons of new or second- 
hand heavy rails (Cairo, May 29th); State Domains 
Administration, fifteen Diesel or semi-Diesel type tractors, 
eight mould board ploughs, six cultivators (Cairo, June 
2nd). New Zealand Posts and Telegraph Department : 
15 miles of solid drawn or lap-welded steel pipes, 3in. in 
diameter (Wellington, June 15th); 20 tons of hoop steel, 
hot dip galvanised, lin. by 12 b.g. (New Zealand, June 
22nd). Johannesburg, General Hospital: Steam raising 
plant (Johannesburg, July 12th). 


Copper and Tin. 


Comparatively little business has been transacted 
in copper this week, but this is not surprising in view 
of the suspension of business on account of the Coronation 
celebrations. The markets have had a distinctly holiday 
tone, and no important movement in prices has been 
registered. Whilst the underlying feeling of the market 
is confident there has been a certain amount of nervous- 
ness noticeable since the scare with regard to the gold 
price which had such a violent effect upon prices 
a week or two ago. In the United States there has been 
active buying of electrolytic copper, and the general 
tendency in that country has been so firm that there 
has been talk of restoring the quotation to its old level 
of 14-50c. .-The reduction to I4e. followed the sharp 
downward movement in Europe, and now that the situa- 
tion appears to have improved it would not be surprising 
if the Americans again raised their domestic prices. An 
interesting event this week has been an attempt by 
both the Government and the Nationalist parties in 
Spain to buy copper in this country. A few transactions 
were entered into, but the quantities were not large and 
the deals were conducted on a cash basis. The metal 
is being taken out of warehouse for shipment. The 
stocks in warehouse in this country have decreased 
steadily for some months past. At the end of December 
they totalled 46,276 tons, including 45,519 tons of refined 
and 757 tons of rough copper. At the end of April, how- 
ever, the total was 21,847 tons, of which 19,590 tons 
was refined copper and 2257 tons rough. It will be seen, 
therefore, that whilst there has been a heavy fall in 
the quantities of refined in warehouse due to the with- 
drawals of electrolytic copper, the quantities of rough 
copper have increased, although the latter movement 
took place principally in April. Business in_ the 
standard market has been rather quiet. The back- 
wardation still persists, although this is looked upon as 
being somewhat artificial since the stocks in warehouse 
should be sufficient to provide for the requirements of 
the market.... For some time past the tin market 
has moved rapidly either up or down and the violent 
fluctuations have had a disturbing effect upon business. 
The fact. that America continues to buy only small 
quantities is worrying dealers, since according to available 
statistics American consumers should be running some- 
what short of the metal. The high rate at which tin-using 
industries in the United States are working suggests that 
there is a considerable amount of buying to be done, 
but so far American purchases have been on a disappoint- 
ing scale. The world consumption of tin is at a good rate 
and shows a tendency to broaden. Dealings with the 
Continent have been limited to a few parcels, and for the 
time being the demand from this quarter does not look 
like developing much vigour. 


Lead and Spelter. 


There has been some improvement in the general 
tone of the lead market of late, and price fluctuations 
have been less marked. Recent deliveries of Mexican lead 
have been quickly absorbed, but their arrival has failed 
to ease the prompt position. This points to a con- 
tinuance of the good consumptive demand, and, indeed, 
most of the lead-consuming industries appear to be 
carrying a considerable volume of business on their books. 
Signs of a decline in house building have been taken as 
an indication in some quarters that less lead will be 
required, but so far this does not seem to have affected 
the situation, and firms producing pipes and sheets and 
the cable makers continue to take good tonnages. The 
market is inclined to take the view that at the present 
level of prices the metal is fully valued, and it would not 
be surprising if for a time more stable conditions were to 
prevail than for several weeks. The Continental demand 
has been irregular, but over a period appears to be 
gradually expanding, and advices from foreign markets 
rather point to a continuation of this movement, It 
is announced that the Spanish Government has pro- 
visionally taken control of lead mines in the province of 
Jaen, but that the present managements will continue 
to work the mines. The intention apparently is to see 
that no steps are taken contrary to the interests of the 
Government. It is not anticipated, however, that this 
will affect the present situation, which means that very 
little lead will be exported.... Uncertain conditions 
have ruled in the spelter market, but it would seem 
that confidence, which was badly shaken by the recent 
break in prices, is being gradually restored. At around 
current figures there has been a fair amount of speculative 
buying which has been encouraged by the fact that the 
spelter quotation is below the lead price. It has become 
almost traditional in the metal markets to purchase. 
spelter when this situation rules, but it should be remem- 
bered that the cost of producing the metal and the con- 
ditions in the market vary very considerably from those 
which existed years ago. Comparatively little interest 
is likely to be shown by consumers until after the Whitsun 
holidays. The demand for the metal remains fairly 
good, but many users covered themselves recently, and 
except in the case of high-grade metal supplies are sufficient 
for the needs of the market. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. 


PIG IRON. 
Home, 
(D/d Teesside Area) 

N.E. Coast— £ s. d. 
Hematite Mixed Nos.* ee ee eee 
Se SR See ere FO Te Ree 

Cleveland— (D/d Teesside Area) 
No. 1 Ree Midas * Feely aks HE Ds nics 
No. 3G.M.B. Ko 48 0 as 
No. 4 Foundry ... .. a... 
Basic (Less 5/— rebate) ... Ou: 

MIpLANDS— 

Staffs— (Delivered to Black Country Station) 
North Staffs. Foundry Oe, ee 
« ae. oe eT 

Basic (Less 5/—rebate) ... 5 0 0... 
Northampton— 

Foundry No. 3 

Forge 
Derbyshire— 

No. 3 Foundry 

Forge 

ScoTLanp— 

Hematite, f.o.t.furnaces* 6 
No. 1 Foundry, ditto ... 5 
No. 3 Foundry, ditto ... 5 1 
Basic, d/d (Less 5/—rebate) 5 

N.W. Coast— 6 

Hematite Mixed Nos.* 56 8 6 ,, 
l6 14 6,, 
* Less 5/— rebate. 


0 d/d Glasgow 
Sheffield 
Birmingham 


MANUFACTURED IRON. 


Home. 
Lanes. aNp YORKS.— £. gs. d. 
Goown Bare. ..5: is. 2+ oie 
Best Bars 
Mipianps— 
Crown Bars 
Marked Bars (Staffs. ) 
No. 3 Quality... 
No. 4 Quality... 
ScoTrLanp— 
Crown Bars 
Best... 
N.E. Coast— 
Crown Bars ... «..  «:: Bens 
Best Bars eC cde ee ©: 0s: 
Double Best Bars ices Syn 
NorRTHERN IRELAND AND FREE STATE— 
Crown Bars, f.o.q.... =: re 


STEEL. 
Home. 
LONDON AND THE SouTH— ae Ae 
OE EE 3 
ee 
Joists 
Channels.. 
Rounds, Sin. in up 
sf under 3in. 
Flats, under 5in. ... 


Plates, }in. (basis) 
wm fein. ... : 
a din. ... 

4. fin. . 
Un. #in. to in. seal 
Boiler Plates, jin. 


Export. 


~ 


waSsuooco 
Se2®OSOSS SoMa aan & 


_ 
—) 


NortH-East Coast— 
Angles 
Tees... 
Joists 
Channels.. 
Rounds, et oubhe up 
under 3in. 


Plates, jin. (basis) 
” Eee Se 13 
Bits $9017? esc nsote 18 
at fein. . én 3 
Un. fin. to jin. inel. 15 
Boiler Plates, jin. cs 18 


oaecooco SCRA & 


MiIpLaNpDs, AND LEEDS AND DisTRICT— 
£s. d. 

Angles ic. 
Wee 3) R20 P8.. Sas 
i Sad aig Pde Se 
CUNINce cvs oe ore Be 
Rounds, 3in. and up _... 12 
oy under 3in. OS 
Flats, 5in. and under ... 11 
Plates, jin. (basis) ... 11 
os PO Asem Se a | 
” qin. . mere 3 
os fsin. . ee 
Un. %in. to sin. inl. ae ae 
Boiler Plates, jin. BAe 


SCacscscco Ccoaaaan & 


Seeangagancoasaesa 








purchasing only from associated British Steelmakers. 


STEEL (continued). 


Home. 

Giascow anv Distrrict— £ a. d. 

NI ions D <i oy Sasi RN RO as 

Teddies as Set O55 

Seber oh Ghani 

Channels... .:. ek eb | Cie: 

Rounds, gin. aid « up 

red under 3in. 
Flats, 5in. and under ... 


Plates, jin. (basis) 

3g fein. ... 

ye tin. 

- fein. Pagina 
Un. fin. to fin. inal. “as 
Boiler Plates, jin. 


oe oocoooco oo eee oe 


South Wares Argza— 
Angles 
Tees... 
Joists 
Channels.. ; 
Rounds, Sin. ann up 
i under 3in. 
Flats, 5in. and under ... 


Plates, jin. (basis) 
4 fin. ... be teal Bipwrts: 
Tigges de eS pee ey 10 
ah [Sel Nip Le ee tee oe 15 
Un. yin. to fin. inel. AG AER neo kes 10 


ecocoo cco aaa ee & 


BELFast. Rest or IRELAND. 
ae A 3 a. a. 
NE ss Sis ago <i seri ee ae a ee eds Abie 11-8. 0 
eer Di cisin' ~ uni 12 8 
Joists 5 11 15 
Channels.. OK cea 11 13 
Rounds, Sin. andup ... 1! Beet 12 8 

A under 3in. 10 16 


Plates, jin. (basis) rye ll 15 
ee eet evita 12 0 
RS ROMEO. at ae 12 5 
= eg a eee ai 12 10 
1. fin. to fin. biel: eae, hae) aaa 132 5 6 


OTHER STEEL MATERIALS. 


IRELAND—¥F.0.Q. 


Sheets. ag £2 s. d. 
11-G. to 14-G., d/d ...f.o.b. 14.10 0 
15-G. to 20-G., d/d ...f.0.b. 14 15 0 
21-G. to 24-G., d/d ..f.0.b. 15 0 0 
25-G. to 26-G., d/d ..f.o.b. 15 15 0 

South Africa, 24-G. Basis £15 0s., plus 3% on invoice value ; 
Rhodesia, £15 10s. ; Irish Free State, £16 10s. f.o.q. 
The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 
Galvanised Corrugated Sheets, Basis 24-G.— 

Home. £ s. d. Export. Basis— £ s. d. 
4-tonlotsandup... 19 10 0 26-G.andheavier 18 15 0 
2-ton to 4-ton lots 19 17 6 27-G.to 29-G....19 5 0 
Under 2tons ... 21 2 6 30-G. and lighter 20 0 0 
Export : India, £22 5s. c.i.f.; South Africa, £18 15s. f.o.b., 

plus 3 p.c. invoice value; Rhodesia, £19 5s. f.o.b.; 
Irish Free State, £19 10s. f.0.q.; General, £18 15s. f.0.b. 


Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 24s. Od. to 25s. 0d. 
Tin-plate Bars, d/d Welsh Works, £7 15s. Od. 
Billets. 

Basic (0-33% to 0-41% C.) 2 

Medium (0-42% to 0-60% C.) 

Hard (0-61% to 0:85% C.) 

” »  (0°86% to 0-99 C.) 
” vw *(2% OC. and up): «...\ 08 

Soft (up to 0- 25% C.), 500 tons and up 

Rails, Heavy, 500. ton lots, f.o.t. ae 
» Light, f.o.t. es 


” 


to tw a1 


FERRO ALLOYS. 


5/3 per Ib. 
5/0 per Ib. 
Per Ton. 
Ferro Chrome, 4p.c.to 6p.c.carbon £22 10 0 
‘ 6 p.c. to 8 p.c. £21 10 0 
pe 8 p.c. to 10 p.c. £21 10 0 
Specially Refined ... 
Max. 2p.c.carbon £32 10 0 
lp.c.carbon £35 15 0 
0-50 p.c. carbon £36 10 0 
carbon-free ... 94d. per lb. 
Metallic Chaveulioen-.. “fe 2/5 per lb. 
Ferro Manganese (loose), 16 p. Cc. £16 15 Ohome 
» Silicon, 45 p.c. to 50 p.c. £12 0 Oscale 5/-p.u. 
» tp... £17 0 Oscale 6/-p.u. 
Vanadium 12/8 per Ib. 
Molybdenum... 4/9 per lb. 
Titanium (carbon-free) 9d. per Ib. 
Nickel (per ton) £180 to £185 
Cobalt ae 7/- to 7/1 per lb. 


Tungsten Metal Powder 


Ferro Tungsten 
Per Unit. 


7/- 
Ps 
7/- 
ll/- 
11/- 
12/- 


Export. 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 


NON-FERROUS METALS. 
(Oficial Prices, May 11th.) 


CorpPpeR— 
WEN exe) Ses> tae 
Three months ... 
Electrolytic : 
Best Selected Ingots, d/d Bir- 
mingham AS: 


Sheets, Hot Rolled 


Oto £61 0 0 
6to £67 10 6 
Oto £64 10 06 


£60 15 
£67 7 
£63 10 


£64 5 0 

£95 0 0 
Home. Export. 
l4td. 14}. 
14}d. 144d. 


Tubes, Solid Drawn (basis) ... 
»  Brazed (basis) 
Brass— 
Ingots, 70/30, d/d Birmingham £56 0 0 
Home. 
12}d. 
14jd. 


Export. 
12jd. 
14jd. 


Tubes, Solid Drawn, 2/1 Alloy 
»  Brazed 
Tin— 
Cash ... 


ile Oto £248 0 
Three months ... 


0 to £246 lo 

£23 10 O to £23 7 

£22 13 9 to £23 Vu 
£100 to £105 


£247 15 
. £246 0 
Leap: 

SPELTER :. int’ 
Aluminium asin (aiteieh)' 


FUELS. 


SCOTLAND. 

Export. 
20/6 to 21/- 
22/6 
23/- 


LANARKSHIRE— 
(f.0.b. Grangemouth)—Navigation Unscreened 
Hamiiton Ell ; 
Splints 


AYRSHIRE— 


(f.0.b. Ports}—Steam 21/6 


FiresHIRE— 
(f.0.b. Methil or Burntisland )}— 
Prime Steam . Ee hase 
Unscreened Snnteition 


Lornians— 
(f.0.b. Leith) chon ae Prime 
Secondary Steam . 


ENGLAND. 
South YorxksHire, Hott— 
B.8.Y. Hards... 
Steam Screened 


22/6 to 23/- 
19/6 to 20, 


NoRTHUMBERLAND, NEWCASTLE— 
Blyth Best 
ee | A eee 
» Best Small... 
Unscreened 


22/- to 24, 
21/- to 22, 
17/6 
20/- to 21/- 


DurHam— 
Best Gas... 
Foundry Coke 


23/- 
40/- to 45/- 


SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/- 
South Yorkshire --. 24/-to 26/- 
Seconds ... . 22/-to 23/- 

CarpiFF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large ... 

Best Seconds ee 

Best Dry Large 

Ordinaries... 

Bunker Smalls 

Cargo Smalls ... 

Dry Nuts 

Foundry Coke 

Furnace Coke 

Patent Fuel ... 


25/- to 26/- 
25/- to 26/- 
25/- 
23/6 to 25/- 
18/6 to 19/- 
18/— to 18/6 
25/- to 25/6 
45/— to 50/- 
30/- to 35/- 

25/- 
SwaNnsEsa— 

Anthracite Coals : 
Best Large ... 
Machine-made Cobbles.. 
Nuts 
Beans 
Peas vad Vs 
Rubbly Culm... 


36/— to 40/- 
41/- to 48/6 
40/- to 48/6 
27/6 to 35/- 
19/- to 25/- 
15/6 to 16/9 


Steam Coals : 


Large Ordinary — to 25/- 


FUEL OIL. 
Inland consumption : contracts in bulk. 
Exclusive of Government tax of ld. per gallon. 
Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 gravity) 33d. 
Diesel Oil 43d. 
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French Engineering Notes. 


(from our own Correspondent in Paris.) 


The Labour Truce. 


As most of the collective eontracts were signed 
in June and July last for a period of one year, and will 
therefore need renewal during the Paris Exhibition, 
Monsieur Blum called together the Employers’ Con- 
federation and the General Confederation of Labour with 
a view to arranging fora prolongation of the contracts 
for six months. Their renewal threatens trouble in 
consequence of the two parties seeking to modify the 
contracts in their respective interests, and there must 
be nothing of this kind to mar the success of the Paris 
Exhibition. The two Confederations agreed in principle 
to call a gruce, but there are conditions, employers 
requiring that the collective contracts shall be strictly 
observed during that period, and the C.G.T. insisting 
that negotiations already in hand for labour adjustments 
shall be continued, and that, moreover, a law shall be 
passed determining the conditions under which workers 
may be taken on and discharged. This last claim is 
rejected by employers. It is the pivot of the C.G.T. 
system of labour control, and aims at giving to it a 
monopoly of supplying industry with labour and deciding 
upon whether employers are entitled to discharge men. 
The invention of the tripartite commission, on which 
are represented employers and C.G.T. unions in equal 
numbers and a third representative to act as arbitrator, 
is an indirect way of attaining that end. It is in operation 
at the ports, where employers complain that dock labour 
has become hopelessly disorganised. It exists at the 
Paris Exhibition works, where the third party is composed 
of representatives of the Exhibition authorities whose 
one aim is to get the work done as speedily as possible. 
The Commission failed in its task of conciliation because 
the men refused to comply with some of its decisions, and 
when contractors were informed that the C.G.T. would 
supply the additional hands required for the work they 
firmly resisted this breach of their prerogatives. The 
conflict ended by contractors withdrawing from the 
Commission. For some time past there have been reports 
to the effect that the C.G.T. was preparing a plan to be 
submitted to the Government for a new law to control 
labour by the creation of tripartite commissions with 
factory inspectors as the third party. If the C.G.T. 
insists on a Bill of this or a similar character being intro- 
duced into Parliament there can be no question of a truce. 
The situation has changed greatly during the past few 
months. Employers, engineers, and all others in 
authority are taking a united stand against pressure 
from the C.G.T., and in this resistance they are supported 
by the Chambers of Commerce, commercial and economic 
associations all over the country. Since negotiations for 
a truce began there have been two important statements, 
one by the C.G.T. disclaiming any intention of creating 
for itself a monopoly of labour supply, and the other by 
Monsieur Blum declaring that employers must preserve 
their authority. 


The Cost of Labour Reforms. 


When a social revolution is accompanied by 
a continuous advance in production costs and selling 
prices that upsets all previous bases for calculation, it 
takes some time for manufacturers and producers and 
the country generally to ascertain the cost of these 
reforms. It is still impossible to make more than an 
approximate estimate of the cost, or determine to what 
extent the different factors are responsible for it. There 
is the preliminary general advance in wages, followed 
by a further advance to make up for the effects of the 
franc devaluation and by the forty hours’ week with 
paid holidays. The france devaluation should have had 
no appreciable effect upon internal prices, except so far 
as concerns the higher cost of imported raw materials. 
Nevertheless, labour laid the blarne for rising prices 
on the devaluation and succeeded in obtaining a further 
advance in wages. Employers do not object to paying 
higher wages so long as they can afford to do so, but 
they now see that the burdens imposed upon them have 
raised their costs to a level that seriously compromises 
any chance of industrial activity. The Société des Hauts- 
Fourneaux de Saulnes declares that the charges dependent 
on wages, excluding the paid holidays, have increased 
by 97 per cent. during the past ten months, while it has 
been impossible to make up for the labour deficiency 
since the forty hours’ week was enforced. There was not 
a sufficient supply of extra skilled hands for blast-furnaces 
and foundries. During the first quarter of this year the 
production in France was only 97 per cent. of that for 
the similar period of 1929, while in Germany and the 
United States it was 100 per cent. and in Great Britain 
129 per cent. This is one example of the general complaint 
of a lack of skilled labour. Increased social charges, 
and the application of the forty hours’ week to public 
services at an early date, have made it necessary to raise 
the Metropolitan Railway and omnibus fares in the 
Department of the Seine. This has aroused some dissen- 
sion between the Paris Municipal Council, which controls 
the underground railway, and the General Council of 
the Seine, which is the real owner of the omnibuses, 
for the fares should be advanced simultaneously and to 
an equal extent, and the extreme Socialist element in 
the Generag Council of the Seine is opposing any advance 
in fares. The yearly deficit of the Metropolitan Railway 
is about 300 million francs, while the omnibus deficit is 
more than 200 millions. The financial situation of public 
transport services is becoming increasingly serious. 
The forty hours’ week, as applied in this country, has 
caused so much disorder and financial loss in the great 
majority of cases that there is a growing reaction against 
it. Monsieur Elbel, former Director of Foreign Com- 
mercial Arrangements, is obtaining wide support for his 
proposal to introduce a Bill for 2000 hours a year with a 
maximum of forty-eight hours a week so that employers 
may be able to distribute the hours as required to cover 
fluetuating conditions of trade. 











British Patent Specifications. 





" When an invention is compvunicated from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at 
Sale Branch, 25, Southampton-buildings, Ch 
1s. each, 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is date of the acceptance of the 
complete Specification. 


the Patent Office, 
y-lane, W.C.2, 








INTERNAL COMBUSTION ENGINES. " 


462,605. September 12th, 1935.—Eneines Usinc HyprocEeNn 
as Fueu, R. A. Erren, 423, Abbey House, Victoria-street, 
London, 8.W.1. 

This invention relates to internal combustion engines in 
which hydrogen is injected into the 
cylinder under pressure after the 
oxygen (whether this is contained in 
air or is used in admixture with an 
expansion medium other than air, 
for example, steam) has been intro- 
duced into the cylinder. It has been 
found in practice, says the inventor, 
that inefficient working is sometimes 
obtained in such engines, and experi- 
ments have shown that this inefficient 
working is due to insufficient mixing of 
the hydrogen and the other gases. In 
addition to inefficient working, in 
some conditions the engine may 
actually be destroyed by an explosion 
in the crank case due to a cushion 
of unmixed hydrogen being formed 
immediately above the piston, this 
hydrogen escaping past the piston ring 
into the crank case and being ignited 
by flames penetrating past the piston 
rings. In other cases back firing in 
the air intake pipe is caused by 
unmixed hydrogen escaping past the 
valve seating and being ignited in 
a similar manner. The hydrogen is 
consequently injected either at A or B, 
in a tangential fashion, so as to assist 
in mixing the gases. The injection of hydrogen begins pre- 
ferably immediately the inlet valve has closed—that is, at 
latest at 220 deg. of the cycle from inner dead centre—and 
ends at latest at 280 deg. of the cycle—March 12th, 1937. 


463,283. November 25th, 1935.—CHarcinc ENGINES WITH 
Sotm PuLverRisep Fvets, R. Pawlikowski, 16, Cottbuser 
Strasse, Gérlitz, Germany. 

The object aimed at in this invention is to measure out and 
deliver to the cylinder of an internal combustion engine the 
very small quantity of fuel required when pulverised solid fuel 
is being used. The cylinder head has a precombustion chamber 
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A and an auxiliary chamber B, which communicate through 
the valve C. The powdered fuel is supplied from D when the 
valve C is closed. There is a controlled opening to atmosphere 
at E. A slight vacuum is caused in B by a m« tary opening 
of the valve C during the suction stroke of the engine. The 
charge of fuel is then admitted to the chamber B, is dropped 
into the chamber A, and is ignited by compression, to do its 
work in the cylinder while the valve is closed again.—March 
25th, 1937. 





MEASURING AND TESTING INSTRUMENTS. 


462,725. September llth, 1935.—KE.ecrrican REsISTANCES, 
A. C. Cossor, Ltd., Highbury-grove, London, N.5, and F. 
Postlethwaite, Ambleside, 22, Manor-road, Farnborough, 
Hants. 

This apparatus is a development of the old carbon electrical 
resistance, the resistance of which is dependent on its mechanical 
compression, for use as an internal combustion engine indicator. 
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The device is enclosed by a casing which is threaded at A, so 
that it may be screwed into a normal opting plug hole. The 
carbon electrical resistance is shown at B and is pressed against 
the diaphragm C, which is exposed to variations in the cylinder 

ressure, by the collar D. Provision is made through the ducts 
i E for the water cooling of the exposed end and electrical 
connections with the resistance are made at F. In order to 





obtain indications of rapidly varying pressures upon the 
diaphragm C it is convenient to connect the wires F in such 
manner that variations of the resist of el t B are shown 
upon a cathode ray oscillograph. In order to obtain this effect 
it is convenient to connect the leads F in series with a fixed 
resistance across a D.C. source, and then to apply to the input 
of an amplifier the voltage across the leads. The output 
of the amplifier is then applied to one pair of deflecting plates 
of a cathode ray oscillograph while the time base voltage is 
applied to the other pair of deflecting plates. It is found that 
for the purpose of indicating pressures in engine cylinders a 
single stage of amplification is normally all that is required 
between leads and the oscillograph plates, as a pressure of 
30 lb. on a resistance element }in. in diameter will produce 
about 1 per cent. change in resistance.—March 11th, 1937. 





GAS PRODUCERS. 


463,295. July 13th, 1936.—Scruspsine Towers, Heinrich 
Koppers’ Industrieele Maatschappij N.V., 384, Heeren- 
ou Amsterdam, Holland. 

It is suggested in this specification that if a series of gas- 
scrubbing towers, in the form of sectors, is contained in one 
cylindrical casing and connected top and bottom in series by 
openings, the scrubbing action at the apices of the sectors is 
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poor on account of their narrowness. The inventors con- 
sequently truncate the sectors, as shown in the plan view, by a 
central tower, which is partitioned to conduct the gases from 
the top of one sector to the bottom of the next round the circle. 
Thus the gas flows upwards through the filling in all the sectors. 
A shaft within the tower provides for access to the piping.— 
March 25th, 1937. 


MINING MACHINERY. 


N°462,733 


462,733... August 8th, 1935.—Fire- 
DAMP-DETECTING Lamps, Oldham 
and Sons, Ltd., and H. Holt, 
Junior, 36, Hyde-road, Denton, 
near Manchester. 

This is a lamp intended for detect- 
ing the presence of gas or fire-damp 
in coal mines. Its action depends 
upon the glowing characteristics of a 
filament A of an alloy of platinum 
with iridium, gold, or rhodium, sub- 
jected to the atmosphere to be tested. 
Such lamps are susceptible to the 
gradual depression of the voltage of 
the accumulator by which they are 
operated. The inventors consequently 
include a “ Barretter”’ in the circuit, 
which limits the variation of the 
voltage of the circuit within one-half 
of 1 per cent. when using a 4-volt 

















battery. The construction of the 
barretter is not described.—March 
8th, 1937. 

FURNACES. 


463,280. November 16th, 1935——Auromatic FEED CONTROL 
ror Furst Hoppers, Hope’s Heating and Lighting, Ltd., 
Halford Works, Smethwick, and V. Richardson. 

This is a device for regulating the flow of fuel through a 

hopper into a furnace. The general lay-out is indicated in Fig. 1, 

and the details of the device in Fig. 2. Fuel is delivered by the 
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shoot A into the hopper B and goes on to the furnace through 
C. In the hopper there is arranged a conical baffle D, which is 
supported by the spring E, and actuates a switch F. When the 
hopper is full the weight of the fuel on the baffle opens the 
switch and the supply of fuel through the shoot A_ is 
stopped. As the fuel is consumed the baffle rises, the switch 
is aad: and the supply starts again.—March 25th, 1937. 
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WATER PURIFICATION. 


463,285. December 5th, 1935.—Removine Sori Iweuritres 
FROM WATER oR Liquips, O. Stott, 26, Great James-street, 
London, W.C.1. 

This purifier is intended to economise in the consumption 
of water used for washing dusty air. The dirty water is supplied 
through the siphon A into the helix B, where the dirt is thrown 
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outwards and sinks to the bottom. It passes through the open- 

ing C into the sludge sump and is drawn off at D. The clear 

water flows up again through the centre of the helix, down 

again by the annular space E, and away by the outlet F. A 

small part of the water passes through the slot G in the 

ae H and helps to wash away the sludge.—March 25th, 
937. 


METALLURGY. 


463,324. September 24th, 1935.—ALuminium Base ALLoys, 
Aluminium, Ltd., Canada Life Building, Toronto, Canada. 

This invention relates to aluminium base alloys containing 
magnesium, silicon, and copper, and it is especially concerned 
with this type of alloy wherein the magnesium and silicon 
sustain a fixed proportion to each other in respect to the amounts 
employed. Broadly, the invention resides in a heat-treated 
aluminium magnesium silicide copper alloy wherein the mag- 
nesium silicide content is at least 0-5 per cent. in excess of the 
amount soluble at the temperature of heat treatment. More 
specifically an aluminium base alloy containing from 1-5 to 
3 per cent. magnesium silicide and from 0-1 to 4 per cent. of 
copper yields a product which exhibits the workability and 
corrosion resistance found in aluminium-magnesium-silicon 
alloys, but at the same time possesses a much higher strength 
in the heat-treated condition. It has been found that in order 
to obtain this result the magnesium and silicon must be added 
in substantially the proportion existing in the compound mag- 
nesium silicide, Mg,Si, and that there must be at least 0-5 per 
cent. of this compound in excess of the maximum amount 
which is soluble in the aluminium at the particular heat-treating 
temperature employed. Contrary to what has heretofore been 
believed concerning the effect of an extra amount of a soluble 
constituent over and beyond the limit of solid solubility, it 
has been discovered that an excess of Mg,Si does not reduce 
the corrosion resistance or adversely affect the working quality 
of the alloy. The added amount of this constituent serves 
to ensure maximum solution when the alloy is heat treated. 
The most recently determined limits of solid solubility of 
Mg,Si in aluminium vary between about 1 per cent. at 500 deg. 
Cent. and 1-85 per cent. at the eutectic temperature of 595 deg. 
Cent. The eutectic temperature is lowered when copper is 
added to the alloy, but the solid solubility of Mg,Si remains 
virtually unchanged as far as has been ascertained.— March 24th, 
1937. 


MISCELLANEOUS. 


462,338. September 24th, 1935.—PrEnstocks, E. Hartley, 3, 
Dartmouth-avenue, Newcastle-under-Lyme. 

This invention relates to penstocks, sluice gates, decanting 
valves, and other devices for controlling the flow of liquid in or 
from channels, tanks, and the like. A non-rotatable spindle or 
shaft A attached to the door of the penstock has its upper part 
threaded, a nut B is fitted on to the spindle, the nut being 
engaged by the lower end of a tubular or equivalent member C 
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somewhat in the nature of a box spanner, an operating wheel or 
handle being fitted to the tubular member, the arrangement 
being such that rotation of the handle or wheel rotates the 
tubular member, which in turn rotates the nut, which causes 
the non-rotatable spindle to move up or down within the 
tubular member relative to the nut, and thereby opens or closes 
the door according to the direction of rotation of the handle or 
wheel.— March 8th, 1937. 


462,593. August 7th, 1935.—Tue StaBmtisaTIon or Moror 


Fuexs, E. I. Du Pont de Nemours and Co., Wilmington, 
Delaware, United States of America. 

This invention relates to improvements in the stabilising of 

motor fueis, and more particularly to the prevention of the 


formation of gummy products in petrol during storage or use. 
It is based upon the discovery that p-Cyclohexylaminophenol 
has for the purpose an eminently satisfactory solubility in 
solvents of low dielectric constant, such as benzole or cracked 
petrol. p-Cyclohexylaminophenol has also excellent gum- 
inhibiting properties, and its solutions in benzole or cracked 
petrol do not tend to become discoloured on storage or exposure 
to light. p-Cyclohexylaminophenol may be prepared by con- 
densing hydroquinone or an alkyl-substituted hydroquinone 
with cyclohexylamine. In most motor fuels only very minute 
quantities of the order of 0-001 to 0-006 per cent. of p-Cyclo- 
hexylaminophenol need be added.—March 8th, 1937. 


462,734. September 20th, 1935.—NoN-sPLINTERING LAMINATED 
Guass, A. Kiimpfer, 16, Herbartstrasse, Berlin-Charlotten- 
burg, Germany. 

This invention relates to a process of manufacturing laminated 
glass and the like, and has for its principal object the pro- 
duction of a cold-resisting, intermediate layer therefor. Accord- 
ing to the invention vinyl acetate or an acrylic acid ester, 
which has been substantially completely polymerised without 
the addition of a solvent or softening agent, but with the 
addition of an accelerator, e.g., a uranium salt or organi¢é 
peroxide is disintegrated and mixed at a temperature of from 
60 deg. to 70 deg. Cent. with from 20 to 40 per cent. by weight 
of a softening agent without the addition of a solvent until a 
homogeneous mass is formed, which is then rapidly heated to 
a temperature of from 120 deg. to 140 deg. Cent. and converted 
into sheet form by extrusion. This may be effected by extrud- 
ing by compressed air on to a hard, smooth surface, The 
extremely tough sheets produced in this fashion do not vary 
in their physical properties even when subjected to a tempera- 
ture of —20 deg. Cent. They have, however, no powers of 
adhesion, as they contain no monomers or other solvents 
acting as adhesives. It is accordingly necessary to employ 
adhesives for connecting the intermediate layers with the sheets 
of glass.— March 15th, 1937. 

463,321. September 2Ist, 1935.—Rerractory BoDIES AND 
Materiats, Pilkington Brothers, Ltd., 277-283, Martins 
Bank Building, Water-street, Liverpool, and A. R. Wood, 
Barncroft, Rainford-road, St. Helens, Lancaster. 

Aceording to the invention refractory materials are made 
consisting almost entirely of corundum, with only sufficient 
glassy matrix to form a consistent mass, using temperatures 
of the order of those used to make ordinary refractory bodies. 
Thus, for the first time, it is possible to make corundum blocks 
at a cost which enables them to be used for purposes such as the 
lining of glass tanks. Further, the blocks can be made either 
light and porous or heavy and dense. The invention consists 
in firing a mixture of clay and a fluoride, with or without added 
alumina. It has been found that, by admixture of a fluoride, 
the nature and quantity of the crystalline phase in the product 
ean be controlled, and that the heat energy required in firing 
ean be reduced. The added fluoride being volatile, is, or can be, 
driven off, at least partially, during or after the crystallisation. 
The proportions of the mixture, the nature of the fluoride, and 
the temperature are related. Dependent on their relation, 
the resulting product, containing crystals formed at tempera- 
tures below their melting point, will consist of one of the follow- 
ing :—(1) A mass of mullite crystals in a glassy matrix; (2) 
A mixture of mullite and corundum crystals in a glassy matrix ; 
(3) a mass of corundum crystals in a glassy matrix, the propor- 
tion of glassy matrix being reducible to the minimum necessary ; 
the product then consists almost entirely of corundum. With 
so many variables it is impossible to state the products resulting 
from all the combinations of the variables.—March 22nd, 1937. 


463,328. September 30th, 1935.—THe MANUFACTURE AND 
Propuction oF Liqguip Hypro-carcons, G. W. Johnson, 
47, Lincoln’s Inn-fields, London. 

For the purpose of carrying out this process there may be 
used a tower-like vessel, in which there is situated a tube in a 
straight or coiled form. The tube consists of an infusible 
material containing silicon, as, for example, silicon carbide. 
Metal tubes which have been lined with material of this kind, 
or which consist of or are coated with alloys which do not pro- 
mote the deposition of carbon black, such as chromium steels, 
may also be employed. One end of the tube is secured to the 
cover of the vessel and serves as the inlet for the gas to be 
treated ; the other end of the tube 
opens into the vessel itself. The 
inner wall of the vessel may be 
lined with zinc, aluminium, 
chromium, brass, or silicon, and 
the vessel is preferably insulated 
so that it remains cold. The 
heating of the tube is effected 
electrically. The gases, which enter 
the tube in a cold or preheated 
state, are exposed therein to a 
temperature of from about 500 
deg. to 900 deg. Cent. whereby 
a large portion of the gases is 
converted into unsaturated hydro- 
earbons. The temperature selected 
depends on the nature of the initial 
materials; thus, for example, in 
the case of hydro-carbons of low 
molecular weight, such as ethane, 
iB a higher temperature—for example, 


. from 600 deg. to 800 deg. Cent.— 


is employed than in the case of 
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hydro-carbons of higher molecular 
weight, such as butane. The 
unsaturated hydro-carbons  ob- 
tained then pass into the wider 
vessel in which a temperature of 
from about 300 deg. to 500 deg. Cent. prevails. The temperature 
in the vessel may even be higher than 500 deg. Cent. when a still 
higher temperature is employed in the first stage. Generally 
speaking, however, it should be at least about 20 deg. lower 
than in the first stage. The period during which the gases 
remain in the apparatus is so adjusted by a suitable throughput 
and pressure that the desired polymerisation takes place. 
Generally speaking, the gases should remain more than three 
minutes. The products leaving the vessel and containing 
vaporous normally liquid hydro-carbons in addition to gases, 
are then subjected to condensation in a condenser, the con- 
densate then being stabilised, i.e., freed from the bulk of gaseous 
hydro-carbons dissolved therein. The unconverted gaseous 
hydro-carbons may be advantageously returned to the process. 
—March 25th, 1937. 














CATALOGUES. 


Grorce Kent, Ltd., Luton, Beds.—‘‘ Flow Measurement 
by the Differential Pressure Method,” a book of nearly 200 pages 
dealing with flow measurement and the appliances made by the 
company. 
Foster, YATES AND THOM, Ltd., Brettenham House, Welling- 
ton-street, W.C.2.—Sections of the firm’s boiler catalogue deal- 
ing with ‘‘ Fostyates ”’ economic, Lancashire, and double-return 
tube type boilers. 

Joun Mow eM Anp Co., Ltd., 91, Ebury ee 8.W.1. 
—A loose-leaf brochure illustrating and describng a number 
of works carried out in which the Joosten chemical consolida- 





tion process was used. 


Forthcoming Engagements. 


, Sate, 
i) 





Secretaries of Institutions, » &c., desirous of having 
notices of meetings inserted in this col » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the t1mm and 
PLACE at which the meeting is to be held should be clearly stated. 








WepneEspDAy, May 19ra. 


ILLUMINATING ENGINEERING Soc.—Inst. of Mechanical 
Engineers, Storey’s-gate, S.W.1. Annual general meeting. 
7 p.m. 


Inst. oF CHemIcAL ENGINEERS.—Burlington House, Picca- 
dilly, W.1. “* Platinum and Allied Metals,” Major C. Johnson 
and Capt. R. H. Atkinson. 6 p.m. ° 


Friupay, May 21st. 


Assoc. or SpecraL LIBRARIES AND INFORMATION BuREAUX, 
Polytechnic, Regent-street, W.1. ‘* Personnel Problems 
Industrial Concerns,’’ M. J. Railing. 6.30 p.m. 


in 


Sarurpay, May 22np. 
Inst. oF MecHanicaL ENGINEERS: GRADUATES’ SECTION. 


Visit to Brimsdown power station. 


Monpay, May 24rn, 


AssocraTion oF ‘‘ OLp Cromprontians.’’—Grosvenor House, 
Park-lane, W.1. Annual dinner. 


Wepnespay, May 26rH, ro Sunpay, May 30ru. 
Inst. or Locomotive ENGINneers.—Summer Meeting in 
Ireland. 

Tuurspay, May 27rTu. 
Roya AERonAvTICAL Soc.—Royal Soc. of Arts, John-street, 


Adelphi, W.C.2. “ Turbulence,’ Dr. T. von Karman. 6.30 p.m, 


Fripay, May 28TH. 

Guiascow University Cius, Lonpon.—Trocadero  Res- 
taurant, W.1. Dinner. Principal Sir Hector Hetherington in 
the Chair with the Earl of Derby as the Chairman's guest. 
7.15 p.m. for 7.30 p.m. 


Sarurpay, May 297. 


Inst. oF ExLecrricaL ENGINEERS: WIRELESS SECTION. 
Visit to the B.B.C. Television Station at Alexandra Palace. 


WEDNESDAY, JUNE 2ND. 
S.W.1. 


Civi, ENGIneers.—Great George-street, 


7.30 p.m. 


INST. OF 
C mversazione. 
TurEspay, JUNE STH. 

Lonpon IRoN AND STEEL Excuaner.—Hotel Victoria, 
Northumberland-avenue, W.C.2. Annual luncheon. Mr. 
C. Bruce Gardner, Chairman of the Management Committee 
of the Exchange, will preside, and an address will be given by 
Prof. Henry Clay, M.A., Economic Adviser to the Bank of 
England. 12.45 p.m. 

Turspay, June 81TH, To Fripay, June lita. 

Inst. oF British FounpryMeN.—Annual Conference at 
Derby. 

Turspay, JuNE 22np, To Sarurpay, June 2678. 

British Waterworks’ Assoc.—Annual general meeting and 
Conference in London. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr. F. W. M. ANDERSON, sales manager to W. T. Henley’s 
Telegraph Works Company, Ltd., has been appointed assistant 
general manager to the company. Mr. G. E. Rhodes becomes 
chief assistant to the management, Mr. J. S. A. Bunting, assis- 
tant sales manager, has been promoted sales manager, and Mr. 
E. J. Vidler becomes an assistant sales manager. 


Davip Brown anp Sons (Hvupp.), Ltd., Huddersfield, have 
appointed Mr. F. M. Abbey as district representative for the 
Eastern Counties. He has been in their employ at Hudders- 
field for nearly twenty years in various tetntonl capacities, 
and will be able to advise customers on all design and service 
matters in connection with gear drives. He has taken up 
residence at 42, Henley-road, Ipswich (telephone, Ipswich 3435). 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


MarryaT AND Scort, Ltd., of 75, Clerkenwell-road, London, 
E.C., report that they have obtained the contract for the 
installation of six lifts for St. Dunstan’s Convalescent Home, 
Brighton. The work is to be done under the direction of 
Sir John Burnet Tait and Lorne, architects, and will be specially 
designed for the safe conveyance of and for use by blind persons. 


Srmon-Carves, Ltd., Stockport, has secured a contract for 
forty-two “ Underjet ’ compound coke ovens of the Otto twin- 
flue type, with all necessary coke oven machinery, a complete 
by-product plant, including crude benzol and rectification plant, 
and electro-static detarrers, a wagon tippler, toal-handling 
plant, blending bunkers, &c., from H. A. Brassert and Co., Ltd., 
in connection with new iron and steel works at Karabuk, 
Turkey. 

THe WELLMAN SMITH OWEN ENGINEERING CORPORATION 
Ltd., has secured a contract, including three 75-ton open-hearth 
basic steel-melting furnaces for the Ebbw Vale works of Richard 
Thomas and Co., Ltd., together with two 5-ton open-hearth 
charging machines, ingot-stripping machines, vertical ingot 
chargers, and steel works cranes, and other plant. A contract 
has also been placed with the same concern by H. A. Brassert 
and Co., Ltd., in connection with the steel plant to be installed 
at Karabuk, Turkey, including four 50-ton open-hearth basic 
furnaces, two ingot-heating furnaces, a billet heating furnace, 
and a quantity of auxiliary equipment for the open-hearth shop. 
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A Seven-Day Journal. 


Coronation Honours. 


In addition to those mentioned in a Journal note 
on Friday last, May 14th, the following names 
appeared in his Majosty’s Coronation Honours :— 
sir David T, Chadwick, Secretary of the Imperial 
Economie Committee, becomes a K.C.M.G. Mr. 
Henry Chapman, Resident Director and General 
Manager of the Rhodesian Railway Companies ; 
Professor R. W. Chapman, of the Faculty of Engi- 
neering, University of Adelaide; Colonel J. C. 
Ward, Director of the Port of Basra and Direc- 
tor of Navigation, Iraqi Government; and Mr. 
«:. W. A. Trimmer, M. Inst. C.E., M.I. Mech. E., 
M. Inst. T., Chairman of the Singapore and Penang 
Harbour Boards, all receive the K.B.E. Mr. M. 
Mackenzie, Manager of the Empire Division, Federa- 
tion of British Industries; and Captain the Hon. 
W. 8S. Senior, Minister of Mines and Public Works of 
Southern Rhodesia, receive the C.M.G. Engineer 
Rear-Admiral F. 8. Carlisle and Engineer Rear- 
Admiral J. O’B. Croker, Colonel E. J. J. Britton, 
M.I. Mech. E,, late Principal Ordnance Mechanical 
Engineer, the War Office; Colonel W. Cave- 
Browne, Chief Engineer, Malaya ; and Colonel J. E. 
Chippindall, Chief Engineer, Iraq; Captain A. B. 
Doyle, R.A.N., Engineer Manager of H.M. Australian 
Dockyard, Sydney ; Mr. J. H. Higgins, County Engi- 
neer of Greymouth, New Zealand; Mr. H. W. O. 
Taylor, A.C.G.I., A.M. Inst. C.E., Superintending 
Engineer (Irrigation), Public Works Department, 
Baluchistan ; Dr. A. D. Crow, F. Inst. P., Director 
of Ballisties Research, Royal Arsenal, Woolwich ; 
Commander F. W. Mace, R.N.R., Marine Surveyor, 
Mersey Docks and Harbour Board; Mr. C. W. 
Reeve, Chairman of the Associated Equipment Com- 
pany; and Mr. L. Roberts, M.I. Mar. E., a Chief 
Engineer of the Cunard White Star Steamship Com- 
pany, are all awarded the C.B.E. Mr. C. B. Anderson, 
M. Inst. C.E., M.L.E. (Aust.), Railways Commissioner 
for South Australia ; Mr. T. R. Jephcott, Chief Engi- 
neer of the Department of Posts and Telegraphs, 
Southern Rhodesia; and Mr. H. F. Graham, Chief 
Surveyor of Lands, the Admiralty, become Com- 
panions of the Imperial Service Order. 


Electrification in Uruguay. 


On Tuesday, May 18th, in the presence of the 
President of the Uruguayan Republic and members 
of the Cabinet, work was begun on the damming of 
the river Negro and the construction of an electric 
power station and distribution system with a designed 
output of 500,000,000 kWh per annum. According 
to The Times correspondent in Montevideo, the new 
dam will have a length of 1000 yards with a height of 
30 yards. When it is completed and the area flooded 
a lake of some 400 square miles in extent will be 
formed. The distribution network will include the 
installation of switchgear and the laying of about 
2500 miles of cables. The total estimated cost of 
the scheme is £6,000,000, and the contract has been 
awarded by the Uruguayan Government to a German 
combine of electrical firms which is acting in close 
collaboration with the German Government. The 
firms include the Siemens Schuckertwerke, the 
Allgemeine Elektricitéts Gesellschaft, the Siemens 
Bauunion, J. M. Voith and Co., and the Geopé 
Compani a General Obras Publicas, of Buenos Aires. 
The method of payment decided upon by the 
Uruguayan Government has been fixed so as to 
reduce as far as possible the financial strain on the 
country. Of the total of £6,000,000, the sum of 
£2,492,797 is to be paid in sterling, while the remainder 
will be paid in Uruguayan currency. Of this amount 
the German Government has agreed to accept meat, 
wool, and hides to the value of £1,561,754 instead of 
sterling payment, which will then leave £933,042 
to be paid abroad in cash or bonds and £3,240,000 to 
be paid in Uruguayan pesos. 


Road Transport Wages. 


THE report of the Baillie (Departmental) Committee 
on the Regulation of Wages and Conditions of Service 
in the Road Transport Industry, which was published 
last week by the Stationery Office, makes several 
important suggestions with regard to the problems 
which now confront the road haulage industry. The 
report finds that in a considerable number of cases 
the. wages paid to C licence drivers employed by 
ancillary vehicle owners are substantially low, and in 
some cases are even lower than the minimum rates of 
wages which have been fixed by the trade boards. 
In nearly all cases, the report states, the normal hours 
of work are considerably in excess of the 48-hour week. 
It is suggested by the Committee that new machinery 
should be set up to deal with all matters affecting the 
wages and conditions of work of all engaged in the 
road haulage industry. A Central Board to recom- 
mend standard wages and conditions is proposed. 
The Committee also suggests that it should be made 
a condition of every A or public carrier’s licence and 
B, the limited carrier’s licence, that such standard 
wages and conditions should be observed. Another 


proposal which the Committee now makes is that 
trade boards should be established in the retail dis- 
tributive trades—always provided that the negotia- 
tions now in progress result in an adequate system 
of regulation—which would embrace the drivers of 
C licensed vehicles engaged in retail trade. For all 
other C licence drivers and attendants, the Committee 
proposes that it should be made a condition of the 
licence that they should be given either the wages and 
conditions prescribed for the A and B licensees, or 
those which may be determined by collective bargain- 
ing. : 


Tyneside Industrial Development. 


On Monday, May 10th, at the opening of a new 
park at Jarrow, Sir John Jarvis announced a new 
development plan for industry in that town. It was 
proposed that a steel smelting works should be laid 
down, and that around it a series of works should be 
grouped for which the smelting plant would provide 
the raw material. Work would thus be found for 
between 900 and 1000 men who would not all be 
dependent on the success of one venture. The 
Armstrong Whitworth works at Gateshead, Close 
Works, had been purchased, and also the pneumatic 
tool and air compressor business formerly carried on 
at Scotswood, for £417,000. The pneumatic tool 
business was to be carried on at Gateshead in view 
of the purchase by the Government of the Scotswood 
Works and the consequent closing down or sale of 
all Armstrong Whitworth interests. Sir John also 
stated that the locomotive interests were to be 
terminated. The manufacture of axle-boxes by a 
new patented process was to be the second industrial 
venture started in Jarrow. Arrangements were already 
in train, and companies would shortly be floated to 
undertake steel casting and the making by a process 
new to this country of high hardness rolls for various 
industries. Already ship-breaking work was pro- 
ceeding on the ‘“ Olympic ’”’ and a new tube works 
was about to start operations. Thus six industries, 
each independent of one another, had been launched. 


The Gebel Aulia Dam. 


ACCORDING to news recently received from Egypt, 
the Gebel Aulia dam on the White Nile, near Khar- 
toum, has now been completed, some four months 
before the time stipulated in the contract. So far, 
no arrangements have been made with regard to its 
official opening. The dam, which has on more than 
one occasion been referred to in these columns, forms 
an important link in the plans for the control of the 
river Nile prepared by the Egyptian Government, 
and it was built by Gibson and Paulin (Foreign), 
Ltd., to the plans and specifications of the consulting 
engineers, Messrs. Coode, Wilson, Mitchell, and 
Vaughan-Lee, of Westminster. It is the longest in 
the Egyptian irrigation scheme and has a total 
length of three miles and a height of 60ft. When the 
work was begun on June 28th, 1933, it was agreed 
that it should be finished by August 25th this year, 
so that the contractors are close upon four months 
ahead of their contract time. Now that the dam is 
completed the reservoir it forms will be slowly filled, 
and when the full height has been reached some 300 
miles of surrounding country will be flooded. The 
dam is in the Soudan and compensation has been 
paid by the Government of Egypt to the Soudan 
Government for the landowners affected by the 
flooding, many of whom are expected to settle in the 
Gezira, where plantations are being rapidly developed. 
The Gebel Aulia dam supplements the second 
heightening of the Aswan dam, which was completed 
in 1933, and when it reaches its full capacity it will 
supply Egypt with 2,000,000,000 cubic metres of water. 


Australian Oil Production. 


ACCORDING to recent news from Australia, a com- 
pany is to be formed for the production of oil from 
the Newnes shale oilfield, and it is expected that more 
than 10,000,000 gallons of oil will be produced yearly 
when the scheme is in full operation. The Australian 
Federal Government and the New South Wales 
Government have decided to provide £334,000 and 
£166,000 respectively towards the estimated total 
cost of £660,000 for the scheme. Production is 
expected to start in eighteen months’ or two years’ 
time, and at least 600 men will be employed at the 
field. During this period of preparation, which will 
involve the realignment of 32 miles of railway lines 
and the driving of a tunnel more than a mile long, 
connecting Newnes with the Capertee Valley, the 
machinery and plant at Newnes will be overhauled. 
The company which is to be formed will receive pro- 
tection of its product in respect of imported oil, and 
other concessions, which will involve a yearly loss of 
£240,000 to the Commonwealth Government. Accord- 
ing to Dr. Page, the Acting Prime Minister, the con- 
cessions allowed will be a contribution towards 
security, for although the production contemplated 





represents only about 4 per cent. of the Australian 


requirements, it is felt that it is desirable to form an 
organisation which is capable of expansion. Dr. 
Page states that there is also the advantage of 
possessing an industry which requires the services of 
skilled chemists and engineers, whose value would 
not be limited to oil production and whose researches 
might lead to other industrial developments. 


Empire Air Mail Services. 

A NEW service of ar mails to South Africa was 
inaugurated on Tuesday last, May 18th, when Imperial 
Airways placed in service flying boats instead of the 
land machines which have been used for the past five 
years on the route through Africa. The whole of the 
new route has been tested by means of inspection 
flights, and takes the flying boats to the coast at 
Mombasa, along the coast of East Africa, through 
Dar-es-Salaam, Lindi, Beira, and Lourengo Marques 
to Durban, where connection is made with the Union 
air lines. The route is to be flown by machines of 
the “ Canopus ”’ class, and inspection flights by one 
of these machines have provided the opportunity 
of testing the air port equipment and enabling the 
staff at the various stations visited to acquaint them- 
selves with the details of these new aircraft. The 
service is worked in three sections, the first between 
Southampton and Alexandria, the second to Kisumu, 
and the third to Durban. The regular operation of 
flying boats on the marine route between South- 
ampton and Durban represents the initiation of a 
scheme by which first-class letter mails are to be sent 
by air without surcharge on services connecting Great 
Britain with distant ports of the Empire, and it is 
hoped that in June letters will be sent by air between 
England and Africa at the rate of 14d. per half-ounce. 
A similar change is to be made on the India and 
Australia routes, when the number of flying boats 
available is increased. The Empire flying boats 
used on the service cruise at a speed of about 60 miles 
per hour faster than the land machines which they 
replace, and it should be possible to save time on the 
journey to South Africa for this reason. 


Coronation Transport. 


DuR1inG the Coronation period of forty-six hours of 
continuous service, ending at 2.30 a.m. on Thursday 
May 13th, the Underground Railways provided regular 
transport in London for more than 5,669,000 passen- 
gers. During the period 6530 trains were passed 
through Charing Cross Station. No accidents occurred 
and no train was more than 4 min. out in its time 
schedule. The peak was reached at 5.25 a.m. on 
Wednesday and traffic was heavy as early as 4 a.m., 
and continued to be so until 8 a.m. In general, 
however, the public elected to travel at times suffi- 
ciently extended to avoid concentration, so that 
there was less crowding than on other public occa- 
sions of importance. The Trensport Board pays a 
tribute to the co-operation of passengers with the 
staff at stations, and cites the readiness with which 
queues were formed at St. James’s Park Station, 
when 5000 people had to be accommodated during the 
hom ward rush at the end of the day. The all-night 
service had been planned during the last twelve 
months. The previous occasion when trains were 
run all night was at the Diamond Jubilee of Queen 
Victoria, when short sections of the steam railway 
were kept open. The number of passengers on that 
occasion proved disappointing. Owing to the 
excellent service provided by the Underground 
Railways, the absence of buses appears to have 
been little felt. 


The Beardmore Strike. 


Durtinec the week under review events have taken 
place which seem to point to an early end of the strike 
of 1500 engineers at the Parkhead Forge of William 
Beardmore and Co., Ltd., which began more than six 
weeks ago. On Thursday, May 13th, three of the 
principal members of the Glasgow Committee of the 
Amalgamated Engineering. Union had a discussion 
with Sir James Lithgow and Mr. A. E. Mascall. The 
object of this meeting was, we understand, to end the 
deadlock, and to ascertain in an informal way whether 
any avenue existed through which the points at issue 
might be reopened. Certain proposals were made by 
the firm, and the following day some adjustments 
were mutually agreed upon. The proposals were 
discussed at a meeting of the Glasgow District Com- 
mittee of the A.E.U., and were also referred to a 
meeting of shop stewards. On Tuesday, May 18th, 
a meeting of the strikers accepted the terms offered 
by the company as a basis for reopening negotiations, 
provided that there would be a 100 per cent. return 
to work. A deputation from the Glasgow Committee 
of the Amalgamated Engineering Union had a further 
interview with Sir James Lithgow, the chairman of 
Beardmores, on Wednesday, and as a result the 
outstanding points were settled, and the Com- 





mittee instructed the men to return to work to-day. 
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Modern Hydraulic Turbines. 


By 


JOHN D. WATSON. 


No. V. 
(Continued from page 571, May 14th.) 


XOVERNING. 


vo in its bare essentials, the hydraulic 

turbine, whether of the impulse or reaction class, 
is a comparatively simple machine, and apart from 
the propeller type runner and latterly the movable 
blade system applied to such runners in the Kaplan 
turbine, it remains much as it was in general arrange- 
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developed simultaneously with the skill of designers 

in evolving runners of low fall turbines to run at 

higher speeds. But the ability of the modern turbine 

to generate A.C. under modern conditions of con- 

trolled frequency, &c., is mainly due to the gradual 
development of comprehensive governing systems. 

As is well known, both Francis and propeller type 

turbines are controlled as to speed by the opening or 

closing in unison of the 

pivoted guides which sur- 

round the wheel. If the 

machine is of the propeller 

type, the blade angle of 

the runner may be adjusted 

simultaneously, while if it 

is a high head machine 

there may be an excess 

pressure valve opened as 

the gates close, which will 

allow some water to pass 

away, thus relieving shock 

in the pipe line or pen- 

stock, and which will close 

again when conditions 

become normal. In the 

same way, while there are 
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one or two other systems, 
Pelton wheels are usually 
governed by a deflector 
cutting into the jet, the 
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while the spear in the 
nozzle closes to a new posi- 
tion determined by the 
load, the deflector having 
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the same purpose as the 
aforementioned excess 
pressure valve. 

These actions are achie- 
ved by a simple direct 
movement through the 
appropriate link work be- 
tween the oil pressure 
eylinder of the governor 
and the gate mechanism 
of the turbine. The gov- 
ernor, in fact, is quite an 


kK Synchroniser 


lunger 


SS 














~ 
4 


LSS 


“THe Encincer” 


Fic. 50—DIAGRAM OF HYDRAULIC TURBINE GOVERNOR 


ment thirty years ago or more when the Francis 
turbine in the reaction class rendered obsolete the 
old Jonval and Fourneyron types, and when the 
Pelton wheel became definitely established as the 














FiG. 51—GOVERNOR UNIT 


only practical free-flow or impulse turbine. In con- 
struction the principal advances have been in the 
casting of the main parts in steel or building them up 
of steel castings to enable very large powers to be 


independent unit, and it 
need not of necessity be 
built by the turbine 
builders at all. In the 
bare essentials the prin- 
ciples are simple enough. 
Control originates as it 
does in most other governing mechanism in the 
simple flyball, but as that device lacks the 
necessary power actually to move the heavy gate 
mechanism, its duty is primarily to control the 
flow of the power medium—usually oil under 
pressure created by the governor pumps—to one 
end or the other of the servo motor cylinder which 
thus maintains the gates in the position called for 
by the load. If that arrangement, incorporated with 
the necessary hand control, was all there was to it, 
there would be little to be discussed under the present 
heading. 

This duty, however, not only calls for considerable 
power in the case of large reaction turbines, but every 
action must be sensitive to the smallest load varia- 
tion, or any tendency of the generator to get out of 
step, and it must be free from any tendency to inertia 
or * hunting.”’ Most of the equipment for attaining 
this end is shown in the general schematic diagram 
in Fig. 50. The oil pumping unit and the tank which 
normally form the base of the actuator, as it is termed, 
are shown here in this relative position and imme- 
diately above are the pilot valve and the relay valve 
and the linkage connecting with the compensating 
dashpot. The function of the latter is to stop the 
gates at the opening necessary to return the speed 
to normal. The equaliser is omitted for the sake of 
clarity. Along with the speeder mechanism, it forms 
part of the governor head in which is a small gear 
meshing with the pinion of the speed matching motor 
or speed matcher, which is controlled from the switch- 
board. The equaliser is necessary on units operating 
in parallel in order to cause them to take their proper 
share of the load, otherwise the higher speeded unit 
will attempt to take on load and the lower speeded 
one to throw it off. It automatically increases the 
strength of the speeder spring and will so reduce the 
speed of the unit 2 per cent. in the movement of the 
gates from the no-load to the full-load position. This 
arrangement serves to reduce the speed of the first 
unit and increase that of the one coming on the line 
until the relationship between the two becomes 
automatic. :; 


ACTION OF THE GOVERNOR. 


Though a number of different mechanisms are in 
common use, the schematic diagram in Fig. 50 well 








illustrates the general principles as a whole. Here 
the flyballs are assumed to be in their normal position 
for respective speed and no-speed droop and, by means 
of the pointer, the load limit is presumed to be set 
at 9/10 load. The pilot valve is central, the power 
piston is stationary and the compensating plunger 
is central. Decrease of load throws the flyballs out, 
and the speed is checked by the speeder rod being 
forced down against the upward thrust of the speeder 
spring. Then pivots H, I, B, and A are forced down, 
the pilot valve plunger is forced down from its central 
position against the upward thrust of the pilot valve 
spring, and pressure oil is admitted through the lower 














FiG. 52—-CABINET ACTUATOR 


holes in the pilot valve bush into the power cylinder, 
vid the port W-1 giving a motion to the power piston 
towards the-right to close the gates the while the oil 
in the other end of the cylinder passes out through the 
other port to the oil pump suction tank. 

It was previously mentioned that an important 
feature of this class of governor is the means for 
rendering it dead beat as far as possible so as to 
prevent hunting. That is the purpose of the mech- 
anism referred to hereunder and collectively known as 
the compensating gear. The power piston, as stated, 
has moved to the right, raising the pivots G, M, and L, 
and the larger actuating compensating plunger and, 
as the compensating dashpot is filled with oil, the 
upward movement of the compensating actuating 
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FIG. 53—GENERATOR FOR ELECTRICALLY - DRIVEN 
GOVERNOR 


plunger draws the smaller one downwards by suction 
and against the upward force of the compensating 
spring. The pivot J is now pulled downwards and 
with the pivot H temporarily stationary the pivots 
I, B, and A are raised, and so is the pilot valve plunger. 
These short sequential movements continue until 
the pilot valve plunger is raised to its central position, 
which stops the flow of pressure oil to the power 
piston. Given proper adjustment of the parts, the 
pilot valve plunger is thus centred and the power 
piston stopped in that position corresponding to a 
gate opening admitting the amount of water required 
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by the load. The flyballs return to their central 
position by reason of the flow of oil through the com- 
pensating needle valve, bringing the receiving plunger 
back to its central position, and on completion of the 
cycle the black hand on the indicator will show the 
new loading point. Increase of load, of course, 
results in a reversal of these motions and it makes no 
appreciable difference to the system as a whole 
whether it is applied to shifting the gate actuator 
ring of a vertical or horizontal Francis turbine or 
opening and closing the needle valve usually asso- 
ciated with Pelton wheel governing. By means of 
the ‘* load limit ’”’ the operator can set the turbine to 
a definite limit of load. In the case of hydro-electric 
units under either automatic or remote control it may 
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Fic. 54—ELECTRICALLY - DRIVEN GOVERNOR 


be necessary to throw the unit off the line if the water 
level in the forebay falls below a certain height and 
then to put it into service again when the water has 
risen. That might be necessary if the set was intended 
to use surplus water or where the amount of draw- 
down in the forebay was limited by the requirements 
of other plants, irrigation, or compensation water. 
In its simplest form such an arrangement consists of 
a float. When the head level drops below normal the 
float raises the load limit lever and so causes the 
governor proportionately to close the gate opening. 
If the head level continues to fall the governor will 
then continue to close the gates until they have 
reached the “ running light ”’ position, at which time 
the unit should come off the line. When this float 
cannot be placed sufficiently near the governor to 
give the’ necessary motion directly it can be trans- 
mitted either by a system of levers, cables, and 
pulleys, or electrically. 


STARTING AND SYNCHRONISING. 


Assuming the turbine to be governed on the lines 
indicated there may be one or two preliminaries to 

















Fic. 55—PUMPING UNIT 


starting up, such as filling of the turbine casing 
through a by-pass valve and then the opening of the 
main penstock valve. Assuming that condition and 
the existence of oil pressure in the governing system 
and the lubrication system and the brakes released, 
the starting indication is either given by the operator 
in the case of remote control or is automatically given 
by means of a float switch, time clock, or frequency 
meter, as the case may be. In either case the governor 
solenoid valve becomes energised. It permits a slow 
opening movement of the gates and as the unit 


accelerates the exciter voltage builds up. If the unit 
be arranged on the self-synchronising or pull-in 
system it is connected at about 95 per cent. normal 
speed to the H.T. line without field as an induction 
motor, the field being applied the instant after this 
connection. The acceleration of the turbine, together 
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with the synchronising capacity of the generator, 
combine to pull the latter into step. 

In the automatic synchronising system, after the 
initial acceleration of the turbine and the building up 
of the exciter voltage, the governor takes control of 
the unit, though its frequency has still to be adjusted 
to that of the line. For that purpose the governor is 
fitted with a speed matcher. This device, described 
later, automatically acts on the governor to bring 
the set into synchronism. In the shutting down of 
the unit the gates close to the no-load position and a 
limit switch causes the circuit breaker to open, after 
which the gates close completely. It is presumed then 
that the closing of the penstock stop valve relieves 
the turbine of pressure, in which condition the gates 
should remain fully closed, but to ensure this con- 
dition being maintained there is usually a small 
brake on the governor, locking it through the hand- 





wheel spindle. This is released on the initial move- 
ment of the solenoid valve, which puts the governor 
into action. 


GOVERNOR CONTROLS. 


In the schematic diagram (Fig. 50) one of the impor- 
tant features will have been observed in the com- 
pensating dashpot. Its main purpose is to stop the 
gates at the proper opening and to hold them steady 
there. The large dashpot plunger being mechanically 
connected through the crankshaft, lever, rods, &c., to 
the governor crosshead, moves in unison with it. As 





‘gates the large dashpot plunger moves up or down an 
appropriate distance. Each movement of this large 
plunger is hydraulically transmitted to the smaller 
one. Thus for every downward movement of the one 
there is a proportionate upward movement of the 
other and vice versé. The small plunger is held in its 
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Fic. 56—FRANCIS TURBINE SHOWING GATE MOVING MECHANISM 


normal central position by a tension compression 
spring. In the normal position this spring is neutral, 
but as the smaller plunger is moved off its central 
position the spring increases in strength and the 
further this movement the greater is the tension of the 
spring tending to return the plunger to its central 
position. Once it has been so moved by the movement 
of the larger plunger, the time required for the spring 
to return it depends upon the setting of a by-pass 
needle valve. 

On the right-hand side of Fig. 50 will be seen the 
previously mentioned load limit device. Its purpose 
is to prevent the unit from taking more load than 
that to which the “ red hand ”’ is set, and it does this 
by preventing the pilot valve plunger from rising 
above the centre when a load corresponding to the 
setting of this hand has been reached, and if the 











the crosshead then moves in opening or closing the 


setting is zero, the unit will shut down. As the 








Fic. 57—SPIRAL -CASED FRANCIS TURBINE 


power piston moves to increase the flow of water, 
the compensating crankshaft is turned clockwise 
and the load limit excentric lowers the end of the 
load limit lever, the while the other—or right-hand— 
end is held stationary. Pivot K and the load limit 
rod are forced downwards, and so is the finger on the 
lower end of the load limit rod, and as the power 
piston reaches a position corresponding to. the setting 
of the red hand, this finger contacts the top of the 
pilot valve plunger A and prevents its rising so that 
there can be no further increase in the flow. 

If the red hand be set to zero or stop, the right 
hand end of the load limit lever will be forced down- 
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wards, the load limit rod and the finger will be forced 
down, and this will force down the pilot valve plunger, 
admitting oil to the power cylinder to move it to 
the right. This will close the gates raising the 
pivots G and M; the compensating cam shaft (left) 
now turns anti-clock, the load limit excentric raises 
the left end of the load limit lever, the pivot K is 
raised, and it, through the load limit rod, centres 
the pilot valve plunger, which stops the action just 
as the power piston reaches a position corresponding 
to the setting of the red hand. 

On the middle right of the diagram will be seen 
the speed droop attachment connected to the pivot 
P of the speed droop lever on the left. In the normal 
position it has no effect, but if turned so as to move 
pivot P towards the right and so off its centre, the 


suitable gearing, on the speeder spring of the governor. 
Of these two motors, the ‘‘ Buss” motor rotates in 
a direction to increase the speed of the unit, whilst 
the “* Machine ” motor rotates in a direction to reduce 
it. As a consequence, one of these motors driven in 
one direction from the buss and the other in the 
opposite direction from the oncoming machine 
will, by their difference in speed, cause the horizontal 
shaft of the differential gear to adjust the tension 
of the speeder spring of the governor to bring the 
speeds as nearly parallel as possible. When the 
trequency of the unit and the buss are nearly identical, 
both motors will be operating at the same speed and 
they will then cease to have any effect upon the 
governor. 

At correct phase synchronism, the circuit breaker, 




















Fic. 58—PELTON WHEEL NOZZLE WITH RELIEF NOZZLE 


compensating crankshaft will be revolved clockwise 
and will move the upper end of the speed droop 
lever to the left. As a result E is raised, D and C are 
lowered, pivot A is lowered in respect to pivot B, 
the pilot valve will be centred, and the power piston 
will be stopped before it reaches a position corre- 
sponding to the original speed. That is to say, the 
unit will not return to the speed at which it was 
operating, but to a somewhat lower value determined 
by the movement of the speed droop adjusting knob. 

Below this knob will be seen the synchroniser. 
Its purpose, as might be assumed, is to allow of the 
speed of the set being varied while it is being syn- 
chronised with other sets. If it is operating in parallel 
on a system many times its own individual capacity, 
an adjustment of the speed setting will result in a 
change of the system speed, though it may be 
insufficient to be read on the instruments. Prac- 
tically, therefore, a change in the synchroniser 
setting merely changes the loading of the unit 
due to the small amount of influence the capa- 
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being closed, will connect the unit to the bars, and 
the machine motor is stopped though the buss motor 
is still in operation. 


THE ConTROL PANEL. 


The governing mechanism is usually grouped in 
a compact unit either in the form shown in Fig. 51 
or in the more modern arrangement of the cabinet 
actuator, a typical example of which is shown in 
Fig. 52. The latter, besides being neater in appearance 
and more in accordance with the conception of 
centralised control as it applies to modern hydro- 
electric units, is said to reduce the amount of the 
necessary oil piping and the length of the oil column 
to be accelerated and decelerated each time a reloca- 
tion of the gates is necessary. The sump tank base, 
which contains this piping, supports the control 
column, which, in turn, supports the various control 
mechanisms and gauges, including the governor head 
and compensating mechanism. 





The governor head, in the case of the cabinet type 


just below it; it is a 110-volt, 
three-phase, 60-watt motor, and two 200-watt, 
single-phase, or three 100-watt, single-phase 
transformers of the proper ratio are required for 
each machine. They are connected directly across 
the generator leads of the unit the governor is 
controlling. 

The motor-driven ball head is generally to be 
recommended, because one axiom in water-wheel 
regulation is that the speed of the governor flyballs 
should be in exact synchronism with the speed of 
the wheel. The electric motor drive is the most 
accurate in this respect, and it is specially well suited 
to vertical-shaft turbines. It is less expensive and 
has none of the disadvantages of belts, pulleys, and 
gears. 

The pumping unit (Fig. 55) has the motor built 
into it, the motor rotor being mounted directly on 
the extended pump shaft. The pump itself is 
equipped with a pressure-operated unloader, which, 
in turn, mechanically operates the pressure switch, 
assuring starting and stopping of the pump motor 
without load. As regards the front of the cabinet 
illustrated, the various items can be identified 
by reference to Fig. 52. The electrically driven 
ball head commences to rotate immediately the 
turbine starts running. In connection with the motor- 
driven gear pumping unit (Fig. 55) there is a switch 
mechanically actuated from the unloader plunger. 
This serves to start the pump at a predetermined 
minimum pressure and in sufficient time for the motor 
to come up to speed before the load is applied, and 
to stop it when a predetermined pressure has been 
reached and after the pump has been relieved of 
load. The pump can be switched to run continuously 
during periods of active regulation. There may also 
be an emergency hand pump, though the turbine 
gates can be manually operated, too, when pressure 
is available. The appropriate control admits oil 
to the servo motor through an auxiliary relay valve, 
the exact position of the gate being shown on the 
appropriate dial—in Fig. 52 it is the centre of the 
three lower ones. Of the two hands, one is red and 
the other black. In making the adjustment, the 
knob below the dial is turned ; the red hand points 
to the position at which the operator desires the 
gates to open or close, while the black hand, being 
geared to the gate restoring shaft, shows the exact 
position of the gate when this movement has been 
concluded. The same arrangement occurs in the 
case of the right-hand lower dial and its appropriate 
knob. This dial indicates the speed adjustment. 
If the speed-adjustment pointer be moved to the 
left, the pilot valve plunger will be raised, the gates 
will open, increasing the speed of the unit, and, in 
consequence, that of the flyballs. The latter will 
then move outwards to a new normal position, the 
amount necessary to recentre the pilot valve. The 
unit will then be operating at a new speed level. 
To lower the speed level the operator merely moves 
the speed-adjusting pointer to the right and the 
reverse action takes place. This results in a per- 
manent change in the unit speed level. The same 
operation can be performed electrically from the 
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switchboard or any other point by the aid of a split- 
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FiG. 59—-SPEAR AND DEFLECTOR CONTROL MECHANISM 


city of the unit has on the total capacity of the 


system. When the synchroniser knob is turned, 
pivot O is pulled towards the right and pivot C 
is raised, so permanently raising the left end of the 
lower floating lever seen on the lower middle left. 
This action will raise pivot A with respect to pivot 
B, the pressure oil will be admitted to port Y 1, the 
power piston will move to the left to open the gates 
and the set will speed up till the flyballs have changed 
their normal central position a sufficient amount to 
recentre the pilot valve plunger. The reverse motion 
of the synchroniser knob will, of course, lower the 
speed of the unit. 

The speed matcher consists of two special three- 
phase 8.C. motors and a differential gear mechanism, 
the horizontal shaft of the latter acting, through 





of actuator shown is electrically operated, though 
in the past the belt drive has functioned well within 
its limits. So far as the actual flyballs are concerned, 
they operate here in the same manner as they do 
in any other centrifugal governor, and in that call 
for no comment. The more modern electrically 
driven ball head is practically the same thing, except 
that in place of a belt drive it is driven by a small 
motor supplied with current by a permanent magnet 
generator (Fig. 53), though there is nothing particularly 
remarkable about this either. It is a three-phase 
self-excited A.C. generator, usually mounted on top 
of the main one or the exciter or pilot exciter frame 
and driven from the main shaft by two flexible 
half-couplings and a short floating shaft. As shown 





in Fig. 54 the motor of the governor ball head is 
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FiG. 60—RELIEF VALVE 
field, series-wound reversible motor. The left-hand 
lower dial indicates the speed droop. 


RELIEF OF PRESSURE. 


So far as the control of reaction turbines of the 
Francis propeller type is concerned, there is direct 
connection between the actuator rod of the governor 
and the speed ring of the turbine by which, through 
the usual arrangement of links, pins, &c., the pivoted 
guides are moved in unison. That part of the equip- 
ment is all perfectly well shown in Figs. 56 and 57, 
where the aforementioned linkage is clearly seen in 
the centre, the valve on the right being merely an 
hydraulically operated stop valve on the supply pipe 
which has.no relation to the governor gear. There 
is no appreciable difference in this arrangement as a 
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whole, whether it apply to a vertical shaft machine 
or to the high-head spiral-cased turbine which is 
shown, though in the latter case the relief valve or 
excess pressure valve, as it is sometimes termed, and 
which is seen on the left, is an important part of the 
equipment. 

It has already been shown that under high head 
conditions it is usually necessary to pass off to waste 
some water from the pipe line, the while the turbine 
gates are closing to reduce load, the term “gate” 
in this case applying also to the spear in the nozzle 
of a Pelton wheel. In connection with Pelton wheels, 
there have been various arrangements in more or less 
common use though they have now for the most part 
been superseded by the spear-cum-deflector system, 
so that it is hardly necessary to discuss them in any 
detail. The function of the relief nozzle, at one time 
used in America by the Pelton Wheel Company, now 
a subsidiary of the Baldwin group, in this connection 
is quite obvious. It is shown in Fig. 58, and it is merely 
a by-pass nozzle linked to the main one and opening 
as the latter closes and then itself closing at a rate 
determined by a dashpot. The rotating nozzle, at 





Therelief valve shown in Figs. 56 and 57is an arrange- 
ment common to practically all builders of high-head 
Francis turbines, the photographic view in Fig. 57 
showing a set by J. M. Voith and the one in Fig. 56, 
which will be seen to be very similar in general 
arrangement, showing one by the English Electric 
Company, although the form of the actual valve used 
may differ with different builders. That shown in 
Fig. 60, which is intended to be operated by the oil 
pressure of the governor system, is the form generally 
used by Voiths. The cone valve on the left is kept 
closed by oil pressure in the cylinder on the right, the 
latter, in turn, being under the control of the governor 
operated valve shown on the top right-hand of the 
casing. When the governor rod moves to the right 
corresponding to a reduction of flow to the turbine, 
the end A of the floating lever is lowered. As point B 
is held by the resistance of the compensating dashpot, 
end C is raised and oil pressure in the operating 
cylinder causes the valve to open. Opening of the 
valve through the action of the cam gear allows 
point B to fall, thus stopping the movement, and, as 
the compensating dashpot acts, the valve slowly 
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Fic. 61—-EXCESS PRESSURE VALVE 


one time used by Allis, Chalmers, is virtually the same 
thing as the deflector, though in rather a different 
form, in which the first motion in reducing the water 
quantity for a reduction of load is the rotation of the 
whole nozzle assembly on trunnions. The spear-cum- 
deflector system has been the subject of numerous 
articles in the technical Press for the past ten years 
or more, and the reader is referred to one in par- 
ticular, which appeared in THE ENGINEER of January 
8th, 1932, having special reference to the control of 
the 17,000 H.P. units of the Shanan (Punjab) scheme, 
where the head is 1668ft. In its elemental form this 
method of control is shown in Fig. 59. Here the 
governor shaft A operates through the linkwork C, 
the deflector B turning on the pin D. In the position 
shown, it is to be presumed that the load has been 
suddenly reduced, with the result that the governor 
lever A has moved clockwise about 60 deg., and has 
swung the deflector into the position shown. The 
rate of movement of the spear is under the control 
of the dashpot E, which, it will be noticed, is con- 
nected to the governor lever by a slotted link. By the 
rotation of lever A the dashpot has been released, 
and as it falls will operate the spear. When opening 
up, spear and deflector move simultaneously. 





closes again. The English Electric Company now 
constructs excess pressure valves (Fig. 61), much on 
the lines of its well-known cylindrical balanced 
valve. It is claimed that this valve cannot jam, and 
that it is easy to open up for inspection and can be 
very closely adjusted. The actual valve is of the 
spreading type, giving a hollow conical formation to 
the water as it leaves through a streamlined ribbed 
cage. 

When the turbine demands less water, the governor 
rod A moves to the left. By means of the linkage 
shown, the dashpot B is forced down and pushes 
down the cam C. The lower side of the cam, in turn, 
presses down upon the central valve rod, opening the 
valve against the action of its closing spring. As a 
result, pressure is released in the annular space D, 
and the main valve travels to the right, releasing 
some of the water in the pipe line. This motion of 
the main valve, however, carries the cam C to the 
right, with the result that it can rise. Consequently, 
the control valve closes and limits the maximum open- 
ing of the main valve. Meanwhile, the dashpot B 
is operating, so that the main valve can travel slowly 
leftwards as it maintains the cam C in contact with 
the dashpot. 
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I & the afternoon session on April 30th, Mr. J. A. 
Jones presented a paper entitled ‘‘ The Effect of 
Phosphorus on the Mechanical and Corrosion-resisting 
Properties of Low-carbon and of Low-alloy Structural 
Steels.”” The author’s synopsis is as follows :— 


PHOSPHORUS AND CORROSION. 


The relative properties of a variety of carbon and low-alloy 
structural steels of low and high phosphorus content are re- 
viewed. The generally accepted opinion is confirmed that 
tne carbon content must be kept low in high-phosphorus steels. 
The addition of phosphorus alenn will not give an adequate 
increase in tensile strength to meet the requirements of the 
British Standard Specification for high-tensile structural steel 
while still maintaining the other desirable properties. 

In the presence of other alloy elements, phosphorus acts 
generally as in plain carbon steels. The inf He g' » 
copper, chromium, silicon, and molybdenum is discussed in this 
connection. 








In order to compensate for the low carbon in high-phos- 
phorus steels, the alloy content must be higher than would 
otherwise be necessary. A high-silicon content is particularly 
effective in obtaining a tensile strength of over 35 tons per 
square inch. 

For structural p calling for maximum tensile strength, 
high-phosphorus steel is not suitable, owing to its low notched 
bar impact strength. A steel of normal phosphorus content is 
to be preferred, as this is free from the necessity to restrict the 
carbon content and enables a tensile strength of 37 tons per 
square inch to be obtained without the disadvantages accom- 
Panying the use of high phosphorus contents. 

o evidence of increased corrosion resistance due to high 
phosphorus content is found. Where such effects have been 
observed, they are accounted for by other alloying elements. 


DIscussIon. 


Mr. J. H. Whiteley, who remarked that the informa- 
tion contained in the paper would be very useful to 





the steel maker, said the author had shown in a 
striking way the embrittling effect of phosphorus in 
steel, especially in the presence of carbon. It was 
rather singular that phosphorus and carbon should be 
so antagonistic in steel. In normalised and annealed 
samples the carbon existed, not in solid solution in 
most cases, but as free carbide, whereas phosphorus 
was in solid solution so far as was known. Other 
elements, such as manganese, copper, and silicon, 
could exist in solid solution without having the same 
effect as phosphorus when carbon was present. He 
had never seen an explanation of the embrittling 
action of phosphorus, and he suggested that it might 
be a subject for the attention of X-ray specialists. 

Mr. Whiteley was inclined to think that the author 
had shown phosphorus on its best behaviour. One 
would expect it to be segregated at the boundaries of 
the crystallites, giving the well-known macro- 
structure ; he anticipated that the macro-structure 
of the author’s ingots, which were of only 18 lb. 
weight, must be much finer than that of ingots of 
2, 4, and up to 10 tons, such as were used normally 
in steel works practice. Whether or not that macro- 
structure disappeared entirely as the result of the 
heat treatment which the author had given his ingots, 
one could not say. Phosphorus diffused slowly, and 
it was a pity that the author had not given a few 
micro-photographs so that one might judge the 
extent of the heterogeneity in the steels he had made. 

Further evidence that the author had shown 
phosphorus on its best behaviour was to be found in 
the extraordinarily high yield points of his steels. 
One steel in the paper, containing 0-09 per cent. of 
carbon, had a yield point which was 75 per cent. of the 
tensile strength when in the normalised condition ; 
in the steel works, if the yield point of a steel with that 
carbon content were 50 per cent. of the tensile strength 
one would consider that he was doing very well. In 
another steel mentioned in the paper, and containing 
l per cent. of chromium, the yield point was 70 per . 
cent. of the tensile. The high yield points obtained 
in the author’s specimens, in both the normalised and 
in the annealed condition, might be due to the very 
fine macro-structure of the small ingots. It was a 
pity that the author had not made small ingots of 
ordinary casts and compared the results with those 
obtained from, say, a 4-ton ingot of the same steel. 

For some reason which Mr. Whiteley did not appre- 
ciate the author had used 0-3 per cent. of manganese 
in most of his steels, which was less than the per- 
centage used in normal works practice. Close study 
of the figures gave some indication that manganese in 
conjunction with phosphorus had an embrittling 
effect; Mr. Whiteley illustrated that by reference to 
curves for Izod values, and said that as the phosphorus 
content increased the Izod value dropped, and anneal- 
ing pushed it back. He also referred to various samples 
mentioned in the paper, in which phosphorus and 
manganese contents had been increased and the Izod 
values had dropped, and suggested that manganese 
was playing a part with phosphorus in the embrittle- 
ment of the steels. One might have a steel containing 
0-09 per cent. phosphorus and 0-6 per cent. manga- 
nese and giving a good Izod value, but another con- 
taining 0-09 per cent. phosphorus and 0-9 per cent. 
manganese showing extreme brittleness. 

Presumably the author’s ingots were made by 
melting steel scrap and the additions were made at the 
end, just before tapping ; but no reference was made 
to the period of heating before pouring. It had been 
stated in an American journal that the effect of 
phosphorus differed according to whether it was con- 
tained in the charge in the first place or whether it was 
added at the end. 

The effect of normalising at intermediate tempera- 
tures was also interesting ; in one or two instances 
within his experience, phosphoric steels had shown 
rather severe brittleness when normalised at 800 deg. 
Cent. 

Dr. Hugh O’Neill (Derby) said that although the 
author had found no evidence that the observed 
increased resistance to certain types of corrosion 
could be attributed to high phosphorus, there was, 
nevertheless, a strong probability that phosphorus 
acted in that direction. 'The eventual divergence from 
an initial similarity of the corrosion curves of the 
various commercial steels published in the paper by 
Mr. S. C. Brittort, of the L.M.S. laboratory, suggested 
that the corrosion differences were due to the character 
of the rust layers formed on the steel; phosphorus 
seemed at least to be helping the other elements to 
do their work. Griffiths, in 1934, by making small 
additions of phosphorus to Armco iron, was able to 
produce a strongly adherent scale when the iron was 
heated, and it was also noticed that 2 per cent. of 
silicon gave a similar effect. That observation might 
be associated with the properties of a phosphoric rust. 

The author’s corrosion results were not yet particu- 
larly convincing, for spray testing was still of doubtful 
value in many cases, and an atmospheric exposure of 
twenty-eight days was quite insufficient to enable a 
useful opinion to be formed. Furthermore, the whole 
question of the effect of painting must be considered 
in assessing the ultimate worth of a given steel. The 
final long-time exposure results would be awaited 
with interest. 

Dr. O’Neill was of opinion that, provided the steel 
were carefully made and very carefully heat-treated, 
elements such as aluminium, chromium, and copper 
could be relied upon to look after any doubtful 
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mechanical properties due to high phosphorus. 

Normalising temperatures must be carefully con- 

trolled. One steel mentioned in the paper, having 
high carbon, high phosphorus and 1 per cent. of 
chromium, also suffered from reduced impact values 
if it were annealed at 880 deg. Cent. instead of being 
normalised from 880 deg. Cent. That indicated an 
effect which required careful watching, and the com- 
mercial production of the corrosion-resisting low- 
alloy steels would apparentiy require controlled 
cooling conditions. The sensitiveness of phosphorus- 
chromium steels to rates of cooling could be observed 
in quite independent work by H. Bennek. Dr. 
O'Neill gave some of Bennek’s impact results on 

- steels, which indicated that if a t-5 per cent. chromium 
steel containing 0-12 per cent. phosphorus were oil- 
quenched from a tempering temperature of 650 deg. 
Cent., its impact resistance was as good as that of a 
low-phosphorus steel. Air cooling from the same 
temperature, however, reduced the impact value to 
one-third of that found previously. 

Dr. L. Reeve referred to some tests on commercial 
phosphorus steels, the results of which in general 
confirmed the embrittlement resulting when the 
carbon-phosphorus conditions were incorrect. 
Undoubtedly the main weakness of such steels was 
their sensitivity. He mentioned two steels, one con- 
taining 0-10 per cent. carbon and 0-15 per cent. 
phosphorus, and the other containing 0-12 per cent. 
carbon and 0-19 per cent. phosphorus, which were 
very sensitive to strain ageing, the latter being very 
much more sensitive than the former, to such an 
extent that it would be dangerous to use the steel in 
practice. Secondly, the steels were sensitive to heat 
treatment. A commercial steel which was sensitive 
to a relatively few degrees variation in normalising 
temperatures and was obviously sensitive to annealing 
conditions was not to be recommended too strongly, 
unless for the very definite reasons given in the paper. 

The real reason why steels of that type had been 
developed in America was to overcome welding 
difficulties. Undoubtedly, there were some difficulties 
in welding the range of high-tensile steels made 
in this country, the reason being that our range, 
37-43 tons, was distinctly higher than that of both 
the American and Continental high-tensile steels. 
The Americans had overcome the difficulty of welding 
high-tensile steels by reducing the carbon consider- 
ably and introducing special elements, such as 
chromium and molybdenum, and copper and nickel, 
so that the tensile went up to 34 or 35 tons, but the 
yield point, as a ratio, was increased. The engineers 
of this country might give some indication as to how 
they would accept the suggestion to base working 
stresses, not on the ultimate tensile, but on the yield 
point. Steels which were sensitive to normalising 
temperatures were a little dangerous from the point 
of view of welding. In the zone near the junction 
of the weld and plate there was a whole range of 
temperatures from room temperature to the melting 
point of steel, and some tests he had made on a 
commercial high-phosphorus steel indicated a definite 
line of what appeared to be phosphorus segregation 
at the junction of weld and plate. In America the 
phosphoric steels to be used for welding had a 
maximum phosphorus limit of only 0-11 per cent. 

Dr. J. C. Hudson said that the author’s experi- 
ments had not yet confirmed the rather marked 
effect of phosphorus in improving resistance to 
corrosion that had been reported in the United 
States, in Germany, and in France. As showing the 
extent of the improvement claimed, Dr. Hudson 
showed four sets of curves obtained by Lorig and 
Krause, on a basis: low-carbon steel. One of the 
specimens had no alloying elements, one contained 
0-3 per cent. of copper, another contained 1 per 
cent. of copper, and another contained 0-5 per cent. 
of nickel. In all cases the corrosion of the steels in 
atmosphere had been halved by the addition of 
phosphorus. For example, the corrosion of an 
ordinary plain steel had been reduced from 4 grammes 
to rather less than 2 grammes by the addition of 1 per 
cent. of phosphorus ; that was an extreme addition 
of phosphorus. The published results of Lorig and 
Krause related to periods of exposure of six months 
and one year, but they had sent him their results 
for two years’ exposure, which were in agreement 
with the earlier results. Professor Portevin had 
referred to experiments conducted at Pompeii by 
another investigator on cutting steel containing 
0-35 per cent. phosphorus, and there was an apparent 
amelioration of about 25 per cent. in corrosion 
effects when the phosphorus was included. Mr. Jones, 
however, had not shown such differences, and it 
was essential that there should be further work to 
explain the apparent discrepancies. Possibly, the 
tests in atmosphere had not extended over a 
sufficiently long period to bring out the truth, and 
the results of Mr. Jones’s long-period tests would be 
awaited with interest. Again, inasmuch as the 
differences between various classes of steel exposed 
at Stocksbridge were less marked than in the case of 
steels exposed at Sheffield, Dr. Hudson suggested 
that it might be well to arrange corrosion tests in a 
rather severe industrial atmosphere. 

Dr. T. Swinden, commenting on the point that the 
tests described in the paper were made on small 
ingots produced in the laboratory furnace, said that 
the data obtained from them had been used alongside 
data from the examination of commercial steels as 


a guide in the development of high-tensile steels on 
a commercial scale, and the United Steel Companies 
had. decided definitely meantime not to rely on 
phosphorus as an alloying element in the production 
of high-tensile steels. He asked for the views of other 
manufacturers. 

Mr. T. H. Turner referred to steels, to which 
phosphorus had been added deliberately, having been 
used in many of the Diesel railears in the United 
States. A paper by McQuigg had given compositions 
of steels containing roughly 1 per cent. of manganese, 
silicon, or chromium, whereas phosphorus contents 
were relatively small, z.e., 0:1 or 0:19 per cent. He 
wondered why phosphorus was added, having regard 
to the other powerful alloying elements used. 
Phosphorus had been added deliberately to steel 
used for rails with a view to increasing resistance to 
corrosion in tunnels. He asked whether the stage at 
which the phosphorus was added was of great signific- 
ance, just as the stage at which one added phosphor 
copper to bronze was of great importance. Perhaps 
steels made in a spark-gap furnace, such as Mr. 
Jones had used, were not reproductions of American 
steels, to which phosphorus additions might have been 
made in open-hearth furnaces. Finally, he asked for 
more information as to the weldability of steels 
such as those dealt with in the paper, for weldability 
was one of the fundamental reasons for their use in 
the States. 

Mr. Jones, replying to the discussion, said he 
was not prepared at the moment to suggest any 
explanation concerning the association of phosphorus 
and carbon and induced brittleness. He hoped that 
an X-ray apparatus would be added to the laboratory 
equipment in the near future, and it might be con- 
sidered of sufficient interest to study the embrittling 
action of phosphorus by means of that apparatus. 
He agreed with Mr. Whiteley that, under the condi- 
tions of the tests described in the paper, phosphorus 
appeared to be on its best behaviour, and that the 
advantage could be attributed to the fine macro- 
structure of the small ingots. 

The yield points of the steels referred to in the 
paper were certainly high. Comparisons had been 
made of the mechanical properties of steels made 
in the open-hearth furnaces of up to 80 tons capacity 
and of steels made into 18 lb. ingots from the small 
spark-gap furnace, and, generally speaking, those 
properties compared very well, provided the material 
from the open-hearth furnaces were forged down to 
a small bar of similar size to that used in the investiga- 
tion discussed in the paper; but probably in most 
cases there was a slight tendency for the yield point 
of the steel made in the smaller unit to be higher 
than the yield point of the steel made from casts. 

In the investigations as to the effect of manganese 
content and the effect of imcreasing phosphorus 
content in the presence of different manganese 
contents, he had failed to detect any deleterious 
effect on the impact value following the increase of 
manganese content from 0-25 to 0-5 per cent. The 
manganese content of 0-3 per cent. was chosen because 
in the American steels, which were used more or less 
as standard, the manganese content was invariably 
low. As stated in the paper, the results of the 
investigation did not seem to indicate the necessity 
for that precaution. As to the effect of normalising 
at intermediate temperature, he agreed entirely that 
the embrittlement induced would probably be 
exaggerated still further if the normalising tempera- 
ture had been a mid-critical-range temperature. 

The phosphorus was added to the steel as ferro- 
phosphorus towards the end of the charge. 

With regard to the addition of phosphorus to 
Armco iron by Griffiths and the production of an 
adherent scale, Mr. Jones said that silicon might 
have exactly the same effect, and that the increased 
corrosion resistance claimed for some of the American 
high-phosphorus high-silicon steels might be attri- 
buted just as much to the high silicon as to the high 
phosphorus contents. He agreed that the sensitivity 
of the steels constituted a bugbear. The company 
did not propose to extend the investigation to oil- 
hardening and tempering steels. He emphasised 
the point made in the paper that all the conclusions 
with regard to corrosion were based on laboratory 
tests, and that the results of the long-period exposure 
tests now in hand would be communicated to the 
Iron and Steel Institute. 

Finally, he had nothing further to say concerning 
the influence of the stage at which the phosphorus 
additions were made. 

The remaining papers were :—‘‘ The Allotropy 
of Iron,” by Dr. Hans Esser; ‘‘ An Investigation of 
the Iron-Carbon Constitutional Diagram: Part I, 
Preliminary Survey of the 8 Region,”’ by Dr. Frank 
Adcock; ‘‘ Alloys of Iron Research: Part XII, 
Note on the $« Transformation in Manganese-rich 
Iron-Manganese Alloys,” by Dr. Marie Gayler and 
Mr. C. Wainwright ; and “‘ Some Properties of Com- 
mercial Stee] Sheets containing Additions of Copper, 
Manganese, Chromium, and Phosphorus,” by Mr. 
S. C. Britton. The last named is summarised and 
reported below. 

STEEL SHEETS CONTAINING COPPER, MANGANESE, 
CHROMIUM, AND PHOSPHORUS. 

An examination has been made of six commercial steels in 

sheet form, having additions of one or more of the elements 


copper, chromium, manganese, silicon, and pooee 
Atmospheric corrosion tests on small samples at Derby showed, 











after 300 days, reductions in the rate of corrosion over that of 
a steel of ordinary quality, containing 0-09 per cent. copper, of 
30-32 per cent. for additions of chromium, copper, phosphorus, 
and silicon, 19-27 per cent. for additions of copper ant chro- 
mium, and 12-14 per cent. for additions of copper with or 
without manganese. When the steels are painted there is little 
difference in the time taken for rust to appear, but the high- 
phosphorus steels appear to advantage after rusting has made 
some progress. 

Sheets having additions of copper with chromium, man- 
ganese or chromium, silicon and phosphorus all had good 
mechanical properties, the ductility of the steels with high 
contents of silicon and phosphorus being equal to that of the 
others. All showed a slight reduction in ductility and an 
increase in hardness on ing after strain, but in no case 
was this sufficiently marked to affect the practical usefulness. 
The greatest tensile strength was associated with the manganese 
addition, but considering both the mechanical properties and 
corrosion resistance, steels with additions of copper, chromium, 
phosphorus, and silicon together seemed to be the most pro- 
mising of the types tested. 

Cupping tests seemed to be the most satisfactory method of 
following the course of ageing effects in sheet, although tensile 
test measurements gave corroboratory evidence. An attempt to 
produce the necessary strain with the Erichsen machine was 
reasonably successful, and thus the whole of the mechanical 
part of the test can be carried through with it if desired. 


DISCUSSION. 


Mr. J. A. Jones said that although the subject- 
matter of the paper was closely related to that of his 
own paper, already presented, on the effect of phos- 
phorus on the properties of low-carbon and low-alloy 
structural steels, the forms of the materials dealt 
with in the two papers were quite different, and that 
fact might account in some degree for apparent 
differences in the conclusions arrived at. The con- 
siderable differences in analyses of the steels used for 
Mr. Britton’s investigation rendered it somewhat 
difficult to judge of the effects of any one single 
element on the properties of the steels, and perhaps 
Mr. Britton had not exercised sufficient caution in 
arriving at some of his conclusions. For instance, 
the statement that the results indicated that the 
resistance to corrosion of copper-bearing steels was 
enhanced by a high phosphorus content was based 
presumably on results obtained with certain steels, 
two of which had high phosphorus and high silicon 
contents. Would it not be logical to conclude there- 
fore that the enhanced resistance to corrosion of the 
two steels in question was due to the high phos- 
phorus and high silicon contents ? Further, those 
two steels had the possible advantage, over the steel 
with which they were compared, of slightly lower 
carbon, manganese, and sulphur contents, and un- 
doubtedly the advantage of higher copper and 
chromium contents. 

With regard to susceptibility to strain age embrittle- 
ment, Mr. Jones had found that the results of the 
test used by Bolsover to evaluate that susceptibility 
agreed remarkably well with the behaviour of the 
steels during manipulation or in service. But that 
test could not be applied to the form of material used 
by Mr. Britton, who had employed a method which 
was somewhat novel in the use of the Erichsen test. 
Although none of the steels tested had shown suscepti- 
bility to strain age embrittlement, as judged by that 
test. Mr. Jones was doubtful about the statement that 
the steels were free from such susceptibility. He 
suggested that material which was known to be 
susceptible to strain age embrittlement in the form 
of bars as tested by the Bolsover method should be 
tested in the form of sheet by the Erichsen test. 
Results obtained by the United Steel Companies on 
plate material of somewhat similar analysis to one 
of the samples tested by Mr. Britton indicated extreme 
susceptibility to strain age embrittlement. 

Finally, he suggested that the higher ductility 
figures obtained from two steels, which might correctly 
be termed chromium-silicon-phosphorus steels, over 
a copper-chromium steel, mentioned in Mr. Britton’s 
paper, was to be attributed to the high silicon content 
of the former steels. Confirmatory evidence of that 
was to be obtained from his own paper. He noted 
particularly the high ductility figures obtained for a 
manganese-copper steel mentioned in the paper, 
which were confirmed by tests made by the United 
Steel Companies on manganese-copper structural 
steels. 

Dr. J. C. Hudson, who welcomed the author’s 
corrosion tests, particularly because they represented 
some of the first, if not the first, independent observa- 
tions on the corrosion resistance of the commercial 
American low-alloy steels, said that further results 
by the Iron and Steel Institute Corrosion Committee 
on chromium-copper steels would be given in the 
Committee’s fifth report in May, 1938. Meanwhile, 
the Committee’s results with regard to the resistance 
of low-alloy steels to atmospheric corrosion were 
that copper alone reduced the corrosion if present in 
amounts greater than 0:03 per cent., that small 
amounts of chromium alone reduced the corrosion, 
that small amounts of silicon reduced the corrosion 
slightly, possibly because a more solid steel was 
obtained, and that steels containing small amounts 
of both copper and chromium were somewhat superior 
to plain copper-bearing steels, at least in industrial 
atmospheres. , 

The effect of phosphorus alone or in combination 
with other elements had not yet been investigated 
by the Corrosion Committee. Meanwhile, there was 
evidence in American, German, and British publica- 
tions that phosphorus might have a beneficial effect 
on the resistance of low-alloy steels to atmospheric 
corrosion. The results reported by Mr. J. A. Jones 
on the low-carbon and low-alloy structural steels 
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did not appear to support that conclusion to a marked 
degree, but it might be possible to explain the apparent 
discrepancy. 

The statement by Mr. Britton that if thinner 
sections of higher-strength steel were to be used, it 
was necessary that the corrosion resistance should 
increase part passu with its mechanical properties, 
might be an under-statement, and Dr. Hudson felt 
that the increase in corrosion resistance should be 
relatively greater. Undoubtedly it was the opinion 
of practical men thai the thin parts wore away more 
rapidly pro rata than thicker ones. It had been 
suggested from time to time that the light parts 
probably bent and whipped more and so threw off 
semi-brittle coverings of paint and rust, exposing a 
new surface to corrosion. The failure of ship’s parts 
and of railway wagon sheets was admittedly not 
entirely due to corrosion. R. B. Mears had shown in 
1933 that thin wires corroded relatively more rapidly 
than thick wires ; probably the same held true for 
thin sheets, possibly owing to the increasing tendency 
for the rust to flake off with decreasing thickness of 
sheet. Dr. Hudson could conceive of no normal con- 
ditions of service in which vibration or abrasion 
would remove all the rust coat from unpainted sheets, 
since the most thorough scratch-brushing in the 
laboratory would not do so. In practice, the rust 
consisted essentially of a series of layers of hydrated 
iron hydroxides, as shown by A. Girard, and there 
was @ more or less continuous flaking off and renewal 
of the outer layers, but the innermost layers were 
never completely removed. 

The unsatisfactory results of spray tests noted by 





the author was also the experience of the Corrosion 
Committee, but the Committee had not given up 
hope, and further investigations on accelerated tests 
were being undertaken by Mr. Stevenson in the 
research laboratories of the United Steel Com- 
panies. 

The superior condition of the paint on the low- 
alloy steels in the author’s tests at Derby agreed with 
observations made at Sheffield in the course of the 
Corrosion Committee’s tests. There it was found 
that paints applied to stands made of copper- 
chromium steel were in definitely better condition 
after two to five years’ service than the same paints 
applied to ordinary steel stands. 

Dr. Hugh O’Neill (chief metallurgist, L.M.S.R. 
research department) made a brief reply on behalf of 
the author, in which he said that the investigation had 
not been directed to isolating the effects of different 
elements, but to choosing two or three available 
alloys and finding out how they behaved and 
whether there was anything in the claims which 
were made. They had been fairly surprised to find 
that there was a good deal in the claims made, and 
that the corrosion resistance was good. As to 
mechanical properties, great quantities of the steels 
in question were used in America for all kinds of 
purposes—high-speed railcars, coal hopper wagons, 
and so on—and no trouble had been reported. Com- 
menting on Dr. Hudson’s remarks, he said the con- 
ditions of vibration of rolling stock were not likely to 
cause much trouble to the films on vehicles, but 
abrasion could be severe in coal and ore wagons, for 
example. 








A Recent Development in Aircraft 
Construction. 


ie is well recognised that developments in aircra{t 
construction which tend to simplify the structure 
and cheapen the cost of production are important, as is 
also the necessity of obtaining strength combined 
with low weight for the structural parts, since the less 
the structural weight, the greater will be the useful 
load for a given gross weight. 

We were recently afforded an opportunity of 
inspecting the works of the Scottish Aircraft and 
Engineering Company, Ltd., of Shell-Mex House, 


Victoria Embankment, W.C.2, and Scotia Works, 
Hythe-road, Willesden, London, N.W.10, where 
designs have been prepared and _ production is 


taking place of a new type of aircraft which embodies 
several departures from normal aircraft design and 
construction. It is the purpose ofthis article pri- 
marily to describe the constructional methods adopted, 
but it is first necessary to give an outline of the general 
characteristics of the machine, in order that the 
underlying reasons for the design may be fully appre- 
ciated. In all contemporary designs of aircraft, the liit 
is entirely obtained from the wing surfaces’ and all 
secondary loads are transferred from these surfaces to 
the fuselage, which is essentially a container for the 
disposable load and, if the design is for a single engine, 
for the motive power. The fuselage is responsible for 
a considerable amount of drag, according to its 
dimensions and the degree of streamlining used to 
minimise the drag. The fuselage also needs to be 
structurally strong in order to withstand the loads 
imposed on it by the wing lifting surfaces, and thus 
the fuselage accounts for the greater portion of the 
deadweight of the structure. 

Reference to the engravings will show that the new 
design, known.as the ‘“‘ Clyde Clipper’ and made 
under the Burnelli patents, is that of a high-wing, 
strut-braced, all-metal monoplane, of which the 
fuselage is unusually wide and of aerofoil section. 
It is claimed that the fuselage contributes 25 per cent. 
of the lift, thus relieving it of that portion of the lifting 
stresses which would be contributed to it by the addi- 
tional wing surfaces if the whole lift were produced 
by the wing sections. The width of the fuselage 
permits of the installation of two engines and the 
mounting of the undercarriage directly on the fuselage 
structure. These features all tend to give lightness 
and structural efficiency, since all the external forces 
are brought to bear on the fuselage. Landing and 
flying loads are transmitted directly to the fuselage 
without going through any intermediate structure, as, 
for instance, is the case in many conventional aero- 
planes which have the landing loads applied to the 
wing truss before being transmitted to the fuselage. 
Since the fuselage is a lifting element in this design, 
its structural weight becomes partially compensated 
for, which cannot be the case with a conventional 
design. For the same passenger accommodation the 
‘Clyde Clipper ”’ fuselage is shorter than the fuselage 
of conventional aircraft, which feature tends to give 
greater rigidity, and a concentration of the load about 
the centre of gravity of the machine, which has certain 
beneficial effects on its stability and control in flight 
and on the ground. The main bulkheads and floor 
members are a part of the lift truss and therefore the 
weight of these members should not be charged 





entirely against the deadweight of the fuselage 
structure. The wide fuselage is particularly advan- 
tageous for retracting landing gear, since the landing 
gear can be attached directly to it and retracted into 
the fuselage, where the position of the gear can be 
seen by the pilot without the necessity for an indi- 
cating device to show its position. 

The wings are tapered outwardly both in plan and 
in thickness, so that the loading is not so severe 
near the tip, which helps to reduce the stresses 





a crash occur, the engines mounted ahead of the cabin 
afford protection for the pilots and passengers. Resis- 
tance to buckling is provided by the reinforced box 
girder form and structural strength of the fuselage. It 
has already been mentioned that a reduced turning 
moment is obtained when only one engine is running, 
compared with engines mounted in the wings. The 
turning moment has to be counterbalanced by 4 
corrective force on the vertical tail surfaces, which 
reduces the available directional control; conse- 
quently, since in the Burnelli design the distance from 
the axis of symmetry to the thrust line of the air 
screws is less than that on wing engine installations, ~ 
the turning moment is decreased and safety with one 
engine idle should be increased. In the conventional 
twin engine machine the engines are carried by the 
wings and the landing gear is connected directly to 
the wing structure, whereas in the Burnelli design 
the wing structure is not called upon to carry large 
landing loads and to withstand engine vibration. 
Should there be air screw failure the danger of any of 
the fractured parts injuring the crew or damaging the 
structure is reduced and if, as the result of power plant 
or air screw failure, the engine were torn out, no control 
surface should be affected. Another point claimed is 
that the aerofoil fuselage can be made water-tight 
with little increase in weight and sufficient buoyancy 
can be obtained for flotation, the aerofoil form of the 
centre section enabling the machine to be landed in 
emergency in water with a minimum of damage. 

It is interesting to note that the Burnelli principle 
should show even greater advantage on very large 
aeroplanes than on the present high-speed transport 
design. The reason for this is that the depth of the 
aerofoil body is determined by the headroom required 
for the passengers and will therefore be practically 
independent of the size of the aeroplane. On the 
other hand, the depth of the root chord of the wing 
will increase as the size of the aeroplane increases and 
eventually will approximate to the depth of the 
fuselage section. Since the fuselage shows as much 
lift as the wing area which it replaces, the frontal area 
which should be charged to the body is equal to the 
total frontal area of the body minus the depth of the 
root chord of the wing, multiplied by the fuselage 
width. It is obvious from this consideration that, as 
the size of the aeroplane is increased with the fuselage 
depth constant, the ratio of body drag to total drag 
will decrease. An additional advantage will be 
obtained in very large aeroplanes if the ratio of body 
width to span is kept contant, as there will be room 
for three or four engines in the nose of the aerofoil 
body, which is an efficient aerodynamic position. 

The following table gives the estimated weights, 
performance figures, and characteristics of the “‘ Clyde 
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and to secure lightness. Although the - aspect 
ratio—that is, the ratio of length from tip to tip to 
that of the mean wing chord—-is that of a conventional 
monoplane, the actual span of the outboard wing is 
reduced because of the unusual width of the fuselage, 
and this also helps to reduce the stresses. The aero- 
plane is designed as a stressed-skin structure through- 
out, the metal covering taking its share of the aero- 
dynamical loads. The absence of much secondary 
structure helps further to reduce the overall weight. 
The twin engines are mounted side by side, as 
close as air screw clearances will permit, in the nose 
of the fuselage, which position gives a number of 
advantages, such as reduced turning moment when 
flying with pe engine in operation, easier control 
arrangements, jand accessibility and embodiment of 
the engine mountings in the main fuselage structure. 
The tail surfaces are carried on outriggers or 
booms. The vertical tail surfaces are of full cantilever 
construction and the horizontal surfaces are mounted 
on the two booms and have cantilever overhangs. 
Good torsional rigidity of the structure is obtained on 
account of the width between the outrigger booms. 
It is claimed for the Burnelli form of construction 
that safety is increased in a number of ways. Should 





MACHINE IN FLIGHT IN AMERICA 


Clipper aeroplane, as designed for fourteen 
passengers :— 
Wing span 73ft. 6in. 
Overall length 44ft. llin. 
Overall height 12ft. 6in. 
Total lifting area ... 826 sq. feet 
Gross weight ... 19,000 Ib. 
Tare weight 9,350 Ib. 
Disposable load 9,650 Ib. 
Cabin: Width .... , 12ft. 3in. 
Height (maximum) 5ft. lfin. 
Volume , : . .-. 626 cub. feet 
Freight capacity ... wee oes. cue, NAO CMDS ae 
Engines: Two Rolls- Royce “ Kestrel XV ” twelve- 
cylinder water-cooled 
1,490 H.P. 


Horse-power ... 
Hamilton three-blade constant- -spe ed air screws 
Speed : Maximum at sea level ... .. 195 m.p.h. 
Maximum at 14,500ft. 244 m.p.h. 
Cruising at 14,500ft. 212 m.p.h. 
Landing, ee a 65 m.p.h. 
Take-off run ... 280 yards 
Landing run ... 250 yards 


Service ceiling 25,1 00ft. 
Absolute ceiling - 26,800ft. 
- with one engine 6,000ft. 
Climb : 0-3, 000ft... : 3-4 min. 
0-10, oo0ft. 11-4 min. 
-4 min. 


0-15,000ft. — ... palate) 
Range with normal tanks ... «een veces OO 
Fuel capacit;yy with normal tanks 210 gallons 
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“CLYDE CLIPPER” AEROPLANE: DETAILS OF DESIGN 
SCOTTISH AIRCRAFT AND ENGINEERING O., LTD., LONDON, ENGINEERS 
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We may, now turn to the structural aspect of the 
aeroplane and discuss the advantages which can be 
obtained from the design. It has already been shown 
that the arrangement employed is aerodynamically 
and structurally efficient, but when the methods used 
for its manufacture are considered it will be seen that 
the initial design enables a form of structure to be 
used which is economical in production time, cost, 
ease of assembly and maintenance, and is essentially 
simple. With standard forms of fuselage construc- 
tion the design necessitates a covering for the external 
surfaces which is curved in two directions, and, if made 








the jig design is worked out. The corner fittings drop 
on to ground pins on the jig and the members of the 
framework are built up around them. Duralumin 
rivets are used throughout, except at the points of 
attachment of the fittings ; the ultimate strength of 
the steel for the fittings is 55 tons per square inch and 
for the duralumin sections 28 tons per square inch. 
The engraving herewith shows the partially com- 
pleted front of the body structure and bulkhead 
No. 1, together with the arrangements for the pilots’ 
compartment. 

The outside members of No. 2 bulkhead are built 
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of metal, requires highly skilled labour in form- 
ing the shape of the panels. Moreover, this form of 
construction entails extra cost in man-hours, for 
panel beating to an intricate shape takes a consider- 
able time. An examination of the engravings and 
detail drawings which accompany this article will 
show that in the “ Clyde Clipper ” design, with one or 
two exceptions, such as the cowling round the engines, 
all external surfaces are flat or curved in only one 
plane. This construction enables simple jigs to be 
made for all the components and practically eliminates 
highly skilled labour, thereby reducing costs and 


simplifying production. 


The framework and main structural members are 
entirely made from extruded duralumin sections, of 
which several examples are shown in the engravings on 
page 592. These sections have been standardised 
and in the whole structure only fifteen different 
sections are required. The design has been carefully 
prepared to eliminate intricate joints between the 
structural members and to ensure rapid and accurate 
assembly on the jigs. Considering first the aerofoil 
section fuselage, or body, as it might more aptly be 
termed with this type of aeroplane, the engravings 
show thé structural assembly, which is composed of a 
framework attached to four panels, or bulkheads. 
These bulkheads, numbered from one to four, from 
the front of the body, divide the space into four 
usable sections, the middle two of which are for 
passenger accommodation. The front section pro- 
vides a compartment for the two pilots and the 
landing gear, which is housed, when in the retracted 
position, on either side of the pilots. A doorway 
through bulkhead No. 1 gives access to the passenger 
space. Bulkhead No. 2, which nominally divides the 
passenger accommodation into two parts, is only a 
framework, and hence the passengers have what is 
practically a large saloon, 12ft. 6in. wide by 11ft. 2in. 
long. The space between bulkheads Nos. 3 and 4 is 
utilised for freight and access to it is gained by a 
small door. 

It should be noted that the body is designed as a 
rigid structure and all the external forces are brought 
to bear on it at the points where it is stiffened by the 
bulkheads. Thus No. 1 bulkhead carries the points 
of attachment of the landing gear on its lower 
member and the wing front bracing struts at its lower 
corners. The wing front spars are hinged to the 
upper corners. No. 2 bulkhead carries the loads 
imposed by the wing rear struts and wing rear spars 
in a similar manner, while bulkhead No. 3 takes the 
loads from the front end of the longerons which form 
the supports for the tail surfaces. Bulkhead No. 4 
takes the stresses imposed by the tail wheel, which is 
retractable, and also supports the tail booms. The 
accompanying engraving shows bulkhead No. | in 
course of erection, and the engravings on page 592 
show its arrangement and assembly. Each bulkhead 
consists of a framework of duralumin sections, the 
upper and lower horizontal members being of T 
section. The vertical frame members are also of 
T section and are braced at the corners by gussets. 
The framework for No. 1 bulkhead is divided into a 
number of panels by vertical and horizontal sub- 
members of various sections, each panel being closed 
in with duralumin sheet, riveted to the frame members, 
except for the open panel for the doorway between 
the pilots’ and passenger accommodation and except 
for windows. At each corner of the assembly are 
attached steel fittings at the upper corners for the 
wing front spars and at the lower corners for the front 
struts. These fittings form the fixed points from which 





up of flanged channel sections, strengthened at the 
corners by gussets and carrying steel fittings, as for 
bulkhead No. 1, for supporting the wing rear spars 
and bracing struts. The bulkhead is divided into 
three open panels by two vertical members, composed 
of hollow square-section tubes, l14in. square, made 
of 178.W.G. duralumin. These members form pillars 
in the passenger portion of the body. 

Bulkhead No. 3 is built up in a similar manner to 
bulkhead No. 1, with T sections for the outside 
members and vertical and horizontal stiffening 
sections. The panels are all closed with duralumin 
sheet, except for an opening 15in. wide and 22in. 
deep, which gives access to the freight space. The 
stiffening sections used in many positions form a box 
girder construction, built up from a flanged channei 











take the landing stresses transmitted from the tail 
wheel and the stresses transmitted from the tail 
planes by the outrigger booms. The horizontal 
members are of T section, the flanges being slightly 
tapered from the middle section to the ends. At 
each extremity of tne bulkhead is built up a deep 
and narrow framework, which forms part of tne boom 
structure. Tie bulkhead is stiffened at intervals 
by vertical members, composed of flanged sheet 
channels, as described above, and the central portion 
is heavily reinforced with T sections and angles, in 
order to withstand the stresses set up by the tail 
wheel attacnoments. 

The body side panels are of simple construction, 
since they are flat. They consist of duralumin sheet 
riveted on to vertical and horizontal stiffening 
sections, suitably reinforced where openings occur 
for the windows and door; these panels are also 
attached to the four bulkheads. The fuselage roof 
and floor are stiffened with longitudinal T sections 
extending from No. 1 bulkhead to No. 4 bulkhead. 
These longerons are tapered down by removing 
portions of the flanges and are of greater sectional 
area towards the front end of the fuselage ; they are 
the only external stiffeners used and can be clearly 
seen in the engravings. 

The roof structure is supported by the longitudinal 
sections, of which there are five, and the top longerons, 
which extend along the whole length of the roof, 
from the beginning of the aerofoil section and the 
engine mountings, to the point where they meet the 
bottom longerons at the rear of the body. The 
longerons and the five supporting T sections are bent 
to conform to the aerofoil shape, but the radius of 
curvature is not severe and this operation is easily 
performed on a simple roll bending machine to 
templet. The transverse roof stringers support the 
roof panels between the longitudinals and are con- 
structed of flanged channel sections, made from 
duralumin sheet, as are the vertical stiffening 
members which support the body side panels. It 
should be borne in mind, when considering the struc- 
ture, that the exterior skin panels are called upon to 
sustain a proportion of the aerodynamical loading 
and that the aeroplane is of stressed skin construction 
throughout. The floor is carried on the bottom 
corner longerons and five external longitudinal 
sections, in much the same manner as the roof struc- 
ture, but, as it is called upon to bear the loads 
imposed by the passengers and freight, the transverse 
supports, or stringers, are arranged in a different 
manner. Duralumin sheet is folded to form trans- 
verse corrugations and riveted to the longitudinal 
members and the sheets forming the exterior skin, 





BULKHEAD No. 1 IN COURSE OF ERECTION 


section riveted on to the duralumin sheet of which 
a panel is composed, the channel section also being 
made from duralumin sheet. The main purpose of 
No. 3 bulkhead is to give the necessary stiffness to 
the body by completing the box-like structure. 
The tail longerons are attached to the top two corners 
and extend thence to the bulkhead aft, No. 4. 

The engravings also show the arrangement of 
bulkhead No. 4. This bulkhead is built up from T 
sections, in a similar manner to the bulkheads pre- 
viously described, but the frame is shallow compared 
with its width, since it is the rearmost bulkhead 
of the body, which tapers off in side view, to complete 
the aerofoil section. This bulkhead is designed to 





as shown on page 592. This form of construction pro- 
vides rigidity combined with light weight. The 
corrugated construction for the floor extends from 
No. 1 bulkhead to No. 4 bulkhead, and also over 
the portion of the front of the machine used for the 
pilots’ compartment. 

It will be seen from the foregoing review of the 
structure of the fuselage that an extremely rigid form 
of construction has been adopted, and that, as a 
basic structure, full advantage has been taken of 
the unorthodox shape of the fuselage to obtain an 
efficient frame without a number of internal stiffening 
members which would otherwise hamper the design 
of the internal accommodation. 
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We will now turn to the structural methods used 
for the wing and tail planes, together with the tail- 
supporting booms. Dealing with the wing construc- 
tion first, the engravings on page 592 show a portion 
of the spars. Each wing is constructed with a front 
and rear spar, which are connected at intervals by 
the rib sections. The spars taper in depth from the 
point at which the supporting strut is attached 
to the wing tip and, as the loading becomes less 
the greater the distance from the strut point, so the 
section of the members of which the spar is built up 
is decreased. Each spar is constructed of a top and 
bottom T section, with the flanges at the appropriate 
angles to conform with the exterior shape of the 
aerofoil section, and these flanges are gradually 
tapered off as the wing tip is approached, in order to 
reduce the sectional area in accordance with the 
decreased loading, as explained above. The frame- 
work is very simple from the strut point to the wing 
tip, and is built on similar lines to those used, wherever 
possible, throughout the machine. The spar T 
sections forming the top and bottom booms are 
connected at intervals of about 22in. by T sections 
placed back to back, thus dividing the spar into a 
number of panels. These panels are filled in with 
duralumin sheet web, with three vertical stiffeners to 
each panel, the stiffeners being of flanged channel 
section, also constructed from duralumin sheet and 
riveted to the panel sheets through the flanges, 
as described previously. The wing spars are of 
essentially the same construction between the wing 
root and the point of attachment of the wing struts, 
but are braced by members extending from the 
point of attachment of the wing to the fuselage to 
the strut point since the spars are attached to the 
fuselage by the inner end of the top boom and the 
wing spar is attached to the strut at a point in the 
lower boom. Steel fittings are used to transmit the 
loads from the fuselage and struts to the wing spars. 





a stiffened box section at the rearmost bulkhead, 
this section extending forward to No. 3 bulkhead, 
where the lower part of the cross section becomes 
triangular. The engravings show the cross section 
of the boom supports at the rear bulkhead. It will 
be seen that the upper portion of the section is 
external to the fuselage and is faired off by an 
approximately semi-circular section of duralumin 
sheet. This fairing is part of the structure and is 
designed to take stresses. The lower sections of the 
booms are similarly faired where they emerge from 
the tail of the fuselage. The booms are made detach- 
able from the body sections at the rearmost point 
of the body, just aft of bulkhead No. 4. The structure 
of the booms and tail surfaces is very similar to 
that of the other portions of the machine, consisting 
of duralumin sheet external covering mounted on 
extruded sections for the longitudinal members, 
braced at intervals by built-up stiffening frames. 

One of the most interesting aspects of the design 
is thé great simplification of production methods which 
is possible when aircraft are constructed of a number 
of standard sections. Every component is built up 
on a jig and, for the most part, highly skilled labour 
is not required. Production of the British Burnelli, 
or ‘‘ Clyde Clipper,” aeroplane, has now commenced, 
but a period of four months was spent in manufactur- 
ing the necessary jigs and fixtures. They have been 
constructed for the most part of wood, strengthened 
with steel wearing parts and permit rapid assembly 
to take place with the assurance that each com- 
ponent is truly interchangeable and _ accurate. 
Hitherto, with the complicated structures employed 
in aircraft design, the use of jigs for rapid production 
has been necessarily limited, but it appears that, 
chiefly owing to the elimination of complex curva- 
tures to the parts, mass production methods, with 
their attendant advantages of speedy construction 
and reduced costs, can be profitably employed. Our 





300 r.p.m. The cylinder dimensions are 5}in. bore and 
Jin. stroke, and the engine is built as a self-contained 
wnit with a centrifugal water pump and a gear type oil 
pump, the complete unit, together with the hydraulic 
coupling, being mounted on the locomotive by’a three- 

int suspension system. The fuel injection system 
is of the solid injection type, by means of C.A.V. -Bosch 
fuel pump elements and nozzles, at a pressure of 1800 lb. 
per square inch; the compression pressure is 550 lb. 
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FIG, 3—PERFORMANCE CURVES 


per square inch, and the maximum gas pressure is 780 lb. 
per square inch, The engraving, Fig. 3, shows the curves 
for torque, power output, and the slip of the hydraulic 
coupling. 

Electric starting is adopted, using a C.A.V.-Bosch 
axial type ree seating motor, the pinion of which engages 
with teeth cut on the fly-wheel rim, and current for lighting 
and starting is supplied from 24-volt, 105-ampere-hour 
capacity batteries. A 24-volt C.A.V.-Bosch dynamo 
is used to charge the batteries and is driven by a “ vee ” 
belt from a pulley on the hydraulic coupling casing flange. 
The radiator is made with detachable sections and the 











Fic. 1—OI1L ENGINED LOCOMOTIVE 


The engravings also show the rib construction. Each 
rib consists of three panels, into which it is divided 
by the front and rear wing spar. The centre panel 
is made up of a top and bottom member of 20 gauge 
duralumin sheet, flanged at the upper and lower 
edges and eonnected together by flanged channel 
sections, which fulfil the double function of tying 
the members together and acting as stiffeners. The 
top flange on the sheet forming the top members is 
curved to conform to the exterior shape of the 
but the lower flange is made by a straight 


wing, 
folding operation; similarly, the lower sheet 
necessitates a curved lower flange. The methods used 


to produce these parts will be described at a later 
stage. The front panel consists of a single sheet 
with curved flanges top and bottom, and a vertical 
straight flange at the front, to accommodate the wing 
covering sheets. It is stiffened by a single diagonal 
channel section riveted on. The rear panel, which 
extends from the rear spar to the trailing edge of 
the wing, is built up in a similar manner from flanged 
sheet and channel section stiffeners. Stringers of 
channel section are used to take part of the load trans- 
mitted from the skin to the ribs. These stringers 
are not attached to the ribs in any way, except by a 
fiexible sheet metal bracket, which allows relative 
movement between the stringers and the ribs; they 
are riveted to the sheets forming the wing surface 
and have a clearance equal to the thickness of a 30- 
gauge sheet at the points where they meet the ribs. 
This special construction is adopted in order to 
ensure that the main ribs and spars take the propor- 
tion of the aerodynamical loading allowed for in 
the design, as it has been found that when the 
stringers are rigidly connected to the ribs and the 
wings are tested to destruction, the stringers fail 
before the spars are fully stressed. Using this 
method, the aerodynamical loading is transferred 


first from the skin to the stringers, and thence 
to the main structural members of the wing. This, 
however, does not occur until the wing has deformed 
sufficiently to take up the clearances. 

The tail-supporting booms are of uniformly 
tapering section in side view between the tail surfaces 
and the rearmost bulkhead. They are supported by 














visit to the works of Scottish Aircraft and Engineering: 
Ltd., showed that full production of the structure of 
the machine was taking place with a minimum 
amount of equipment. Simple machines, such as a 
band saw, a small rolling mill for bending the 
extruded duralumin sections to shape, a few small 
drilling machines, and compressed air plant for 
riveting and other operations, together with machines 
for cutting out sections of plate and flanging them, are 
all that are required. The flanging machine used 
was of interest, as it is capable of turning up a flange 
on a curved edge, such as is required for the panel 
sections of the wing ribs. The radius of curvature 
of all flanges and bends is sufficiently large to eliminate 
the necessity for heat treatment of any form. 

Assembly of the separate components, such as 
the four bulkheads, wing, boom, and tail plane frames, 
is carried out independently, the use of templets 
being required only for the bending of members 
to conform to aerofoil sections. Fixtures are per- 
manently set up in their correct relative positions 
for accommodating the four bulkhead frames around 
which the fuselage of the aeroplane is constructed. 
Wing spars are built up in a similar manner on jigs 
and then transferred to fixtures for completing the 
wing structure. 








Oil-Engined Locomotive. 


An oil-engined locomotive of the 0-6-0 type, as shown 
in the engraving, Fig. 1, has recently been built — 
delivered by Andrew Barclay, Sons and Co., Ltd., 
the order of Imperial Chemical Industries, Ltd., for its 
Nobels Explosives branch. The engine is fitted with an 
eight-cylinder Paxman-Ricardo engine, driving the three 
coupled axles through a Vulcan-Sinclair hydraulic 
coupling and a Wilson gear-box, giving speeds of 4, 8, 
and 12 m.p.h. in both directions, the tractive efforts at 
these speeds being 12,650 lb., 6660 lb., and 4210 Ib., 
respectively. 

The eight-cylinder oil engine, which is fitted beneath 
the bonnet as shown in Fig. 2, develops 180 B.H.P. at 
1100 r.p.m. as a traction rating, the idling speed being 











FiG. 2—EIGHT - CYLINDER ENGINE AND AUXILIARIES 


radiator fan is driven by a “ vee”’ belt from the forward 
end of the crankshaft. One of the sections of the radiator 
is used for oil cooling, and an immersion heater is fitted 
to keep the cooling water warm when the engine is idle. 
The flow of water through the radiator is controlled by a 
thermostat to ensure that the working temperature of 
the water is maintained under varying working conditions. 
Part of the cooling water is by-passed through a radiator 
in the cab for the comfort of the driver. 

Transmission of power is through the Vulcan-Sinclair 
hydraulic coupling of the rigid traction type and a flexible 
coupling to a Wilson gear-box having ratios of 3-07, 
1-58, and 1 to 1, which is built on to a reverse and final 
drive gear-box, incorporating a jackshaft. The drive is 
taken from cranks on the ends of the jackshaft to the 
rail wheels by means of coupling rods. The clutches 
in the Wilson gear-box are operated by compressed air 
and are controlled by a single valve in the cab, but the 
reverse gear is hand operated. The normal speed control 
operates through the governor and maintains the engine 
speed at any predetermined value between the idling 
and maximum s§ , irrespective of load variations, 
and it is claimed that there is no tendency for the engine 
to race when the load is reduced or the clutches di d. 
An independent control is connected directly to the fuel 
pump to stop the engine, or for use in case of emergency. 
A tachometer, of the British Thomson-Houston electric 
generator type, is situated in the cab, the engine speed 
being indicated by means of the generator, which is driven 
from the fuel pump shaft. A red warning light, inter- 
connected with the electrical circuits, lights up auto- 
matically should the lubricating oil pressure fall below 
7 lb. per square inch. All control levers are duplicated 
on each side of the cab, so that the driver can operate the 
locomotive from either side. Westinghouse air brakes 
are fitted and also a spare air compressor for use in 
emergency. The air for operating the gear-box controls 
is supplied from the brake compressors, through a reducing 
valve. The tank capacity is 100 gallons of fuel oil, and 
the weight of the locomotive, in working order, is 
29 tons, 10 cwt. 











Execrriciry 1v Minina.—In the course of their recent 
paper before the South Wales Institute of Engineers, 
Messrs. B. L. Metcalf and J. Hancock gave a table of com- 
parative costs from a colliery which has recently replaced 
compressed air with electricity as a power medium. The 
table showed that there had been a direct saving of 3-4d. 
per ton effected by, the change over. 
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Rail and Road. 


“THE Coronation Scor.”—The L.M.S. Railway Com- 
pany announces that the new high-speed trains to be 
introduced in each direction between London and Glasgow 
on July 5th, hauled by streamlined locomotives and per- 
forming the journey in 6} hours, will each be known as 
‘ The Coronation Scot.” 

Recorp Lonpon Transport FicurEes.—During the 
main period of the Coronation celebrations, London's 
underground railways during forty-six hours of continuous 
service carried over 5,669,000 passengers. Throughout the 
period trains ran within 4 min. of their sched time, 
und no accidents were recorded. 


Roap AccipEents Durina Aprin.—According to the 
returns of the Minister of Transport, there were 462 people 
killed and 17,014 injured on the roads of this country 
during the month of April. These figures compare 
favourably with those for the corresponding period last 
year, which were 497 and 17,802 respectively. 


A New Inp1an Rartway.—Permission has been given 
by the Government of India for the construction of a metre- 
gauge railway by the Bikanir State Railway Adminis- 
tration from Sadupur, a station in Bikanir, to Rewari, 
on the B.B. and C.ILR. The new line will pass 
through Bikanir, Loharu, Nabha, and British Indian 
territories, a distance of about 85 miles. 


DeatH oF Sm Henry BircuenovucH.—We regret to 
note the death of Sir Henry Birchenough, who died in 
London on Wednesday, May 12th, at the age of eighty-four 
years. In addition to his many other interests in South 
Africa, Sir Henry was chairman of the Beira Railway Com- 
pany, the Mashonaland Railway Company, the Rhodesia 
Railways Trust, Ltd., and the Shabani Railway Company. 


NorTHEeRN InELAND Transport Boarp.—A Transport 
Appeal Tribunal has been appointed by the Governor of 
Northern Ireland. The Tribunal will be Mr. J. C. 
MacDermott (Chairman), Mr, W. H. Fitzsimons, and Mr. 
J. Pike. Amongst its functions will be the consideration 
of opplieniens for the revision of any rates or fares charge- 
able by the Board or any railway company, or 
for the modification of any conditions applicable to such 
fares or rates, or for the revision of charges made in connec- 
tion with the carriage of goods. 

BLiacKwaLL TUNNEL ImMPROVEMENT.—The Highway 
Committee of the London County Council has prepared 
a scheme for improving the ventilation of Blackwall 
Tunnel. This scheme which is estimated to cost £20,500, 
provides for the installation of six additional fans, the 
replacement of two of the existing fans by two of a larger 
capacity, and for the enlargement of the air vents and one 
of the air intake shafts. It is stated that since most of 
the present fans were installed in 1929 the motor traffic 
passing through the tunnel has almost doubled, and is 
still increasing. 

New APPROACH TO ABERDEEN.—The 400-years-old 
Bridge of Dee, now in a weak condition, is to be relieved 
of much of the heavy traffic entering Aberdeen by the 
building of a new approach to the city from the south. 
As a first step it is proposed to build a new road and widen 
the existing Whinhill-road on the north side of the Dee at 
a cost of over £19,000, These roads, which will have dual 
carriageways and footpaths, will link up the proposed 
new bridge over the Dee at Allenvale-road with the Stone- 
haven-Fraserburgh-road, which passes through the heart 
of the city. The Bridge of Dee, a seven-arch structure, 
was begun in 1518 and finished nine years later. 


L.M.S. ApporntmENTs.—The following appointments 
have been approved by the directors of the London, 
Midland and Scottish ilway Company :—Mr. 8S. W. 
Spendlove, assistant (telegraphs), Manchester, to be 
divisional signal and telegraph engineer, Manchester ; 
Mr. K. C, Marrian, resident engineer, engineering depart- 
ment, Liverpool (Central), to be district engineer, Man- 
chester (Ex); Mr. M. Harbottle, draughtsman, engineer- 
ing department, Edge Hill, to b. canal assistant, Crewe ; 
Mr. R. L. Millward, outdoor assistant to divisional super- 
intendent of operation, Crewe, to be assistant divisional 
controller (freight services), office of divisional superin- 
tendent of operation, Crewe. 


REBUILDING oF YorRK Sration.—In connection with 
the rebuilding and extension of York Station, the London 
and North-Eastern Railway Company has placed a con- 
tract with Dorman, Long and Co., Ltd., of Middlesbrough, 
for the steelwork required for the new footbridge, lift 
framing, and the platform roofs for the new portion of the 
station which is to be built to the west of the existing 
station building. York is one of the busiest junctions in 
Great Britain, over 120 through trains being dealt with in 
the course of a day, in addition to those terminating at 
and starting from there. The number of platforms will be 
increased from fourteen to sixteen, and the new platforms 
will each be 1180ft. long. For dealing with luggage and 
parcels traffic, six new electric lifts are to be installed. 


Highway DEVELOPMENTS IN LEICESTER.—A grant of 
more than a quarter of a million pounds has been made by 
the Minister of Transport towards the cost of an important 
highway development scheme in the city of Leicester. 
The scheme includes the construction of a new road, 100ft. 
wide, through a densely built-up area consisting mainly 
of old properties. Cutting across the city in a north- 
westerly direction the road will link up St. Nicholas-street 
on the great cross-country route known as A.47, with 
Foundry -square, on the London-Carlisle road, thus enabling 
traffic to avoid the roads meeting at the Clock Tower, 
which is the central point of the borough. The road will 
have two 30ft. carriageways, separated by a 1O0ft. central 
reservation, and two flagged footpaths, 15ft. wide. In 
addition, the scheme provides for the reconstruction of 
Friars-causeway to a width of 50ft., with a 30ft. central 
carriageway and footpaths, and the building of a new 40ft. 
street between Peters-lane and Causeway-lane, with a 





24ft. carriageway and footpaths.. These works are esti- 
mated to cost altogether more than £460,000, and will 
probably take between three and five years. They form 
_ of a larger plan of improvements in the heart of 
the city. 


Miscellanea. 


Wrrexess Licences,—During April there was a net 
increase of 50,041 in the number of wireless licences in this 
country. There are now 8,177,677 licences in force in the 
country. 


BLAST-FURNACE TO BE DisMANTLED.—The blast-furnace 
plant at the works of the Glasgow Iron and Steel Company 
at Wishaw, has been purchased by Thos. W. Ward, Ltd., 
and it is to be dismantled and scrapped. 


South ArricaN Mines EXPENDITURE ON STORES.— 
D 1936 the mines in the Union of South Africa spent 
a total of over 29 million pounds on stores and equipment 
of all kinds. Of this amount, the purchase of the Trans- 
vaal mines accounted for over 28 million pounds. 


BaxkeE.itE Movips.—Moulds cast in beryllium-copper 
containing 97-5 per cent. electrolytic copper and 2-5 per 
cent. beryllium are giving excellent results, states an 
article in Bakelite Progress. One of these cast moulds 
recently produced 3000 pieces without noticeable wear. 


Liquip Hertrum.—Liquid helium was recently obtained 
in the Soviet Union from a helium liquifier designed by 
Professor P, L. Kapitsa, and installed in his Institute of 
Physics at Moscow. Professor Kapitsa is now designing 
another helium liquifier with a capacity of 9 litres per hour. 


Cotitierres REOPENING IN Soutn Watzs.—It is 
announced that the Mardy Colliery of the Amalgamated 
Anthracite Company, Ltd., in the Swansea Valley is to 
be reopened. Reports also state that two other collieries 
in the same area, the Steer and the East pits, are being 
re-equipped, and will open soon. 

Toryo Water Suprrty.—Work is shortly to begin on 
the construction at Ogochi, in Japan, of the largest reser- 
voir in the Far East. It is intended to supply the increas- 
ing demand for water for the growing population of 
Tokyo. When completed, the reservoir will be capable of 
supplying the city with 1000 million gallons of water a day. 


Hypro-etgctric DEVELOPMENT oF St. LAWRENCE 
River.—The annual report of the Power Authority of 
the State of New York states that within the next ten 
years the State will be faced with a serious shortage of 
cheap power unless the power resources of the St. Lawrence 
and Niagara rivers are not fully developed at once. It 
has been found that if these two rivers are not developed, 
it will be necessary to obtain the power from steam plants 
at an annual excess of cost over hydro-electric develop- 
ment of at least 27 million dollars. 


Propuction or Catcium CarBipE.—Any rsons 
desirous of ing the production of calcium carbide 
and of submitting their scheme for that purpose for con- 
sideration by the Calcium Carbide Committee which has 
been set up by the Government should communicate 
with the Secretary to the Committee at 2, Whitehall- 
gardens, 8.W.1, by May 24th, from whom they will receive 
particulars as to the method of submission of the scheme. 
The complete scheme or schemes, prepared in conformity 
with the instructions which will be furnished by the 
Secretary, must reach the Secretary not later than June 7th 
next. 


Mine Surface SUBSIDENCE PREVENTION.—The engi- 
neers of the Lockhead Colliery, Wemyss, Fife, are experi- 
menting with a new method of preventing surface subsi- 
dence, the extraction of tons of coal at present left under- 
ground, and the removal of pit redd bings. As described 
in Coal and Colliery News, the method will consist of a 
rock crushing plant at the pithead, which grinds the redd 
bings into fine powder. The crushed stone will then be 
forced through conduit pipes by compressed air and 
suction plant to the furthermost point und from 
which coal has been taken. Here the force of the blast 
will tightly pack the dust into the space left by the removed 
coal, The dust. solidifies and prevents the mine roof 
dropping and permits the removal of the masses of coal 
left as supports. The method has been in use in Germany 
for some time and is said to have greatly reduced surface 
subsidences. 


RUBBER - LINED Founpry Puiant.— An interesting 
feature in American modern foundry practice is the 
use of india-rubber lining for tumbling barrels, in which 
small and light castings are cleaned. A prepared grade, 
termed “‘‘ Armorite,” is used, about jin, thick, with an 
extra strip at the door opening to take the wear 
and tear due to discharging the castings through the door. 
In one case where the }in. steel liners of 3ft. tumbling 
barrels had a life of twelve to eighteen months, the rubber 
liners have lasted more than thirty months, and breakage 
was reduced from 2 per cent. to less than one-half of 1 per 
cent. Another use of rubber is for the tables of sand 
blasting machines for cleaning castings. Where cast iron 
grids costing about £6 per set had an average life of three 
months, the ‘“ Armorite” covering, jin. thick, has 
showed no signs of wear after eighteen months. As a 
result of this experience, the entire blast chamber was 
lined with jin. rubber on the bottom, while at the sides 
and ends were sheets of jin. rubber hanging loose like 
curtains, being attached only at the top. 


INTERNATIONAL INSTITUTE OF ELECTRIC HEat.—On the 
occasion of the sixth Congress of the Union Internationale 
des Producteurs et Distributeurs d’Energie Electrique, 
held at The Hague last year, the opportunity was taken 
by the Dutch Institute for Electric Heating and Electro- 
chemical Applications to hold an International Congress 
of supply engineers, manufacturers, and users interested 
in these industrial applications of electricity. At this 
congress it was decided to form an International Institute 
of Electric Heat and Electro-chemistry and to hold a 
congress every year. Representations were made to the 
Electrical Development Association Council that the 
Association was the proper body to organise a British 
National Committee to work in conjunction with the 
International Institute, and after..consideration a very 
representative committee was appointed and held its 
first meeting on May 3rd. Captain J. M. Donaldson, 
general manager, North Metropolitan Electric Power 
Supply Company, was elected chairman, and Dr. T. Settle, 
manager of the Industrial Heating Department, Generai 





Electric Company, vice-chairman of the new body. 





Air and Water. 


New Pouise Destroyrers.—The first of the two Polish 
destroyers being built at Cowes by J. Samuel White and 
Co., Ltd., has been handed over. Named the ‘‘ Grom,” 
this ship is 374ft. long with a beam of 37ft., and she 
recently passed her acceptance trials, Her sister ship, the 
“ Blyskawica,” is being completed. 

New Scottish SEAPLANE SERVicE.—At the end of 
June a new service is to be opened by the West of Scot- 
land Air Services between Greenock and Stornoway, 
with intermediate stops at Mull and Skye. Captain Glyn 
Roberts, the managing director of the company, hopes 
eventually to extend the service to Oban and Fort 
William, by Loch Linnhe. 

Lonpon’s Sxrprinc.—During the week ended May 7th 
1348 vessels, representing 1,164,482 net register tons, 
used the Port of London. Of these, 560 vessels, 915,527 
net register tons, were to and from Empire and foreign 
ports, and 788 vessels, 248,955 net register tons, were 
engaged in coastwise traffic. 


Arm Mart Trarric.—The Postmaster-General announces 
that, during the quarter ended March 31st last, the weight 
of air mails carried on Empire services was 90,400 Ib. and 
on other extra-European services 8200 lb. The weight of 
air mails carried from this country to Europe during the 
quarter amounted to 118,000 lb., an increase of 168 per 
cent, over the corresponding quarter last year. 

WeEtpinc iy Sure ConstRucTion.—At the annual 
meeting of the National Council of American Shipbuilders, 
the President, Mr. H. G. Smith, said that welding in ship 
construction made considerable strides during 1936. 
Welding in the construction of large-sized steel barges, he 
said, was no longer the exception, but rather the general 
practice. There are now actually under construction 
large oil tankers which would be almost completely welded 
inside and out. 

New York To Paris Arr Race.—Twenty-two machines 
have entered for the New York Paris air race. Of the 
entries, three are British, three are from the United States, 
four from France, two from Roumania, rine from Italy, 
and one from Sweden. The United States Department of 
Commerce has declined to issue licences to the competing 
machines, and it is reported that the French authorities 
may arrange to start the race from another country, 
should permission to start the machines be withheld. 


New Inpran Arr Services.—There is shortly to be 
inaugurated a new daily air service between Bombay and 
Bhavnagar and other Kathiawar States. The operating 
company, Air Service of India, Ltd., will have five six- 
seater machines. The route will be vid Surat and the 
175 miles will be covered in 1} hours, as compared with the 
present land route of 22 hours. A service from Bhav- 
nagar will extend to Ahmedabad and feeder services from 
the former town will serve Rajkot, Navanagar, Porbunder, 
and Junagadh. 

New Armcrarr Company.—A new company with a 
capital of £250,000 has been formed to develop and manu- 
facture controllable and variable pitch airscrews. Rolls 
Royce, Ltd., and the Bristol Aeroplane Company have 
co-operated in the formation of the new company, which 
will be known as Rotol a, Ltd. Each of the parent 
companies has been engaged for some years past in 
ser and experimental ion of airserews, and 
the new company will now pool the results of this work 
with a view to continued research and production on a 
large scale. 


Lance Suction Dreperers.—The first of two big 
suction dredgers built for the improvement of the United 
States inland waterways system, to the order of the 
United States Corps of i . has been launched. 
The vessels are of the cutter head type, and each is fitted 
with a 20in cutter and a dredging pump capable of forcing 
dredged material through 3000ft. of pi with a 25ft. 
lift. The pump is driven by a 1000 H-P. oil engine and 
under ordinary conditions 1500 to 2000 cubic yards of 
material may be per hour. Each vessel is pro- 
pelled by two 500 H.P. oil engines. 

SHIPBUILDING OrDERS.—Another 11,050-ton motorship, 
similar to the ‘‘ Dunera,” has been ordered from Barclay, 
Curle and Co., Ltd., by the British India Steam Navigation 
Company. Two tankers, 400ft. long, with a deadweight 
capacity of 12,000 tons, have been ordered by the British 
Tanker Company, Ltd., from Cammell Laird and Co., 
Ltd. Orders for two 3000-ton cargo —— have been 
placed with Alexander Stephen and Sons, Ltd., by the 
P. and O. Steam Navigation Company, Ltd. The Eller- 
man’s Wilson Line, Ltd., has ordered a 4300-ton dead- 
weight cargo ship from William Gray and Co., Ltd. 

Navat Dockyarp Accounts Report.—In his report 
on the Dockyard expense and manufacturing accounts 
for the year ended March 3ist, 1936, the Comptroller 
and Auditor General shows that the pro e of 
shipbuilding, &c., presented to Parliament with the Navy 
Estimates for 1935, and revised by the Supplementary 
Estimate of February 12th, 1936, provided for expenditure 
of £25,123,468. The actual expenditure, £24,648,693, 
was less than the revised Estimate by £474,775. Charges 
for new construction were less than estimated by £65,580, 
and for stores for maintenance by £521,840; allocations 
to fleet, port, national, and unappropriated charges were 
£119,531 more than estimated. 

Sussrpistiye JAPANESE Surpprnc.—A_ subsidy has 
been granted by the Japanese Government on a four- 
year programme for the construction of liners. It 
is stated in the Journal of Commerce that two 
13,000-ton ships for the Osaka Shosen Kaisha South 
America—Atlantic service will be the first constructed 
under the subsidy. Company officials have already 
signed a contract for the construction of the two ships 
at 9,000,000 yen each at the Nagasaki yard of the 
Mitsubishi Heavy Industries Company. They are to be 
completed in 1939.- The Nippon Yusen Kaisha will receive 
a 20,180,000 yen grant for.the construction of seven ships 
totalling 94,000 tons, and the Osaka Shosen Kaisha 
12,320,000 yen for the construction of five ships aggregat- 





ing 56,000 tons. 
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MODERN FOUNDRY EQUIPMENT. 


In our next number a Special 32-page illustrated 
Supplement devoted to Modern Foundry Equipment 
will be included. It is divided into three main sections 
dealing respectively with British, American, and 
Continental practice and opens with an introduction 
by Mr. J. E. Hurst. 








THE NAVAL REVIEW AT SPITHEAD. 


Tuat the Navy should play a prominent part in 
the celebrations attending the Coronation of a 
British sovereign is eminently fitting. Sea power 
is still the main prop and buttress of our oceanic 
Commonwealth, just as it remains the only prac- 
ticable means of linking together the scattered 
communities which pay common allegiance to the 
Throne. Despite the extraordinary progress made 
with the science of aviation, the march of time 
merely emphasises the ultimate dependence of the 
whole Commonwealth on sea trade and naval 
power for its prosperity and corporate existence. 
Not the least of the virtues of King George VI 
in the eyes of his peoples at home and overseas is 
that he spent his youth in the naval service, absorb- 
ing its traditions of discipline, self-control, and 
devotion to duty. As a junior officer in H.MS. 
“ Collingwood,” he was second in command of one 
of her 12in. turrets when she went into action at 
Jutland, acquitting himself with the sang froid 
“ quiet efficiency which we have since learnt to 

t of him on all occasions. For these reasons, 
the Royal Navy holds the new King, as it held his 
revered father, in a special affection which has 4 
distinctly personal touch. It knows, too, that the 
welfare of the Navy will be in safe keeping through- 


»}and destroyers, 


*limportant respects. 








out the present reign, the beginning of which 
happily coincides with the first stage of a great 
effort to restore the floating defences of the Com- 
monwealth to their former standard of pre- 
paredness. 


Several years must pass before the large pro- 
grammes of new construction now in train come 
to maturity. It follows, therefore, that the Fleet 
which the King saw at Spithead offers no indication 
of what Britain’s strength at sea will be in the fifth 
decade of this century, when, if the world’s peace 
providentially remains unbroken, we shall again 
have a reserve of power sufficient to keep our trade 
routes safe and our territories inviolate. Already 
the programme of naval rearmament has produced 
a salutary reaction in quarters where the legend of 
British decadence was tending to encourage adven- 
turous policies detrimental to peace. We cannot, 
however, justly blame those foreigners who drew 
what they thought to be the logical inference from 
the spectacle of Great Britain continuing to neglect 
her defences long after the rest of the world had 
embarked on a new armaments race. Nevertheless, 
had they been more familiar with British history, 
they would have been spared their present dis- 
illusionment. It is the incorrigible habit of our 
people, after every period of war, to set the pace 
in converting swords into ploughshares, regardless 
of what their neighbours may be doing. And 
almost invariably those neighbours fall into the 
error of assuming that we have become soft, supine, 
and indifferent to our heritage. The situation 
to-day is not dissimilar from that of fifty years ago 
when, almost by a stroke of the pen, the strength 
of the British Fleet was doubled by the Naval 
Defence Act of 1889, bringing to naught the 
laboured efforts of certain Continental States to 


5| grasp the trident which, -.as they fondly believed, 


was slipping from our nerveless grasp. It is 
devoutly to be hoped that history will so far repeat 
itself as to confer on Europe the same boon of 
twenty-five years of peace that followed the great 
legislative measure of 1889. 

In numbers, the Fleet which the King reviewed 
at Spithead yesterday was impressive, comprising 
as it did nearly 140 units. These included 
eleven capital ships, four aircraft carriers, three 
heavy and fourteen light cruisers, fifty-five leaders 
and twenty-two submarines, 
besides auxiliary craft, such as escort vessels, 
minesweepers, and surveying vessels. Quantita- 
tively therefore it was an imposing muster, but 
qualitatively it fell below standard in several 
Of the capital ships, only 
the two “Nelsons” are of post-war design, 
and they—“ Nelson ”’ and “‘ Rodney ’—were laid 
down over fourteen years ago. It may be 
startling, but none the less true, to assert that 
the British Navy does not as yet contain a 
single up-to-date capital ship, though the situ- 
ation is mitigated by the virtual absence of 
modern construction in the battle fleets of 
other Powers. If we omit the German vessels 
of the “ Deutschland ”’ class, which are powerful 
armoured cruisers rather than battleships, the only 
modern battleship afloat to-day is the French 
“‘ Dunkerque.” Very different will be the position 
a few years from now, when the capital units 
building or projected by the United States, Japan, 


*| France, Germany, and Italy—thirteen or fourteen 


in all—pass into service. But by that time our 
five ships of the “ King George V”’ class will be 
available, while an equal number of still stronger 
units should be under construction here. On the 
whole therefore the balance of power promises to 
be maintained in regard to capital ships. Of the 
four aircraft carriers at Spithead, only the 
“* Hermes ” was originally designed and built for 
aviation purposes, and that was nearly twenty 
years since. The converted carriers “ Furious,” 
“* Courageous,”” “Glorious,” and “Eagle” are 
still older, and in spite of the many expensive 
refits they have undergone, they are becoming 
obsolete. Eventually, however, they will be 
relieved by the five magnificent ships—‘‘ Ark 
Royal,” 22,000 tons; “Illustrious,” “ Victori- 
ous,” “ Formidable,” and ‘“‘ Indomitable,”’ 23,000 
tons—now building or on order, and at the same 
time the Fleet Air Arm will have reached a strength 
of more than 400 machines, as compared with the 
217 it now possesses. Few modern cruisers were 
on view at Spithead, the most noteworthy being 
the 9000-ton ‘‘ Southampton ” and “‘ Newcastle.” 
Eight further ships of this useful type are in hand, 
three of the later units displacing 9300 tons and 
the last pair 10,000 tons. The speed of 32 knots 
might be deemed inadequate but for the well- 
known fact that British warships, unlike some 
foreign contemporaries, are able to attain and 





often to exceed their trial speeds in actual service 
conditions. The armament of twelve 6in. guns is 
sufficiently powerful, besides being excellently 

These ten ships will be a most valuable 
addition to our force of ocean cruisers, which at a 
later date will be further increased by five ships 
of the new 8000-ton “‘ Fiji ’’ class, probably mount- 
ing nine 6in. guns. Nor must it be forgotten that the 
four big cruisers of the “ Hawkins” type, nearly 
10,000 tons and still good for 30 knots, are about 
to be modernised and rearmed with nine 6in. guns. 
Incidentally, the seven cruisers of the “ Dido” 
group, ordered recently, have been publicly 
criticised on the score of their marked inferiority 
to all foreign cruising vessels now building. Dis- 
placing only 5300 tons, the “ Dido ” is assumed to 
have an armament of six 6in. guns and a of 
324 knots, though we believe the actual contract 
speed to be very much higher. The ships are 
designed to serve as Fleet scouts, or, alternatively, 
as flotilla flagships, and it may be argued that for 
this duty moderate size and light armament are 
to be preferred. It remains true, however, that were 
the ‘‘ Dido ” and her consorts detached from the 
battle fleet to work independently as convoy 
escorts or trade route patrols, they would be liable 
to be overwhelmed by the larger and more heavily 
armed cruisers which every major foreign navy is 
now building. The only representative of the 
modern small cruiser class at Spithead was the 
** Galatea,” of the ‘‘ Arethusa’”’ class. These 
ships have proved most successful, not least from 
the engineering point of view, and their design has 
no doubt inspired that of the “Dido” group. 
Altogether, twenty-one cruisers are at present 
building or about to be ordered, a refreshing con- 
trast to the position obtaining a few years since, 
when the process of starving the Navy was at its 
height. 

The newest destroyer in the Review Fleet was 
the “Icarus,” delivered from Clydebank early 
this month. She and her sister boats of the 
“ Intrepid ” class, 1350 tons, are the last medium- 
size destroyers likely to be ordered for some time. 
Under stress of foreign competition, the Admiralty 
has been compelled to adopt larger dimensions, 
and of the forty destroyers ordered since the 
“Intrepid ” class, the sixteen “ Tribals” are of 
1850 tons and the twenty-four “J,” “K,” and 
“L” vessels of 1650 tons. The first seven 
“ Tribals ’’ are due for completion next March. 
The largest torpedo craft ever built for the Royal 
Navy, they have a contract speed of 36 knots and 
an armament of eight 4-7in. guns, with only four 
torpedo tubes. These characteristics stamp them 
as having been designed primarily as “ fleet gun- 
boats,” to hunt down and overwhelm enemy 
destroyers, rather than to launch torpedo attacks 
themselves. Turning to submarines, the big high- 
speed cruising type represented at Spithead by the 
“Thames,” “‘ Severn,” and “Clyde,” is appa- 
rently not to be perpetuated, probably because 
these vessels are too expensive. The largest sub- 
marines in the current programme are the mine- 
layers “ Cachalot ” and “ Seal,” 1520 tons. Next 
in size are the twelve patrol submarines of the 
“ Triton ”. class, of 1100 tons, and lastly, five coastal 
boats of about 670 tons. It would appear therefore 
that submarine construction is to be confined for 
the present to these three types—minelaying, 
patrol, and coastal. 

From this summary of new construction, 
it will be seen how powerfully the Fleet is 
to be reinforced within the next few years, 
and why the assembly at Spithead merely fore- 
shadowed the strength which Great Britain will 
eventually develop at sea. On May Ist the con- 
struction in hand or authorised comprised ninety- 
nine combatant ships—five capital ships, five air- 
craft carriers, twenty-one cruisers, forty-nine 
destroyers, nineteen submarines—with an aggre- 
gate of 545,465 tons, without counting forty-nine 
miscellaneous units, such as patrol and escort 
vessels, minesweepers, depét ships, and motor 
torpedo boats. If this country started late in 
respect of naval rearmament, it is certainly making 
up for lost time. 


Overwork. 


A FEW weeks ago we discussed, in connection 
with a speech by the Prime Minister, the question 
of nervous breakdown in factories. We were 
able to show that whilst amongst the operatives 
in engineering works nervous disorders weré 
rare, and could: generally be attributed to 
external and domestic causes, on the admini- 
strative staffs of works nervous breakdowns 
were more common. Since then we have 





received evidence which forces upon us the 
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conclusion that the nervous strain endured by 
some members of the staff is becoming a matter 
for serious consideration. A remarkable feature 
of the testimony is that without exception it has 
come to us, not from the actual sufferers, but from 
those holding senior positions to them. Most of 
the witnesses attribute the malady to overwork, 
and more than one of them have told us of the 
endeavours they make to limit the hours of staff 
workers. But despite all efforts, it appears that 
disorders of various kinds, rather loosely classed 
as nervous-breakdown, are of commoner occur- 
rence in large works than we should have 
expected. 

The subject is not one that we willingly discuss. 

We approach it with diffidence, because, on the 
one hand, we feel that it may be distasteful to 
those who have broken down, and particularly 
those who are most zealous and conscientious, 
and, on the other, because there is always a certain 
amount of danger of “ putting ideas into people’s 
heads,” as the familiar saying goes. But in view 
of Mr. Baldwin’s speech and the significance of the 
evidence we have received, we are driven to the 
conclusion that the matter calls for attention. 
We have hinted at one of the difficulties it 
presents, the difficulty of diagnosis, if it may 
be so called. It appears that all sorts of 
bodily ailments may be attributed to overwork, 
and that an actual failure in the nervous system 
is not necessarily the symptom which calls for 
medical attention. Doctors, as we all know, 
generally include rest as part of the treatment 
of persistent disorders, and from that fact there 
may have arisen the idea that the complaint 
is due to overwork. As a matter of fact, we 
should not be surprised to hear that man’s capacity 
for steady work is, in normal individuals, so con- 
siderable that breakdown under the loadisrare. It 
is only when work disorders meal times or inter- 
feres with sleep, that it begins to affect the digestive 
and re-creative functions, and may lead to symp- 
toms broadly called “nervous breakdown.” We 
suggest that if the principals of firms insisted 
on r and complete breaks at meal times 
and prohibited overtime after a reasonable 
hour, the number of failures might be reduced. 
It is, unfortunately, a bad aspect of the works 
canteen that by keeping men on the spot they may 
be reached at any moment by telephone or mes- 
senger. Such interruptions should, we submit, not 
be allowed. In some works in America it used, 
and may still be, possible to see a blackboard 
set up in the luncheon room and _ technical 
discussions were actually encouraged during meal 
times. That is, or was, a bad example of 
misplaced zeal. The brain needs a complete 
periodical rest as much as the body does. The 
half hour after the mid-day meal should be given 
up to light reading, light conversation, light 
games ; it should be a period of re-creation and 
digestion. Another practice against which some 
directors tell us they have to battle is that of taking 
work home. Though that may, on occasion, be 
unavoidable, it ought, we again suggest, to be dis- 
couraged as a general habit. Finally, we venture 
to hint with great diffidence that attacks of nervous 
breakdown may be brought about by lack of con- 
sideration on the part of those in authority and a 
lack of organisation on the part of the sufferers 
themselves. If a busy man is called hither and 
thither by his superiors, so that the continuity of 
his work is being constantly broken, his rate of out- 
put will be so reduced that he will be obliged to put 
in extra hours of work or witness the piling up of 
arrears. It is a remarkable fact that whilst great 
care is devoted in modern works to means of facili- 
tating the duties of operatives, and interference 
with their work is severely discountenanced, far 
less care is taken to secure equal conditions for 
those whose service is performed with their 
brains. 

But when all is said and done, nervous break- 
down will occur amongst those who are tempera- 
mentally disposed to it. Whether the number of 
such individuals is greater than it used to be, or 
whether the conditions of administrative work 
have been made more trying by the devices intro- 
duced to facilitate it could not be said without a 
close statistical examination. We. know that in 
the past far longer hours were worked than are 
common to-day, yet no one even thought of 
nervous breakdown then—the term was unknown. 
Possibly the law of the survival of the fittest 
operated more rigorously in those days than it 
does now, and all who were unable to bear 
the stress were soon wiped out and forgotten. 
On the other hand, it is possible that stamina 


conditions—not the industrial conditions alone— 
of life. These things we do not know, and 
it would seem that a careful examination of the 
whole matter may be necessary, unless, to mention 
an extreme improbability, the evidence we have 
received is not truly representative. 








Letters to the Editor. 
(We do not hold ourselves responsible for the opinions of our 
correspondents.) 


THEORY OF DIMENSIONS. 


Srr,—It is only recently that I have had an opportunity 
of reading’ Dr. Lanchester’s book on ‘‘ The Theory of 
Dimensions,” and I find that in an appendix he devotes 
nearly two pages to discussing the errors of a certain 
““Mr. Q.’’ I believe that I have the honour to be the man 
referred to, and I should be glad if you would give me 
an opportunity to reply, I appreciate Dr. Lanchester’s 
kindness in keeping my incognito, but I prefer to come out 
into the open. 

There are so many points in the book which are open to 
criticism that Ican only take one or two of them as 
examples. The trouble seems to begin on page 26, where he 


eZ 
quotes a formula F=-- and proceeds to show its 


absurdity, but where did he get it from ? Dividing a mass 
by an acceleration is sheer rubbish, and I have only seen 
it, and that very seldom, in a student’s paper, which I have 
immediately marked 0, so I decline to be associated with 
it in any way. The correct formula is 
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the dimensions coming right as a matter of course. 

More than once the author insists that a pair of scales 
is a mass comparator, which is plainly not the case, for it 
is the forces at the two ends of the beam that balance, 
and the instrument can only be used as a mass comparator 
if the strength of the gravitational field is the same for 
both pans. When using his balance as a mass comparator, 
I hope the author places the beam east and west, and not 
north and south, because the earth’s gravitational field 
varies all the way from the equator to the pole. The error 
may be small, but it settles the theoretical point. 

On page 34 the author says he has never seen a slug 
weight, neither have I ever seen a poundal mass; I am 
inclined to think that both of them look rather like a 
Snark, but I have no reliable information on the point. 
Advocates of the slug are said to be confused thinkers, but 
perhaps the above points show that confused thinking is 
not their sole prerogative. §40 on page 38 is beyond 
comment in this respect. It is sufficient to point out that 
work is the overcoming of a force and not the moving of a 
mass, and the ‘‘ practical man ”’ is well aware of this. 

When dealing with questions of acceleration, four units 
are required: force, mass, length, and time; and it is 
eminently desirable for them to be so related that unit 
force acting on unit mass produces unit acceleration. 
With four variables and only one equation three variables 
ean be chosen arbitrarily, and the fourth must be calcu- 
lated, and it does not matter which three are chosen. In 
any case all four have to be fixed ultimately, and they are 
all of equal importance, no step-children in the family. 


length and time it follows that there must be a definite 
relation between the other two, the units of force and 
mass, whatever system is adopted, this relation being 
that the weight of the unit of mass must equal g units of 
force, and this holds true whatever the value of g may be. 
To guide us in choosing the actual units to be employed 
there is the standard pound in London, and one system 
uses the quantity of material in it as the unit of mass, 
and from that calculates the unit of force, the poundal, 
which is inconveniently small, but that is no great matter. 
The other system uses the weight of the pound in London 
as the unit of force, and from that calculates the unit of 
mass, which is the quantity of material that weighs 
32-191b. in London. Both systems are perfectly sound 
and logical, but the first system has to contend against 
what I may call the vested interest of the pound as a force, 
which is so strongly entrenched in the compound units of 
pressure, stress, work, horse-power, &c., that it is impossible 
to eject it; even the author has to admit that he cannot 
use the word poundal in the works! Presumably, there- 
fore, he has two separate compartments in his brain, and 
shuts one and opens the other every time he passes through 
his office door, and I cannot think that this is a habit to be 
encouraged. With the second system the word pound 
always means a force, whether it is used in the office or in 
the works, and whether it is written pound or lb., surely a 
much more sensible and straightforward way of doing 
things. 

On more personal points I am quoted in the appendix 
as speaking of an acceleration of one foot per second ; 
I am quite sure that I never said anything of the sort, but 
I hope it is only a misprint, and as to the word “ slug,” 
I do not use it myself because it sounds slimy and horti- 
cultural, both of which qualities I dislike. Unit of mass 
is not an inspired name, I admit ; but it is a plain straight- 


If the foot and the second are taken as the units of | pa 






In conclusion, may I say how much I admire the book 
as a whole ; it is a pity that such an excellent work should 
be marred by the author's lamentable infatuation for that 
abortion the poundal. I am sure that the devil personally 
assisted at its introduction into the world ! 








Crosby, Northfield, R. C. Porter. 
May 6th. 
Literature. 
SHORT NOTICES. 
Diesel Engines. By P. E. Biggar. Toronto: The 
Macmillan Company of Canada, Ltd. 1936. Price 


10s. 6d.—This is a manual dealing with the principles and 
practical operation of the present-day Diesel engine. The 
author was associated with Leyland Motors, Ltd., for 
some time, and was responsible for many designs of what 
is known in this country as the high-speed heavy-oil 
engine. The book is written for the American reader, 
but reflects chiefly British developments in this field. 
The history of this type of engine and its advantages 
over other types in many applications are discussed. 
The operation of the engine and its maintenance are dealt 
with, with special reference to the way in which it differs 
from the petrol engine. The final chapter deals with the 
trend of oil engine design. The volume consists of 165 
pages, with an index, and is illustrated. 


Impressions Recueillies dans quelques-uns des pays de 
VAmerique Latine, au point de vue commercial, industriel 
et financier. By 8S. Rosenthal. Brussels: H. and M. 
Schaumans. 1937. Price not given.—The author of 
this brochure has visted Latin America, including 
the Argentine, Chile, Bolivia, Peru, Mexico, and Havana, 
and writes on the subject of the impressions received 
concerning industrial, commercial, and financial affairs. 
The scope of the book, which consists of 157 pages, is 
very wide and gives a brief review of conditions in the 
countries indicated, together with notes on the popula- 
tion, geography, and history of each. A great many 

s and tables are given, and the publication should 
be of practical value to anyone engaged in business 
transactions with Latin America, or contemplating visiting 
the countries described. 








Canning Practice and Control. By Osman Jones and 
T. W. Jones. London: Chapman and Hall, Ltd. 1937. 
Price 25s.—This book has been carefully compiled and 
written, and should prove to be of value to all interested 
in the canning industry. The information contained is 
confined to that required by the canner for properly 
processing foodstuff. A very useful feature of the work 
is that all and references are covered by a com- 
plete bibliography at the end of each chapter ; this enables 
the reader to use the book as a reliable guide to the 
sources of information to which references are made. 
The first chapter is devoted to the history of the industry 
and to statistical figures. Then follow chapters dealing 
with the cannery and its equipment, the actual canning 
process, and the laboratory. The succeeding chapters 
deal mainly with chemical tests for examining the raw 
foodstuffs, the can and its materials, the water for the 
factory and the canned foods. Microbiology forms a 
portion of the knowledge necessary to the canner, and its 
technique is fully discussed. Interesting chapters give 
particulars of the effect of canning upon nutritive values, 
and the di 1 of waste products and extraction of 
by-products. The work consists of 243 pages of text, 
74 illustrations, the majority of which are half-tone plates, 
and an index. 





Small Alternating Current Motors. By Alfred H. Avery. 
London: Percival Marshall and Co., Ltd. 1937. Price 
ls. 6d.—This little book will be appreciated by amateur 
electricians and by odd-job men who are called upon to 
repair or rewind small motors. It divides itself into two 
rts. The first is an analysis of A.C. motors intended 
to facilitate identification of types. It gives only just 
enough information for this purpose and depends largely 
upon illustrations. In view of the variety of designs of 
fractional horse-power motors and the necessity of know- 
ing to which class any particular specimen belongs before 
work upon it is begun, this is a useful feature. The 
second part of the book, Chapter III, is entitled “ The 
Estimation of New Windings.” It contains simplified 
rules for calculating the size and number of turns of wire, 
and so on, and will be found very convenient by all who 
have to rewind old small motors or wind new ones. 


BOOKS RECEIVED. 


Bearing Metals and Alloys. By H. N. Bassett. London : 
Ed. Arnold and Co., 41, Maddox-street, W.1. Price 25s. 
net. 

Goods by Road Transport ABO, London: Transport 
Publishing Company, 38, John Bright-street, Birmingham, 
l. Price 2s, 6d. net. 

Metal Aircraft Construction. Third edition, By M. 
Langley. London: Sir Isaac Pitman and Sons, Ltd., 
Parker-street, W.C.2. Price 15s. net. 

Kurzgefasstes Handbuch aller Legierungen. By Professor- 
Dr. Phil. Ernst Janecke. Leipzig: Otto Spamer, 
Crusiusstrasse 10, Germany. Price 52 R.M. 

Farm Machinery and Equipment. Sécond edition. 
By H. Pearson Smith. London: McGraw-Hill Publishing 
Company, Ltd., Aldwych House, W.C.2. Price 18s. net. 
Applications of the Method of Symmetrical C ments. 
By er V. Lyon. London: McGraw-Hill Publishing 
Company, Ltd., Aldwych House, W.C.2. Price 36s. net. 
Reinforced Concrete Construction. Volume I, Funda- 
mental Principl Fourth edition. By G. A. Hool, 
revised by H. F. Pulver. London: McGraw-Hill Publish- 
ing Company, Ltd., Aldwych House, W.0.2. Price 24s, 
net, 











is not so good as it was, owing to the general 


forward term, which says what it means. 
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A Visit to Laurence Scott and 
Electromotors, Ltd. 


MONG the few electrical firms of long standing 
[X and responsible for pioneer work in bygone days, 
Laurence Scott, of Norwich, known as Laurence Scott 
and Electromotors, Ltd., since 1929, holds a prominent 
place. Founded in 1883 by Mr. W. H. Scott, the firm 
has taken an active part in the application of elec- 
tricity to industry in general, and to marine engi- 
neering in particular, with the result that the original 








stituted at the time a fine example of an electrical 
works, but the latest extension begun in the early 
part of 1937 covers a greater area than that establish- 
ment built some years after the company was founded. 
The early activities of the company were naturally 
mainly concerned with generating plant, although a 
tool with individual electric drive was exhibited in the 
‘eighties. Electricity supplies were promoted by the 








FiG. 1—PART OF THE WORKS ABOUT 1897 . 


factory employing three or four men has given place 
to an establishment which provides a livelihood for 
several thousands, and is at present being extended. 
Norwich owes this important industrial asset to the 
fact that at the age of twenty Mr. Scott went there 
for the Hammond Company to install electric light 
in Coleman’s mustard works, and designed a dynamo 
which would not excite without the aid of a Lechanche 
hattery. 

Starting business in Norwich as Paris and Scott, 
there was practically no opportunity for copying 
other people’s ideas. Scott’s machines were designed 
from first principles, and like other pioneers, such as 
Ferranti and Crompton, he had to produce many new 





firm in Norwich and Ipswich and generators were 
supplied to many other towns. 

On the marine side of the business one of the early 
achievements was the ‘Norwich shiplighter,” a 
small generating set fitted to many famous ships 
forty years ago. In Fig. 1 is given a view of part of 
the Laurence Scott works about that time, showing 
examples of the machines which were then produced, 
and similar in the case of the larger dynamos to those 
installed in the Norwich, Ipswich and other power 
stations. A bird’s-eye view of the present works, with 
the control gear branch and foundry in the background, 
is given in Fig. 2, whilst pictures of historic interest are 
given in Figs. 3 to 6. The first is an early example of 


similar equipments have been granted to Mr. Scott, who 
has always shown a keen interest in the application of 
electricity to ships’ auxiliaries. To-day the manu- 
facture of winches, windlasses, and capstan equip- 
ments forms a considerable part of the electrical plant 
made by the firm, which also manufactures search- 
lights and a host of other things, including marine 
and industrial motor control gear. Of the trawl 
winches made at Norwich, that described in our issue 
of February 12th of this year is believed to be the 
largest in existence. 


With the advent of the war the firm soon became 
busy making motors for munition works and war- 
ships, searchlights, and special equipments, such as 
winches for kite balloons, whilst as a member of the 








Management Committee of the East: Anglian Muni- 


FIG. 2—PRESENT WORKS AND FOUNDRY 


tions Board, Mr. Scott equipped a special shop with 
machines made and adopted in the works for the pro- 
duction of large quantities of shells. 

After the war the development of marine elec- 
trical plant went ahead. The ‘ Empress of Britain ”’ 
was equipped with over 4000 H.P. of the 
firm’s machines, whilst the “Queen Mary” broke 
this record with an installation of motors with 
an aggregate horse-power of 18,000. 

When shipbuilding practically came to a standstill, 
the company gave increased attention to the indus- 
trial side of its business. The old established firm of 
Electromotors; Ltd., of Manchester, became amalga- 
mated with the company, and motors suitable for all 





























Fic, 3—-EARLY ELECTRICALLY DRIVEN SAW 


accessories for the generation and use of electricity. 
Among his early inventions was a safety switch, with 
cartridge fuses and a watt-hour meter, Even his 
earliest dynamos had slot-wound armatures. He 
invented the wave winding, and was one of the first 
to make four-pole machines, and to adopt carbon 
brushes. 

The first factory in King-street soon became 
inadequate, and the new “ Gothic " works was built 
on the site of the present main factory. Equipped 
with tools, electric cranes and its own generating 
plant for providing electric power, this factory con- 





a circular saw driven by a Scott motor, and the 
second a transportable power station used for lighting 
factories and large houses in the ’eighties, an equip- 
ment built by Paris and Scott soon after the firm’s 
meeption. An early winch developed about forty 
years ago for the first ammunition hoists made for the 
Navy is shown in Fig. 5, an early lift equipment in 
Fig. 6, and a modern winch in Fig. 7. 

Towards the close of the twentieth century 
a new era of battleship design began, and Mr. Scott 
produced ammunition hoists and, later on, the Scott 
eargo winch. Over 100 patents for winches and 





FiG. 4—PORTABLE GENERATING SET 


industrial needs were produced. The fabricated steel- 
frame construction in which the barrel of the motor 
is of rolled steel was introduced, and “ Emcol ” 
totally enclosed motors were improved, the hypo- 
synchronous motor for power factor correction was 
developed, and an improved auto-synchronous motor 
designed. Capacitor fraction horse-power motors 
were produced at Manchester, and improved forms of 
mill, traction and loom motors were made. Most of 
these modern products are familiar to our readers, 
and need not be described, but in an early issue we 
hope to give particulars of a new electric arc welder, 
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for which important advantages are claimed. 

Never in the history of the firm have the shops 
been more busy, and apart from present and past 
extensions at Norwich considerable extensions have 
been necessary at Manchester, where the smaller 
industrial motors are made. 

Mr. Scott, who is now seventy-five, is still 
active and his advice on technical matters is still 
sought. On Thursday, May 13th, over 400 people, 
composed of members of the staff, workpeople, 
pensioners, and visitors, attended a dinner in Norwich 
to celebrate his seventy-fifth birthday. Major 8S. E. 





May he be on the bridge for many years to come.” 

Captain G. J. Scott, managing director of the com- 
pany, replying to the toast, said that after the hurri- 
cane between 1930 and 1934, which nearly caused the 
ship to founder, it was now passing into calmer 
waters. The orders in 1932 at their three works—two 
at Norwich and one at Manchester—amounted in 
value to £192,000. In 1936 their value was £954,000, 
and in the first four months of 1937 £430,000. The 
output in 1932 amounted to £250,000; whilst in 
1936 it was £600,000, and for the first four months 
of 1937 £250,000. In 1932 the number of employees 
























in orders and the fact that output had not kept pace 
with demand had made it necessary to increase floor 
space and tools considerably—by 60 per cent. at the 
Manchester works and 30 per cent. at Norwich 
during the last eighteen months. 

On the day following the dinner a party of visitors 
in which we had the privilege of being included, 
inspected the Norwich machine and switchgear works. 
On the marine side there was in the course of manu- 
facture part of a large batch of motors for the White 
Star Line, submarine electrical equipments for the 
Navy, generators and motors for the Holt Line, and 























Glendenning, of the company’s technical staff, 
was in the chair, and proposed ‘“‘ The Guest of 
Honour,” to which Mr. Scott replied. Other speakers 
included Captain G. J. Scott, managing director, and 
Mr. P. A. Mossay, technical director of the Company ; 
while Mr. William Reavell and Mr. Thomas Glover 
replied to the toast of “‘ The Visitors.” 

Referring to the early Norwich electricity under- 
taking, Major Glendenning explained that the small 
generating station was near the Free Library. 
Eventually the undertaking was turned into the 
Norwich Electricity Company, with a larger station 
in Duke-street, and with Mr. Scott’s underground 
ducts with bare conductors under the pavements. 
In due course the concern was bought up by the 
Corporation and the big grid station at Thorpe was 
the direct descendant of the two small locally made 
sets of the first station. The first ten or fifteen years 
of the firm was the period during which the industry 
was being born and was a time of development 
relatively more rapid than anything since ex- 
perienced. Among the few British pioneers who 
might almost be numbered on the hand, Mr. 
Scott held an important’ place. Besides the 
various advances in electrical work we have men- 

















FiG. 7—MODERN ELECTRIC WINCH 


tioned, Mr. Scott was responsible, Major Glen- 
denning explained, for the development of mica 
insulation, which constituted the biggest step forward 
in the reliability of electrical machinery and control 
gear. 

In responding, Mr. Scott recalled the early days 
when they did not quite know what they were making 
or what results they would obtain. Those were 


Fic. 5—-EARLY ELECTRIC WINCH 








was 1080, in 1936 2550, and to-day 2800. One of 
the firm’s greatest difficulties was that when the slump 
began it had not properly developed the industrial 
business. It had confined itself mainly to electrical 
machinery for ships, but A.C. machines were mostly 
used for industrial purposes. In 1929 the orders for 
A.C. motors only represented £14,000. Since then, 
however, an enormous effort had been made to 
develop the industrial market, and in the first four 
months of 1937 the orders for this type of machinery 
alone represented £120,000. That great increase 
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ELecTRIc LIFT EQUIPMENT 








auxiliary motors for the “ Queen Mary’s”’ sister 
ship, and for the Cunard “ intermediate” boat. 
Many examples of the firm’s patented steel-frame 
machines and ‘“‘ Emcol” motors were in evidence. 
Large machines of the latter and other types were in 
the course of construction, including 1600 H.P. 
vertical-spindle hypo-synchronous motors for the 
Rand Water Board, a 560 H.P. motor for power 
station work, and motors for the Handley Page wind 
tunne. There was also evidence of brisk overseas 
business. 











No 


SoME CONSTRUCTIONAL DETAILS. 


Y our last article we dealt with the design of the 
Zeppelin airship, and we now pass to some 
further details of the hull and its construction. The 
new design incorporated the long-established Zeppelin 
principles of construction, which include a braced 
light metal girder construction with the internal space 
divided by rings, forming compartments in which the 
cells or bags for the lifting gas are housed. There is a 
central bracing member and a lower or keel gangway 
or catwalk strong enough to take the loads, and which 
at the same time gives access to all parts of the ship. 
The four engravings reproduced on page 596 show 
various stages during the construction of the ship at 
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worrying times. Often he had gone home in the 
evening wishing he were a workman getting £2 a 
week and no worries. But those times had gone, and 
he was very much gratified by the congratulations 
from foreign friends and others for whom they did 
a lot of work. 

In thanking the staff and workpeople for presents 
presented to them, Mrs. Scott read the inscription 
of the illuminated address: ‘‘To Mr. W. H. Scott 
on the occasion of his seventy-fifth birthday. This 
is the tribute by the crew of the good ship ‘ L.S.E..,’ 
which he launched into the troubled waters of the 
electrical industry in 1883, and which has safely 
weathered the storms of more than fifty years. The 
safety of the ship, its enviable reputation, and the 
happiness of the crew reflect the wisdom of the skipper. 











The Zeppelin Airship “‘ Hindenburg.” 


ae 
(Continued from page 563, May 14th.) 


the girder construction is shown below. It may be 
noted that this special profile, which is in effect a six- 
cornered figure with an open side bounded with two 
beaded edges, gives five flat faces to which riveted 
parts can be attached, and it forms a strong section, 
which can be employed in various ways. Another en- 
graving shows its use in the junction between a part of 
one of the main rings a and the triangular longitudinal 
girders b. As mentioned in our first article, there are 
fifteen of these main rings, which are placed at 
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PROFILE OF CONSTRUCTIONAL SECTIONS 


distances of 15 m. apart. They have sixteen corners. 
to which the longitudinal girders are attached. The 
sixteen compartments between the main rings are 
each designed to accommodate a gas bag. It will be 
understood that in the main rings the triangular girders 
are assembled with the apex pointing inward, while in 
the case of the longitudinal members the apex of the 





JUNCTION BETWEEN MAIN RING 
AND LONGITUDINAL GIRDER 


Friedrichshafen. These and the other photographs 
reproduced in our articles were taken by the Zeppelin 
Company and are published with its permission. 

The design of the girders forming the framing of 
the ship differs from the earlier ships only in the 
increasing demands on the strength of the structural 
members and the materials of which they are com- 
posed which the construction of larger ships has 
brought about. The special form of profile used 
for the rolled sections of light aluminium alloy which, 


girder points outwards. The method of assembly of 
the main ring members is shown on page 601. In order 
to avoid deformation they were built up in a hori- 
zontal position on the floor of the shed, within an 
assembly ring, and then lifted into position in the 
manner shown in our illustration. This view also 
indicates the arrangement of the bracing, which runs 
out from the central fixed point at the middle of the 
hull to supplementary girder members on the main 


‘ring, the object of which is to transmit the tension to 


each pair of adjacent corners. The construction 
employed is clearly shown on the drawings repro- 
duced on page 562 ante. The longitudinal girders are 





with latticed bracing, form the principal members of 


reduced in number and in size towards the bow and 
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the stern end of the ship, and at the bow there is a cap 
of metal with an anchor ring to facilitate the attach- 
ing of the ship to a mooring mast. Running from the 
bow cap to the stern there is a keel gangway, with side 
gangways to the four engine gondolas. This lower 
gangway is also connected to the central gangway by 
three access ladders. 

At the stern the four fins form a part of the body 
of the ship, and to these fins the rudders are attached. 
The lower fin differs in shape from the three other 
fins, in that its lower edge is not parallel to the 
ground, but is.sloped upwards towards the main body 
of the ship. The lowest point is at the forward end 
of the fin, and at this point the fin is fitted with a 
landing wheel, a similar wheel being placed under the 
control gondola, as shown in the drawing. The 
outer envelope, which gives the well-known Zeppelin 
contour to the ship and provides the desired smooth 
surface, is formed of cotton or linen material disposed 
so as to meet the different loadings imposed. It is 
of light weight and is rendered more weatherproof 
and is given a smoother surface by the application 
of a number of coats of cellulose paint. By mixing 
the paint with aluminium powder in a certain pro- 
portion a reflecting surface was obtained, which 
assisted to protect the ship from the heat of the sun's 
rays. In order to diminish the effect of ultra-violet 
radiation the top side of the envelope was treated 
with a special red paint. On the sides near to the air 
screws the covering was specially strengthened so 
that hard substances, such as ice thrown against the 
hull would not damage the gas bags. Each of the 
compartments had a cell or bag, which, when inflated 
with hydrogen, would completely fill it. At the bow 
and the stern the two end bags were joined together. 
There were thus fourteen automatic gas relief valves 
and fourteen hand-operated discharge valves for the 
purposes of manoeuvring the ship, which were operated 
from the control gondola. The system of gas bags, 
each shaped so that the central gangway passed through 
them, could be filled from a centrally arranged filling 
hose, special connections being made to the end bags. 
The material used for the gas bags consisted of two 
layers of cloth with a gas-tight skin between them, 
which has replaced the goldbeaters’ skin employed 
in earlier ships. This special material was tested 
over a long period in the “Graf Zeppelin” with 
satisfactory results. It was found that the amount 
of gas which would pass through under normal 
circumstances was not more than | litre per square 
metre during twenty-four hours. The original 
design provided for the use of small inner gas bags 
in addition to the larger main bags, so that, if neces- 
sary, two kinds of lifting gas could be employed, 
namely, helium and hydrogen. This plan would 
allow the main bags on the outside of the hull to be 
filled with helium, only using hydrogen gas for 
manceuvring purposes, which could be easily and 
cheaply replaced. As the supplies of helium could 
only be obtained outside Germany, it was necessary 
to dispense with its use for the time being, and in the 
* Hindenburg ”’ only hydrogen was employed. Each 
pair of gas cells had arranged between them a gas 














arranged, but also those lower parts of the ship to the 
keel gangway. To assist the ventilation the lower part 
of the envelope is made in such a way that air can 
pass through it. The control gondola, the arrange- 
ment of which is shown in Fig. F, has an overall 
length of nearly 9 m., or close upon 29ft. 6in., and a 
breadth of 2-5m., or about 8ft. 2im., at its widest 
part. Forward is the steermg platform, which is 
equipped with an altimeter, inclinometer, and the 
rudder and elevator controls. This part of the ship 

















which is carried in bags hung in the bow and stern of 
the ship. Each of these bags holds 500 kilos., or about 
1100 Ib. of water. The position of the bags is clearly 
shown in the plan drawing reproduced on page 562 
ante. Other ballast tanks are those arranged on 
either side of the lower gangway, which include 
thirteen ballast tanks for recovered ballast water, 
each of 2500 litres capacity, along with two further 
tanks of 2000 litres. As previously mentioned, the 
emptying of the tanks is worked from the control 
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ARRANGEMENT OF CONTROL GONDOLA 


Behind the control platform is the chart room and 
also the directional, wireless room, which also serve 
to house the control compasses. The landing wheel 
immediately below the gondola may be noted. On 
the after bulkhead of the control platform is the 
control board for the fillmg and emptying of the 
various gas bags. The rudders are operated by means 
of wire controls and winch gear, and they can also 
be worked by hand from a point near the after end 
of the lower gangway, where the auxiliary rudder 
controls are arranged. The power required to work 


the rudder controls is very small, and one man can 
turn the ship; an electrically operated rudder gear 
is, however, also provided. 


The ship can also be 





RAISING ASSEMBLY OF RING MEMBERS INTO POSITION 


manifold or shaft into which the gas release valves 
discharged, and the gas escaped through a special 
discharge fitting arranged on the skin of the ship. 
The gas manifolds also served to ventilate the interior 
of the ship, not only the parts that lie above the 
central gangway, above which all the gas valves are 


steered electrically from the gyrostatic compass 
system. 


The ballast arrangements include ballast that can 


be quickly dropped, and for slower movements ballast 


which can be discharged over a longer period. The 
ballast generally employed for quick action is water, 





be discharged from the gas bags. Other instruments 
in the control gondola include magnetic and gyro- 
static compasses and instruments for measuring the 
humidity of the air, the temperatures of air and gas, 
and indicating and recording gear for the speeds of the 
engines, and of the ship. Near to the control gondola 
and above it is the wireless cabin, which is equipped 
with long and short-wave transmitters, each of 200 W 
aerial capacity, also receivers for all wavelengths and 
directional wireless. 
(To be continued.) 








SIXTY YEARS AGO. 


To Professor Osborne Reynolds the scientific side of 
engineering owes many a debt. One of the lesser-known 
discoveries which he made has an important bearing on 
the management of ships particularly during the critical 
moments preceding a threatened collision. In 1875 
at the Bristol meeting of the British Association Reynolds 
made the statement that a screw ship when the engines 
were going astern while the ship was still forging ahead 
did not obey its helm in the ordinary way. A committee 
consisting of James R. Napier, Sir William Thomson, 
Froude and Reynolds was appointed to investigate the 
subject. The Admiralty and private owners were invited 
to assist the committee by making full-sized experiments. 
Various trials were carried out of which the most 
important, summarised in our issue of May 25th 1877, 
were made on the Donald Currie liner ‘“ Meirose”’ off 
Toward Point in the Clyde. While the steamer was 
travelling at about full speed, 10 knots or so, the order 
was given to reverse the engines to full speed astern. As 
soon as the engines began to move full speed astern the 
helm was put hard a-port. The ship’s head swung 
28 deg. to port before her headway was stopped. Again at 
the same speed a similar trial was carried out, the helm 
being put hard a-starboard as soon as the engines began 
to move in the reverse direction. In this case the ship’s 
head swung 40 deg. to starboard before her headway 
was overcome and thereafter her head remained stationary. 
The experiments, we said, proved in the clearest possible 
way that the influence of the screw on the rudder when 
the engines were going astern was such that the ship 
would do just what she was intended not to do. It was 
difficult, we added, to persuade sailors that ships would 
under any circumstances go to port when they were 
intended to go to starboard. It was therefore highly 
desirable that every captain should take the trouble to 
convince himself of the only deductions which were tu 
be drawn from the experiments we had described. 











ELECTRICITY IN THE Unrrep StatTes.—According to the 
Federal Power Commission of the United States, 113,473 
million kWh of electricity was generated for public 
supplies in that country during 1936. The increase over 
the previous year was 14 per cent., due mainly to a 22 per 
cent. increase in output from fuel, whereas from water 
power there was an increase of dnly 2 per cent. Pre- 
liminary statistics show the average fuel consumption in 
steam stations to be about 1-45 1b. per kWh. 
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Brush - Ljungstrom 
Generators 


HE first of the two 37,500-kW Brush-Ljungstrém 

turbo-generator sets for the Southwick power station 
of the Brighton Corporation electricity undertaking is 
(Friday, 
Designed to the specification of the Corpora- 
tion’s Electrical Engineer, Mr. W. N. C. Clinch, it is the 
largest machine of the kind made in this country, and 


being officially put imto operation to-day 


May 2lst). 


37,500-kW Turbo- 
at Brighton. 


flows through internal pipes to the forged steel steam 
Each 
steam chest (Fig. 3) is machined from a solid forging, 
and annealed to remove internal stresses before the final 
machining operations. There are three concentric annular 
compartments which communicate through holes in the 
dises and in the turbine 


chests situated on each side of the blade system. 


labyrinth packed balancing 





blades machined with their roots from the solid 
bar are built up into rings in the manner shown 
in Fig. 6. The roots are turned together by a 
patented process to the dovetail shape shown. The 
nickel-chrome-molybdenum steel strengthening rings 9, 
which carry the centrifugal load of the blades, are secured 
to the roots by rolling the material over the dovetails. 
A flexible expansion ring 4 connects the inner strengthen- 
ing ring to the seating ring 2, which is caulked into a groove 
in the face of the dise 1. This special feature of the Ljung- 
strém turbine enables each ring to take up a position con- 
sistent with its temperature and its stresses, independently 
of the necessarily slightly different expansion of the disc 
to which it is attached. 

As adjacent rings are approximately subjected to the 
same conditions of temperature and stress, the variations 




















although the general lines on which the smaller sets are 
built are now well known, a description of this unit may 
be of interest. The steam conditions are 650 1b. per 
square inch, 850 deg. Fah., and a vacuum of 29in. at a 
load of 30,000 kW, which is the most economical output. 
Steam is bled from the turbine for feed-water heating at 
four stages. Following the usual principle, the steam 
during the greater part of its expansion flows in a radial 
direction through concentric rings of reaction blading, 
secured alternatively to the faces of a pair of oppositely 
rotating discs, each of which is overhung from the inner 
bearing of one of the alternator rotors. Each disc com- 
prises three main sections connected by radial bolts, which 
enable the portions to expand and contract relatively to 
each other. There are fifty-seven rings of radial flow 
blading and two axial flow single-rotation, low-pressure 


- 1—37,500-KW BRUSH -LJUNGSTROM TURBO - GENERATOR 


discs themselves with different stages of the blading. 
The overhung spindle which carries the turbine disc 
passes through the central chamber to be seen in the illus- 
tration, and the space between the spindle and steam 
chest contains labyrinth shaft packing. 

At the most economical load of 30,000 kW the main 
steam supply passes from the inner compartment of each 
chest to the inside of the first ring through holes in the 
disc hubs. One connection from each chest is used 
for the admission of additional steara from the middle 
compartments to lower-pressure stages of the turbine to 
give the maximum continuous rating, whilst two other 
connections are provided for bleeding steam from the 
turbine to the high-pressure feed heaters. Low-pressure 
heaters take steam bled from the still lower-pressure 





points of the blading. The condensate passes in series 











FiG. 2—TURBINE CASING 


stages. The central position of the turbine in its casing 
enables a double-flow arrangement to be employed for 
these last stages, each turbine disc carrying two rows of 
axial flow blades in addition to its share of radial flow 
rings. The four rows of stationary guide blades are 
carried in a strong frame built up of steel plates and sup- 
ported in a central position in the turbine casing. 

An unlagged low-pressure casing, shown in Fig. 2, 
exposed only to the temperature of the exhaust steam, 
houses the complete blade system. 

Steam enters the turbine through the emergency stop 





valve and governor-controlled throttle valve, and then 





through main ejector condensers, a low-pressure heater, 
a gland heater, a drain cooler, and another low-pressure 
heater to the low-pressure boiler feed pumps. From these 
it passes through the two high-pressure heaters to the 
high-pressure feed pumps. At the discharge of the last 
heater the condensate temperature is 340 deg. Fah. at 
the turbine’s maximum efficiency loading. 

In Fig. 4 are shown the two parts of the blade system 
being put together, and in Fig. 5 the system assembled. 
Each half of the turbine was subjected in the makers’ 
works to an overspeed test in a reinforced test chamber, 








exhausted to a high degree of vacuum. The radial flow 














in the clearances between them are inappreciable. The 
thin packing strips 7, which run safely within a fine clear- 
ance of the inner surface of the next ring, minimise the 
possibility of steam leakage round the free end of the ring. 
A patented arrangement of double packing strips is 
employed in the high-pressure portion of the turbine. 
All axial flow moving blades have forked and serrated 
roots, which are hydraulically pressed on to the corre- 
sponding serrations on the rims of the low-pressure discs. 
Each half of the turbine rotates at 1500 r.p.m., and the 
tip speed of the largest blade is 830ft. per second. All low- 
pressure radial and axial flow blades are composed of 
stainless steel, and arrangements are made to drain away 
condensation from the exhaust stages. Steam leakage to 
atmosphere along the shafts is reduced to a minimum by 


the labyrinth packing, similar to that shown in Fig. 7, 





Fic. 3-—STEAM CHEST 


a design which enables a large number of restrictions to 
be arranged in a very small axial length. Steam is trapped 
from two points in each gland and taken into low-pressure 
stages of the turbine in which its remaining expansion 
can be utilised in the blading. Only a small quantity of 
steam flows through the last restrictions to the gland con- 
denser in which the latent heat is recovered. 

Leakage to the condenser between the fixed steam chests 
and the moving blade discs is restricted by the fine clear- 
ances between the packings. of the labyrinth balancing 
rings, which are fitted to both the fixed and moving parts 
on each side of the turbine. The manner in which the 
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fixed and moving elements interleave to restrict the flow 
of steam is shown in Fig. 8. Inward pressure of the steam 
on the faces of the moving labyrinth discs roughly balances 
the outward pressure exerted on the blade discs by the 
working steam passing through the blades. Any difference 
of pressure is taken up by the Michell thrust bearings which 
are incorporated in the inner or turbine end journal bearings 
of the machine. As there are no very heavy moving parts 
or long shafts in the turbine itself there is no need to bar 
the machine round for long periods to avoid deformation 








tube cleaning while the plant is in service. The total 
surface is 37,100 square feet. Duplicate full-duty vertical 
extraction pumps driven at 1000-1130 r.p.m. by 55 H.P. 


condensate per minute and of delivering it to the suction 
of the low-pressure feed pumps, against a head of 131ft. 
In accordance with Mr. Clinch’s specification, there is no 
atmospheric exhaust valve of the ordinary dimensions, 
but there is an arrangement for gradually and automatic- 
ally unloading the turbine as the vacuum falls below 24in., 
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FiG. 4—BLADE SYSTEM 


during heating and cooling, but motor barring gear is 
provided for alignment and other tests when the machine 
is out of service. 

The governor is driven by worm gear from one of the 
shafts, and a gear type oil pump driven from the governor 
spindle supplies oil forjlubrication and governing. An 
auxiliary turbine-driven' pump, which can also be motor 
driven, comes into action{automatically in the event of the 

















Fic. 6-BLADE ASSEMBLY 


vil pressure for lubrication falling below a predetermined 
value. Additional reserve supplies of oil are contained in 
auxiliary oil vessels over each main bearing. The turbine 
casing, the two alternator stator frames, and the end 
casings that carry the outer main bearings form together 
a rigid tubular structure, as shown in Fig. 1. The overall 
length of the whole plant is only 45ft. 3jin., which, the 
makers explain, is considerably less than that of the usual 
multi-cylinder turbine of the same capacity. Foundations 
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FIGS. 7 AND 8—LABYRINTH PACKINGS 


of the simplest form suffice. The turbine casing is directly 
supported by the condenser inlet flange. Stresses imposed 
on the flanged connections between the turbine and the 
two generators are almost completely relieved by support- 
ing each generator on a column carried on springs which 
approximately balance the overhanging weight. 
Designed to maintain a vacuum of 29in. at a load of 
30,000 kW when supplied with 31,000 gallons of water per 
minute at 60 deg. Fah., the divided two-pass condenser, 





Fig. 9, is built so that either side can be opened up for 




















motors are each capable of withdrawing 550 gallons of 


welded steel, and the inner periphery takes dovetail key- 
bars, which secure the stampings in position. Between 
the inner structure and the outer shell there are steel 
plates to deflect ventilating air into the desired channels. 
Flanges are welded at each end of the frame for bolting 
to one end of the turbine cylinder and at the other end to 
the bearing end casing. 

The core laminations consist of low-loss, high-silicon 
steel laminations insulated from each other by “ insuline ”’ ; 
red rope paper is also built into the core between ventilat- 
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Fic. 5—BLADE SYSTEM ASSEMBLED 


and under the circumstances it was found that an 8in. 
atmospheric valve would suffice. 

To enable advantage to be taken of the quick-starting 
properties of the turbine, a quick-start ejector, capable of 
raising a vacuum of 24in. in three minutes has been fitted. 
There are two main ejectors, each of the three-stage type, 
with intermittent surface condensers. One of them uses 
the main condensate as its condensing medium, while the 
other, which is used only on low loads and when starting 
up, is supplied with sea water from a shunt off the circu- 
lating water supply to the main condenser. 

A float control valve is fitted to the condenser to work in 
connection with the closed feed system of the station. 





ing ducts. At intervals the core is divided by radial 
ventilating ducts, and the laminations on opposite sides 
of the ducts are supported by H-section fingers welded 
to supporting plates. At each end of the core, high- 
tensile non-magnetic pressure fingers support the core 
and teeth. In turn, the fingers are supported by bronze 
pressure rings keyed to the inside structure of the stator 
frame. 

The diamond type, two-layer windings were completely 
formed in two half-coils before insertion in the stator 
slots. Bare copper is first bent to shape and laminated 
in strips to avoid excessive eddy current loss. Micanite 
insulation is inserted between each separate lamination 





Fic. 9—MAIN 


The condensate line is connected to it through a branch 
after the gland heater, and the valve is connected to both 
the condenser and surge tank so that a constant level of 
water is maintained on the suction side of the extraction 
pump. Drains of all the bled steam heaters are cascaded 
and finally returned to the condenser. The two highest 
pressure heaters are fitted with automatic by-pass gear 
for the feed water. 

At the speed of 1500 r.p.m. the total three-phase, 50- 
cycle output of the two alternators is 37,500 kVA at a 
power factor of 0-8 and 8000 volts. In accordance with 
the usual arrangement in Brush-Ljungstrém machines, the 
stators are connected permanently in parallel and the 
rotors in series to an exciter. The stator frame of each 
machine is a fabricated structure, built up of flame-cut 








CONDENSER 


forming one coil, and after being pressed each half-coil 
is wrapped with mica-folium while the temperature is 
electrically controlled in an ironing machine. After 
ironing, the straight portion of the coil is pressed accurately 
to size. The end winding insulation consists of a mica- 
tape applied by a special process, which ensures a hard 
and compact insulation free from air spaces. When com- 
pletely formed the coils are inserted in the slots and con- 
nected up at the ends. Successive layers of windings are 
transposed in the end connections to minimise eddy 
current losses. Corona protection is also employed on 
the windings to avoid the possibility of the harmful 
results arising from surface discharges. During manu- 
facture and assembly of the coils pressure tests are taken 
at frequent stages to ensure that the completed winding 
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contains no weak places. By means of insulated brackets 
and rings with bakelite spacers to prevent movement 
under the stresses during current surges, the coils are 
well supported both in respect to each other and to the 
frame. A complete stator, but without the end shields, 
is shown in Fig. 10. 

The steel forged rotors are built up in two parts, a 
practice which enables a very thorough examination to 
be made of the forgings, both in the bore and on the 
internal faces, to ensure freedom from flaws. Radial 
ventilating holes are drilled in the rotor forging and the 
parts are bolted together before the whole unit is slotted. 
Radial slots are planed on the periphery and ventilating 
holes drilled at the shaft ends to admit air at each end 
to the inner part of the rotor. Heavy copper strip wound 
of edge forms the rotor coils, which are completed before 
insertion in the slots. The slot portion of the coils is 
insulated with a hard mica trough, whilst the insulation 
between turns consists of mica strip. After the coils 
have been placed in the slots, heavy pressure is applied 
to the slot and end portions with the windings heated, and 
afterwards non-magnetic wedges are driven into the slots 





FiG. 10-ALTERNATOR STATOR: ¢ 


above the coils. The end windings are spaced by bakelite 
distance pieces accurately shaped and inserted after the 
winding has been finally pressed. On top of the coils 
in the end winding insulating channels are provided, 
and over these are fixed non-magnetic caps of austenitic 
chromium-nickel-manganese steel with an _ ultimate 
strength of 51 tons per square inch. These steel caps are 
spigoted to the rotor body, radially drilled for the ventila- 
tion of the end windi 

An axial internal fan is fitted at each end of each 
rotor to send air into the machine through several paths. 
One leads into the rotor bore through ventilating holes 
in the shaft; another to the back of the stator core, 
passing the stator end windings, and a third directly 
into the air gap between the stator and rotor. The 
rotor air passes radially to the air gap and thence through 
the stator radial ducts to the exhaust chamber, whilst 














FiG. 11—INSTRUMENT PANEL 


the stator air is directed to the centre of the core, wherce 
it passes to the air gap from the outside down the radial 
ducts, and thence from the air gap back through the 
outer radial ducts to the exhaust chamber. The heated 
air is passed through a cooler, and by a closed system of 
ducts the cooled air is returned to the inlet of the fans. 
Aluminium guards deflect the air by the stator windings 
and serve to enclose and protect the machine windings. 
The rotors with fans were balanced dynamically at various 
speeds. 

The overhung 126-kW exciter is a six-pole, shunt- 
wound, interpole machine, with the magnetic circuit 
designed for high retentivity to give a special shape 
to the magnetic saturation curve, to ensure adequate 
exciter stability, even though self-excited, over a wide 
range of voltage control. As the rotors are permanently 





connected in series and the stators in parallel, imme- 
diately excitation begins the two alternators synchronise 
automatically, a little below half speed, and the two units 
then work in step as one unit. 

The control panel shown in Fig. 11 was designed by 
Mr. W. N. C. Clinch, to enable all the operating conditions 
and the performance of the new Brush-Ljungstrém sets 
to be observed from a point near to the main controls of 
each turbine. It was built by the Brush Electrical Engi- 
neering Company and installed with the first set. On the 
surface of the panel is an outline diagram of the com- 
plete installation, and push buttons at various points of 
the diagram enable the temperature at corresponding 
points of the turbine and alternator to be read on indi- 
cators mounted on the panel. The lubrication and feed 
heating systems are also shown on the diagram, and all 
important pressures and temperatures may be read in the 
same way. Inlet and outlet circulating water tempera- 
tures may be obtained by pressing appropriate buttons 
and the vacuum may be read on a Kenotometer at the 
portion of the diagram representing the condenser. The 
ventilating air temperatures can read on separate 
instruments and visible and audible high-temperature 
alarm gear is provided. Other equipment includes the 
tachometers and meters giving steam and condensate 
quantities and output in kilowatts. Small ammeters 
in the spaces representing the extraction pumps enable the 
observer to see which pump is in operation. The second 
37,500-kW Ljungstrém set for Brighton is in an advanced 
stage of manufacture at the Brush Electrical Engineering 
Company’s works, Loughborough. 








Alumino-Bituminous Paints. 


,WE have recently obtained particulars of an aluminium 
paste which the manufacturer, the Northern Aluminium 
Company, Ltd., Bush House, Aldwych, London, W.C.2, 
claims has certain advantages when used in combination 
with bituminous paints. The company states that bitu- 
minous vehicles, such as natural asphalts, petroleum 
pitches, and coal tar, with the addition of volatile solvents, 
have been used as anti-corrosive coatings for iron and steel, 
but although low in cost they suffer from the disadvantage 
that although impermeable to moisture they break down 
easily by oxidation and exposure to sunlight. 

In order to protect the vehicle under ordinary atmo- 
spheric conditions, granular pigments have been added to 
bituminous paints, in the past, but it is claimed that, 
by reason of their particle structure, little protection has 
been afforded and the life of the film has not been appre- 
ciably extended. The only satisfactory method, it is 
stated, is pigmentation by using some product possessing 
the characteristic of ‘‘ leafing ’’—that is, when the pigment 
and vehicle are mixed, the pigment is drawn by a surface 
tension effect to form a layer on the surface of the vehicle. 
In addition, it is necessary, in order to give complete 
protection to the underlying vehicle, that the pigment 
should be opaque. The Northern Aluminium Company 
claims that aluminium pigment, particularly in the form 
of paste, possesses the dual characteristics of “* leafing ” 
and complete opacity to actinic light. The high surface 
tension of a suitable bituminous vehicle draws the flaked 
metal pigment to the surface of the applied film, whether 
the application is by brush, by spraying, or by dipping, 
and a brilliant metallic finish is obtained. It is claimed 
that the opacity of the metal covering provides complete 
protection from oxidation for the underlying vehicle. 

Not all bituminous vehicles are suitable for the disper- 
sion of aluminium pigment; it is necessary for the 
volatile solvent used in their composition te possess high 
surface tension characteristics, and the viscosity must 
have a value which permits free movement of the metal 
particles. The company states that bituminous paints of 
this. description can be applied over existing paint films, 
incorporating inhibitive pigments, provided that the 
surface has been weathered or roughened to some extent. 
It is not, however, advisable to apply bituminous films 
directly over recently applied oil paints, as flaking of the 
films from the metal ground may occur, as a result of 
solvent action between the films. The makers of this 
paste further claim that bitumen vehicles pigmented by 
aluminium paste are suitable for protecting steelwork 
subjected to intermittent immersion in water, and for 
affording protection and the power of reflecting heat rays, 
when used as a roof paint on iron-sheeted buildings. They 
are also of value in order to minimise losses by evaporation 
of the contents of oil storage tanks. 








Light Ray Traffic Signals. 


AN installation of light ray automatic traffic signals, 
which represents one of the most recent developments 
in this form of traffic control, has been set up at the 
intersection of Queen’s-drive and Muirhead-avenue, 
Liverpool. This form of signal had been previously 
experimentally installed at a simple pedestrian crossing 
near London, but the Liverpool scheme embraces the 
control of traffic on a complicated road intersection, 
which, however, is appropriate for light ray control, as 
the streets which form the intersection are planned for 
separate streams of ‘‘ one-way ”’ traffic. The light ray 
method of traffic detection depends on the use of beams 
of light directed across the road on to photo-electric 
cells to detect the presence of vehicles, instead of the 
more familiar road pads used with the ‘‘ Electro-matic ’ 
traffic signal, and is therefore only suitable for use where 
roads carry “one-way” traffic, or where islands are 
placed in the roadway to separate the traffic into “ one- 
way ” streams. 

The equipment used was manufactured by the 
Automatic Telephone and Electric Company, Ltd., 
Liverpool. The light ray detectors, as shown in the 
engraving herewith, each consists of a transmitter directing 
a beam of light on to a receiver unit which incorporates 
a photo-electric cell. The beam is at a height of about 
3ft. above the roadway and the passage of a vehicle 





between the receiver and the transmitter momentarily 
interrupts the beam, preventing it from shining on the 
receiver. This interruption causes the photo-electric 
cell to transmit an electrical impulse to the controller, 
which, in turn, operates the signal lights so that right of 
way is provided for the approaching vehicle should there 
be no traffic from the other roads with a prior claim. If 
such traffic should already be flowing, right of way is 
given to the approaching vehicle at the first suitable 
opportunity. The controllers and signal lanterns are 











LIGHT RAY TRAFFIC SIGNAL 


of the standard *“ Electro-matic ’ pattern, and standard 
“* Electro-matic’’’ overhead trolly wire detectors are 
used for the tramcars which run on the double track 
down the centre of Muirhead-avenue. 








Liquid Level Recorder. 


A spectaL form of liquid level-recording apparatus 
has recently been designed by Gent and Co., Ltd., of 
Faraday W forks, Leicester. These instruments are used 
for recording the level of liquids and sewage in wells, 
reservoirs, tanks, gasometers, and other liquid storage 
places, and consist essentially of a revolving drum, to 
which the chart is attached, and a moving pen, actuated 
by the rise and fall of a float. Although the instrument 
can be designed to draw a chart to any desired scale, the 
usual range is up to 20ft., with a scale of lin. to the foot, 
thus necessitating a drum and chart 20in. long. A special 
instrument, however, has been designed and constructed 











LIQUID LEVEL RECORDER 


to record variations in level up to 40ft., using the same 
scale of lin. to the foot and keeping the same length of 
drum—that is, 20in. 

As shown in the accompanying engraving, the instru- 
ment is provided with two pens, which mark the chart in 
different colours, and are coupled together by a special 
differential mechanism. The pens are mounted side by 
side, and as soon as the first pen has travelled its maximum 
distance in an upwards direction, under the action of 
the float mechanism, it hits up against a stop. The 
differential gear, which can be seen at the bottom right- 
hand portion of the chart chamber in the illustration, 
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then allows the second pen to commence indicating, since 
this pen is connected to the second wheel in the gear. 
The operation of the second pen completes the second 
20ft. of the range of the instrument. This arrangement 
provides an open scale and at the same time more compact 
overall dimensions than would be possible were only one 
pen employed. The recorder is mounted in a cast metal 
pedestal, within which are accommodated the sprocket 
wheel, chain, floats, and counterweight. The floats are 
designed to work inside a 14in. diameter standpipe. The 
drum consists of a brass cylinder with aluminium support- 
ing dises, fitted with # clockwork mechanism which gives 
one complete revolution per day or per week, according 
to requirements. 








Speed Tests on Union Railways. 
(From our S.A, Correspondent.) 
Care Town, April 23rd, 1937. 


W1iTHIN a few days a series of tests will be carried out 
involving one of the most interesting major experiments 
so far carried out by the South African Railways Adminis- 
tration, the object being to discover the actual speed at 
which a locomotive will overturn on curves of sharp 
radius, and obtain if possible photographie evidence. 
For this purpose a stretch of line between Estcourt and 
Willow Grange—formerly a portion of the Natal main 
line on the old Mooi River route—has been prepared. 
Entirely new materials are being used to ensure a first- 
class length of track, and the site has been selected 
because of its steep gradients and sharp curves. The 
experiments will serve to test recent allegations connecting 
railway accidents with alleged speed by the drivers. 
Dr. C. V. von Abo, research engineer, with five engineering 
assistants, is proceeding to Estcourt and an engine and an 
eng ne and tender, valued at little more than scrap, are 
to be taken to Natal for the experiment. Included in the 
equipment of the research contingent, which will also have 
the assistance of a number of gangers and fitters at 
Estcourt, are a high-precision camera capable of taking 
up to 2000 exposures a second and an electrical timing 
apparatus which will be able to record speeds as the 
tender passes down an incline towards the sharp curve. 
The portion of the track along which the tender will 
speed has been put in perfect condition. It has been 
divided into sections of 25ft. and the timing apparatus 
will be so arranged that the time taken by the tender to 
pass over each 25ft. portion will be estimated to within 
one-thousandth part of a second. Experiments may 
proceed for the greater part of the day without inter- 
ference. The curve, the vital point in the tests, will be 
at Beacon Hill, a siding, and has been specially sharpened. 

The research officials intend hauling the tender up a 
gradient by a shunting engine and then releasing it from 
varying distances. The speeds will be regulated by the 
distance the tender has to travel down the gradient. 
At first the pace will be what is known to be less than the 
“ overturn speed.” After the tender moves down the 
incline and increases its speed, its progress will be measured 
by the timing apparatus every inch of the way as it 
approaches the curve. At the same time, it is hoped to 
obtain a photographic record with the high-speed camera 
of the tender in the act of derailment. If the tender rounds 
the curve and enters the new portion of the track at the 
first attempt—which will probably be in the neighbourhood 
of 20 miles an hour—it will be hauled back by the shunting 
engine to a higher point on the gradient and its 
increased. These runs will be continued at higher and 
higher speed so that minute observations can be taken to 
see whether at high speeds the curve can be negotiated 
without mishap. At present the officials who are to 
conduct the tests are unable to say at what speed a 
successful “‘ accident’ can be staged, but they are in 
no hurry and will continue their experiments for some days 
if need be. 

In the event of the tender overturning without being 
wrecked or badly —there is soft ground surround- 
ing the curve—the experiments will be repeated with 
the track rendered as defective as it is possible to obtain. 
Observations will then be taken of the result on a faulty 
as opposed to a perfect track. Careful examination 
is also to be made of the “‘ check” rail at the curve 
after the ‘‘ accident ” to see whether it has been scored 
or not. The condition of this “‘ check ’’ or third rail has 
often puzzled officials after a derailment at a bend. 

A great mass of other technical data will probably be 
secured from these experiments and yield much invaluable 
information to the research de ts, which will be 
able to test theories by practical demonstration. The 
photographs of the tender or engine and tender a fraction 
of a second before derailment and a fraction after leaving 
the rails should prove of great assistance. At the moment 
it is only possible to surmise what has happened at a 
curve derailment from the wreckage of an engine and 
verbal evidence. In future, it is hoped, from these experi- 
ments, to be able to tell exactly what happens scientifically 
and accurately to within fractions of seconds and to 
within inches. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





HaywarRv-TyLeER AaNnpD Co., Ltd., Luton, Beds., inform us 
that Mr. Giles P. E. Howard has joined the board of directors 
of the company. 

Tue VALOR tomar wes Ltd., informs us that Mr. P. 8. Drink- 
water has been appointed sales manager from April Ist, in place 
of Mr. C. W. Jamieson, who has ones 


_ Mr. Ww. 8.  Cenee on a 
f Ch 





years 
d rs) arate g red —an ~aneainal 
company of the General Blvetrie Company, Ltd.—has found it 

'y, on t of ill-health, to relinquish that position. 








Mr. Sprague, who recently completed forty years’ service with 
his company, will, however, retain his seat on the board. Mr. 
J. 8. Carter has been 
managing director. 
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d Mr. Sprague as 


rr 


Engineering Notes from China. 


(By a Correspondent in China.) 


Transport Progress. 


THE writer has recently returned from a journey 
to the interior province of Kwangsi, in South China, and 
has been amazed at the rapid extension of 
facilities in evidence. Kwangsi is said to have the most 
efficient Government of any of the eighteen provinces of 
China proper. That fact explains its engineering 
in recent years. Tremendous efforts have been jase heat hod ta 
road construction ; during the last five or six years nearly 
5000 miles of new roads have been built. The surface of 
many of the roads is not ideal, nor are the public motor 
vehicles that use the roads as comfortable as might be 
desired. But the fact that passengers are now able to 
travel by lorry, bus and car, for many hundreds of miles 
in South China is almost incredible to those of us who 
knew the country ten years ago. 

A British firm has recently secured a contract, involving 
£163,000 worth of equipment, for a railless trolly system 
of t rt in Canton, the largest city in South China. 
This is probably the most valuable contract yet obtained 
by the General Electric Company of China (Ltd.), 
subsidiary of the firm that wil 1 manufacture a great 
deal of the equipment at the Witton works. There are 
to be ten sub-stations in Canton, containing thirteen 
300-kW mercury rectifiers. Power supply will be at 
13,200 volts, three-phase, 50 cycles, generated in the 
new 30,000-kW power station in Canton, which it is 
expected will be able to supply power in January, 1938. 
There are to be seventy buses; the Leyland chassis has 
been selected. There will be 20 miles of route. Canton 
is so densely populated, and the Chinese in the city so 
very enterprising in trade, that the vehicles will certainly 
be fully loaded. Hong Kong still retains tramcars with 
the inconvenience of rails, but Canton has never had 
any other public transport than motor buses. Twenty 
years ago there was practically no wheeled traffic in 
Canton; but now it is a reconstructed and modernised 
city. Engineering progress in Canton during recent years 
has been remarkable. The example has affected adjoining 
provinces. A great deal of the initiative in the engineering 
work in Kwangsi has been due to Cantonese engineers 
and business men. They are all keen advocates of modern 
methods of transport. 

South China is eovered with a network of waterways, 
many of them artificial and made in bygone centuries, 
with the object of connecting the rivers. At present 
motor vehicles are usually ferried across the wider streams, 
although many short-span bridges have been recently 
built by Chinese engineers. In the course of time reinforced 
concrete bridges will replace the vehicular ferries. It 
was noticeable that steel bars for reinforcements formed 
a considerable portion of the cargo in the British steamer 
that carried us from Hong Kong, up the West River, 
through a portion of the province of Kwangtung to the 
treaty port of Wuchow in Kwangsi. The latter province 
contains a great deal of limestone, and, although cement 
is now imported, there is a project for manufacturing 
cement in the province; coal is available. A railway 
is under construction so that coal can be carried from 
the mine to a river about 50 miles distant from the mine. 


Mining Developments. 


A result of the improved transport facilities 
in Kwangsi has been the great increase in the export 
of tin, antimony, and wolfram. The mines are being 
equipped with modern machinery. Oil engines are the 
prime movers favoured. On our river steamer there 
were several Chinese ‘returned students,” who had 
been trained as mining engineers; all were interested 
in the mines and mining projects in this province. They 
were sanguine that at no distant date there would be 
a great development of mines in the South-West of China. 
One of these Chinese engineers, who has worked in 
Malaya, stated that in the course of time the Chinese 
tin mines would produce such large quantities of tin 
that the Malayan mines would be compelled to close down. 


German Machinery. 

The Chinese mining engineers had installed 

German machinery in nearly all of their mines. They 
explained their choice as follows. They were able to 
arrange rather better financial terms with the Germans, 
especially in the length of time for payments, than with 
British or American competitors. But what pleased 
them most of all were the facilities for erection, &c., 
of the machinery that the Germans provided. ‘“ The 
British and Americans will sell you the machinery, but 
they are not willing to send competent engineers, and 
the requisite appliances for satisfactory erection, into 
the interior,” was the comment of one Chinese mining 
engineer. 
The rise in the price of metals has, of course, been 
a big factor in this almost sudden development of mines 
in South China. But credit must also be given to the 
Governments of the South China Provinces. Not very 
long ago bandits and pirates would have interfered 
with any such work, but there is now every confidence 
that the Provincial Governments will maintain order. 
Incidentally, it may be mentioned that the Provincial 
Government of Kwangsi purchases the output of all 
mines and acts as vendor to purchasers in Hong Kong or 
other places. The system seems to give satisfaction to 
all concerned. 


The Waterways of China. 


For many centuries the highways of China were 
the waterways and, in spite of the recent progress in 


railway and road construction, the bulk of the traffic 
in China is on the waterways to-day. It is an astonishing 
fact that goods were, until recently, in constant transit 
from Canton, in the south, to Peking, in the north, over 
some 1400 miles of rivers and canals. Except for a short 


“ divide’ of about 30 miles, over which coolies carried 






accomplished on inland waterways. And to-day, the 
native craft swarm in many of these arteries of commerce 
in China. 

The mountain ranges of China divide the huge country 
into three natural river systems. That in the North is 
the Yellow River—named China’s Sorrow, because of 
its awful record of floods. In Central China there is 
the giant Y: , with its many feeders and its enormous 
basin, a huge alluvial oa supporting a population of 
160 millions. The amazing Euro-Chinese city, Shanghai, 
is the port through which imports enter this vast area. 
Less than a century it was an inconspicuous fishing 
village. In 1870 it had less than 250,000 inhabitants, 
and now it is among the half dozen — cities in the 
world with a population exceeding 3} milli 

In the South there are the rivers aaah run out to the 
sea through what is known as the Canton Delta, and 
for which system Hong Kong is the ocean port. These 
numerous rivers, canals, &c., provide many problems 
for the engineer. 


Bridges in Chi 
The pro to span the Yangtze at Hankow, 
600 miles up the river, includes the design for a huge and 
costly bridge. Ocean steamers can reach Hankow at 
certain periods of the year, and the bridge must not 
interfere with the traffic on the river. It will carry 
railway, motor vehicle, and foot passenger traffic. 

Meantime, the British firm, Dorman, Long and 
Co., Ltd., has supplied, and is erecting, 4165 tons of . 
“ Chromador ” steel for the Chien Tang River Bridge at 
Hangchow, a city not very far from Shanghai in Central 
China. The total length of the bridge is 4550it., of which 
3240ft. length is in the river spans. The structure has 
two storeys, or “decks.” The upper one is for a 20ft. 
roadway and two 5ft. footpaths. The lower one is for 
a@ single-track standard-gauge railway. The bridge is 
designed to carry simultaneously standard loading 
(E-50) on the railway, 15-ton truck on the roadway, and 
heavy crowds on the sidewalks. Each span, which 
weighs approximately 260 tons, is being erected by 
the floating out method except in the case of the sixteenth 
span, which is being erected on falsework. 

e Hsi Ho Bridge, Tientsin, is designed for highway 
traffic; the total weight of the Chromador steelwork 
involved is approximately 200 tons. The bridge includes 
an electrically operated bascule type opening span. 

For the Shanghai-Hangchow—Ningpo railway the same 
British firm is supplying 750 tons of mild steel for a bridge 
over the Tsao Ngo River. This steel will be fabricated 
by a local yard into four bridge spans. 

Shanghai is now a city of modern skyscrapers. One 
of the most prominent buildings will be that designed for 
the Bank of China. This will contain 2200 tons of 
Chromador steel for the framework, which has been 
fabricated locally. Shanghai is built upon the ailuvial 
deposits brought down by the giant Yangtze River. A 
boring has reached a depth of no less than 410ft. without 
finding bedrock. There are some 2000 piles of 100ft. 
and 75ft. in height sunk on the site of the tower of the 
new Bank of China. That is the type of structure that 
is appearing in the reconstruction of buildings, not only 
in Shanghai, but in other cities in China. The large 
quantities of steel recently supplied to China from Great 
Britain and other countries provide evidence of the 
increasing modernisation of the country. 


Engineering Supervision in China. 

i The almost sudden industrialisation taking 
place in China has emphasised the need for careful super- 
vision by qualified engineers. The Shanghai Municipal 
Council has recently issued rules with respect to steam 
plant installations and other systems under pressure. 
A terrible explosion took place in a rubber factory in 
Shanghai in February, 1933. It caused an intense fire 
and as a result eighty-one people were killed. 

The rubber vulcaniser which failed was a horizontal 
cylindrical container, about 20ft. long and 5ft. diameter. 
The cover was blown off the container and hurled about 
40ft. The subsequent investigation produced no certain 
evidence as to the cause of the explosion but a result 
of the calamity has been the new regulations. The 
“rule of thumb” methods in use in China must be 
replaced by scientific design and careful supervision. 
There are twenty-seven known rubber factories, and 
many other steam plants, in the International Settlement 
of Shanghai. The rate of increase in the number of steam 
boilers in factories in the Settlement is remarkable. 
In the ten years from 1920 to 1930 the number had 
doubled, and in five years (1930-1935) the increase was 
162 as against 141 for the preceding ten years. There 
are also a very large number of boilers in the Chinese 
City, known as Greater Shanghai, which surrounds the 
Settlement. They are unaffected by the Settlement 
regulations, but efforts are being made to persuade 
the Chinese Government to formulate regulations for 
boilers, &c. 

Industrial Shanghai. 

Electricity output for Shanghai has gone to 
record heights. There are a number of private power 
plants used in textile mills; but irrespective of those 
the combined production of the four public supply com- 
panies reached the astonishing figure of 103,458,512 units 
for January, 1937. That great total exceeds every 
monthly figure for 1936 or any month in the previous 
year. According to the figures recently published the 
total output from the municipal plant in the City of 
Birmingham for 1936 was 615,749,054 units, which gives 
an average monthly figure for that Midland industrial 
centre in England of about half that produced by the 
supply companies in Shanghai. There are very few 
industrial regulations controlling the textile mills im 
Shanghai. The high load factor obtained by the supply 
companies suggests night and day shifts in local factories. 
The level of foreign trade for Shanghai for December, 
1936, was well above that for 1935, the imports figure 
rising 40-7 per cent. There have been great structural 
changes in the imports. The chief feature im recent 
years has been the great decrease of textiles in the per- 
centage of total trade recorded, and the great increase in 
percentage of the total under the heading of machinery, 
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LIBBY INTERNATIONAL TURRET LATHE 




















A Heavy Duty Turret Lathe. 





WE recently inspected at the showrooms of the Selson 
Machine Tool Company, Ltd., of Abbey House, Victoria- 
street, London, S.W.1, a Libby International heavy-duty 
turret lathe. The machine tool, of which a front view is 
shown in the engraving herewith, is manufactured by the 
International Machine Tool Company, of Indianapolis, 
Indiana, in a range of five sizes, with a swing over the ways 
of 18in., 24in., 27in., 29in., and 32in., according to the 
size. The example we inspected was fitted with a cross 
sliding turret motion with a built-in taper attachment 
and is known as the “‘ 2H ” type, with a hole 8}in. diameter 
through the spindle. The same machine can be supplied 
without the cross sliding turret and with the alternative of 
a 10}in. hole through the spindle. 

The bed and headstock are cast in one piece and the 
walls are reinforced by two longitudinal ribs running the 
full length of the bed, with cross ribs every 12in. The metal 
of which the casting is made is a nickel, steel, and 
chromium alloy cast iron, which is claimed to give a dense 
and hard-wearing structure, with a tensile strength 50 per 
cent. in excess of that of ordinary cast iron. The front 
way of the bed is fitted with an adjustable taper gib on 
the inside which gives a long narrow guide to both 
turret and tool post carriage slides. The tool post carriage 
apron is supported by a guide bearing on the lower part 
of the front of the bed, which is undercut and provided 
with an adjustment for wear. The bed is cast with large 
holes for swarf between the ways, where there is also a 
east rack for locking the turret slide when working between 
centres. The ways are manufactured from hardened alloy 
tool steel flat plates, which are dovetailed and pressed into 
channels in the bed casting, consequently eliminating the 
usual method of attaching the ways by means of screws. 

The power for the machine is supplied by a 20 or 25 H.P. 
built-in electric motor, which can just be seen at the back 
of the machine in the engraving. This motor runs at 
1500 or 1800 r.p.m. and the first pinion of the speed 
reduction gear trains is mounted directly on the motor 
shaft, a feature which tends to give compactness and 
eliminates power transmission losses. The motor is con- 
trolled from the front of the machine by means of push 
buttons and can be fitted with a reverse motion, if required. 
The headstock gears are made of heat-treated alloy steel 
and have the Maag tooth form, of which the thickest part 
is at the root of the tooth. The teeth are of wide face and 
coarse pitch. The headstock gearing provides eight spindle 
speeds ; it has two intermediate shafts, running in ball or 
roller bearings, and power is transmitted through com- 
bination cone and disc clutches. The object of this 
arrangement is to ensure that smooth engagement shall 
take place without slip, and consequently the disc clutch 
is first allowed to take up the load to accelerate the spindle 
and work, the cone clutch being engaged when the desired 
speed is reached. The spindle is fitted with a back gear 
running in bronze bearings and a brake is mounted on the 
first intermediate shaft of the gear train in order to stop 
the spindle when the drive clutch is released. 

The main spindle is made of a 0-5 per cent. carbon open- 
hearth steel forging, with a flange to which the chuck gear 
is attached. The spindle nose is threaded.to receive the 
chuck or special holding fixtures and the seat for the chuck 
is tapered. The spindle is carried by four Timken taper 
roller bearings, two at each end, to take thrust and radial 
loads. The eight spindle speeds, ranging from 8 r.p.m. 
to 162 r.p.m., are controlled by three levers on the top of 
the headstock, which position gives greater leverage and 
accessibility than the usual position on the front of the 
machine. Lubrication is performed by splash, a reservoir 
being formed in the top of the headstock, from which it 
flows over the gears and other parts and finally falls to a 
sump at the base of the machine, whence it is pumped 
back to the headstock reservoir. All the slides and moving 
parts of the machine are automatically oiled from reser- 
voirs, and it is claimed that the operator has no use for an 
oilean. A chuck of heavy construction is provided, made 
with a steel body and alloy steel heat-treated parts, in 
which the bottom jaws are below the face of the chuck 
slot and it is therefore not necessary to remove the jaws 
when bolting fixtures to the chuck. The pinions have 





removable hardened steel bushes and the same key fits 
the chuck pinions and jaw screws. 

A power rapid traverse motion for both carriages is 
situated in the lower part of the headstock and consists of 
four multiple disc clutches, enabling the tool post and 
turret slides to be moved in either direction at the rate of 
35ft. per minute. The mechanism is driven from the 
primary drive shaft by chain and its operation is indepen- 
dent of all feeds. The lead screws, when the rapid traverse 
is not in operation, are automatically locked in a positive 
position. The feeds, ranging from jin. to */,,in., are 
uniform for the longitudinal, cross, and angular directions. 
These feeds are independent of each other and of the quick 
traversing motion; eight feeds are obtainable in each 
direction for each carriage and the rapid traverse can be 
used without disengaging the feeds. The feed change 
gear-box is mounted on the end of the machine and con- 
tains gears for cutting all standard threads from 2 to 128 
threads per inch. These gears are engaged by operating a 
lever, which method saves the time formerly associated 
with change wheels set up by hand. Each carriage is pro- 
vided with both longitudinal and cross feed observation 
dials, which register the travel of carriages and slides. 
One revolution of the dial represents 3in. of travel, and 
they are fitted with index clips for registering positions 
for use when the operator is engaged on repetition work, 
in conjunction with automatic stops. Automatic stops 
are fitted for each face of the tool post and turret carriages 
for both longitudinal and cross traversing motions. The 
stops for the turret on all stationary turret type machines 
revolve automatically, but are hand operated when a 
cross sliding turret is fitted. An automatic stop is also 
provided for the rapid traverse for the turret and the tool 
post carriage, so that it is impossible to run the slides off 
the ways or foul the chuck. 

The lead screw feed permits of the use of taps and die 
heads, which would not be practicable were a rack feed 
fitted. The tool post slide has a reversible cross feed, 
which is independent of the longitudinal feeds and of the 
quick traverse. The turret is of the hollow hexagon type 
and positive location is obtained by an index pin, a clamp 
encircling the turret base holding it in position. With this 
construction the only function of the index pin is to centre 
the turret in its correct position. The lever for operating 
the index pin also operates the clamp. The holes in the 
turret head are bushed and the bushes can be renewed and 
rebored. The turret base is integral with the cross slide, 
and it is claimed that the cross sliding turret is as rigid as 
the stationary turret type. The aprons for the tool post 
carriage and the turret are completely enclosed, with only 
the lead screw nut exposed and have built-in oil reservoirs 
for lubricating the gears and slides. Both units are inter- 
changeable and have eight changes of feed, both forward 
and reverse, the gear shafts running wherever possible in 
ball bearings. The tool post is of the four-sided type and 
can carry four tools at a time, each independently adjust- 
able for height. It can be locked in any one of the four 
positions and can also be clamped in any desired inter- 
mediate position. The pilot wheel on the turret does not 
revolve when the quick traverse is used, which is a desir- 
able safety feature. The machine is equipped with a suds 
pump and pan, the pump being operated by gear from the 
quick traverse shaft. 








Accident at Killamarsh Junction. 





THE accident that occurred on January 26th, 1937, 
at Killamarsh Junction, on the Sheffield to Nottingham 
section of the London and North-Eastern Railway, 
reported upon by Lieut.-Colonel E. Woodhouse, was of 
a minor character, but is noticeable for the fact that the 
prime cause was a distant signal arm sticking in the “ off” 
position, which is a rare occurrence. 

The engine of a mineral train, running under clear 
signals, came into sidelong collision with wagons of 
another mineral train, travelling from the Waleswood 
branch on to the up main line past the home signal at 
danger. The engine and tender of the former were 
derailed, with superficial damages, and the driver sus- 





tained bruises and shock. Twenty wagons of the latter 
train were derailed and five completely wrecked, and con- 
siderable damage was done to the permanent way and point 
and signal connections at the junction. The main and 
branch lines are double track, and are mainly used for 
freight traffic, which explains why trap points were not 
provided on the up branch line, but there is one booked 
passenger train a day in each direction. 

The evidence proved that the up branch distant signal 
was “ off’ when the train passed it, and the up branch 
home was at danger, but the driver, having assumed that 
the section was clear after seeing the former indication, 
did not notice the latter until it was too late for him to 
prevent the train running on to the main line and being 
hit by a train travelling in the same direction. This 
distant signal had been renewed six days previous to the 
accident, and the signalman on duty at Killamarsh Junc- 
tion at the time of the accident stated that he had only 
worked it twice since the renewal, once the day before 
and once on the day of the accident. The signal arm was 
provided with an electrical repeater, but the signalman 
omitted to notice that its indication had failed to change 
from “ off” to “on” with the replacement of the lever 
after the passage of a train shortly before. 

Colonel Woodhouse made some experiments with the 
adjustment of the wire operating the distant signal, and 
found that it was possible so to tighten it that with the 
lever in the normal position the arm was “ on,” but when 
the lever was pulled and put back smartly the tension 
was sufficiently strong to hold the arm in the full * off”’ 
position. He could not therefore accept the signalman’s 
statement that the adjustment was not eased imme- 
diately after the accident. The temperature was low on 
the day in question, and at noon, when the collision 
happened, it scarcely rose above freezing point, and was 
10 deg. lower than on the preceding day. The wire had 
become contracted through the cold, since the adjust- 
ment the day before, with the result that the arm had 
not responded to the replacement of the lever. 

In Colonel Woodhouse’s recommendation he states 
that apparatus of comparatively simple nature is pro- 
vided at many signal-boxes as a safeguard against a 
‘false clear” distant signal indication, which prevents 
block acceptance of a train from the box in rear unless 
the distant signal is at ‘‘ Caution,” and points out that 
such provision at Killamarsh Junction would have pre- 
vented the accident. (The arrangement, using a polarised 
relay inserted in the block instrument and signal repeater 
circuits, was introduced by the late Mr. A. T. Blackall, 
signal and telegraph engineer of the Great Western Rail- 
way, about twenty-five years ago.) Colonel Woodhouse 
mentions that the equipment of signal-boxes with this 
apparatus is being extended, and recommends that 
certain other factors, and not only the importance of the 
line, should be considered when reviewing further exten- 
sions of the system. 








LAUNCHES AND TRIAL TRIPS. 


BACHAQUERO, steamship; built by Furness Shipbuilding 
Company, Ltd.; to the order of Lago Shipping Company, Ltd.; 
dimensions, length 365ft., breadth 64ft., depth 18ft., to carry 
4000 tons. Engines, triple-expansion ; constructed by North- 
Eastern Marine Engineering Company, Ltd. Launch, May 7th. 

HoprecastLe, motorship; built by Swan, Hunter and 
Wigham Richardson, Ltd.; to the order of Novocastria Shipping 
Company, Ltd.; dimensions, length 412ft. 3in., breadth 57ft. 3in., 
depth 38ft. Engines, opposed-piston, two-stroke, airless- 
injection. Trial trip, May 10th. 

DvuneRA, motorship ; built by Barclay, Curle and Co., Ltd.; 
to the order of British India Steam Navigation Company, 
Ltd.; dimensions, length 490ft., breadth 63ft., depth 35ft. 
Engines, opposed-piston, airless-injection, 560 mm. by 1680 mm. 
stroke. Launch, May 10th. 

Horrecrown, motorship; built by Swan, Hunter and 
Wigham Richardson, Ltd., to the order of Clive Shipping Com- 
pany, Ltd.; dimensions, length 412ft. 3in., breadth 57ft, 3in., 
depth 38ft. Engines, opposed piston, two-stroke, airless injec- 
tion ; launch, May 11th. 

DvuNKELD, motorship ; built by Barclay, Curle and Co., Ltd., 
to the order of Lomond Shipping Company, Ltd.; dimensions, 
length 431ft. 6in., breadth 55ft., depth 37ft. 6in.; to carry 9200 
tons. Engines, three-cylinder opposed piston ; trial trip, May 
14th. 














May 21, 1937 


THE ENGINEER 


607 








Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Rising Iron and Steel Exports. 


The exports of iron and steel in April, according 
to the Board of Trade returns, showed an increase of 7904 
tons at 239,461 tons, compared with 231,557 tons in 
March. The value rose by £276,251 to £4,129,173, against 
£3,852,922 in March. The April figure was the highest 
since October, 1930, when the total exports reached 
264,400 tons. The exports of iron and steel for the four 
months ending April 30th amounted to 886,315 tons, 
valued at £14,712,816. Exports of pig iron in April were 
fairly well maintained at 16,002 tons compared with 16,374 
tons in March. Of this quantity, 3856 tons went to British 
countries, 2553 tons to Belgium, and 2076 tons to Frances 
The exports of ferro-alloys jumped to 1662 tons from 521 
tons in March, 777 tons going to British countries. Of 
the April total, 1455 tons was spiegeleisen and ferro- 
manganese. The exports of ingots, blooms, billets, and 
slabs were more than double the March figure, at 1886 tons 
compared with 862 tons. Exports of iron bars and rods 
rose to 834 tons in April compared with 629 tons in the 
previous month, whilst there was a sharp increase in the 
quantities of sheet bars, tin-plate bars, wire rods, and 
bright steel bars sent abroad from 2123 tons to 4748 
tons in April. General descriptions of steel were exported 
to the extent of 14,488 tons in April against 12,319 tons 
in March. Of the total, South Africa took 3104 tons, 
India 2976 tons and New Zealand 626 tons. Exports of 
angles, shapes, and sections rose to 6004 tons compared 
with 5953 tons in March. Plates and sheets, }in. thick 
and over, were exported to the extent of 16,392 tons, 
which was slightly above the March figure of 16,082 tons. 
Of the former total, Denmark took 2066 tons, Holland 
3693 tons, South Africa 970 tons, and India 757 tons. 
There was, however, a decline in the exports of plates and 
sheets under }in. thick from 21,106 tons in March to 
17,149 tons in April. The Argentine Republic took the 
largest quantity in April with 8506 tons, Canada being 
next with 2545 tons; Mexico took 1218 tons, and Aus- 
tralia 1075 tons. A total of 23,548 tons of galvanised 
sheets was exported, compared with 28,726 tons in March, 
and 42,941 tons of tinned plates against 37,104 tons in 
March. There was little difference in the April exports 
of tubes at 24,350 tons against 24,180 tons in March. A 
rise took place in the exports of railway material from 
8951 tons in March to 10,576 tons last month; South 
Africa being the largest buyer with 2063 tons. The April 
total included 6825 tons of new steel rails, 2722 tc-s of 
sleepers, fish-plates and sole plates. India was the 
largest customer last month with 26,117 tons, South 
Africa came next with 22,300 tons, then Canada with 21,927 
tons. 


A Decline in Imports. 


The imports of iron and steel in April showed an 
abrupt decline of 5812 tons from 94,281 tons in March 
to 88,469 tons. The value, however, was only £3910 less 
in April at £947,517 against £951,427 in March. In April 
the imports of pig iron were only a few tons less at 21,186 
tons, compared with 21,283 tons in March, British India 
sending 9645 tons and foreign countries 11,541 tons. 
There was a decline in April also of imports of ferro-alloys 
from 7716 tons in March to 7093 tons, of which 1391 tons 
was ferro-chromium and 3911 tons ferro-silicon, silicon, 
and alloys thereof. Imports of blooms, billets, and slabs 
showed an important increase to 26,429 tons, compared 
with 18,734 tons in the previous month. France sent the 
largest quantity of 11,184 tons, Belgium being next with 
1384 tons, whilst the quantities from British countries 
totalled 8302 tons, and from other foreign countries 
4838 tons. There was a drop in the imports of sheet bars 
from 7540 tons in March to 1884 tons in April, and the 
imports of wire rods from 5683 tons to 3724 tons. The 
quantities of angles, bars, and sections brought into the 
country declined from 3610 tons in March to 2052 tons in 
April. Imports of girders, beams, and joists, which in 
March amounted to 4551 tons, fell in April to 3684 tons, 
of which France sent 2159 tons, Belgium 573 tons, and 
other foreign countries 952 tons. The imports of hoop 
and strip showed a slight increase to 2373 tons from 2213 
tons in March; whilst plates and sheets, not galvanised 
or tinned, dropped to 1547 tons in April from 1729 tons 
in the previous month. Imports of railway material in 
April dropped heavily to 211 tons compared with 491 tons 
in March. The country which sent the largest quantity in 
April was France, with 17,288 tons, Belgium being second 
with 15,649 tons, and India third with 9791 tons. 


The Pig Iron Market. 


One of the most hopeful signs from the foundry- 
men’s point of view is the increase of 8900 tons in the 
production of foundry iron during April to 122,400 tons, 
compared with 113,500 tons in March. It is understood 
that efforts are being made to improve upon this tonnage, 
since the present production is well short of the quantities 
the foundry industry could absorb. The position is 
regarded in some quarters as approaching a critical stage, 
since many consumers, particularly those who have not 
been in the habit of contracting for good tonnages at 
regular intervals are finding it more and more difficult to 
obtain the iron they need. On the other hand, the demand 
for foundry products, both heavy and light, is expanding, 
as it does normally at this season. Contrary to expecta- 
tions, no announcement has been made of an advance 
in the price of English foundry iron, but this has not 
materially influenced the situation as few makers are 
prepared to quote on new business until some of their 
commitments have been reduced. When they do quote 
it is at prices ruling on the date of delivery. The coal 
situation also is arousing concern, and the threat of a 
strike has provided another reason why the makers 
should pursue a policy of caution. Consumers would be 
pre to contract forward until the end of the year, 
but the manufacturers show no general inclination to 





accept this business. Lately, a number of small parcels 
of Continental foundry iron have been offered in various 
districts in this country at about £7 5s. f.o.r., but at this 
figure only a few consumers have been interested. In 
the hematite market the advance in prices does not appear 
to have had any influence upon the position. Following 
the rise in quotations there was a considerable volume of 
inquiry in the market, and consumers generally were 
disappointed that the producers were reluctant to 
accept forward business. Although some contracts were 
taken, many of them were renewals and buyers 
had to cut down their tonnages. new business 
has been done on the basis of £6 3s. d/d for No. 1 
quality, subject to 5s. loyalty rebate. Specifications 
against existing contracts are reaching the works on a 
heavy scale, and the makers have little iron available 
for export, the quotation being practically nominal at 
£6 5s. f.o.b. for No. 1. 


British Iron and Steel Production. 


The British Iron and Steel Federation, in its 
statement for April, reported that there were 121 furnaces 
in blast at the end of that month, compared with 117 
at the end of March, five furnaces having been blown in 
and one having ceased operations for relining. One 
each was blown in at the works of John Lysaght, Ltd., 
Scunthorpe ; the Consett Iron Company, Ltd., Consett, 
Co. Durham ; the Shelton Iron Steel and Coal Company, 
Ltd., Stoke-on-Trent; and the North Lonsdale Iron 
and Steel Company, Ltd., Ulverston, whilst the one blown 
out was at the Scunthorpe works of John Lysaght, Ltd. 
These figures show a net increase of eleven furnaces 
compared with the number in operation on January Ist. 
Of these, two only have been rebuilt and modernised. 
The production of pig iron in April amounted to 680,700 
tons, compared with 680,300 tons in March, and 629,800 
tons in April, 1936. Of this, 138,700 tons was hematite, 
384,400 tons basic, 122,400 tons foundry, and 14,900 tons 
forge iron. The output of steel ingots and castings in 
April amounted to 1,080,400 tons, compared with 
1,109,500 tons in March and 984,200 tons in April last 
year. The following table gives the average monthly 
output of pig iron and steel over a period of years, and the 
production for the past four months :— 


Pig iron, tons. Steel, tons. 

1913—Monthly average... 855,000 ... ... 638,600 
1920 » » ++» 669,500 755,600 
1929 os ‘i ... 632,400 803,000 
1934 9 om ... 497,400 737,500 
1935 os a. . 535,300 821,600 
1936 9s 640,500 974,900 
1937—January ... 650,700 998,900 
February ... 603,700 ... 995,900 

March ... 680,300 . 1,109,500 

April . 680,700 . 1,080,400 


Midlands and South Wales. 


Traders in the steel market are more concerned 
with arranging deliveries against old contracts than in 
placing new business, There is no reason to suppose 
that the advance in prices has had any effect in checking 
demand, and many consumers would be pleased to contract 
forward at the higher rates if they could find a maker 
willing or able to accept business. Most of the works 
have sold their output over the whole of this year, and 
will not accept any but orders of first importance. They 
are also in arrears with deliveries, but are making 
great efforts to reduce these accumulations. In recent 
weeks it is said that some headway has been made in 
this direction ; but only by severely limiting the amount of 
new business accepted. The pressure on the part of con- 
sumers to obtain material is particularly severe on the 
heavy side of the industry, and the requirements of the 
constructional engineers take up a good proportion of 
the output of joists and sections. A steady stream of 
inquiries for these materials is reaching the makers, and 
customers have to search the market in order to obtain 
even a portion of their requirements. The situation is 
made the more difficult by the restriction of the re-rollers’ 
output through the short supply of billets. The scarcity 
is not quite so acute as a week or two ago, when a number 
of works were closed down for lack of raw materials ; but 
it is still severe, and few re-rollers can plan far forward. 
The prices of re-rolled material have been increased, but 
there has been some irregularity in the quotations. 
According to the rules laid down by the Federation and 
the Import Duties Advisory Committee, the price of 
small bars, flats, and strip rises 3s. for every increase of 
2s. 6d. in the price of billets. This would allow of an 
advance of £2 8s. in the quotation on tested material and 
£1 19s. on untested. The rise in sheet prices has not resulted 
in larger supplies becoming available for the market. It is 
understood that the makers have agreed not to charge 
premiums on the new home trade prices ; but these are still 
being asked for export. Business in colliery steel has been 
limited lately by uncertainty regarding the price. The 
manufacturers have been quoting subject to any official 
alteration in prices; but although meetings have 
been held to consider the question, no change has been 
notified. Recently, however, some of the makers have 
demanded premiums. New business in heavy steel is 
difficult to negotiate in South Wales, and some of the 
consumers are in trouble through lack of supplies. The 
production of tin-plate bars, however, is insufficient to 
meet the demand, and this has created delays in deliveries 
of tin-plates. 


Current Business. 


An order for a 14,500-ton tanker for Norwegian 
owners has been placed with Sir James Laing and Son, 
Ltd., Sunderland. Thos. W. Ward, Ltd., Sheffield, have 
acquired the blast-furnace plant of the Glasgow Iron 


Unless otherwise specified home trade quotations are delivered f.0.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 





Export quotations are 


and Steel Company, Ltd., Wishaw. The plant, which 
has been out of operation for several years, includes 
six blast-furnaces, six Ford and Moncur hot-blast stoves, 
twenty Lancashire boilers, silica gel plant, blowing 
engines, turbo-exhausters, by-product plant, rails, tanks, 
&c. Dismantling is to be started immediately. The 
British Tanker Company, Ltd., has placed an order for 
an oil tanker of 12,000 tons with Swan, Hunter and 
Wigham Richardson, Ltd., Wallsend, and a similar order 
with William Doxford and Sons, Ltd., Sunderland. Plans 
for extensions to the wire mills of Bruntons (Musselburgh), 
Ltd., have been approved by the Dean of Guild Court, 
Musselburgh. The Furness Shipbuilding Company, Ltd., 
Haverton Hill-on-Tees, have secured orders for two oil 
tankers, one of 12,500 tons d.w., for the Anglo-Iranian 
Oil Company, and one of 12,200 tons for the Lago Shipping 
Company. Sir John Jarvis, speaking at Jarrow last week, 
outlined proposals for the establishment of new industries 
in that town. These included a steel-melting plant of 
the latest type to produce raw materials for dependent 
industries which would provide employment within a 
fairly short time. This would be better than concentrating 
on one vast undertaking which, if it failed, would bring 
ruin on the town., As a result of negotiations, Sir John 
Jarvis reported that he had purchased the entire business 
of Sir W. G. Armstrong Whitworth and (Co., Ltd., at 
Gateshead, and the pneumatic tool and air compressor 
business at Scotswood. Jarrow would, therefore, share 
in the technical, administrative, and selling organisa- 
tions of that company. The Department of Overseas 
Trade announces that the following are open for tender :— 
South African Railways and Harbours Administration : 
Quantities of panhead, ellipsoidal head, counter-sunk 
head, and snap head boiler rivets of various sizes to C.M.E. 
Specification No. 67/1937 (Johannesburg, June 7th) ; 
two 6000-gallon capacity parachute water tanks (Johannes- 
burg, June Ist). 


Copper and Tin. 


Business in electrolytic copper in this country 
has been very limited, owing to the Coronation and the 
Whitsun holidays. In the United States, however, the 
demand has been fairly well sustained, but not on the scale 
of a few weeks ago. European buying also has been steady, 
but, if anything, on the quiet side. American producers 
are understood to be watching the market carefully, 
and are apparently disappointed at the slowing down in 
the industrial demand, although this is not surprising con- 
sidering the heavy buying which has already occurred 
this year. There is talk of the restriction scheme being 
again put into operation. This seems unnecessary, since 
the quantity of copper available for prompt delivery is 
becoming increasingly scarce. Probably, however, they are 
considering the situation which will rule some months 
hence, and apparently forward buying has not expanded 
sufficiently to satisfy them that the current production 
will be fully needed later in the year. On the other hand, 
opinion in Europe is that consumption is growing, and will 
continue to do so for some time to come. American 
figures estimate the sales this month up to May llth at 
12,200 tons. Exports of refined bars and ingots in March 
totalled 22,950 tons, and for the first quarter of the year 
65,765 tons. In the standard market at the end of last 
week prices sharply reacted, largely as a result of the 
quieter conditions ruling immediately before the Whitsun 
holidays.... Dull conditions have ruled in the tin 
market, but operators could scarcely be expected to take 
an interest in the market at this season, as usually during 
the opening of the summer months the demand for tin 
declines. This year the uncertainty of the American 
position makes the outlook even more obscure. American 
buyers continue to hold off the market, and dealers are 
wondering whether the stocks in that country were as low 
as was imagined. There has, of course, been some buying 
by American users direct in the East. Dealings with the 
Continent also have been limited to a few parcels. 


Lead and Spelter. 


Although there has not been much business 
passing in the lead market the general situation is satis- 
factory. The demand usually shrinks a little about this 
time of the year, and naturally the holidays have accen- 
tuated this tendency. Consumption, however, is com- 
paratively on a larger scale than the normal, and all the 
industries using the metal are likely to be well employed for 
along time. Considerable quantities of lead are also being 
absorbed in uses connected with the defence programme. 
Production, however, appears to be expanding, although 
not very rapidly. Just before the holidays there was a 
decline in speculative interest in this market, and it is 
possible that there will not be a revival in this direction 
for some time. The American market also has taken a 
turn towards quieter conditions, but this is hardly sur- 
prising, in view of the heavy buying which went on for 
several weeks. It seems probable that the stocks will 
further decline, although at the end of April there was a 
drop of 4272 tons, the total being 13,911 tons, which was 
about equal to one week’s supply. Deliveries in April 
reached 56,229 tons and the production amounted to 
51,957 tons.... Although the fundamental conditions 
in the spelter market are unchanged, and on the whole 
encouraging, the price has inclined lately to become easier. 
Naturally there has not been much business transacted 
during the past week, and any little selling has had 
a disproportionate influence upon the market. The con- 
suming industries are absorbing good quantities, and now 
that the Whitsun holidays are over business is likely to 
develop activity. The galvanising trades and other users 
have shown more interest in the metal of late, and the 
demand for high-class zinc has been greater than the 
supply. In fact, this description is difficult to obtain for 
anything like near delivery. 
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Makers’ official home trade prices, per ton, delivered buyers’ stations. 


Current Prices for Metals and Fuels. 





purchasing only from associated British Steelmakers. 





PIG IRON. STEEL (continued). 
Mame. Mager. Home. Export. 
. (D/d Teesside Area) Guascow AND Districr— 2 a a. £ ary 
N.E. Coast— £s. d. £ s. d. pS ll 0 6 10 12° 6 
Hematite Mixed Nos.* 6 2 6... a2 o a ae . 
“i tie. sin ie Sateen to 
erat. 3 © id Teeside Area) in Channels. . rit Sieh Ba; 10 17 6 
bis Rounds, tin. iu iB OO: 11 12 6 
No. 3 G.M.B. 41 0.. _ 
Pe under 3in. » 20796. O%.: 11 0 0 
No. 4 Foundry |... 4.0 6.. me Flats, Sin. and under ... 11.18 0* 11 0 0 
Basic (Less 5/- rebate) .. 5 0 0O.. ~ rn ha rf 
eee Plates, jin. (basis) ... 11 8 0.. 11 0 0 
Stafis— (Delivered to Black Country Station) » tein. TER es ae Hu ee 
North Staffs. Foundry "ah, See, ee == 6 tin. "y- -HB 0.. 11 10 0 
: “ta ee ah i» tein. «.. RE OS, 1115 0 
Basic (Less 5/—rebate) ... 5 0 0... = Un. fyin. to fin. incl. ... 11 15 6... 12 10 0 
Nesitenngben=. Boiler Plates, jin. Ste Se: 12 10 0 
Foundry No. 3 43 6.. aes Sour Wates AREA— £8. d. £ os. d. 
Forge -.. 318 6. Ba Angles 11 0 6.. 10 12 6 
Derbyshire— Tees... 12 0 6.. 11 12 6 
No. 3 Foundry 46 0.. ee Joists 1l 0 6.. 10 12 6 
Forge 41 0.. i Channels... aS 9°68. 76". 10 17 6 
ScoTLanp— Rounds, 3in.and up ... 12 0 6.. 11 12 6 
Hematite, f.0.t.furnaces* 6 3 0 .. —_ pa under 3in.* is i om ll 0 0 
No. 1 Foundry, ditto ... 515 6.. — Flats, 5in. and under*... 11 18 0 .. ll 0 0 
No. 3 Foundry, ditto ... 513 0 .. - Plates, fin: (basis)... 11 10 6 .. 10 0 
Basic, d/d (Less 5/-rebate) 5 7 6... .«.. — i va Ee : 41s 6: 11 8 0 
N.W. Coast— (° 3 0Od/d Glasgow aA; fin. id: EL 1110 9 
Hematite Mixed Nos.* 8 6 ,, Sheffield a “Cpe eee Pes Hs 0 
ls 14 6 ,, Birmingham Un. jin. to pin. aa Le 6.3 1210 0 
ee TRELAND—F.0.Q. BELFAST. Rest oF IRELAND. 
£ s. d. £ s. d, 
Angles 3 1. 88 sc ll 8 0 
MANUFACTURED IRON. Tees... stdhtethe thie 12 8 0 
Hens. Export. Joists 2 BBE. 1115 6 
Lancs. AND YoRKS.— £8. d. o's d: Channels... . -- 1110 6.. 11 13 0 
Crown Bars Mike te, ee Pk Rounds, ain. one up 7 8 6's .. 12 8 0 
Best Bars i pio es under 3in.* - 1016 O. 10 16 O 
MiIpLaANDs— Plates, jin. (basis) Shah Box. 1115 6 
Crown Bars ... 3 Se oe ee — es PR eat. osc — « wo yee 12 0 6 
Marked Bars (Staffs.) . 18 OO. és tin. ‘ae 3. OT. 12-5 6 
No. 3 Quality... 7 a oo os — «= in. 6 .F 10. ©... 1210 6 
No. 4 Quality... .- 1015 0O.. a Un. #in. to fin. ined. iw 3 6. iz 5 6 
Scorhanp— *Rounds and Flats tested quality; Untested 9/- less. 
cuentas hi rele OTHER STEEL MATERIALS. 
Best... Bly 6. 13:57 @ ‘ 
Home. Export. 
N.E. Coast— Sheets. Seid Sa. 
Crown Bars -1117 6... 11 0 0 11-G.to 14-G.,d/d ... 415 0... ...f.0.b. 14 10 0 
Best Bars s+ vee 12/47 6... 1110 0 15-G. to 20-G.,d/d_... 15 0 0 ..f.0.b. 1415 0 
Double Best Bars £1099 Ga8 12 0 0 21-G. to 24-G., d/d . 1515 0 iets: a 66 
NorTHERN IRELAND AND FREE STaTE— 25-G. to 26-G., d/d 1517 6. ..f.o.b. 15 15 0 
Crown Bars, f.o.q.... -.. 12 10 0... _ South Africa, 24-G. Basis £15 0s., plus 3% on invoice value ; 
saree : — ~ Rhodesia, £15 10s. ; Irish Free State, £16 10s. f.0.q. 
The above home trade sheet prices are for 4-ton lots and over ; 
STEEL. 2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
Home. Export. | 30s. per ton extra. 
LONDON AND THE SouTH— £s. d. £ s. d. Galvanised Corrugated Sheets, Basis 24-G.— 
Angles se acto ae 136 Home. £ s.d. Export. Basis— £ s. d. 
Tees... Ss Rin a ood 4-tonlotsandup... 19 10 0 26-G.andheavier 18 15 0 
Joists tiation AY at 2-ton to 4-ton lots 19 17 6 27-G. to 29-G....19 5 0 
Channels... ... . oy AB B® 0 10:17, .8 Under 2 tons . 21 2 6 30-G. and lighter 20 0 0 
Rounds, Sin. and up... 12 3 Mae AE Az.8 Export : India, £22 5s. c.if.; South Africa, £18 15s. f.0.b., 
” under 3in.* -12 0 . * 11 0 0 plus 3 p.c. invoice value; Rhodesia, £19 5s. f.o.b.; 
Flats, uncer Sin.*... ... 12 0 6 .. Bb Os ® Irish Free State, £19 10s. f.0.q.; General, £18 15s. f.0.b. 
Plates, jin. (basis) ot BA BS. OD: xe 1l 0 0 Tin-plates. 
» Wine... -. - IL 18 O.. 11 5 0] 20 by 14 basis, f.0.b. Bristol Channel Ports, 24s. 0d. to 25s. Od. 
» din. ... 12 3 0.. i110 0] ‘Tin-plate Bars, d/d Welsh Works, £7 15s. Od. 
= fsin. . — sf a. ee 1115 0 Billets. 2s. ad. 
Un. jin. to jin. incl. ... 1115 6 .. 1210 0 Basic (0-33% to 0-41%C.) ... ... 900 
Boiler Plates, jin. ee Be A hes 1210 0 » Medium (0-42% to 0-60% C.) 910 0 
Nortu-East Coast— £ 8. d. £ 8. d. » Hard (0-61% to 0-85% C.) -10 0 0 
Angles Eerie. 10 12 6 ” » (0°86% to 0-99 C.) - 1015 0 
Tees... ee: . 1110 0 pe alligthip~oh---ouprspecis-tiainagenarada -H 56 0 
Joiste | ie ge. 10 12 6 Soft (up to 0-25% C.), 500 tons and up 7146 
Channels.. gt ey: ae at eee 1017 6 Rails, Heavy, 500.ton lots, f.0.t. . 10 2 6 
Rounds, ain. taht up 2D). 8 11 12 6 » Light, f.o.t. ose 9 2 6 
i under 3in.* 13° 16...0... ll 0 0O 
Plates, jin. pen. seer: 11 0 0 FERRO ALLOYS. 
RRS Yoel vg oe: Oe ome 1l 5 0 
lin, ... ‘og ae 11 10 © | Tungsten Metal Powder 5/3 per lb. 
ar * en eh ee 11 15 0 | Ferro Tungsten 5/0 per lb. 
Per Ton. Per Unit. 
Un. jin. to pi incl. 1115 6.. 1210 0 * 
Boiler Plates, jin. 4.26 O12 12 10 9 | Ferro Chrome, 4 p.c. to 6p.c.carbon £22 10 0 T/- 
” ” 6p.c.to8pc. .. £2110 0 7/- 
MIDLANDS, AND LEEDS AND DisTRICT— A of 8 p.c. to 10 p.c. £21 10 0 7/- 
£8. d. £ s. d. be - Specially Refined ... 
Angles -11 0 6.. 1012 6] ,, » Max. 2p.c.carbon £33 0 0 11/- 
Tees... 12 0 6.. 1112 6] ,, te » Lpe.carbon £3515 0 li/- 
Joists -11 0 6.. 10 12 6 a = » 0-50p.c. carbon £36 10 0 12/- 
Channels.. - 1 & 6... 10 17 6 . S », carbon-free ...  9$d. per lb. 
Rounds, Sin. and up 12 0 6.. 11 12 6 | Metallic Chromium... 2/5 per Ib. 
» under 3in.* 1118 0.. 11 0 0 | Ferro Manganese (isons): 76p.c. £1615 Ohome 
Flats, 5in. and under*... 11.°8 0 .. he Cae » Silicon, 45 p.c. to 50 p.c. £12 0 Oscale 5/-p.u. 
Plates, jin. (basis) 11 10 6.. 3130: Ok » Ipc. £17 0 Oscale 6/-p.u. 
"8 aes 25. 32 1115 6.. ll 8 0 » Vanadium 12/8 per Ib. 
be jin. ... 12 0 6. 1110 0 » Molybdenum... 4/9 per lb. 
és jin. . oe. 8's. 11 15 0 Titanium eadbén teed) 9d. per Ib. 
Un. fin. to jin. ik 11 26° 9. 1210 0 Nickel (per ton) £180 to £185 
Boiler Plates, jin. iz 68 3 .. 12 10 0 | Cobalt ° 7/- to 7/1 per Ib. 





Joists as well as Sections and Plates are now subject to a rebate of 15s. to home users 


NON-FERROUS METALS. 


(Official Prices, May 1th.) 


Coprrer— 
Gag us: ens £63 15 
Three months ... £59 7 
Electrolytic £64 0 
Best Selected eae d/d Bir- 
mingham ~ £66 
Sheets, Hot Rolled £95 


Oto £64 0 0 
6to £59 10 0 
Oto £67 0 0 


15 0 
0 0 


Home. Export. 


Tubes, Solid Drawn (basis) ... 14}d. 144d. 
»  Brazed (basis) l4jd. ss 14d. 
Brass— 
Ingots, 70/30, d/d Birmingham £56 0 0 
Home.. Export. 
Tubes, Solid Drawn, 2/1 Alloy 12}d. 12}d. 
»  Brazed 14jd. 14jd. 
Tin— 
CE ec” Sse ace . £254 0 Oto £255 0 0 
Three months ... . £250 5 Oto £250 10 0 
Leap : £23 11 3 to £23 8 9 
SPELTER : £22 18 9 to £23 5 0 


Aluminium SE (Britiab) 


FUELS. 


SCOTLAND. 
LANARKSHIRE— 
(f.0.b. Grangemouth)-Navigation Unscreened 
Hamilton Ell eM? ee by 
Splints 


AYRSHIRE— 
(f.0.b. Ports}—Steam 


FiresHine— 
(f.0.b. Methil or Burntisland )}— 
Prime Steam . 
Unscreened Restetion 


LorHians— 
(f.0.b. Leith}—Hartley Prime 
Secondary Steam ... Ged 
ENGLAND. 
Sour YorKsHireE, Hvutit— 


B.S.Y. Hards... 
Steam Screened 


NoRTHUMBERLAND, NEWCASTLE— 


Blyth Best 
» Second... ... 
» Best Small... 
Unscreened 
DurHamM— 
Best Gas... 
Foundry Coke 
SHEFFIELD— Inland. 
Best Hand-picked Branch ... 27/6 to 29/- 
South Yorkshire ... ... 24/-to 26/- 
Seconds ... . 22/-to 23/- 
CarpiFF— SOUTH WALES. 


Steam Coals : 

Best Admiralty Large ... 
Best Seconds rues 
Best Dry Large 
Ordinaries 

Bunker Smalls 

Cargo Smalls ... 

Dry Nuts 

Foundry Coke 

Furnace Coke 

Patent Fuel ... 


SwanszEa— 

Anthracite Coals : 
Best 
Machine- aia Cobbles... 
Nuts 
Beans 
Peas Aer 
Rubbly Culm... 


Steam Coals : 
Large Ordinary 





FUEL OIL. 


Inland consumption : contracts in bulk. 
Exclusive of Governmené tax of Id. 


Ex Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil bE Bi ROR. OMe 


£100 to £105 


Export. 
20/6 to 21/- 
21/6 
23/- 


21/6 


22/6 to 23/- 
19/6 to 20/- 


22/- to 24/- 
21/- to 22/- 
17/6 
20/- to 21/- 


22/- to 
38/- 


22/6 
to 45/- 


25/- to 26/- 
25/- to 26/- 
25/- 
23/6 to 25/- 
18/6 to 19/- 
18/- to 18/6 
25/— to 25/6 
45/- to 50/- 
30/- to 35/- 
25/- 


38/— to 40/- 
41/— to 61/- 
40/- to 50/— 
27/6 to 35/- 
21/- to 26/6 
15/- to 16/9 


20/— to 25/- 


per gallon. 
Per Gallon. 

33d. 

44d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 
The Conflict Continues. 


WueEn Monsieur Blum invited the employers’ 
and labour federations to prolong the collective contracts 
for six months and call a truce during the period of the 
Paris Exhibition, they consented to do so in principle, 
and there is no doubt that if a tacit understanding had 
been possible by ignoring difficulties that stand in the 
way of a definite agreement, the outlook would have been 
clarified and a truce would have become effective. In 
any case, it could only have deferred the vital conflict 
which seems inevitable in the near future. The C.G.T. 
unions are not idle, and troubles that broke out elsewhere 
have been overshadowed by incidents at the Paris Exhibi- 
tion works, where union delegates have been going to 
dangerous lengths in their efforts to intimidate a firm of 
contractors which was banned for employing non-union 
labour. When the C.G.T. endeavoured to allay public 
apprehension by declaring that it did not seek a monopoly 
in the recruiting of labour, there was no repudiation of 
its policy to ensure that no worker should find employ- 
ment unless he belonged to a C.G.T. union. At an aircraft 
factory, not nationalised, the union delegates required 
the management to dismiss nearly a hundred employees, 
draughtsmen, and foremen, and when, after ordering the 
men to cease work, they found that they had carried their 
authority too far, and work was resumed, the men were 
not allowed to have any direct contact with the non- 
union foremen, who had to give instructions in writing 
to the delegates. The employers are awaiting a decision 
of the Air Minister, which they declare their readiness to 
accept. Last week a meeting of some thousands of 
employers, engineers, and architects representing Chambres 
Syndicales of the building trades throughout the country, 
condemned the revolutionary activities of the C.G.T. 
at the Paris Exhibition works. At no time have employers 
been so outspoken in declaring that “the Exhibition is 
the battle ground of the C.G.T. against employers,” and 
that “‘ the mission of union delegates is to secure a Soviet 
organisation of industrial undertakings.’’ Astonishing 
figures were given of the amount of wages received by 
men for their forty hours’ week under pressure of the 
necessity of pushing on with the Exhibition work. Yet 
the progress made is far less rapid than what should have 
been expected from the encouragement offered to the 
men. They are in no particular hurry so long as they 
have no guarantee of work when their present jobs are 
finished. All this has created a feeling of public humilia- 
tion at the delay in opening the Exhibition, which is 
already deprived of an influx of visitors following upon 
the Coronation. It is understood that the Exhibition 
will be opened to the public on Tuesday, but apparently 
only for a few hours a day until the installations are 
sufficiently advanced, and this will take time in view of 
impediments arising out of the forty hours’ week. Among 
the few completed buildings that will be opened as soon 
as facilities are offered. for doing so are the German, 
Italian, Belgian, and U.S.8.R. pavilions. In its brilliant 
presentation and technical and artistic interest the Exhibi- 
tion will surpass anything that has preceded it, and it is 
regrettable that so much valuable time should have been 
lost. It is only when the work is completed that there 
can be hope of relief from the present uncertainty and 
tension, which the authorities have been unable to 
alleviate so long as they are obliged to conciliate the 
men at work on the Exhibition. Then the real struggle 
for authority by employers will begin, with possible con- 
sequences that can only be avoided during the Exhibition 
by a truce, and by then the situation should be modified 
if Monsieur Blum finds his hands free to give practical 
effect to his recent affirmation that the authority of 
employers must be preserved. 


Monsieur Raoul Dautry. 

The approaching retirement of Monsieur Raoul 
Dautry as General Manager of the State Railways has 
come to everyone as a surprise and has evoked expressions 
of sincere regret. His career has been one of outstanding 
achievements in organisation and of invariable success 
in carrying through difficult and apparently hopeless 
tasks. He entered the Compagnie du Nord in 1903, 
and distinguished himself during the war by building a 
strategical railway for an offensive in the Somme in an 
incredibly short time. The military experts declared 
that it would take eighteen months to construct what 
came to be known as the “‘ Hundred Days’ Railway.”’ 
Monsieur Dautry was responsible for reconditioning the 
Nord system after the war, when he put in order, repaired, 
and largely rebuilt 1400 miles of line, eight viaducts, 
811 bridges, and 338 stations in ten months. Towards 
the end of 1928 he was called upon to undertake the 
reorganisation of the State Railways which had been 
left in a decrepit condition by the old Ouest Railway 
Company, and its reconstruction appeared to be a hopeless 
proposition in view of the cost involved. Monsieur 
Dautry carried through the task of re-creating the system 
by an orderly process of development that raised it to 
the highest efficiency with all the latest technical improve- 
ments that had been devised. In track laying, signalling, 
and rolling stock, and in adapting services to modern 
requirements, employing metallic coaches and railcars, 
the State Railways became the laboratory for all the 
French railways. 


The Engineers’ National Federation. 

The first practical result obtained by the recently 
formed Fédération Nationale des Syndicats d’Ingénieurs 
is an ment which has just been entered into with 
the Union des Industries Métallurgiques et Miniéres for 
an insurance scheme covering sickness and death and old 
age pensions. The premiums will be paid equally by 
employers and engineers. The Union represents all 
engineering, metallurgical, and mining interests through- 
out the country. The necessity of some such provision 
being made for engineers has long been discussed by their 
associations, but it has needed a national organisation, 
favoured, perhaps, by circumstances that have brought 
engineers and employers closer together, to bring about 
this result with so much ease and harmony. 





International Association for 
Testing Materials.* 


No. LV. 
(Continued from page 574.) 


RECENT PROGRESS IN ALUMINIUM ALLOYS IN 
AMERICA. 


By E. H, DIX, Jr., and ZAY JEFFRIES, 


The extensive use of heat-treated aluminium alloy 
castings in the United States, as contrasted with their 
more limited employment in the European trade, is 
worthy of mention. Of these, the aluminium-copper 
alloys still comprise the largest tonnage, although the 
aluminium-silicon-magnesium (Alcoa 356) and_ the 
aluminium-silicon-magnesium-copper (Alcoa 355) alloys 
enjoy substantial use, especially in objects which cannot 
be easily cast. In recent years, the heat-treated aluminium 
10 per cent. magnesium alloy (Alcoa 220) has been sup- 
planting the other heat-treatable compositions for applica- 
tions requiring the maximum strength and shock 
resistance. 

The aluminium-silicon alloys continue to be popular 
for sand castings, particularly for architectural applica- 
tions, and, both with and without copper, for pressure 
die castings. Because of the early use of the heat-treated 
casting alloys and the excellent mechanical properties 
obtainable by heat treatment, the Pacz “‘ modified ” 
aluminium-silicon alloys have found comparatively small 
use here in contrast with their much wider use ab 
The high-silicon (12-14 per cent.), low-expansion piston 
alloys, Aleoa 132 and 3258, in cast and wrought forms 
respectively, have replaced to no small extent the older 
aluminium-copper alloys. The cast alloy, Alcoa 132, is 
used extensively for automotive pistons and the forged 
alloy, Alcoa 32S, for aircraft pistons. 

The aluminium-magnesium casting alloys, although 
by no means of recent origin, have attained their greatest 
commercial importance in America during the past few 
years. Three commercial alloys, containing from 4 to 
10 per cent. magnesium (Alcoa 214, 216, and 220) make 
up the most important group. As pointed out above, the 
10 per cent. magnesium alloy is used only in the heat- 
treated condition and is characterised by its high strength. 
The others are used in the “ as-cast” condition and are 
particularly notable for their resistance to corrosion, 
especially by sea water. By slight changes in composition, 
the low-magnesium alloy can be used for permanent- 
mould castings, and, with greater difficulty, for pressure 
die castings. z 

The duralumin type alloy, Alcoa 17S (4 per cent. 
copper, 0-5 per cent. manganese, 0-5 per cent. magnesium) 
may still be considered as the principal heat-treated 
wrought aluminium structural alloy, but for applications 
requiring maximum strength (such as airerft) it is being 
largely supplanted by a higher magnesium modification 
known as Alcoa 248. Another modified duralumin, 
Alcoa 278, containing no magnesium and characterised 
by a high yield strength and good resistance to corrosic—, 
is a recent development, and is used primarily for rolled 
structural shapes. The use of 340 tons of this alloy in 
the floor system of a large bridge in Pittsburgh, Pennsyl- 
vania, resulted in a net saving of 750 tons of weight. 

The aluminium-coated strong aluminium alloy pro- 
ducts, first produced commercially in the United States, 
have become firmly established as an aircraft material 
adequately meeting the requirements for resistance to 
corrosion. The gas-containing hull of the only successful 
metal-clad airship in the world was constructed of Alclad 
178-T sheet only 0-0095in. ‘(0-24 mm.) thick, and has 
suffered no deterioration in mechanical properties during 
seven years’ service. More recently one of the principal 
manufacturers of transport aeroplanes has standardi 
on Alclad 24 8 for wing and fuselage coverings. Exhaustive 
tests and service experience have shown that the elec- 
trolytic protection afforded by the pure aluminium coating 
produces a resistance to impairment in mechanical 
properties by severely corrosive conditions which is 
superior to that of any other aluminium alloy with which 
the authors are familiar. 

In the last few years, the progress in wrought aluminium 
alloys has been marked by the development and com- 
mercial acceptance of two alloys having high inherent 
resistance to corrosion and useful combinations of 
mechanical properties, although of only moderate strength. 
One of these, Alcoa 53S, is a heat-treated Al-Mg-Si 
alloy of carefully controlled composition, with an excellent 
resistance to corrosion in all tempers, including the 
artificially aged. ‘The other, Alcoa 5258, is a strain- 
hardened Al-Mg alloy, and is notable for its resistance to 
salt water and marine atmospheres, and its high endurance 
limit. Both are finding wide usage in marine, railway, 
bus, and architectural fields. 

One of the more spectacular developments recently 
consummated was that of a free-cutting aluminium 
alloy of the duralumin type. Although it is not especially 
difficult to machine the aluminium alloys, the usual 
type of curled ship is undesirable in automatic screw 
machines. The new alloy has machining properties 
similar to free-cutting brass and can be machined at 
high speeds in automatic machines. 

Emphasis in the preceding phs has been placed 
on alloys rather than applications. Great strides have 
been made in introducing aluminium into new fields, 
and it has continued to gain in those fields in which it 
is already well established. The engineer in America 
may be said to be truly weight conscious, as is shown by 
the fact that three major engineering societies this year 
have held symposia on alloys for light-weight construction. 





EXPERIMENTS [ON THE ABRASION OF METALS. 
By H. E. SMITH, B.Se., Engineering Department, 
National Physical Laboratory. 

A limited experimental study of some of the essential 
features of the abrasion of metals has been in progress in 
the Engineering Department of the National Physical 
Laboratory for several years. A complete record of the 





* Papers presented at the London Congress of the International 
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work has not been published, but some of the results 
appear to be of sufficient. interest to warrant considera- 
tion at the present Congress, and are presented with a view 
to stimulating discussion of the principles on which 
abrasion testing should be based. 

The machine used for the work was similar in principle 
to the Amsler wear-testing machine. It consists essen- 
tially of two parallel rotating shafts with the two test 
specimens mounted on their ends. The specimens are in 
the form of machined rings about 40 mm. outside diameter 
and about 12 mm. thick. The two shafts are driven by 
an electric motor through gearing in such a way that they 
can be made to rotate in the same direction, in opposite 
directions at the same speed, or in opposite directions at 
slightly different speeds. One of the shafts is mounted on 
a@ swinging frame which can be loaded through a lever 
mechanism to give the requisite load between the speci- 
mens. These can thus be subjected to pure sliding abrasion, 
to pure rolling abrasion, or to rolling abrasion with a 
small percentage of slip. The transmission mechanism 
includes a device to measure the frictional torque. 

The primary object of the research was to investigate 
the phenomenon of “ wear oxidation,” and as it was 
suspected that work-hardening played an important part 
in this process, a mild steel with considerable work- 
hardening properties was selected as the principal research 
material. This steel contained 0-28 per cent. carbon and 
had an ultimate tensile strength of 25 tons per square inch, 
and a Brinell hardness number of 100. 

From this material a number of test specimens were cut. 
Tests were made on some of these using a load between 
specimens of 60 lb., a speed of about 300 r.p.m., and a slip 
of 5 per cent. between the specimens. Under these con- 
ditions, it was found that the coefficient of friction rose 
slowly from a value of 0-03 at the beginning of the test 
to 0-28 after 2-5 hours, at which value it remained nearly 
constant. During this test a grey film of oxide formed 
upon the surfaces of the imens. Subsequent tests 
gave a much greater rate of wear ‘or the same specimens. 
because the oxide film was already formed. The process 
just described is known as “‘ wear oxidation.” 

A series of runs was then made upon the same pair of 
specimens, each run consisting of from 24,000 to 70,000 
revolutions. In these tests the average rate of wear per 
test, expressed as the loss of weight per 1000 revolutions, 
varied from 1-04 to 3-00. This variation is very large 
and may be attributed to the combined effect of several 
factors. The two most important factors are probably 
variations in atmospheric humidity and unequal abrasive 
action due to the adhesion of débris to the specimens. 
The latter effect was eliminated by using an air blast to 
remove débris from the working surfaces. The effect of 
humidity was only gradually perceived during a great 
number of tests. It was then investigated by making 
measurements of the humidity during the course of each 
test. It was found that, in general, a high atmospheric 
humidity was associated with a low rate of wear. 

Diamond p id hardness tests were made on the 
worn surfaces of a pair of mild steel specimens. These 
showed an increase of hardness from 100 to 140. This 
latter reading was that obtained from an impression 
0-10 mm. deep. An impression only 0-03 mm. deep gave 
a hardness of 190. From these figures some idea can be 
obtained of the depth of the hardening effect. 

Attempts were made to carry out tests in an oxygen-free 
atmosphere by enclosing the specimens in a gas-tight 
rubber envelope as was done by Fink. Fink, using an 
Amsler machine, found that when tests on mild steel were 
carried out in nitrogen free from any trace of oxygen no 
loss of weight occurred. All attempts made by the present 
writer to reproduce these results have been unsuccessful, 
most probably owing to inadequate exclusion of oxygen. 
In fact, the tests in enclosed atmospheres resulted in greatly 
increased wear, a result which can be attributed to very 
Fink’s results have, however, been corro- 
borated by Shotter, who used a very different technique. 

Various explanations have been suggested for the Fink 
effect and for wear oxidation in general. To the writer, 
that based on Tomlinson’s theory of friction seems the 
most plausible. According to this explanation, at the 
point of contact of the specimens atoms are plucked by 
one specimen from the other by cohesicn. If the atmo- 
sphere contains oxygen, the transferring atoms imme- 
diately oxidise. If, however, the atmosphere is inert, 
the detached atoms at once attach themselves to the 
specimen without oxidation. Thus a constant inter- 
change of atoms takes place between the two specimens, 
and there is no loss of weight. This theory could be checked 
if an experiment could be devised in which the flow of 
atoms was greater in one direction than in the other. 

Wear oxidation experiments have also been carried out 
on pairs of specimens of different materials which have 
shown different wearing properties in practice. The test 
is a very sensitive one in such circumstances, as the follow- 
ing example of tests on pony wheel flanges (specimens A 
and B from flange of good wear resistance, specimens C and 
D from flange of poor wear resistance) will show :— 

A and B tested together gave rates of wear of 0- 2¢ 

and 0-24. 

C and D tested together gave rates of wear of 0-5! 

and 0-85. 

C and B tested together gave rates of wear of 1-39 

and 0-06. 


Tests on mild steel under pure sliding abrasion with 
different loads showed that for this type of wear (mecha- 
nical wear), in which metallic particles are removed from 
the specimens, the wear is proportional to the load within . 
limits which have not yet been determined. ‘ 

In general, it is concluded from the foregoing experi- 
ments that while useful practical information may be 
obtained by experiments which produce the same kind of 
abrasion as in practice, but in an accelerated form, the 
fundamental principles upon which scientific abrasion 
testing should be based have yet to be discovered. 


oa 
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JAPANESE ExLEctric Power Inpustry.—The Japanese 
Government has approved the formation of a national 
company to take over the control of all the power supply 
companies in the country. The new company, which will 
have a capital of 2000 million yen, will take over control 
in 1938. 
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British Patent Specifications. 

When an i is ted from abroad the name and 
address of the copanenioeten are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of yy may | be obtained at the Patent Office, 
Sale Branch, 25, , Chancery-lane, W.C.2, 
ls. each. 

The date Ph given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 











STEAM GENERATORS. 


463,699. October 5th, 1935.—SHEeLL Typr Borers, Daniel 
Adamson and Co., Ltd., Dukinfield ; and P. A. W. Parkyn. 
This invention covers a variation of the normal dry-back 
boiler and aims at conserving the heat radiated therefrom. In 
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the place of the usual brick wall or metal sheathing there is 
arranged a dish-shaped water chamber connected with the main 
boiler above and below, as shown in the drawing. A superheater 
may be arranged in the intervening space.—April 5th, 1937. 


ELECTRICAL APPLIANCES. 


463,982. October 15th, 1935.—Mrrcury Vapour RECTIFIERS, 
The English Electric Company, Ltd., Queen’s House, 28, 
Kingsway, London, W.C.2 

This invention relates to electric are or discharge apparatus 
with a liquid cathode, such as mercury vapour rectifiers, in- 
verters, frequency changers, and the like. It has already been 
proposed to employ, for the ignition of mercury are converters, 

a fixed ignition electrode of very high resistance material 

permanently dipping into the liquid cathode. If a high voltage 

be applied between the mercury and such a dipping electrode it 
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is found that the electrostatic field around where the electrode 
meets the mercury surface is of density high enough to ionise 
the mercury and permit the starting of an are or discharge. It 
is considered that this is probably due to the high current 
density a-ound the line of contact. With the object of further 
increasing the density of the electrostatic field or providing 
points of high concentration the present invention consists in 
tapering or otherwise reducing the lower end of the electrode 
where it dips into the cathode liquid or otherwise so shaping it 
that it presents sharp corners to the mercury.—April 9th, 1937. 


AERONAUTICS. 
463,985. October 25th, 1935.—VarraBLeE PitcH PROPELLERS, 
The Fairey Aviation Company, Ltd., North Hyde-road, 


Hayes, Middlesex ; and A. G. Forsyth, Venlaw, Burdon- 
lane, Cheam, Surrey. 
This invention is concerned with the mechanism for varying 
the pitch of aero propeller blades. The variation is effected by 
admitting oil under pressure to one or the other side of the 
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piston -A. To this piston there are attached rods B—one for 
each blade of the propeller—on which there are cut skew rack 
teeth C. These teeth engage with a skew gear wheel D on the 
shaft E. The shaft has two threads cut on it in opposite hands. 
The one F of right hand engages with a nut in the fixed c. 

and the other, left-handed, with a nut G actuating a trunnion 
on the root of the propeller blade. It will be appreciated that 


. 





the revolution of the shaft E by the skew gear has a double 
action on the nut G on account of the reverse direction of the 
threads. It should be mentioned that the shaft E is free to move 
endways.—April 9th, 1937. 


FURNACES. 


463,998. January 24th, 1936.—TuyrEREs aNp BosHES FOR 
Bracksmitus’ Heartus, F. Careless, 142, Goldthorn-hill, 
Wolverhampton. 

The invention relates to tuyeres and boshes for use with 
blacksmiths’ hearths and for like purposes, and has for its object 
to effect improvements therein. The bosh carries the tuyere 
but both are of wrought iron or steel. The tuyere is formed of 
an outer and an inner tube welded together at their forward 
ends. The outer tube is passed as a fit through a hole in a wall 
of the bosh or is butted up to the edges of the hole, and it is 
secured thereto by welding, such as electric arc welding or oxy- 





N° 463,998 















































acetylene welding. The inner tube extends back from the outer 
tube and passes into the interior of the bosh extending to another 
wall thereof, which may be the opposite wall to which it is 
welded, such as by electric are welding or oxy-acetylene welding. 
The end of the inner tube preferably passes through a hole in 
that wall extending to the outer surface thereof, and the outer 
edge of the hole may be chamfered to receive the welding metal. 
If desired, the inner tube may be curved and engage with an 
end wall of the bosh, where a suitable hole is formed, as shown in 
the lower engraving. The outer and inner tube or either of 
them may be tapered or they may, if desired, be parallel.— 
April 9th, 1937. 


MISCELLANEOUS. 


463,680. July Ist, 1936.—Sarery Devices ror UsE ON 
VeuIcLes, Louis Renault, 8, Avenue Emile Zola, Billan- 
court (Seine), France. 

The invention refers to a safety device for use on automobile 
vehicles and more particularly on self-propelling railway 
carriages and similar vehicles. The safety device is of the kind 
which ensures the automatic actuation of devices, such as 
warning or alarm signals, the vehicle brakes or the vehicle 
drive disengaging mechanism, when the driver, in consequence 
of sudden illness or a serious accident, cases to act in due course 
on a control member. A reservoir A containing compressed air 
is provided with a device B allowing the continuous escape of 
air and regulated by means of a needle screw. . This reservoir 
communicates with a cylinder C in which moves a piston D 
against the action of a spring. The rod of the piston is attached 
to a lever which forms a switch, the end of which can come 
successively into contact with the contacts EEE connected 
electrically to control devices respectively causing the actuation 
of a whistle or luminous sign, of the vehicle drive disengaging 
mechanism, and finally of the brakes. The reservoir A is con- 
nected by a pipe in which there is inserted a three-way cock F 
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to an auxiliary reservoir G. To the three-way cock F is also 
connected a pipe H serving for the supply of compressed air. 
The three-way cock is actuated by a lever J, which is subjected 
- the action of a spring K and which is to be operated periodic- 
y the driver. The operation is as follows :—The reservoir 
yes charged and in spite of the permanent escape device B 
the air contained therein exerts its action on the piston D 
against the action of its spring in such manner that the 
switch lever is kept away from the contact studs EEE. The 
driver, by actuating periodically the lever J, effects the displace- 
ment of the plug of the cock F and permits by one movement 
the entry of air into the auxiliary reservoir G and for the reverse 
movement the passage of the air from the reservoir G into the 
reservoir A. The spring K of the lever J is arranged in such 
manner that it tends constantly to establish communication 
between the reservoirs G and A. The driver by actuating 
periodically the lever J permits the constant supply at definite 
intervals to the reservoir A in such manner that, in spite of the 
adjustable escape B, the pressure obtaining in the interior of the 
latter counteracts the effects of the spring on the piston D and 
by keeping this raised the switch lever is kept out of contact 
with the contact studs E. If for any reason the driver ceases to 
actuate the lever J the latter, by means of its spring K, is placed 
in the position shown on the drawing and the reservoir A com- 
municates through the cock F with the pcnoraye” reservoir G. 
In view of the permanent escape B the pressure of the air in the 





reservoir A is kept constant for a certain time by reason of the 
supply of air coming from the auxiliary reservoir G, but at the 
end of a certain time the latter being no longer supplied, the 
pressure of the reservoir A di ih and conse- 
quently can no longer exert under the ten of the piston D an 
action greater than that of the spring and contact at the first 
of the electrical contacts E which sounds a warning. It is 
evident that the cock F must not be actuated during stoppages 
of the vehicle, so the electrical circuit is under the control of the 
centrifugal governor L which is connected with the wheels of the 

vehicle.—-A pril 5th, 1937. 

463,703. October 10th, 1935.—-Om Frvrers, Precision Meters, 
Ltd., 104, High Holborn, London, W.C.1; and Frank 
Horton, Ouseley-road, Balham, London, 8.W.12. 

This is an oil filter which has a self-cleaning action. 





It is of 


the type in which the oil is forced through the very fine inter- 
stices elenen coiled metal plates A from the inlet B to the 
N° 463,703 





outlet C. These plates are secured between the conical dise D 
and the nut E on the spindle F. This spindle is controlled by 
the spring G, which allows a pulsation of the filtering plates with 
the variations of the lubricating pump pressure. The dirt 
which is entrapped at the lower edges of the filter plates falls 
into the ery 2 low, which is the subject of another patent. 
April 5th, 1937. 








Forthcoming Engagements. 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of its insertion, the necessary information 

should reach this office on, or before, the morning of the Monday 

of the week preceding the meetings. In all cases the TIME and 

PLACE at which the meeting is to be held should be clearly stated. 
To-pay. 

Assoc, or SpectaL LIBRARIES AND INFORMATION BUREAUX.— 
Polytechnic, Regent-street, W.1. ‘‘ Personnel Problems in 
Industrial Concerns,”’ M. J. Railing. 6.30 p.m. 

Saturpay, May 22np. 

Inst. or MecHaANIcAL ENGINEERS: Grapvuates’ SECTION.— 

Visit to Brimsdown power station. 
Monpay, May 241. 

AssociaTION oF “ OLD Cromprontans.’’—Grosvenor House, 
Park-lane, W.1. Annual! dinner. 

WEDNEsDAy, May 


Inst. oF LocoMoTIvVE 
Ireland. 


26TH, TO Sunpay, May 301. 


ENGINEERS.—Summer Meeting in 
Tuurspay, May 277TH. 

Royat AgzronavuticaL Soc.—Royal Soc. of Arts, John-street, 
Adelphi, W.C.2, “ Turbulence,’’ Dr.T. von Karman. 6.30 p.m. 
TuuRspay To Sarurpay, May 27TH To 297TH. 

Soc. or Grass TecHNoLocy.—Summer meetings in Scotland. 
Fripay, May 287TH. 


Giascow Universiry Crus, Lonpon.—Trocadero Res- 
taurant, W.1. Dinner. Principal Sir Hector Hetherington in 
the Chair with the Earl of Derby as the Chairman’s guest. 
7.15 p.m. for 7.30 p.m. 

Saturpay, May 297TH. 

Inst. or ELectricaL Enaingers: WtreLess SECTION.— 

Visit to the B.B.C. Television Station at Alexandra Palace 


WEDNESDAY, JUNE 2ND. 


Inst. or Crviz Enotnerers.—Great George-street, 8.W.1. 
Conversazione. 7.30 p.m. 
Inst. OF MECHANICAL ENGINEERS : NoRTH-EASTERN BRANCH. 


—Visit to the works of the Darlington Forge, Ltd. 2 p.m. 


Tuurspay, JUNE 3rpD. 

Inst. oF MECHANICAL ENGINEERS: MIDLAND BRANCH.— 
Annual summer meeting ; visit to Rochester. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘* Railway-owned Steamers on the Clyde,” L. H. 
Bailey. 7.30 p.m. 

TUESDAY, JUNE 8TH. 

Britisu STANDARDS INst.—Dorchester Hotel, Park-lane, W.1. 
Annual general meeting. 11.15 a.m. 

Lonpon Iron anpd StEeEL Excuance.—Hotel Victoria, 
Northumberland-avenue, W.C.2. Annual luncheon. Mr. 
C. Bruce Gardner, Chairman of the Management Committee 
of the Exchange, will preside, and an address will be given by 
Prof. Henry Clay, M.A., Economic Adviser to the Bank of 
England. 12.45 p.m. 

Tuxspay, June 87H, TO Fripay, June 11TH. 

Inst. or British FounprymMen.—Annual Conference at 
Derby. 

Monpay To Fripay, June 147TH To 18H. 

Inst. oF MeEcHANICAL ENGINEERS.—Summer meeting 
Leicester. 

Fripay To Monpay, June 18TH To 21st. 

Inst. oF ELECTRICAL ENGINEERS : TRANSMISSION SECTION.— 

Week-end visit to Holland. 


in 
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A Seven-Day Journal. 


“Scrap and Build” Scheme. 


THE report issued by the Replacement Committee 
set up under the British Shipping (Assistance) Act, 
1935, on the “ scrap and build ” scheme, designed to 
promote the interests of British shipping, shows that 
fifty new vessels have been or are being built and 
ninety-seven old ships are being demolished. The 
distinetive feature of the scheme was the provision 
that two tons of shipping must be scrapped for every 
ton built with assistance. The total advances recom- 
mended by the Committee and approved and sanc- 
tioned were £3,548,124 7s. 9d. towards the estimated 
cost of £3,664,360 for the construction of about 
186,000 gross tons of shipping. In connection with 
the proposals finally sanctioned, ninety-seven vessels 
of 386,625 tons gross were nominated for demolition 
and of these, forty-nine were British with a total 
tonnage of 238,467 gross, and forty-eight foreign 
with a total tonnage of 148,158 gross. The scarcity 
of serap tonnage has been the principal difficulty in 
the way of the successful operation of the scheme, 
and few of the applicants were able to offer tonnage 
of their own for demolition; moreover, with the 
improvement in freight markets in 1936 the ability to 
buy scrap was practically non-existent. The scheme 
terminated on February 25th last and the Committee 
is of the opinion that more advantage would have 
been taken of it if it had been instituted earlier. The 
new ships, however, are of the most modern type and 
are faster and more economical to run than most of 
the ships now in commission, and to this extent the 
scheme has contributed to the modernisation of the 
British mercantile marine. 


Atmospheric Pollution. 


THE twenty-second report of the Atmospheric 
Pollution Research Committee was published on 
Wednesday, May 19th. It covers observations made 
during the year ending March 3lst, 1936, and is 
available from H.M. Stationery Office, price 6s. net. 
The conclusion arrived at is that there has been a 
definite reduction in the extent of the pollution of the 
atmosphere in Great Britain during the last twenty 
years. The report summarises the findings of some 
seventy-two bodies associated with the Committee 
and utilises data going back to 1915. Smoke pollution 
is judged by the deposit in tons per square mile of 
sulphates, tar, and solids. In London a marked 
improvement occurred from 1915 to 1922, with little 
change till 1936. In addition to the deposits measured 
the sunshine recorded at Kew and in Central London, 
when compared, show a definite improvement as 
from 20 to’ 52 since 1881. Edinburgh, on the other 
hand, shows little improvement from 1928 to 1933, 
while Glasgow conditions appear to be getting worse. 
At St. Helens the solids deposited amounted to 612 
tons per square mile in 1917-18 and to 447 tons in 
1935-36. Although steady from 1917 to 1921, the 
fall then ceased and a rise was recorded up to 1925-26. 
Conditions since have been steady. In four out of 
tive of the observing stations the observation of 
suspended impurities shows an incfease of pollution 
in 1935-36 over 1934-35. The worst case was at 
Coventry, where in 1930-31 the level of pollution was 
so low as to be given special investigation. By 
1935-36 it had risen to 60 milligrammes per 100 cubie 
metres. Tar deposits showed a general increase 
during the year, one of the worst places being London. 
Sulphur gases appear to depend largely on the 
seasons, the winter deposits, particularly in London, 
being high. 


A New Electricity Commissioner. 


IN order to fill the vacancy in the Electricity Com- 
mission, caused by the death of Sir John Brooke, 
the late Vice-Chairman, the Minister of Transport, 
with the concurrence of the President of the Board 
of Trade, has appointed Sir Cyril Hurcomb, at 
present the Permanent Secretary to the Ministry of 
Transport, to be an Electricity Commissioner, and 
upon the retirement of Sir John Snell at the end of 
the year to succeed him as Chairman of the Com- 
mission. At the Minister’s request, Sir John Snell 
has agreed to continue: to be associated for a time 
after his retirement with the work of the Commission 
in an advisory capacity. It is understood that Sir 
Cyril Hurcomb, the new Commissioner and Chairman- 
designate, will take up his duties at the Commission 
early next month. Sir Cyril Hurcomb was educated 
at St. John’s College, Oxford, and joined the sur- 
veyor’s department of the Post Office in 1905. He 
was transferred to the office of the Secretary of the 
Post Office in 1906, and from 1911 to 1914 was private 
secretary to the Postmaster-General. Shortly after 
the outbreak of war, he was transferred to the trans- 
port department of the Admiralty, and subsequently 
went to the Ministry of Shipping, where he was 
Deputy Director, and later Director of Commercial 
Services. He joined the Ministry of Transport in 
the finance and statistics department under Sir 


George Beharrell, and became Principal Assistant 
Secretary to the Ministry in 1924 and Permanent 
Secretary in 1927. He was President of the Institute 
of Transport for the year 1935-36. 


Television Cables. 


Ar the fifty-sixth ordinary general meeting of 
Siemens Brothers and Co., Ltd., held on Friday, 
May 2lst, at the Central Hall, Westminster, the 
chairman, the Rt.. Hon. Lord Queensborough, ex- 
plained that the company had been working in close 
collaboration with Electric and Musical Industries, 
Ltd., to meet the very special and exacting needs for 
cables suitable for television, and as a result it had 
manufactured and laid an entirely new type of cable 
in some of the principal streets of London. The 
cable had been installed between Alexandra Palace 
and Broadcasting House, thence to the Whitehall 
exchange, from which one cable runs to the Houses 
of Parliament and Westminster Abbey and another 
to St. James’s Palace, Buckingham Palace, and on 
to Victoria Station. Perfect reception of the Corona- 
tion procession, televised from Hyde Park Corner, 
was obtained as far afield as Brighton and Cam- 
bridge, thus affording many thousands the oppor- 
tunity of viewing the procession from their homes 
the very moment it passed. The company’s friends, 
Electric and Musical Industries, Ltd., were to be 
congratulated on this great achievement, and Siemens 
Brothers, Ltd., were pleased to have been able to make 
their contribution to such an historic development. 


Trade Recovery in 1936. 


THE fifty-fifth annual report of the Council of the 
London Chamber of Commerce, which was published 
on Monday, May 24th, stresses the remarkable 
recovery in British industry and commerce which 
has taken place during the past year. The report 
shows how far the nation has travelled since the deep 
depression of 1932, and it reviews the progress made, 
taking into account the position of industry during 
the last pre-depression year of 1929. In 1936 pro- 
duction largely exceeded that of 1929, with sub- 
stantially lower wholesale prices. The number of 
employed, which was 10,220,000 in 1929, fell to 
9,348,000 in 1932 and increased to an average of 
10,896,000 in 1936. The number of unemployed, 
which was 961,000 in 1929, increased to 2,178,000 in 
1932, but by 1936 it was reduced to 1,508,000. In 
1929 the exports and re-exports from the United 
Kingdom were valued at £839,051,150 and the 
imports at £1,220,765,300. In 1932 these figures were 
£416,045,264 and <£701,670,061, and in 1936 
£501,135,145 and £848,935,895 respectively. The 
total bank deposits rose from £1,791,000,000 in 1932 
to £2,142,000,000 in 1936, and this new purchasing 
power had a marked effect in stimulating industry. 
The report points out that the stimulus given to 
industry in general is not to be measured by the 
amount of money which may be spent directly and 
indirectly in the carrying out of any particular 
project, whether it be rehousing or rearmament. 
Wages earned, the report says, are spent over the 
whole range of industry. This necessitates the taking 
on of more men to supply the requirements, which 
men in their turn create a further effective demand. 
With an increased demand for cohsumption goods 
the tendency is for prices to rise unless supplies can 
be rapidly increased. 


An Adjustment of Import Duties. 


On the recommendation of the Import Duties 
Advisory Committee the Treasury has issued an order 
exempting, as from May 27th, consignments of certain 
iron and steel goods from the additional duty when 
accompanied by quota and origin certificates. The 
following are the classes of steel affected :—Ingots, 
blooms, billets, and slabs of a value exceeding £7 10s. 
per ton; angles, shapes, and sections of a value 
exceeding £15 per ton; bars and rods of which the 
value exceeds £9 per ton; plates, sheets, hoop, and 
strip of which the value exceeds £16 per ton. The 
Committee states that the great bulk of imports from 
Cartel countries was of the lower qualities of iron and 
steel, and in the case of the foregoing products its 
former recommendations regarding duties did not 
apply to qualities above the limits of value men- 
tioned, the duties upon which were conventionalised 
in the commercial agreements concluded with Norway 
and Sweden in 1933. The world rise in prices, how- 
ever, has led to the prices of the lower-quality products 
which formed the bulk of the imports under the agree- 
ment with the Cartel exceeding in some cases the 
value limits, with the result that the reduced rate of 
duty is not available in such cases and the flow of 
imports is being restricted. The Committee thinks 
that the position can best be adjusted by removing 
the limits of value entirely. Certain special and 
alloy steels hitherto excluded will be brought within 
the new arrangement, and as their importation in 





large quantities might prejudice British producers, 


arrangements have been made for the organisaticns 
in those countries which issue quota certificates to 
regulate the proportion of their quotas allocated to 
such products. The Committee promises to keep the 
position under review so as to be able to recommend 
adjustments necessary to protect the home manu- 
facturers. 


Accident Statistics. 


In the annual report of Sir Philip Game, Commis- 
sioner of Police, published on Thursday of last week, 
May 20th, some vigorous and unbiassed proposals 
for dealing with the problems of road accidents and 
road congestion are made. The report emphasises 
the fact revealed by the statistics of 1936 that of all 
the accidents in which pedestrians were involved, 
they were themselves to blame in no less than 76-4 
per cent. of the cases. In the Metropolitan Police 
District deaths in road accidents amounted to 1064 
in 1936, compared to 1103 in 1935. Serious injuries 
amounted to 6289, compared with 5840 in 1935; 
while slight injuries rose to 49,972 from 49,129. Ina 
special analysis of 35,815 aecidents occurring between 
April and November, 1936, the details of road design 
and construction were examined. It was revealed 
that over 50 per cent. of the collisions between 
vehicles and pedestrians were on straight roads and 
44 per cent. at road junctions ; 8-4 per cent. occurred 
at controlled junctions, and 40-7 per cent. at uncon- 
trolled junctions, 43-7 per cent. on straight roads, 
and 7-2 per cent. on bends, hills, or other driving 
“hazards.” An analysis of accidents to school 
children shows that in 89-9 per cent. the fault was 
attributed to the child. Reterring to the 30 m.p.h. 
speed limit, the report states that it has reduced the 
severity of accidents, and to a smaller extent the 
number. The report concludes that “the crux of 
the whole problem appears to be how to bring about 
a large measure of improvement in road sense, care, 
and consideration among all classes of road users.” 


New L.M:S. Streamlined Trains. 


On Tuesday, May 25th, the first of five new 4-6-2 
streamlined locomotives was inspected by a party of 
guests at the Crewe works of the London, Midland 
and Scottish Railway Company. The new engine 
has been named ‘ Coronation” and its four sisters, 
now in various stages of construction, will be named 
‘*Queen Elizabeth,’ ‘Queen Mary,” ‘ Princess 
Alice,” and ‘Princess Alexandra.’”’ They are in 
effect a modified streamlined version of the ** Princess 
Royal ” class, introduced in 1933. The new engine, 
which will be described in detail in a later issue of 
Tue ENGINEER, is painted blue and its streamlined 
appearance is accentuated by four silver bands which 
run along its entire length. The engines will be used 
on the ‘Coronation Scot’ express service, which 
opens on July 5th next, and will run in each direction 
between Euston and Glasgow Central, covering the 
40134 miles each way in 63 hours. To work with the 
new engines three special nine-coach trains have been 
built at the company’s Wolverton works. The 
exterior finish of the carriages corresponds to that of 
the engines and the silver bands have been carried 
the whole length of the train. All the vehicles, with 
the exception of the kitchen cars, are equipped with 
pressure heating and ventilation, the hot and cold 
systems having been isolated to ensure the maximum 
range of temperature control. When the new engines 
are completely run in it is expected that speeds of 
over 100 m.p.h. will be reached. 


The Paris Exhibition Opened. 


THE formal opening of the Paris International 
Exhibition took place on Monday afternoon, May 24th, 
when the inaugural ceremony was periormed by 
Monsieur’ Lebrun, the President of the Republic. 
Members of the Government and the Diplomatic 
Corps were present, and the opening took place in an 
indoor theatre in the Grand Palais. In the course of a 
short speech the President expressed the hope that 
the Exhibition would help the nations towards a 
greater comprehension of their mutual needs, and 
would promote the cause of international peace. The 
representatives of the forty nations which are par- 
ticipating in the Exhibition were officially thanked on 
behalf of the French Government by Monsieur 
Bastid, the Minister of Commerce. Earlier in the 
afternoon, the President, who was accompanied by 
Monsieur Blum (the Prime Minister) and Monsieur 
Labbe (the Chief Commissioner of the Exhibition), 
visited the two new art museums near the foreign 
section and the Trocadero Palace, which has been 
reconstructed. These buildings are to be permanent. 
There is no pretence that the Exhibition is actually 
finished, and delays are explained by what is 
regarded as a too-ambitious programme of construc- 
tion, and persistent labour troubles. The work is,. 
however, well advanced, and much has been done in 
the last few weeks. It is expected that by about the 
middle of June, the remaining parts of the Exhibition 





will be finished. 
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The World Power Conference 
Trans-Continental Tour. 


No. 


IVE study tours were arranged in connection 
with the Third World Power Conference (Wash- 
ington, September, 1936) to enable members to see 
examples of American practice in power generation. 
Of these, by far the most comprehensive was the 
Transcontinental Tour, in which a number of major 
construction projects throughout the United States 
and Canada were visited. This tour began in New 
York on September 14th, proceeded to Canada, 
where 2} days were spent, and then went right across 
the United States to Seattle, with a short stop in 
Chicago and visits to three large dams en route. 
After spending two days in the Seattle district, 
the party headed south along the’ Pacific coast to 
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Fic. 1—ROUTE OF TRANS-CONTINENTAL TOUR } 


Los Angeles, stopping to visit Portland, San Fran- 
cisco, and Yosemite Park. .A visit was then paid to 
the famous Boulder Dam, and half a day was spent 
at the rim of the world-renowned Grand Canyon of 
the Colorado River. 

The party then returned to New York, vid the 
Tennessee Valley. In all, over 9000 miles were 
covered by rail, and about 1000 miles by road, in 
the space of. 18} days occupied by the main tour. 
An extension of three days enabled a number to 
inspect the works in progress in the Tennessee Valley. 

Some idea of the scope of the tour is given by the 
map, Fig. 1. The route passed through twenty-six 


I. 


equipment included a barber’s shop, and the lounge 
cars were provided with a generous supply of maga- 
zines and games, and a high-power radio set. More 
important still, the train was air-conditioned through- 
out, this being almost the first experience of air- 
conditioned travel for many of the foreign visitors. 
The system, employed requires that all the windows 
of the train be kept closed, also the doors at the ends 
of each coach. Fresh air is supplied to the rooms 
through ducts, by means of a fan; in summer the air 
is cooled by a thermostatically controlled refrigerat- 
ing plant or by ice carried in lockers beneath the 
floor of the coach. 

More effective insulation from the external atmo- 
sphere is provided by fitting double glasses to the 
windows. 

Air conditioning brings other important advan- 
tages besides that of a comfortable temperature 
within the coaches. One of these is cleanliness. Since 
the windows are always kept closed, smoke and grit 
cannot get in; the pressure within the train being 
slightly greater than that outside, when passing 
through a tunnel no fumes can enter; and the noise 
within the train is materially reduced. In addition 
to the usual Pullman car staff, a doctor and a nurse 
(kindly provided by the U.S. Army), an interpreter, 
a secretary, and representatives of the Tours Com- 
mittee and of the transportation agents for 
the tour travelled on the tour, making a total 
of 242 participants. To accommodate this large 
number two trains were necessary, sleeping accom- 
modation being provided in nine coaches on each 
train. The comfortable accommodation, the excellent 
cuisine, and the many other facilities provided went 
far to make the tour enjoyable. In what follows 
we describe some of the interesting dams, power 
schemes, and places seen by the party, limiting our- 
selves, however, to matters not previously described 
in THE ENGINEER. 


CHICAGO. 


The Chicago district, including the 213 square 
miles in the City of Chicago, comprises an area of 
about 4000 square miles in the north-eastern part of 
the State of Illinois and the north-western part of the 
State of Indiana. Chicago itself is supplied by the 


Commonwealth Edison Company, which is the largest 
organisation operating in the district. The remainder 
of the district is supplied by a number of other 
companies, each of which maintains a certain amount 








States out of the forty-eight of which the United 
States of America is composed, and two Canadian 
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provinces. Many American members of the party 
stated that the tour was more comprehensive than 
anything of the kind attempted in America before. 
Everything possible was done to provide technical 
information, comfort, and entertainment for the party, 
and it was therefore not surprising that this tour 
proved to be the most popular of all the study 
tours, being attended by over 200 members and their 
ladies. 

The Transcontinental Tour party were accom- 
modated in two special trains. In order to leave as 
many days as possible free for visiting places of 
interest, a considerable amount of travelling was done 
at night. Sleeping accommodation was provided 
in one and two-berthed rooms, each most comfortably 
equipped, and with hot, cold, and even iced drinking 
water laid on. Dining cars, lounge-cars, and an 
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which buy power in bulk from other companies. 
Throughout the whole area of 4000 square miles 
there is a considerable degree of interconnection 
between the generating stations, and to achieve 
economy and reliability the system is operated as a 
whole. The distribution of load between the generat- 
ing stations is worked out in advance for given 
system loads, and schedules are prepared allocating 
to each station a definite load, which it should carry 
under any and all conditions of loading of the system. 
Load conditions are followed continuously from the 
load dispatcher’s office, which is the central operating 
office for the system, and makes daily estimates of 
morning and evening peak loads, so that the stations 
will be prepared to provide for the system require- 
ments. In order to assure reliability, an excess of 
capacity is kept in operation sufficient to deal with 
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source of power on the system. Some idea of the 
size of the load thus dealt with is given by the figures 
for 1935, when the output for the district was 
5,553,302,000 kilowatt-hours, of which some 
4,200,000,000 kilowatt-hours was used in the City 
of Chicago. Last winter’s peak load was 1,250,000 
kilowatts. 

The State Line station is situated just outside 
Chicago, in the State of Indiana. It is operated by 
the Chicago District Electric Generating Corpora. 
tion, but sells almost its entire output to the Common. 
wealth Edison Company. It is built on “ made” 
land on the shore of Lake Michigan. The turbine 
plant is designed to operate as one unit, having a 
total rating of 208,000 kW. It consists of one high- 
pressure turbine, operating at 660 lb. per square inch, 
which exhausts into two low-pressure turbines at 
110 lb. per square inch. Live steam reheaters are 
used between the two stages. Each of the three 
turbines is coupled to an electric generator operating 
at 22,000 volts., Steam is supplied by six boilers with 
steel drums, 52in. in diameter, built for 800 lb. 
working pressure and operating at 650 Ib. per square 
inch. They are fired with pulverised coal and natura! 
gas. Additional boilers are being installed, which 
will operate at 1250 Ib. steam pressure and 825 deg. 
Fah., and will supply a 150,000-kW  single-shaft 
turbo-generator. 

The station began operation in 1929, and has a 
yearly load factor of 60 per cent. The generator 
bus is completely out of doors, and entirely enclosed 
by metal. Power is transmitted at 66 kV and 
60 cycles. 

The Crawford station of the Commonwealth Edison 
Company is the largest station in the system, having 
a rating of 424,000 kW. It began operation in 1924, 
and the latest unit was installed in 1928. A general 
cross section is reproduced in Fig. 2. There are six 
turbine units, of which the first was manufactured by 
Messrs. C. A. Parsons and Co., Ltd. The last named has 
a capacity of 51,000 kW in three elements. The other 
five units are all two-element machines of Westing- 
house and General Electric manufacture, ranging 
from 60,000 kW to 100,000 kW at speeds of 1200 
and 1800 r.p.m. Steam is generated at 625 lb. per 
square inch and superheated to 725 deg. Fah. in 
Babcock and Wilcox boilers of the cross-drum, double- 
deck type, with a convection superheater between 
decks. There are thirty-two boilers. They are fired 
with forced draught chain grate stokers, and have 
water-cooled furnaces ; they are rated at 130,000 Ib. 
and 150,000 Ib. of steam per hour under normal 
operating conditions. Air preheaters, as well as 
economisers, are used. Both tubular and plate type 
are employed, and are designed for a rise of 150 deg. 
Fah. in air temperature with a reduction of 120 deg. 
Fah in gas temperature. Vertical condensers are 
used, supplied with circulating water by motor- 
driven centrifugal pumps. Some 500 tons of water 
are circulated for every ton of coal burned. Large 
travelling screens are provided to remove débris, 
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CHICAGO 


and the water is intermittently chlorinated to prevent 
the growth of alge in the condenser tubes. Energy 
is generated at 12,000 volts, three phase, 60 cycles. 
In asingle month the station has produced 206,000,000 
kilowatt-hours, and in both 1929 and 1930 it delivered 
more than 2,000,000,000 kilowatt-hours. The heat 
consumption is about 14,600 B.Th.U. per net kilo- 
watt-hour. ; 
The load dispatcher’s office, executive office, engi- 
neering and billing departments of the Commonwealth 
Edison Company are situated in the Edison Building, 
to which a visit was paid by some members of the 
party. This office is the load control centre of the 
interconnected system supplying the whole Chicago 
district. It is equipped with six-position telephone 
desks, a large operating diagram, and a remote 
meter system which totals up the system load and 
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stations. The office is responsible for the continuity 
of service in Chicago from the generating station to 
the consumers, and to this end co-ordinates all details 
in connection with operation, construction, and 
maintenance work. 


GRAND COULEE PROJECT. 


The Grand Coulee is a gigantic chasm, 1000ft. deep 
and from 1} to 5 miles wide, cut by the Columbia 





As the prehistoric glacier retreated the Columbia 
River went back to its original course and the Coulee 
was left dry—a vast chasm, 50 miles long, with walls 
of rock towering in places 1000ft. high. 

Where the waters once broke through to form the 
Coulee the U.S. Government is building a dam which 
will be the world’s largest masonry structure. The 
object is to improve navigation and flood control on 
the Columbia River, and provide for water storage, 





as that of the Colorado River at., Boulder:Dam: 

At present this vast quantity of water flows on 
unused to the sea, while bordering its:steep banks is 
a huge stretch of arid land for. which at.present the 
river simply provides drainage. It. is estimated that 
1,200,000 acres of this land can be irrigated when the 
Grand Coulee project -is- completed, .and that it will 
thus become one of the most fertile areas of irrigable 
Jand in the world, large enough :to provide farms for 
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River when immense Continental glaciers blocked its 
original channel and valley in the Big Bend region. 
Great as it is now, the Columbia River must have 
been vastly greater in those days. Geologists con- 
sider that in prehistoric times the district was voleanic. 
At long intervals, during which thousands of years 
elapsed, successive lava flows occurred. At least 
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FiG. 3-SITE OF GRAND COULEE DAM 


irrigation, and power generation’ The. project. is 
part of a comprehensive long-range plan for the 
development of the Columbia River, which has been 
worked out by the U.S. Army engineers; by the 
construction of ten dams it is proposed to utilise 
92 per cent. of the available fall in the river between 
the international boundary and the Pacific Ocean. 


40,000: families. ._In addition, the flow of the river 
will be conserved. Control will be exercised during 
high water seasons to prevent devastating floods at 
the mouth; at Portland, near the mouth, the river 
will be deepened as much as 3ft. during the low water 
season, thus greatly assisting navigation, It will be 
the largest. power development possible-in North 
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seven of these floods are clearly defined on 
the Coulee walls, which are dark and- porous, 
streaked with greens and reds. After the last 
lava flow an ice sheet, said by scientists to have 
been 4000ft. thick, descended from the north. It 
carried huge quantities of boulders and gravel and 
blocked the bed of the river, diverting it and causing 
it to form a new channel, which is the Grand Coulee. 


SECTION OF DAM 


Some facts about the Columbia River will enable a 
better concept to be formed of the vastness of this 
project. It is the second largest river in the United 
States, and because its source is high in a region of 
melting snows its discharge is. more continuous 
throughout the year than that of any other river in the 
country. At Grand Coulee it has a minimum flow 
of 17,000 second feet and a run-off five times as great 
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FIG. 6—GRAVEL CONVEYOR AT GRAND COULEE 


America, developing 50 per cent. more than Boulder 
Dam, and as much as the total capacity of the plants 
installed on the Niagara River. 

In order to achieve these results a dam is to be 
built across the river to raise its level by 354ft. It 
will create an artificial lake, 385ft. deep at the dam, 
an average of 0:8 mile wide, and extending up the 
river 151 miles to the Canadian boundary. It will be 
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the highest spillway dam in the world and the largest 
structure of its kind. Its length is to be 4300ft. and 
it will rise 550ft. above the lowest point of bed rock. 
The dam is to be of the straight gravity type, built of 
concrete, 500ft. thick at the base and narrowing 
to 30ft. thick at the top. It will contain 11,500,000 
cubic yards of concrete. Power will be produced by 
eighteen turbines of 140,000 H.P. each, making a 
total capacity of 2,520,000 H.P. Some of this power 
will be utilised to pump water from the artificial lake 


carried on steel trestles within the dam area. Grout 
is forced into the spaces opened up between the 
columns by the contraction of the concrete through 
a pipe distribution system embedded in the concrete 
as it is being poured. Fig. 7 shows the east mixing 
plant. That on the west side of the river is similar. 
They are octagonal, with eight bins for the aggregate 
on the outside, and the cement in the middle. Beneath 
each bin is an automatic weighing batcher. Closing 





the bottom of the batcher opens the filling gate and 








FIG. 7—CONCRETE MIXING 


into the Grand Coulee itself, which by means of 
dams at either end is to be converted into a huge 
reservoir, 23 miles long and 2 to 5 miles wide, capable 
of storing 340,000 acre-feet of water. From the lower 
dam a canal 11 miles long is planned to extend south- 
wards, suitably sub-divided to irrigate the surround- 
ing land. It is proposed to supply the land with 
3-25 acre-feet of water per year, equivalent to 39in. 
of rainfall per growing season. To furnish this 
volume of water twelve powerful pumps are to be 
installed, each capable of raising 1600 cubic feet of 
water per second, and operated by a 66,000 H.P. 
motor. The average lift is 310ft. and the volume 
equal to one seventh of the average flow of the river. 

Any surplus electricity produced will be available 
for sale locally. Already Portland and Western 
Montana are calling for more power, and there is a 
fairly wide market within a radius of 300 miles. It 
is expected that as the irrigation project proceeds 
there will be a considerable local demand for power. 
The power plant is not to be constructed to its full 
capacity in the first instance, but units will be added 
progressively as the demand for power increases. 

In 1933 the Public Works Administration allocated 
63,000,000 dollars to start work on the dam, and in 
July, 1934, a contract for the general construction 
work was awarded to the Mason-Walsh-Atkinson-Kier 
Company. This firm has built a town at the dam 
site, known as Mason City, to house the 5000 
employees who, with their families, constitute a 
population of more than 10,000. 

The present contract does not cover completion of 
the project, but comprises construction of the dam 
itself up to a height of 177ft. and the provision of 
foundations for the power-houses at either end. The 
photograph reproduced in Fig. 3 shows the work 
which has already been accomplished. On the left, 
or west bank, of the river is the Government Town, 
which houses the U.S. Army engineers who are 
responsible for surveying the river for the Bureau of 
Reclamation. Nearby can be seen the cofferdam, 
which is constructed of interlocking sheet steel piling 
and extends for one-third of the length of the dam. 
Behind this dam excavation has proceeded down to 
bed rock. The overburden has been stripped by 
means of mechanical excavators and conveyed by a 
system of belt conveyors to Rattlesnake Canyon, 
1} miles away from the west bank. This conveyor 
system is the largest ever put into service. The prin- 
cipal conveyor has a belt. 60in. wide, capable of hand- 
ling 1-3 tons per second ; it is fed from a number of 
subsidiary conveyors, one of which extends right 
across the river ; a special suspension bridge has been 
constructed to carry this conveyor (Fig. 5). As the 
overburden was removed rocks over 13in. diameter 
were screened out and dumped for use elsewhere. 
These large rocks were not handled by the conveyors, 
but were hauled away by truck. 

_ The dam is built in numerous vertical columns or 
tiers varying in size from sections 50ft. square in 
the spillway area to 25ft. by 34ft. in some of the 
blocks opposite the power-house. Concrete is mixed 


in two plants, one on either side of the river, and 
transported in 4-yard bottom-dump skips by trains 
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allows material to run in until the weighing machine 
balances, when the flow of material is automatically 
cut off. The gravel is obtained from a quarry 4000 
yardsaway, whence it is transported by 36in. conveyors 
(Fig. 6). Sand is also obtained locally, but owing to 
the variations in its grading it was found necessary 
to screen it and re-mix it in the desired proportions. 
Many of the conveyors are as much as 6500ft. long 
and rise 425ft. in this distance ; they have a speed of 
1600ft. per minute and are electrically driven. Up 
to 51,000 cubic yards have been handled by the con- 
veyor system in one day, and as much as 28,000 cubic 
yards of concrete poured in a shift. 

The eastern two-thirds of the dam will be pro- 
tected from the river inflow by an upstream and a 
downstream rock-filled timber crib type cofferdam 
sheeted with steel piling on the river side. It will 
have an average height of 90ft. and will be 96ft. 
wide at the base. On this side of the river trouble was 
experienced through seepage through porous strata, 
and was overcome by a freezing process forming an 
“iee dam ”’ 100ft. long. 

It is expected that the dam and power plant will 
be completed in 1941 at the present rate of progress, 
and that in fifteen years’ time there will be a sufficient 
demand to absorb the whole of the surplus power 
generated. If electricity be sold at 0-225 cent per 
kWh at Grand Coulee (equivalent to 0-30 cent at 
the coast), then the cost of the Grand Coulee Dam and 
power plant, with interest at 4 per cent. per annum, 
can be liquidated in* fifty years, with a surplus of 
144,500,000 dollars available for partial liquidation 
of the irrigation investment and other capital costs. 
After the fiftieth year it is estimated that there will 
be an annual surplus of 15,000,000 dollars. The 
annual cost for operation and maintenance of the 
irrigation project, including the cost of power for 
pumping, is estimated at 2-6 dollars per acre. 

The Grand Coulee Dam is the key structure in the 
plan for the development of the Columbia River, to 
which reference has already been made. No less 
than 27 per cent. of the available fall in the river 
between the International Boundary and the Pacific 
Coast will be utilised at Grand Coulee. The huge 
reservoir, 151 miles long, formed behind the dam, will 
add a corresponding amount to the navigable inland 
waters of the state, and will provide the main store 
of water for regulating the flow downstream. Release 
of water from this reservoir during periods of low flow 
will increase the depth of the channel by 2ft. below 
Bonneville Dam, the dam furthest down the river, and 
by 44ft. below Grand Coulee Dam, with correspond- 
ing increases at intermediate points. It will also 
increase by 50 to 100 per cent. the amount of 
firm power that can be generated at the various sites 
below Grand Coulee. Flood control will also be 
greatly facilitated over the whole of the river from 
Grand Coulee to the sea. 

Rock IsLanD PLANT OF THE PUGET SOUND 
Ligut AND PowER COMPANY. 
This company provides electricity throughout a 


large part of Western and Central Washington, in 
both rural areas and towns, and its output for the last 
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twelve months has exceeded 100 million kilowatt-hours. 
The plant consists of a concrete dam, in the form of 
a flat slab on the river bed, upon which rest heavy 
concrete piers. Steel gates, which may be opened 
wide during floods, close the openings between the 
piers. The spillway section thus formed is 1400ft. 
long. The maximum head available is at present 
32ft., but it will ultimately be increased to 51ft. The 
reservoir formed is 21 miles long, extending 8 miles 
above the City of Wenatchee. The water shed lies 
in the district east of the Cascade Mountains, and 
west of the Rockies, extending into British Columbia, 
Idaho, Montana, and Washington. The drainage 
area above the Rock Island plant amounts to approxi- 
mately 90,000 square miles. The river flow is very 
variable, falling as low as 21,000 cubic feet per second 
in the winter, and during flood time (April to Septem. 
ber) rising as high as 740,000 cubic feet per second 
400,000 cubic feet per second being an average flood. 
Much benefit is thus anticipated from the construc- 
tion of the Grand Coulee Dam. 

The power-house is an integral part of the dam, 
and is 332ft. long, being built of reinforced concrete 
and structural steel. Provision has been made for 
extending it to an ultimate size of 886ft. long, 114ft. 
wide, and 162ft. high from the bed rock to the parapet. 
At present, four Allis-Chalmers propeller type 
vertical shaft water turbines are installed, each rated 
at 21,000 H.P. under a 32ft. head. The blades arc 
adjustable to meet variable head conditions. The 
runners have a diameter of 18ft. 9in. and operate at 
100 r.p.m. Each turbine is coupled to a Genera! 
Electric 16,667-kVA umbrella type generator, operat- 
ing at 13,800 volts. It is proposed ultimately to 
install eight more generating units of the same size, 
making a total of twelve units, of which two will 
normally be reserve units. The total capacity will 
then be 252,000 H.P. In addition, a 1750-kVA unit 
has been installed for station service requirements, 
operating at 460 volts, three-phase, 60 cycles. Seven 
transformers, each of 10,000-kVA capacity, are at 
present installed which transform from 13,800 up to 
110,000 volts. At this voltage the station transmits 
power to the company’s system. It is interconnected 
with two other stations by transmission lines, 128 
and 122 miles long. 

Three fish ladders are provided, one on either bank 
of the river and one in the centre. «They consist of a 
series of pools approximately 20ft. square with 12in. 
steps between each pool ; intakes are controlled by 
steel gates. The spillway gates are of steel, each gate 
section weighing approximately 53 tons. 


SEATTLE. 


Seattle is situated on the Puget Sound, and is one 
of the principal sea ports on the Pacific Coast, having 
a population of 365,583 in 1930. Puget Sound is 
one of the largest inland seas in the world, having a 
shore line 2000 miles long and forming a wonderful 
natural harbour. The many small ports situated on 
the Sound are served by a ‘* mosquito fleet ” of small 
steamers, of which Seattle is the headquarters. 
Seattle itself is 125 nautical miles from the Pacific 
Ocean and 140 miles south of the Canadian border. 
A fresh water harbour, Lake Washington, is con- 
nected with Puget Sound by a ship canal, 8 miles 
long and 26ft. deep. The city boundaries include 
68-5 square miles of land and 36 square miles of 
water. Seattle is very hilly—heights of 500ft. are 
common within the city boundary, and on the west 
are the Olympic sierras. An interesting survival is 
the cable-operated tramway system. 

Seattle was founded in 1852 by twenty-one white 
settlers, and named after a friendly Indian chief. 
It was made important by the discovery of gold in 
Alaska in 1897, when it served as a starting point for 
prospectors. Since then it has grown rapidly, 
being further stimulated by the opening of the 
Panama Canal, and it is now the leading commercial, 
industrial, and financial centre of the North-West. 

(To be continued.) 








THE INSTITUTION OF CIVIL ENGINEERS. 





WHEN the foundation stone of the building of the 
Institution of Civil Engineers was laid in 1910 by the late 
Sir James Charles Inglis, then President of the Institution, 
the north-west corner could not be completed, owing to the 
existence of a lease covering offices (known as No. 1, 
Great George-street) flanking that corner of the site. 

The demolition of the offices was for various reasons 
deferred until 1936, but the corner, with the consequent 
internal modifications in the library and reading-room, is 
now practically completed, and Princes-street, which is 
to be known as Rennie-street from July Ist, has also been 
widened to its full width. , 

The rebuilding of the north-west corner has allowed of 
an extension of about 8}ft. to the main library, in addition 
to extensions to the rooms on the other floors, and advan- 
tage is being taken of this extension to house at the west 
end of the main library the original collection of books, 
&c., presented by Thomas Telford to the Institution in 
1820, which formed the nucleus of the existing library, 
now containing over 62,000 volumes. 

On page 624 we reproduce two photographs of the 
building, one taken by day and the other, floodlit, at night. 
Both show at the near corner the extension referred to 
above. It will be generally conceded that the building, as 
now completed, is a remarkably handsome and dignified 
structure. 
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The Influence of Load Factor on 
Power Stations. 


By R. H. 


VERY year the Electricity Commissioners issue 
a small pamphlet, entitled ‘‘ Generation of Elec- 
tricity in Great Britain,” in which are tabulated the 
figures of output, load factor, and thermal efficiency 
for every central station in the country. Although 
the Commissioners refrain from making any com- 
parison between the performances recorded, no one 
can study the figures without being struck by the 
differences in the efficiencies attained by important 
plants. Some stations are, of course, favoured by 
their size and modernity or by exceptionally good 
operating conditions ; while others are handicapped 
by circumstances of a converse nature. A common 
explanation of a particularly good or bad efficiency 
is to attribute the result to the magnitude, either of 
the output or of the load factor, or to both of these 
features combined. It is certainly true that stations 
with the highest efficiencies generally have large 
outputs at good load factors, but how far either of 
these characteristics is really responsible for the 
excellence of the results is a question to which little 
attention seems yet to have been given. 

As a preliminary to the discussion of the subject, 
it is well that there should be no ambiguity about the 
meaning of “load factor.”” The term will be used 
in the sense generally accepted by central station 
engineers and endorsed by the Electricity Com- 
missioners ; that is to say, as signifying the ratio of 
the average load to the peak load of a station during 
the year under review. In other words, it is the ratio 
of the area beneath the annual load curve to the 
area of the rectangle enclosing the curve. The load 
factor is therefore simply a measure of the uniformity 
of the demand for power, and it has nothing whatever 
to do with the capacity of the plant in the station. 
This point is emphasised because misunderstanding 
of the meaning of the term is not uncommon. 

In spite of the prevalence of the view that a high 
efficiency is not consistent with a poor load factor, 
there are reasons for believing that the load factor of 
a power station has very little, if anything, to do 
with the efficiency. It was shown by the writer many 
years ago that by plotting the weight of fuel burnt 
in @ power station against the corresponding output, 
shift by shift, over a certain period, a straight line is 
obtained which serves as a useful criterion of opera- 
tion. The equation to this line may be written in 
the form 

F=m K-+-c¢, 

which shows that the total weight of fuel F burnt per 
shift is made up of two parts, one part being exactly 
proportional to the output K on that shift, while the 
other is a constant quantity independent of the output. 
The fuel consumption for a year can evidently be 
deduced from this equation by taking K as the annual 
output and multiplying the constant by the number 
of shifts in the year. Experience proves that one is 
able to predict the annual fuel consumption of a 
power station in this way with great accuracy, which 
confirms the fact that the consumption is a linear 
function of output. The equation shows something 
else of great importance. To calculate the annual con- 
sumption of fuel, we have merely to know the annual 
output, and the experimentally determined values 
of m and c in the equation. For a given station the 
only variable is therefore the output, and it makes 
no difference whatever to the calculation whether this 
output is produced by a regular or irregular load on 
the station. In other words, the total fuel consump- 
tion, and therefore the consumption per kWh, depends 
only on the magnitude of the output and is unaffected 
by any variation in the load factor. 

It follows from the above argument that there 
should be very little difference in the efficiency of two 
similar stations having equal annual outputs, what- 
ever their respective load factors might be. There 
should be no difference at all theoretically if each 
station contained only a single boiler and turbo- 
generator. But in practice the station with the worse 
load factor, and therefore with the higher peaks, might 
have to put extra machines in service at certain 
times, and would thus be at a certain disadvantage 
as compared with the other. It is impossible to 
evaluate this disadvantage without a knowledge of 
the exact load curves, but it is probably much over- 
rated, particularly as the commercial range of load 
factors is generally not very great. 

As regards the effect of output on efficiency, the 
equation given above shows that the efficiency will 
increase with the annual output, owing to the rela- 
tively less importance of the constant term as K is 
increased. For any given station the improvement 
in efficiency corresponding to any particular increase 
in output can be exactly predicted, supposing that 
the equation of the station is known, and that the 
plant and operating methods remain unchanged. 
The more efficient the station, the less will be the 
gain in efficiency for any percentage increase in 
output, and the gain will, in general, differ from one 
station to another. 





PARSONS. 


Before it is possible to make a fair comparison 
between. the performances of a number of power 
stations, it is nec to find some method of 
appraising the influence, both of load factor and of 
output upon their efficiency. The reasoning above 
carries us a certain distance; but it is much less 
convincing than an appeal to actual facts. It is, of 
course, hopeless to expect to discover any exact 
relationship between the three variables concerned 
from the study of published figures, for the efficiency 
will depend also upon innumerable other factors, 
such as type of plant, thermal cycle, and methods of 
operation. But it seemed, nevertheless, worth while 
to examine a little closely the information given in 
the reports of the Electricity Commissioners, to see 
whether any sort. of connection between output, load 
factor, and efficiency could be established on purely 
statistical grounds. 

Since the performances of the larger stations are 
of the greatest interest, attention was confined to the 
twenty-seven steam stations given in the latest 
report as having annual outputs of more than 200 
million kWh. The first attempt to rationalise the 
figures is mentioned as a warning. Denoting out- 
put, load factor, and efficiency, for brevity, by the 
letters K, L and E, it was thought to treat these 
three variables as rectangular co-ordinates of a solid. 
Corresponding to each of the stations, the point 
(K, L) may be imagined to be plotted in the plane of 
the paper and E raised as a vertical ordinate from 
the point. The upper ends of the ordinates E will 
then lie on some sort of a surface. From the equa- 
tion to the surface, the slope of the latter in the 
directions of K and L could be obtained, and thus 
the variation of efficiency with output and load factor 
respectively would be known. 


TaBLe I.—Output, Load Factor a 


can occur in a@ given station over a reasonably short 
period of time. At any rate, any error caused by the 
assumption is likely to be far less than that due to 
unknown changes in operation during the same 
period. As an alternative, and possibly with greater 
reason, the heat consumption of the station might 
have been taken as the explicit variable in the 
equation, instead of the efficiency, but this refine- 
ment of procedure appeared unnecessary. 

To calculate numerical values for the three con- 
stants of the equation, it is, of course, necessary to 
have three independent simultaneous equations in 
E, K, and L. These were obtained by taking the 
performances of the respective stations for the past 
three years from the Commissioners’ annual reports. 
As before, the stations selected for examination were 
all of those in the present 200 million class, for which 
adequate data for the two previous years were avail- 
able. The pertinent figures are given in Table I, 
together with the equations derived from them. 
The stations are arranged in order of their outputs 
during the latest year for which figures re available. 

Before discussing the equations, the recorded per- 
formances deserve a little attention, if only to. 
emphasise the fact that the efficiency of a power station 
depends upon much more than output and load 
factor. If these latter were the only considerations 
it would be reasonable to suppose that the com- 
bination of an increased output with an improved 
load factor would certainly result in a higher station 
efficiency, whatever views one might hold as to the 
relative importance of these two agents. The table 
affords thirty-one opportunities of testing this 
supposition, and while it is confirmed in twenty cases, 
there remain no less than eleven instances, or more 
than a third of the whole, in which the combined 
effect of a larger output and a better load factor is 
associated with a reduction of the efficiency. It is 
also somewhat remarkabie that four stations have 
given evidence of this unexpected result for two years 
in succession. 

Turning now to the equations, each of these shows 
the separate effects of output and load factor. respec- 
tively upon the efficiency of the station concerned, as 
deduced from the station performances during the 
past three years. The underlying assumption is 
nd Efficiency of Power Stations. 











| Output in millions, Load factor, Efficiency, 
Station. K. L. E. Characteristic equation of 
1933. | 1934. | 1935. | 1933. | 1934. | 1935. | 1933. | 1934. | 19365, station. 

Barking B... ...| — 580 | 876 - 51-7 | 66-6| — 27-95 | 28-07 gaaa — 
Battersea | 555 798 — 53-7 | 68-1 _ 27-24 | 28-59) ‘5. 
Barking A $32 | 597 | 766 | 40-9 | 34-1 | 37-7 | 23-09 | 21-67 | 21-78 | E= 6-175—0-0144 K+0-7065 L 
Beston..... --.. 462 | 525 | 632 | 42-9 | 49-0} 58-2 | 21-42 | 21-74 | 22-10} E= 19-363—0-0102 K+0-1581 L 
Deptford West 478 | 518 | 587 | 45-7 | 47-6 | 54-1 | 24-28 | 23-99 | 23-89 = 24-890—0-0131 K+0-1242L 
Hams Hall 229 | 386 | 453 | 38-5 | 55-2 | 53-8 | 22-93 | 23-41 | 23-41 | E= 21-890+0-0005 K+0-0240 L 
Lots-road 365 | 396 | 413 | 40-4 | 44-6 | 43-9 | 21-15 | 21-42 | 21-45 | E= 18-339+0-0034 K+0-0390 L 
Dunston B 104 | 285 | 406 | 23-4 | 47-9 | 39-4 | 21-18 | 25-35 | 27-25 | E= 18-456+0-0182 K+0-0355 L 
Kearsley ... 208 | 279 | 402 | 47-9 | 55-6 | 75-5 | 23-62 | 23-70 | 23-95 | E= 22-954—0-0007 K+-0-0170 L 
Dalmarnock 232 | 329 | 393 | 22-9 | 30-4 | 35-0 | 19-20 19-03 | 18-66 | E= 15-936—0-0590 K+0-7399 L 
Clarence Dock 276 | 360 | 386 | 56-8 | 78-5 | 65-2 | 26-06 | 26-82 | 26-21 | E= 24-182—0-0019 K+0-0422 L 
Spondon 187 | 258 ; 362 | 42-2) 45-0 | 59-8 | 23-56 | 23-86 | 23-97 = 23-842+0-0054 K—0-0308 L 
Brimsdown B 264 | 319 | 346 | 33-5 | 36-9 | 34-7 | 22-10 | 23-07 | 22-89 | E= 26-779+0-0132 K—0- 2437 L 
Portobello 291 | 294 | 311 | 39-4] 39-5 | 34-8 | 22-24 | 21-83 | 22-19 | E= 77-141—0-1197 K—0-5095 L 
Ironbridge 95 | 209 | 310 — | 45-9 | 66-6 | 26-84 | 26-12 | 25-59 — 

inces ... ... 326 | 282 | 280 | 32-3 | 27-6 | 24-3 | 16-51 | 15-85 | 15-83 | E= 11-612+40-0153 K—0-0032 L 
Deptford East 251 | 263 | 267 | 42-2 | 39-9 | 35-1 | 20-34 | 19-85 | 19-82 | E> —17-711+0-1010 K+0-3009 L 
Portishead... 151 | 179 | 251 | 38-5 | 43-2 | 59-3 | 21-59 | 21-85 | 22-52 = 20-183+0-0092 K+0-0003 L 
Greenwich 248 | 250 | 250 | 48-7 | 50-3 | 49-8 | 19-45 | 20-01 | 20-06 = —35-066+ 0- 2308 K—0-0538 L 
Hall’... ".:. 143 | 167 | 238 | 38-6 | 36-8 | 40-8 | 19-09 | 20-37 | 21-55 = 25-252+0-0324 K—0-2795 L 
Ferrybridge 204 | 223 | 237 | 56-9 | 65-8 | 66-8 | 21-98 | 21-79 | 21-34 = 26-176—0-0361 K+-0-0558 L 
Kirkstall ... 164 | 216 | 232 | 36-2 | 48-3 | 57-3 | 24-23 | 23-21 | 22-63 = 27-348—0-0079 K—0-0504 L 
Acton-lane 244 | 216 | 220 | 32-7; — — | 19-93 | 18-95 | 19-84 —_— 
Thornhill ... 189 | 209 | 218 | 45-8 | 39-3 | 43-1 | 25-42 | 24-39 | 21-77 | E 69-534—0- 1557 K—0-3206 L 
Leicester ... 116 | 146 | 214 | 30-4} 31-2 | 39-6 | 18-49 | 19-78 | 20-05 | E= 24-505+4-0-0537 K—0-4029 L 
North Tees 257 | 217 | 213 | 48-4 | 39-7 | 36-0 | 21-81 | 20-91 | 21-03 | E 15-616+0-0344 K—0- 0548 L 
Bradford ... 108 | 130 | 210 — — | 35-4 | 19-05 | 18-51 | 19-00 — 



































As a first approximation, it was assumed that the 
surface would be a plane, so the equation to the 
plane which would pass most evenly through the 
twenty-seven points was calculated by the infinitely 
tedious method of least squares. A comparison of 
some of the actual values of E with the corresponding 
points of the plane showed such enormous discrep- 
ancies that the method was obviously hopeless, the 
surface being far too complex for any such treatment 
to be practical. 

Since it appeared impossible to obtain a general 
relationship between E, K, and L, which would hold 
good for all the stations of the group, it was decided 
to attempt to get a relationship between these 
variables for the individual stations. By this means 
the unknown conditions which distinguished one 
station from another would be eliminated, and the 
effect of changes in output and load factor on the 
efficiency of any particular plant could be determined. 
This would enable efficiencies to be corrected to corre- 
spond with any assumed output and/or load factor 
and would thus permit of more useful comparison 
between the recorded performances of different 
stations. 

For the purpose in view it was assumed that the 
efficiency of any power station could be expressed by 
means of the equation 


E=a+b K+cL, 


in which E, K, and L have the same meanings as 
before, while a, 6, and c are numerical constants. 
The equation implies that efficiency is a linear 
function of both output and load factor. This is 


perhaps not exactly true, but it must be a very close 
approximation to the truth for such differences as 





that there was no variable influence on the station 
other than output and load factor. As indicated 
above, this is most certainly untrue for some stations, 
and the equations themselves tell a similar tale. 
They show, for example, that in half of the twenty- 
two stations analysed the efficiency would actually be 
reduced by an increase of the load factor at constant 
output, while in ten stations it would be reduced by 
an increase of output at constant load factor. Such 
conclusions are quite inacceptable. The equations 
nevertheless undoubtedly represent the behaviour of 
the stations from which they have been derived, and 
the only explanation of many of them is that any 
beneficial effect due to increases of output or load 
factor may be negligible in comparison with the 
influence of unknown changes in other operating 
conditions. 

Although it has to be admitted that the absence 
of any term or terms representing these unknown 
variables renders the equations incomplete, and even 
in some cases wholly incredible, there is a sufficient 
general similarity between them to wsrrant certain 
deductions. It will be seen, for instance, that the 
efficiency includes a constant term, different, of course, 
for each station, in comparison with which the terms 
involving load factor and output are in most cases 
small. The few stations for which the constant term 
is negative or exceptionally large were obviously 
affected by some unknown operating condition. 
Disregarding these, it would appear that the efficiency 
of power stations of the sizes under consideration 
depends very much more on the equipment and the 
management than upon either output or load factor. 
This view is supported by a closer examination of the 
figures. Taking the whole of the twenty-two stations 
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together, it is a reasonable assumption that the 


incidental variables of operation will tend to caneel: 
out, so that the average value of the coefficients will | 


reflect ordinary conditions with fair truth.. The 
average. of the load factor coefficients -for all the 
stations is 0-0133, so that, as regards load factor 
alone, its variatien over the whole - theoretically 





possible range from zero to 100 per cent. would only 
affect the efficiency of a station by 1-3 points, if the 
output ¢were to*remain unchanged. This tends 
to confirm the conclusion arrived at earlier” in 
the discussion, namely, that changes in load factor 
alone have little or no effect on the efficienvcy of 
a power station. 








The Salary and Status of the Engineer. 


By 


ARENTS often cross-examine me about the 

prospects for’ their sons in the engineering pro- 
fession. They tell me of youths who are certain to 
matriculate and who have great enthusiasm for 
everything connected with applied science. The 
worldly-wise parent is more interested in finance 
than in mechanism. He wants to have ‘facts and 
figures that will guide him to a decision concerning 
the problem of the best method of training his son 
for a professional career. He demands data about 
the cost of training and the financial prospects when 
the training is finished. 

Rather more than a century ago a brilliant 
American, R. W. Emerson, visited England. He 
recorded his impressions of the people and explained 
the secret of the wealth of the country. He said: 
““ The bias of the nation is a passion for utility. They 
love the lever, the screw, and pulley, the Flanders 
draught-horse, the waterfall, windmills, tide mills ; 
the sea and the wind to bear their freight ships.” In 
@ century steam and the internal combustion engine 
have replaced the horse and the wind for power 
purposes, but the bias of the nation remains—‘“ a 
passion for utility.” Emerson stated that the 
foundation of Britain’s commercial success was 
applied science. Two sentences are worth quoting, 
viz., “The English trade does not exist for the 


exportation of native products, but on its manu-' 


factures, or the making well everything that is*made 
elsewhere,” and “‘ Steam is almost an Englishman.” 
The nation vaguely realises those facts; but those 
who design and make the machinery, and create engi- 
neering works, seem to require a more expensive and 
@ more strenuous training, and they obtain less 
reward for their labour than men in other professions. 
When paterfamilias has investigated the matter he 
is reluctant to agree to his son’s desire for an engi- 
neering career. And it is thérefore probable that the 
best brains of the nation are not attracted into the 
most vital profession in our national life. 

Yet. the “ bias for utility ’ remains in the mind of 
the Anglo-Saxon. It. finds its expression in many 
ways. The popularity of Meccano and mechanical 
toys in the nursery is a proof of it. The average boy 
of about sixteen years of age in Britain to-day knows 
more about petrol engines than did some engineers 
of my generation when they were thirty. Surrounded 
by engineering appliances—internal combustion and 
electric motors, radio, &c.—and with the Anglo- 
Saxon “bias” for mechanism, many a ‘youth in 
Britain longs to become an engineer. 

After more than thirty years of observation, during 
that period of instructing engineering students in the 
theory of mechanism, and after following carefully 
the careers of a large number of them since graduation, 
the writer has endeavoured to compare the average 
salary, or professional income, of the engineering 
graduate with that acquired by a contemporary who 
studied medicine, law, or commerce. The general 
impression left on his mind, as a result of: these 
inquiries, is that parents should be frankly informed 
by engineers that, if it is-‘simply a question of returns 
on the outlay that is- nowadays -essential for the 
training of a profession, then there are better 


(average) investments in-a-training for other walks‘ 


of life.. There are, of course, some engineers who earn 
big incomes ; but it is the-salary of the average engi- 
neer that is under consideration, not the income of the 
few at the top of the profession. 

It is with very great reluctance that this-depressing 
conclusion has been reached: by one who has a pro- 
found belief in the civilising results of the work of the 
engineer. There is a-real satisfaction in doing work 
when convinced that one’s labour benefits humanity. 
It is; however, more usual for parents to consider 
financial prospects than the philanthropic aspects of a 
career: - Idealism appeals-more to youth: than to 
crabbed old age. - Looking back-upon my own life, I 
find that I was far less anxious about. my own -pay 
and financial prospects, at the age of twenty-three, 
than I am to-day about the pay and prospects of my: 
son—not an engineer—who is. at that age. So that 
perhaps sanguine. youth will not worry much about 
this: subject ; but parents: do consider it. It. is, 
indeed, to me a great disappointment that my. investi- 
gations show that, in spite of the: amazing progress 
made in technology during the last thirty years, very 
little relative advance has been made in the emolu- 
ments offered to engineers who have had a long 
theoretical and practical training. 


THE ARMY AND THE Navy. 


A fact that foreed itself, even on to the mind of Mri 
Lloyd George, a lawyer-politician, ignorant of applied 
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science, during the anxiety of the Great War, was 
summed up in one sentence. He said: “ This is an 
engineer’s war.” If that was true of 1914—18, how 
much more will it be true of any war in the future ? 
Make no mistake about it, the Italians defeated their 
opponents—including the League of Nations—because 
of the efficiency of the Italian engineers. The 
realisation of that fact by the British Cabinet prob- 
ably explains a recent innovation, by Government, 
that must have startled Field Marshals and Admirals. 
It required courage to make an engineer a-member of 
the Army Council; anyone who has conversed with 
“High Command ”’ officers in the Army and the 
Navy can imagine the opposition of those officers 
to this innovation. The fact remains that, contrary 
to all traditions, a naval engineer, Engineer Vice- 
Admiral Sir Harold Brown, has been made Director- 
General of Munitions Production and therefore a 
member of the Army Council. Let us hope that it is 
only the beginning of a much-needed reform in 
Government service. 

The British Empire will be dependent for victory 
in any war of the future on the efficiency of its engi- 
neers. It is not suggested that superiority in con- 
nection with equipment and applied science is the 
only factor that will determine the issue. But it is a 
factor that is of immense importance, and the import- 
ance increases each year as technology advances. 

In that connection it is worthy of comment that, in 
the numerous books written about the Great War, 
Ewing’s pivotal work in Room X at the Admiralty 
has received very little notice. The last thing that 
modest, but really great, man desired was that the 
value of his work should be exaggerated. He may 
not be entitled to be-called ‘‘ The man who won the 
war,’ but he was one of the very few in important 
positions who made no blunders. 

Remembering Mr. Lloyd George’s words, let us 
see how a grateful country has since the war shown 
appreciation of engineers, employed by Government. 

My friends in “ the Sappers ” tell me that before 
the war their pay, relative to other branches of the 
Army, was better than it is to-day. It would be 
interesting to compare, rank for rank, the pay of com- 
missioned officers in the various.corps. A colonel in 
“‘the Sappers ’’ expressed to me the belief that those 
in the Army Pay Corps would head the list. In any 
case it seems that military engineers have not 
received the improved conditions that a simple 
citizen would suppose would be theirs after “an 
engineer’s war” had been won. As a preparation 
for the next ‘“ engimeer’s war” it seems logical to 
attract some of the best brains of the Army into the 
commissioned ranks of the Royal Engineers. It 
would be interesting to know how many of the Field 
Marshals and senior military men, who would be in the 
most responsible positions in the British Army if 
war commenced to-morrow, had received a training 
in applied science. It is well to remember that the 
Egyptian campaign, organised by a Royal Engineer 
named Kitchener, was one of.the most successful in 
the annals of the British Army. 


' Toe EvoLurIon oF THE TANKS. 


:Truth is said to be-at the bottom of a well, and 
often it is many years after the event before it:reaches 
the surface. The-facts that are gradually coming to 
light about the High Command of the British Army 
during the Great War reveal the tragedy of the 
ignorance concerning applied science -of, those- who 
planned the campaigns. In actual fact on the-battle- 
field it was-not an engineer’s war. For those who were 
responsible for the horrors of the terrible battles on 
the:-Western Front, that involved such a great sacrifice 
of British: lives, were not engineers; they were the 
men who opposed the: proposals concerning the use 
pe tanks. If, any. engineer to-day ventures to tell 

‘“* High Command” officer, from a cavalry or 
perth battalion, what he thinks of the intelligence 
of the Field Marshals and Generals who delayed the 
use-of:the tanks and blundered with them when first 
they were in action, he is told that he is vilifying the 
personal character of great heroes. This is not. a 
question of a soldier’s honour ; it is a matter of his 
training and intelligence, not -his- moral character. 
We can all agree with biographers and other ‘admirers 
of certain British military leaders prominent in the 
war concerning the high moral character of those 
leaders. But, valuable as’is that great asset to any 
man, it does not entirely compensate for lack of the 
imagination and scientific knowledge that must 
determine the result of. a.twentieth.century battle. 


The blunt fact that can no longer be disguised is that, 


it. was the lack of knowledge of; almost a contempt: 


for, new inventions and applied science that cost the 
British nation many thousands of lives and millions 
of pounds in cash during the Great War. There 
may be an improvement in the training of Army 
officers since 1918, but it is obvious that they should 
have instruction that will make them receptive of 
new ideas concerning mechanism. The story of the 
evolution of the tanks is one that possibly has never 
been related in detail. It seems to be a fact that the 
Army could claim very little credit for the design and 
manufacture of a weapon that profoundly influenced 
the fate of the Empire. Accident has brought me 
into contact with many officers in infantry regiments 
since the war. They are splendid specimens of 
British manhood. But they seem to be entirely 
ignorant of anything concerned with applied science. 


THE Nava ENGINEER. 


Now let us consider the engineers to-day in the 
Royal Navy. The old Admiral, who, years ago, 
referred to the naval engineer as “ a Lascar with an 
oil can,” is dead, but my own experience with 
Admirals and Captains of the Royal Navy is that his 
views concerning naval engineers survive, although 
expressed nowadays in less crude language. 

About thirty-five years ago the technical journals 
and some of the newspapers made public the claims 
of naval engineers for increased status. ‘‘ Jacky ” 
Fisher, who had a supreme disregard for social con- 
nections, old traditions, and anything that endangered 
efficiency in the Royal Navy, insisted that the naval 
engineer should receive proper recognition. ‘“* The 
Fisher scheme ’’ was hailed as a great victory for 
engineers. What is the state of affairs to-day ? 

Naval engineers have lost nearly everything that 
the Press and “‘ Jacky ”’ Fisher won for them. ‘‘ My 
Lords of the Admiralty’ have once again made 
engineers subordinate to those officers in the Royal 
Navy who are trained in navigation, &c. Naval engi- 
neers cannot hope to reach the exalted ranks that aro 
prizes for deck officers. In the 1936 Navy List there 
are thirteen Admirals of the Fleet (excluding Royalty. 
on active service and twenty Vice-Admirals, all 
‘* executive ” or deck officers. There is one engineer 
officer who ranks as a Vice-Admiral on the active list) 
The Admirals are listed on P.71 and theEngineer Vice- 
Admiral on P.419. It is astonishing that the Board 
of Admiralty (ten members) does not include at least 
one naval engineer in its composition. What is the 
consequence ? The ambitious parent prefers to have 
his son trained so that he may have at least a chance 
for the ‘‘ plums ” associated with a naval career. If 
the situation be bluntly described it comes to this: 
the naval engineer officer has, during his career, on 
the average a more strenuous life than the deck officer, 
with far less prospect of reaching the highest ranks in 
the Royal Navy, and with comparatively little real 
authority. 


In Crown COLONIES. 


Let. us now consider our Colonial Empire. Again 
chance has given me rather unusual opportunities to 
study the administration of certain parts of it. The 
following is an extract from the latest available 
Annual Report issued by the Government of a by no 
means unimportant Crown Colony. It reads as 
follows :—‘‘ The daily administration is carried out by 
the twenty-eight Government departments, which 
are officered exclusively by members of the Civil 
Service.”” These departments are mentioned in 
detail. At the end of the list we read that ‘‘ One, the 
largest ofcals.the Government departments, the 
Public Works, is concerned with roads, buildings, 
waterworks, piers, and analogous matters.” A 
European staff of 160 officers is employed in the 
Public Works Department. Every year a sum equiva- 
lent to about 30 per cent. of the revenue of the Colony 
is spent on public works. 

It may be, of course, an accident that “ one, the 
largest of all Government departments, the Public 
Works,” is placed last on the list. It is no accident 
that the officers of the department come, in social 
status in Government circles, very low down on the 
list—if not actually last, very nearly last—and that 
technical suggestions concerning new works can be 
quietly smothered by those in “ purely adminis- 
trative departments’ who are entirely ignorant of 
engineering work. In an official local government 
publication there is listed as an “‘ engineer” in the 
Sanitary Department a native who can neither read 
nor, write and whose wages are less than those paid 
to-a native fitter. It may be that engineers are so 
engrossed in. their work that they do not cultivate 
social: intercourse sufficiently to impress their real 
masters with their value. 

What are the prospects in the Government service 
of this particular Colony, which is fairly typical 
of all British Colonial Government Civil Services ? 

“The purely administrative departments’ deal 
almost entirely with work of a literary character 
(i.e., writing minutes, letters, &c.), and interviews. 
These officers are recruited from the universities of 
Great Britain and are generally known as “ cadets,” 
even when they attain senior rank. 

Until recent years they were appointed on the 
results of a competitive examination. That system 
has been abolished, and there can be no doubt that 
a better method of selection is now in force. Candi- 
dates must have a university honours degree. They 





are invited to appear before a selection committee. 
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It is generally believed that great consideration is 
given to the university record of the candidate in 
connection with athletics, popularity amongst con- 
temporaries, as revealed by election on to college 
committees, &c., as well as to the personality of 
those interviewed. The general idea is sound. It 
is essential that “‘ cadets ’’ should be “‘ good mixers,” 
possess personality, and even rude bodily vigour. 

Under the new system the selected candidates 
are sent either to Oxford or Cambridge for a year 
of post-graduate study, at the expense of the Crown 
Colony where they will work. This post-graduate 
course is the most enco ing reform introduced 
into the British Civil Service in the last half a century. 
It includes the following scientific subjects, viz., 
surveying, anthropology, and hygiene. A language, 
law, &e., are also included in the syllabus. 

A student can obtain an honours degree in some 
subjects after three years at a university. So that 
the expense of three years at a university is the only 
financial burden of the parent of a selected candidate 
for administrative work, The “cadet” can be 
self-supporting three years after he has matriculated, 
i.e., at twenty-one years of age. 

In order to enter the Public Works Department 
of a Crown Colony nowadays a university degree 
in engineering is practically essential, but the 
Assoc. M. Inst. C.E. examination is acceptable. There 
is, probably, very little difference in the parent’s 
outlay for a university degree or an Assoc. M. Inst. 
C.E. certificate, as the latter is practically certain to 
involve a premium for articles. 

In addition to the university degree the P.W.D. 
engineer must have had practical experience. A 
Director of the P.W.D. in a Crown Colony once 
remarked that he was twenty-six years of age before 
he was able to maintain himself, although he was 
articled to an engineer when he left school. There 
are very few candidates for P.W.D. appointments 
who do not require considerable financial help from 
relatives for at least two years after graduation. 
But the “ cadet ” does not need it. 

Now let us compare the pay and prospects of the 
“cadet” and the P.W.D. engineer in our typical 
Crown Colony. Entering Government service on 
graduation (say, at twenty-one years of age) the 
“cadet” reaches this particular Crown Colony 
a year later with the rank of “‘ Un Cadet ” 
at £450-£475 (two years). At the end of that period 
there is a language test in which, local tradition 
states, no one has failed. The cadet officer is then 
on a grade of £525-£1400. He reaches the latter 
salary at an age of about forty-five, assuming gradua- 
tion at the university when he is twenty-one. There 
are, however, eight or nine posts reserved for senior 
“cadets” graded as Class I. These posts carry a 
salary of £1500-£1800 per annum. In practice it 
is almost a certainty that a cadet officer obtains 
a Class I appointment before he is fifty years of 


age. 


Since the war the coveted position of Governor 
in most of the Crown Colonies has been secured by 
a Colonia] “ cadet.” The salary varies, but is about 
£6000 per annum. The Colonial Secretary is invariably 
a “cadet,” say, £2300 per annum. The highest 
grade for an engineer is that of Director of Public 
Works. In the Colony mentioned above the salary 
is £1800, equal to that of a Class I “‘ cadet.” There 
is only one D.P.W., but several appointments at 
£1800 and more open to “ cadets.”” There are two 
or three Assistant D.P.W.’s at £1400—that is usually 
the highest pay an engineer can expect. The head- 
masters of certain Government schools in the Colony 
receive £1300 per annum. Thus, in this Crown Colony 
the engineer has poorer prospects than a graduate 
in literature or law who becomes a “ cadet.” 

Unfortunately, the writer has very little data 
concerning engineering commercial work. The 
director of a large firm informed him that salesman- 
ship was a profitable line, but that it required very 
little technical knowledge. He has been informed 
that the chief designer of large steam turbines was 
paid £750 per annum, while the secretary of the 
company (with no professional qualifications) was 
paid £1000 ; which reminds me of an Oriental engi- 
neering graduate who commenced bis practical 
experience on railway maintenance. After a few 
years he intrigued his way into the finance section 
of the railway. When asked why he had abandoned 
engineering work, he answered that although he 
was sorry to change over, he found the pay of an 
engineer inadequate. “‘So I determined to get 
nearer to the till,” he naively said. It is a common 
experience that those who handle money receive 
higher emoluments than many professional engineers. 
A number of my commercial friends have articled 
their sons to become chartered accountants, as the 
training is less expensive and exacting than in engi- 
neering, and the prospects are better. 

It is argued by directors and managers of companies 
that pay is a problem solved by the laws of supply 
and demand. It is possible that, in periods of depres- 
tion, the supply of professional engineers exceeds 
the demand. But it is a matter of grave national 
importance that Britain should maintain and even 
increase her exports of machinery, in spite of the 
severe competition by other nations. There is said 
to. be a difficulty nowadays in securing the services 
(a) of competent managers for engineering works, 
(6) of junior marine engineers, and (c) of skilled 





mechanics. My observation in Britain and abroad 
is that parents are realising the handicaps of the 
existing system.. The matter is:of such vital import- 
ance to the British Empire that every effort should 
be made to induce statesmen to improve the pay 
and prospects of engineers in Government service. 
That seems to be the most practical method of raising 
the status of the engineer to that of the doctor and 
lawyer. It surely is the duty of those who have been 
elected to represent the profession as members of 
councils of the more important engineering institu- 


tions to take steps to remedy this unsatisfactory | 





state of affairs. It seems, unfortunately, to be true 
that those who have reached the top of the ladder 
show very little interest inthe. vital subjects of the 
salary and status of the engineer. It is suggested 
that it should be more prominently discussed in 
the annual presidential addresses of the more 
important engineering institutions and at annual 
general meetings, and the more that the subject is 
ventilated the better for not only the engineering 
profession, but the safety and prosperity of the 
British Empire. Publicity is a great aid to justice in 
Great Britain. 








William Wilkinson. 


By H. W. DICKINSON. 


ILLIAM WILKINSON, although not so well 
known as his elder brother, John—dubbed 
““the great Ironmaster’’—had a wider and more 
enduring influence than he on the development of iron 
manufacture ; while John’s interests were confined to 
England, William had a notable share in the develop- 
ment of the manufacture in France and Prussia. 

Their father, Isaac, an enterprising and inventive 
man, is first heard of as having some employment 
about a charcoal iron blast-furnace at Clifton in 
Cumberland, smelting the rich hematite iron ore of 
Cleator Moor. About 1738 he moved to Backbarrow, 
on the river Leven, which drains Windermere, where 
a charcoal furnace had been established in 1710 by 
local landowners. Under the designation of ** Pott- 
founder” he engaged in foundry work, cagting 
direct from the furnace small articles, such as box 
smoothing irons, for which he took out a patent in 
1738. It should be recalled that foundry practice in 
England was still in its infancy ; open sand casting 
direct from the furnace was well understood, but the 
art of coring for producing hollow-ware of the kind 
mentioned was kept secret. Isaac prospered, and in 
1753 took over the charcoal furnace at Bersham, two 
miles from Wrexham, in North Wales, a furnace that 
had been established about 1720. 

Isaac had three sons and two daughters: William, 
born 1738, was the third son, and he was sent, when a 
youth of twenty or so, to further his education under 
the celebrated Dr. Joseph Priestley, then living at 
Nantwich. By this time John, who was ten years 
older than William, had left his father and in 1762 had 
taken over the lease of a furnace and colliery at 
Willey, near Broseley, Salop. Here he began smelting 
iron with coke, then quite an innovation, resulting 
from the experiments of his neighbour, Abraham 
Darby, of Coalbrookdale. William appears to have 
joined John and thus extended his practical know- 
ledge of iron smelting by learning the latest practice. 

That the Wilkinsons had become a power in the 
iron trade is evidenced by the fact that an agreement 
was concluded in 1762 “‘ between Abraham Darby 
for Coalbrookdale Company, Isaac Wilkinson for 
Bersham Company and John Wilkinson for New 
Willey Company for similar prices to be charged to 
customers for all fire engine material, cylinders and 
bored articles at one price ; pipes or articles not bored 
at another, on equal deliveries, London excepted.” 

About 1763 John and William, now in partnership, 
took over the Bersham works from their father, and 
it would seem that William was in charge of foreign 
business, for we hear of him as being in France as 
early as 1770. The nature of his employment there 
till 1780 will be gathered from a paragraph in 
the French Section of to-day’s Supplement. In 1777 
developments occurred owing to the fact that 
the enterprising mechanicians, Perrier Fréres, 
were promoting a scheme for supplying Paris 
with water from the Seine, and for this they 
obtained a Royal arrét or decree, August 27th, 1778. 
The Wilkinsons, with friends in England, furnished 
some of the capital, in return for which they obtained 
the order for the necessary cast iron pipes, some 
40 miles in length. While thus engaged, William was 
invited to visit Le Creusot (Saéne-et-Loire), then an 
insignificant ironmaking district. He was impressed 
with the resources and economic advantages of the 
place, as is shown in this letter of his :—‘ Every 
provision for making iron exists in that country and 
coal and ironstone abound. It is England’s policy to 
keep down the price of iron so as to. prevent them 
developing their own resources. Whenever French- 
men relinquish their fiddling and dancing, and culti- 
vate the art of iron-making, etc., England will 
tremble.”” In 1782 the firm of Perrier, Beltinger et 
Cie., in which King Louis XVI was interested 
financially, was formed. Wilkinson remodelled the 
place on English lines ; the story is succinctly told 
on a brass tablet which was affixed to the buildings 
first erected but since demolished. It read as follows : 

L’An de l’Ere Chrétienne, 1782 
Le Huitiéme du Régne de Louis-Seize 
Pendant le Ministére de M. le Mis de la Croix-Castries 
M. Ignace-Wendel-de Hayange, Commissaire du Roy. 
M. Pierre Touffaire, Ingénieur 
Cette Fonderie la premiére de ce Genre en France a été 

Construite pour y fondre la Mine de fer au coak 

Suivant la méthode apportée d’Angleterre et mise en 
pratique 
Par M. Williams- Wilkinson. 





Wilkinson directed the works in person for three 
years, and acted in a consultant capacity for eight or 
ten years longer. During that time he put down at a 
cost of 8,000,000 livres four blast-furnaces, five kilns, 
a foundry, and a cannon-boring mill. He introduced 
cast iron rails in the works and the cupola in the 
foundry ; consequently he is credited, erroneously, 
with the invention of both. These mistakes are 
excusable because the cast iron rail only dates from 
about 1767 and there is considerable doubt as to 
when the cupola was invented ; it can be traced no 
further back than about 1780 in Derbyshire. As far 
as France was concerned and, indeed, most other 
places both rails and cupola were quite innovations. 
Prior to the introduction of the cupola an air or 
reverberatory furnace was used to re-melt iron for 
foundry purposes, if not taken direct from the blast- 
furnace. Water power was deficient at Le Creusot 
and Wilkinson introduced the steam engine to supple- 
ment it ; a cylinder bearing the date “ 1782 ” and the 
name ‘ Wilkinson” is still preserved, or was till 
recently, at the entrance to the works. 

Quite as important was the help Wilkinson gave in 
establishing the iron industry in Silesia. Graf von 
Reden, the right-hand man of von Heinitz, Ministe1 
of the Interior to Frederick the Great of Prussia, 
visited England in 1778 to study the technical 
developments in industry. He came again in 782 in 
company of Oberbergrath von Stein. They took 
back much information, drawings, &c., and also 
imported a blowing engine made by the Wilkinsons. 
Reden’s attempts to smelt iron with coal were 
unsuccessful, and in 1789 he called in the help of the 
Wilkinsons. William went over there and during his 
stay the first successful experiments were made at 
Friedrichshiitte, his plans were adopted and from that 
time onward success was achieved. 

William returned from the Continent in the 
*nineties and resided at Plas Gronow, Wrexham. But 
now a@ violent quarrel arose between the brothers. 
In 1793 John purchased the estate of Brymbo Hall, 
close to Wrexham, and proceeded to develop its coal 
and ironstone resources by sinking pits and erecting 
blast-furnaces. William thought that he ought to 
have been brought into the new venture, as the 
superior advantages cf Brymbo threatened Bersham. 
The brothers agreed to dissolve partnership and in 
1795 arbitrators ordered the latter works and stock 
to be sold. Incidentally it may be mentioned that 
Boulton and Watt were hard hit by this decision, 
because they had obtained nearly all their steam 
engine cylinders from Bersham ; no one else, they 
believed, but the Wilkinsons could bore cylinders 
with anything like the accuracy that the Watt engine 
required. It was the realisation of their dependence 
on outsiders that was the proximate cause of the 
establishment of Soho Foundry. 

William married in 1794 Elizabeth, daughter of 
James Stockdale, of Carke Hall, Cartmel, Lancashire ; 
they had two children : Mary Anne, born 1795 ; end 
Elizabeth Stockdale, born 1799. The elder daughter 
in 1817 became the wife of Matthew Robinson 
Boulton, the partner of James Watt, junior, and thus 
cemented a friendship of long standing. 

William Wilkinson died in 1808 at Wrexham and 
was buried on March 5th in the Dissenters’ burying 
ground there, for he was a Unitarian ; in politics he 
‘was an advanced Radical. Like his brother, he was of 
a determined character and a good business man. 
He possessed a great fund of information derived 
from having mixed with many people at home and 
abroad and was in consequence a welcome figure in 
s ciety. 








SMOKELESS Furt.—The Director of Fuel Research has 
issued a report on test on a process of carbonising a 
paste of finely crushed coal and petroleum oil for the pro- 
duction of a solid smokeless fuel, together with oils and 
gases. The process was used by Coal and Allied Industries, 
Ltd., and the paste contained 55 per cent. of coal. Accord- 
ing to the report, the yield of coke was 11 cwt. per ton of 
coal and oil mixture, and it was found to be suitable for 
open domestic grates. The yield of gas was 12,900 cubic 
feet, or 126-7 therms, per ton of coal and oil mixture, or 
more than sufficient to supply the heat for carbonisation. 
The clean, dry, crude liquid product amounted to 55-8 
gallons per ton of coal and oil mixture. The total refined 
spirit was 15-7 gallons per ton of the mixture. 





* William Wilkinson is mentioned in the — aya song 
on Foundry Equipment included in this number.—Ep., THE E_ 
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The Zeppelin Airship ‘“‘ Hindenburg.” 


No. 


III. 


(Continued from page 601, May 21st.) 


PASSENGER AND CREW ACCOMMODATION. 


NHE passenger accommodation of the ‘‘ Hinden- 
burg” was, compared with the earlier Zeppelins, 
much more roomy and extensive. As shown 
below, it was arranged within the hull of the ship, 
on two decks one above the other, the entrance 
being made from the lower or B deck by means of 
short ladders which could be lowered to the ground 
when the ship was moored. Sleeping accommoda- 
tion was originally provided for fifty passengers, and 
just before the last voyage accommodation for twenty 
more persons was added. The new cabins were aft 


kitchen quarters, with the mess-rooms for the officers 
and the crew on either side of it. Below is a view 
in the crews mess durmg its construction. The 
kitchen equipment included an electric galley stove, 
some 2 m. in length and 0-7 m. wide, with the neces- 
sary working tables and a cooling cupboard of about 
700 litres capacity. The lower deck had also a shower 
bath for passengers’ use, and the usual sanitary 
arrangements. 


ACCOMMODATION FOR OFFICERS AND CREW. 
The sleeping accommodation for the crew was 





arranged in three groups in different parts of the 


from which it was pumped to the service tanks in 
the engine gondolas. It was also possible to trim the 
ship by pumping oil from one set of fuel tanks to 
other tanks. For this purpose a pump driven by a 
propeller working in the air stream of the ship was 
generally used. The fuel tanks included thirty-two 
tanks each of 2500 litres capacity, four each of 
1250 litres capacity, two of 850 litres, and four of 
800 litres capacity, making the total amount of fuel 
which could be carried 90,000 litres. The horizontal 
cylindrical tanks were made of aluminium alloy 
metal. 

Each engine—see page 619—had a maximum 
designed output of 1100 to 1200 B.H.P., when running 
at 1500 r.p.m., and a continuous cruising rating of 
800 to 900 B.H.P. at about 1350 r.p.m. As shown on 
page 619, the engine had a built-on 2 to 1 reduction 
gear of the Zeppelin-Farman pattern. The air- 
screw was attached to a countershaft through a 
toothed coupling. The airscrews were supplied by 
the firm of Heine, of Berlin, and they were of the four- 





bladed type with the leading edges of the blades pro- 














PASSENGERS’ SLEEPING, DINING AND LIVING QUARTERS 


of the main passenger space, at the side of the 
ship, and were provided with portholes. It will be 
seen from the left-hand view above that in the 
upper A deck the sleeping cabins were in the centre, 
and were served by two corridors. In each cabin 
were two beds, the upper of which could be folded 
up during the day, the design adopted being similar 
in its general arrangement to the Pullman beds used 
in Continental sleeping cars. Hot and cold water was 
provided in each cabin, along with a wash basin, and 
provision for hanging clothes. Electric lighting was 
fitted, and there was a supply of conditioned air, 
which could be warmed by the heat of the engine 
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CREW’S MESSROOM UNDER CONSTRUCTION 


cooling water. Conditioned air was also supplied 
to the day rooms, which will be noted on the port and 
starboard sides of the ship. These rooms had a 
length of 14 m., with a breadth of 4m. The room on 
the port side served as a dining saloon, and was con- 
nected with the kitchen below by a small food lift. 
One of the engravings shows this room, and it indicates 
the large space which was provided, and the long 
side windows. On the starboard side similar space 
was allotted to a social room and awritingroom. On 
the lower or port side of the B deck—see right-hand 
view above—there. was a smoking room under the 
special observation of a steward, which could only 
be entered or left through a lobby used as a bar. 


ship, and was reached from the keel gangway. 
Accommodation for the captain and his officers was 
provided in the ship forward of the control gondola, 
while there were other rooms in the central part of 
the ship, and also near the auxiliary electric lighting 
plant. The positions of these rooms was shown on 
the plan and elevation reproduced on page 562 ante. 
For the cargo, which might reach 10 tons or over, 
special space aft of the passenger quarters was 
reserved at the sides. Provision was made to fasten 
heavy cargo, such as motor cars, to the structure, and 
for loading and unloading there were removable 








Adjacent to the bar was a stewards’ room which also 
served as the ship’s office. On the port side was the 


panels in the envelope. The safety equipment 


included a. number of devices, such as life-belts for 
use over the sea; several fire extinguishing equip- 
ments were also carried. 


THE PROPELLING MACHINERY. 


As already mentioned in our first article, the pro- 
pelling machinery consisted of four sixteen-cylinder, 
V type, heavy-oil engines, designed and built by the 
Daimler-Benz A.G., of Stuttgart-Unterturkheim, 
which were housed in four motor gondolas placed 
outside the hull of the ship. In the stern view of the 
ship, reproduced on page 619, the wide distance between 
the engine gondolas and the skin of the ship may be 
noted. The fuel supply for the engines, which 


tected against the action of rain by brass sheathing. 
Coolers for the cireulating water and the lubricating 
oil were built into the forward part of the engine 
gondola. By means of adjustable inlets, the tempera- 
ture of the water and the oil could be varied as 
required. Each gondola was fitted with the neces- 
sary oil and cooler connections and the drawing given 
on page 619 shows the arrangement of the lubricating 
oil cireuits. The engines could be supplied with warmed 
water for starting in cold weather, and each gondola 
had a starting air cylinder which had a capacity of 
about 60 litres, and was kept charged by an engine- 








generally consisted of gas oil, was carried in a series 
of fuel tanks arranged alongside the keel gangway, 


driven two-stage air compressor, at a working pres- 








DINING SALOON 


sure of 50 atmospheres. This compressor also supplied 
the necessary air for the springing arrangement on 
the landing wheels and the echo-sounding apparatus. 
The exhaust from the engine passed through a mani- 
fold with ‘‘S ” formed cooling ribs. The discharged 
gases were directed downward away from the skin 
of the ship. The end of the inner pipe terminated in 
a nozzle, the suction effect of which was used to draw 
air through the gondola, and so provide the air 
necessary for cooling the manifolds and removing 
any traces of exhaust gas from the gondola. There 
was one engineer in each gondola, and the running of 
the engine was shown by the various instruments 
provided in each gondola and in the chief engineer’s 
room. 

Some details of engine construction may be noted. 








May 28, 1937 


THE ENGINEER 





619 








The engine was mounted on a duralumin supporting 


base and the upper and lower parts of the crankcase 
were made of Alpax-Gamma modified aluminium 
silicon alloy. Cooling ribs on the underside of the 


auxiliary motor and heating services was supplied 
by two oil engine driven generator sets, one of which 
was in general service, with the other as a stand-by. 
The engines were Daimler-Benz units of 45 to 50 








ONE OF THE MAIN 


crank case were provided. All the working parts 
were enclosed, and the cylinders had two inlet and 
two exhaust valves, while the water-cooled liners 
were of steel. The connecting-rods were provided 

















STERN VIEW OF AIRSHIP 


with roller bearing bottom ends, and great care was 
taken to produce an engine free from torsional 
vibration. So successfully did the engines operate 
in service, that a similar design has been adopted for 
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the sister ship “‘ L.Z. 130,” which is under construc- 
tion at Friedrichshafen. 


AUXILIARY LIGHTING INSTALLATION. 
The current for the lighting of the ship and for the 





1200 B.H.P. ENGINES 


B.H.P. capacity, coupled to 30-kW generators. 
Besides the generators, there was a switchboard 
with connections for an outside supply when the 
ship was in the shed. There were two circuits, one 
for the lighting and auxiliary motors, operating at 
220 volts, and the other for a 24-volt instrument and 
emergency lighting service. The generator room and 
switchboard room were metal lined as a means of fire 
protection. 








The Naval Review at Spithead. 


On Thursday, May 20th, His Majesty the King 
reviewed his naval and mercantile fleets at 
Spithead. In a leading article last week we discussed 
some of the points of the new programme of naval 
construction, and showed how the ships which were 
assembled at Spithead foreshadowed the mighty 
strengthening of the Fleet within the next few years, 
when the ninety-nine fighting ships now in hand or 
authorised will reinforce the sea strength of this 
land. Among the visits to the Review in which we 
took part was that arranged by the Institution of 
Naval Architects. Starting from Waterloo at the 
comfortable hour of 9.45, Southampton was reached 
at 11.35, and at noon the Southern Railway Com- 
pany’s cross-Channel steamer “ Dinard ”’ left South- 
ampton Docks for her anchorage at the south end of 
the Review lines off the coast near Lee-on-Solent. 
There were some 320 members and guests of the 
Institution on board, led by the Secretary of the 
Institution, Mr. G. V. Boys, who was supported by 
several members of Council. The party was fortunate 
in having with it Mr. H. E. Skinner, a member 
of the Royal Corps of Naval Constructors, who by 
his running commentary from the bridge, which was 
broadcast through the ship, added much to a day of 
unusual interest. 

Proceeding down Southampton Water we noticed 
some of the Admiralty guest liners, and moored 
in the Solent was the German Admiralty yacht 
the ‘ Grille,” a pleasing vessel of some 2500 
tons, propelled by geared turbines, which was 





recently added to the German Fleet. The 
anchorage was reached shortly before 1 p.m., 
and was just behind the minesweeper ‘“‘ Fleetwood ” 
and the net-laying and Fleet photography ship the 
“Guardian,” both of which were clearly visible, in spite 
of a slight haze. With a freshening breeze all were 
enabled to watch the a hh of the Royal Yacht 
and to hear the Royal ite of guns and the cheer- 
ing from the fully dressed and manned ships, the 
“Victoria and Albert" steamed slowly down the 
lines, led by the Trinity House vessel ‘“ Patricia ” 
and escorted by the Admiralty Yacht ‘‘ Enchantress,” 
with the attendant sloops and liners carrying the 
Admiralty guests. Later in the afternoon was the 
impressive fly past of the Fleet Air Arm squadrons, 
and it was regretted that the prevailing haze was 
such as to prevent the return flight and the cere- 
monial graceful dip in salute of the Royal Yacht. 
Shortly after 6 p.m. the “ Dinard ” was allowed to 
leave her anchorage and to pass down the lines in 
the reverse direction to the course taken by the Royal 
Yacht and her attendant ships. During that very 





interesting and all too short voyage, Mr. Skinner was 





able to indicate to those on board some of the progress 
which has recently been made in the design and con- 
struction of destroyers, submarines, aircrait carriers, 
and cruisers, a task often hampered by Treaty con- 
ditions. Particular interest was shown in the new 
9000-ton cruisers “‘ Southampton ”’ and “‘ Newcastle,” 
with their length of 584ft. and high speed of about 
32 knots. The provision for carrying aircraft was 
noted, with the accompanying cranes and hangars 
for the lifting and housing of the machines. Among 
the older battleships, great admiration was expressed 
for the fine lines and design of the *“* Hood ”’ and the 
** Rodney ” and “ Nelson ” of the Home Fleet, with 
their powerful 16in. gun armament and the peculiar 
tower-like construction of the foremast; sometimes 
called, we were told, the ““ Queen Anne’s Mansions,” 

Rounding the Royal Yacht, the numerous ships 
and boats made manceuvring none too easy for such 
crowded waters, so that anything might be expected, 
but the call of the look-out, “ ‘Girl Pat’ on the star- 
board bow,” was received with some amusement. 
This little ship, which quite recently was so much in 
the public ey2, was, we noted, engaged in the peaceiul 
carrying of Review trippers. 

On the return through the lines an opportunity was 

iven to see the foreign warships attending the 
view. An outstanding vessel was the French 
battleship ‘‘ Dunkerque,” which has only recently 
completed her trials. Her main armament com- 
prises eight 13in. guns, which are mounted in two 
quadruple turrets, both of which are arranged on the 
forecastle. Her gun arrangement and her tower- 
like foremast are reminiscent of the design adopted 
in our own battleships the ‘‘ Nelson ” and “‘ Rodney.” 
Germany was represented by one of her recently 
completed “‘ pocket battleships,” the ““ Admiral Graf 
Spee,” remarkable for her powerful armament, and 
the fact that she is one of the few capital ships pro- 
pelled by oil engines. Alongside her was the Kussian 
battleship ‘‘ Marat,” with her bent-back fore funnel, 
a device adopted to keep the smoke away from the 
foretop. Another interesting ship was the Argentine 
battleship “* Moreno,” showing traces of her .‘ merican 
origin in her lattice masts and widely spaced funnels, 
with posts carrying searchlights arranged between. 
The American flagship, the battleship ‘“ New York,” 
calls for special mention as she is one of the very few 
large capital ships propelled by reciprocating steam 
engines. When she was laid down in 1911, the turbine 
builders in America would not accept the turbine 
specifications of the Navy Department, and recipro- © 
cating engines were therefore ordered to show that 
the Navy Department was determined to have 
turbines built to its own designs or not at all, A 
very powerful and well-manned ship was the Japan- 
ese battleship “‘ Asigara,”” which in speed, armament, 
and protection is a revelation of what can be put into 
a 10,000-ton design, Her green aeroplanes added 
an almost Eastern colour and atmosphere to the ship, 
Space will not allow us to do more than mention 
that there were at the Review many other repre- 
sentative ships from the Home and Mediterranean 
Fleets and from the navies of the Netherlands and 
the Scandinavian countrjes, and some of the smaller 
Powers. A reminder of a very essential service was 
the presence of the Admiralty oiler ‘‘ Brambleleaf,” 
very smartly turned out. 

The return voyage was made during the late 
evening, and Southampton was reached about nine 
o’clock and London at 11.20 p.m. It was not possible 
for the Naval Architects’ party to wait for the Fleet 
illuminations, but while going round the ships the 
preparations were seen in progress, and sheaves of 
rockets were noted on the decks of the ships, while 
illuminated devices and lamp battens were being 
brought into position and tested. Before leaving 
the “ Dinard,” Professor C. E. Inglis thanked Mr. 
Skinner on behalf of all present for his informative 
and interesting talk. Mr. Boys and his. staff were 
also thanked for all that was done to make the day 
a memorable one. 

We cannot close this short appreciation without 
some reference to the excellent hospitality which was 
provided for the guests of the Admiralty and the 
Government on specially chartered liners, which 
included the ‘‘ Strathmore,”’ the ‘t Vandyke,” the 
“ Rangitiki,”’ the ‘‘ Laurentic,” the ‘* Cameronia,”’ 
and other ships. The transport by railway from 
London to Portsmouth and Southampton was excel- 
lently arranged by the Southern Railway Company, 
which handled an unprecedented amount of traffic 
from Waterloo and Victoria without any delay. The 
catering and accommodation on board the liners 
was of the best, and most of the guests were able not 
only to follow the Royal Yacht around the Fleet, 
but also had the pleasure of remaining on board 
for the night in order to see the Fleet illuminations 
and the display of fireworks which took place from 
ten o’clock until midnight. They were brought 
back to London by special trains in the morning. 








New AERO-ENGINES.—The new De Havilland six- 
cylinder air-cooled, inverted in-line aero-engine is to be 
known as the “ Gipsyqueen 1.” It is to be introduced 
into the Royal Air Force in the “ Mentor I” machines. 
The other new twelve-cylinder air-cooled, inverted vee, 
supercharged engine of the same company is to be installed 
in the Royal Air Force “ Don I” machines and named 
** Gipsyking I.” 
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Reactors and Auto-Transformerts. 


i> 


TW\O limit the duty of switchgear, reactors are often 

employed. The modern system of generating elec- 
tricity in large power stations, running in parallel, has 
necessitated in certain cases the limitation of fault currents 
to values that can be safely dealt with by the switchgear. 
To restrict these currents to a safe value reactors are 
connected between sections at carefully selected points. 
Reactors may also be inserted between the bus-bars of 
large generating stations, as, for example, at the Barking 
station of the County of London Electric Supply Company. 
Seven banks of English Electric oil-immersed reactors 


Between the coil ends and the clamping plate the 
insulation is composed of fuller board sectors and 
washers. When completed the reactors were subjected 
to a test pressure of 300 kV for one minute between the 
coil and earth. The coil and end insulation are clamped 
between steel plates tied together with phosphor bronze 
bolts. While these plates are some distance from the 
coil they are within the influence of the flux, and eddy 
currents are consequently induced in them, although 
two concentric copper rings bolted to the plate reduce 
the loss to a negligible quantity. Currents induced in 











FiG. 1—REACTORS AT NORTHFLEET C.E.B. TRANSFORMING STATION 


are in this case erected outside the power-house, and 
each bank gives a reactance of 12 per cent. on a capacity 
of 50,000 KVA at 33 kV. 

An example of the use of 132-kV reactors on the British 
grid is to be found at the Northfleet transforming sub- 
station, where two banks of reactors giving 5 per cent. 
reactance on a capacity of 50,000 kVA are installed. 
These were also made by the English Electric Company, 
and views of one of the banks are shown in the illustrations, 
Figs 1 and 2. 

Owing to the high voltage these reactors are naturally 
oil immersed, but the makers also adopt this practice 











Fic. 2—OiIL-FILLED CABLE ENTRY 


in the case of lower voltage reactors. The conductor 
is composed of an enamelled and paper-wrapped standard 
cable. Together with the space between conductors in 
the coil, the insulation on the cable is sufficient to give 
adequate security against surge conditions. The layers 
are spaced in a horizontal direction by sectors locked 
in by long vertical strips which form the axial 
spacers. These strips pass through slots in the sectors, 
and both types of spacers are made of Fuller board. 
To facilitate winding, the axial or vertical spacers 
must only be an inch or so above the level of the 
layers being wound, and as they must be continuous 
throughout the length of the coil, at the beginning of the 
winding, the spacers project below the winding face 
plate and are pushed up as the winding progresses. The 





coil is formed on a bakelised paper cylinder. 








these rings by transformer action prevent to a considerable 
extent the flux entering the steel. 

The circular reactor tanks have radiating surfaces in 
the form of elliptical tubes bent on edge and welded 
into the tanks. Losses generated in the steel plate of 
the tank by the coil flux are controlled by copper ring 
shielding. Opposite the winding there are several heavy 
cross-section copper rings on the tank wall, and the effect 
of these rings is the same as that of those on the steel 
clamping plates. In some similar reactors giving 10 per 
cent. reactance on a capacity of 50,000 kVA at 132 kV, 
shielding is obtained by the magnetic shunt principle 
involving the use ef packets of laminations of trans- 
former steel mounted radially round the inner surface 
of the tank and thus providing a low loss path for the flux. 

The tanks have an oil expansion vessel with accommo- 
dation for a Buchholz protective device and an explosion 
diaphragm. Connection with the 132-kV overhead line 
is made through a condenser bushing mounted in the 






a single-core, oil-filled cable finished in a sealing end 
supplied by the cable maker. This is mounted inside a 
large chamber on the tank cover, and the oil in the 
chamber is common with that in the main tank. From 
the sealing end the connection to the coils is made by a 
flexible cable enclosed in a brass tube supported from the 
coil itself and adequately braced to prevent movement 
under short-circuit conditions. The loss in one reactor 
of the bank having 5 per cent. reactance on a capacity 
of 50,000 kVA is 20-5 kW. A completely assembled coi! 
weighs 6500 Ib., and each unit complete with oil 38,170 Ib. 
The diameter over the tank tubes is 1Oft., and the height 
over bushing 15ft. 

Another interesting application of reactors is to be 
found at Brighton, where the 8-kV bus-bars are arrange: 
so that they can be se ted into two sections. On» 
section deals with the outputs of a 30,000-KW and « 
15,000-kW generator, and the other those of 30,000, 
15,625, and 6000-kW generators. There is also coupled 
to each section a C.E.B. supply derived from the 132-kV 
grid through a double transformation of 132/33 kV and 
33/8 kV. The two bus-bar sections are coupled throug! 
a reactor designed to operate continuously with the 
maximum transfer of power of 30,000 kVA and having a 
reactance of 15 per cent., which is necessary to limit tho 
short-circuit current under the worst conditions to the 
safe rupturing capacity of the switchgear, which is 
750,000 kVA. 

The reactor comprises a bank of three single-phase oil 
immersed outdoor units designed for a\maximum current 
of 2165 amperes continuously, whilst the winding is con 
structed to withstand a short-circuit current of 14,450 
amperes for five seconds. The interturn insulation and 
spacing are similar to that described. The influence of the 
coil flux is controlled by a magnetic shield built on th: 
principle of a three-limb single-phase transformer with the 
windings on the centre limb, but there is naturally no 
steel in this limb. The design provides adequate shielding 
and the reactance characteristic is represented by prac- 
tically a straight line. At normal current the total loss 
for each single-phase unit is 22-5 kW at 75 deg. Cent. 

As in the case of the grid reactors, the tubular tanks 
have elliptical cooling tubes. An explosion diaphragm and 
expansion vessel are provided and in the oil pipe between 
the main tank and expansion vessel there is a Buchholz 
protective device. Electrical connection to the reactors 
is made through three single-core lead-covered cables per 
phase. The cable boxes are filled with “‘ Trinidite O.T.R.,” 
an oil-resisting compound. Connection to the main tank 
is made through porcelain insulators fixed horizontally 
in a barrier between the cable box and the disconnecting 
chamber mounted on the main tank cover. Oil in this 
chamber is common to that in the main tank, and it is 
only necessary to withdraw a few gallons to gain access to 
the links in the disconnecting chamber. The weight of a 
single-phase unit complete with oil is 6} tons. 

Some of the power generated at the Southwick power 
station is distributed at 8 kV to the Hove and Shoreham 
undertakings, but the supply to Brighton is stepped up to 
11 kV by auto-transformers and is fed to the North-road 
distribution centre in the heart of the town five miles 
away. From this sub-station there is a considerable 
amount of distribution through rotary converter plant, 
which was originally supplied at 8 kV, but is now fed 
at 11 kV, and step-down auto-transformers are installed 
at the sub-station. The converting plant is controlled by 
two separate switchboards, each supplied by two trans- 
formers. One board controls three 1000-kKW and one 
1500-kW motor converters, two 1500-kW synchronous 
motor generators, and one 300-kW set, and the supply is 
given through two 11,000-kVA auto-transformers. 

The other board controls two 1500-kW rotary converters 
and five 500-kW induction motor generators through two 
6000-kVA auto-transformers. To restrict the maximum 
short-circuit kVA to a value that can be dealt with safely 
by the existing switchgear the necessary reactance is 
provided in the transformers. The reactance value for 
the 11,000-kVA units is 11 per cent. and that for the 





reactor cover, while the outgoing connection is made to 


6000-kVA units 6 per cent. All the transformers are of the 








‘FIG. 3—-TRANSFORMERS 
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three-phase core type and to obtain the high reactance the 
windings of the 11,000-kVA units are arranged in sandwich 
fashion, whilst those of the 6000-KVA units are arranged 
concentrically. At full load, unity power factor and at 
75 deg. Fah. the efficiency is 99-51 and 99-53 per cent. for 
the 11,000 and 6000-kVA transformers respectively. 

As shown in Fig. 3, cooling is effected by elliptical tubes 
welded into the tank. Cable boxes for three-core cables 
are mounted on disconnecting chambers fixed on the tank 
cover. Expansion vessels and Buchholz protective devices 
are provided. 

As the sub-station is in close proximity to dwelling- 
houses, @ Mather and Platt “* Mulsifyre ” fire extinguishing 
equipment has been provided. It depends for its action 
on the fact that if the surface of oil is emulsified it cannot 
burn, and the emulsification is produced by discharging 
water through projectors, which cause a spray to impinge 
with considerable force on to the oil surface. Only a thin 
film at the surface is emulsified and the fire is extinguished 
within a few seconds. The projectors pointing downwards 
and another system of smaller piping with pilot sprinkler 
fitting pointing upwards are to be seen in Fig. 3. The 
system is filled with air under pressure and is connected to 
automatic hydraulic valves. Immediately a pilot sprinkler 
operates on the occurrence of a fire, the hydraulic pressure 
in the pipe falls as the result of a quartz bulb bursting, 
the hydraulic valve operates and the water is auto- 
matically turned on to the projector system. A water 
pressure of about 40 lb. per square inch is needed at the 
projector, and as this requirement is not met by the town’s 
supply in this particular case a tank and pump have been 
installed. The air lines containing the fire detectors are 
pumped up separately to about 20 lb. per square inch. 
Besides the fire extinguishing system mounted above the 
transformers, there is a ring main round each tank with 
the projectors pointing upwards, and round each trans- 
former there is a low wall to retain oil that may leak from 
the tanks in the event of fire, whilst from each cubicle a 
restricted outlet runs into a large trench filled with granite 

chips and terminating in the town sewer vid an inter- 
ceptor. The cable trenches are also filled with granite 
chips and have an adequate partition where the cables 
pass into the sub-station building. Similar fire protection 
is being provided for the reactor installed at the Southwick 
power station. 








East Coast Railway, New Zealand. 





ONE THOUSAND men or more are employed on the 
construction of the East Coast Railway, New Zealand, a 
work that was stopped nearly six years ago, when about 
half completed This, the Napier-Gisborne Railway, was 
begun in 1911, and it has cost to date somewhere about 
£3,500,000. It is thought that it will cost another £1,500,000 
to complete it. From Napier to Wairoa the line is com- 
plete, except for a gap of about 6 miles north of Putorino, 





MAUNGATURANGO VIADUCT NEAR 


at the end of which is the Mohaka Gorge, at present being 
bridged. This section will be finished in about a year. 
Between Wairoa and Gisborne very little has been done. 
The line from Wairoa to Waikokopu, a distance of some 
20 miles, has been complete for many years, but from 
Waikokopu to Gisborne there is no rail laid, and com- 
paratively little formation work has been done; 800 men 
are at present working on this section, and it is hoped 
to have the entire line completed in about three years. 

The Mohaka viaduct, which will be the largest in New 
Zealand, will have a span of 907ft. on six piers. It is 
illustrated under construction in an accompanying 
engraving. Its maximum height will be 315ft., and 1800 
tons of steel will be used in its construction. Caissons 
for the central piers have been sunk in the middle of the 
river, the deepest nearly 70ft. below the bed. These 
caissons were put down by compressed air, and on them 
will rest the piers, 80ft. wide at their bases, bearing the 
middle section of the viaduct. 

Since the work on this railway was stopped five years 
ago, the steel for the Mohaka viaduct has been lying idle 
in the railway yards at Wairoa. The steel was fabricated 
at the Public Works steel shops at Tauranga, was taken 
by sea to Waikokopu, and thence to Wairoa by rail. 
Fifty men are working on the viaduct, and it is expected 
that it will be completed within a year. At the top of the 
gorge on each side stand two tall wooden towers. They 
are over 80ft. high and connecting them across the gorge 
are two steel cables, 16ft. apart, and each over 2in. in 
diameter. They have a span of 970ft. Steel for the job 
is taken out to the end of the completed span with the aid 


of a petrol locomotive, and thence a travelling crane, 
which is carried by the steel cables, takes charge, moves 
out over the chasm, and lowers the section to the men 
working on the piers. The crane is operated by steam 
winches some dist back from the tower, directions to 
the winch drivers being given by signal from a man on 
the tower, who is in sight of both the winch house and the 
men at work on the pier. 

There are three other large viaducts on the route from 
Napier to Wairoa, all of which were completed before the 
work was stopped. The first one to be crossed is that 
over the Metahourua River. It has a single span of 250ft., 
and was the only big viaduct to be built from trestles. It 
stands high over a deep and narrow gorge, and the main 
road passes under it. Then comes the Waikare viaduct, 
close to the Putorino station. The bridge is over 600ft. 
long and 250ft. above the river. Just beyond the Mohaka 
viaduct is the Maungaturango, the largest completed 
viaduct. Built on five piers, it is 800ft. long, and contains 
1118 tons of steel. It is illustrated in a half-tone engrav- 
ing on this page. 

From the engineer’s point of view, the most difficult 
part of the railway route lies between Waikokopu and Gis- 
borne. The main road branches inland, passes through 
Morere Springs, climbs 1700ft. over Wharerata Hill, and 
then rejoins the railway line about 20 miles from Gisborne. 
But the railway route follows the coast as much as possible. 
The high spurs over which the road passes become steeper 
as they reach the sea, frequently leaving the last few 
hundred feet almost vertical. The track is being made by 
cutting back these high spurs, so as to leave enough width 
for a track at the level along which the railway will pro- 
ceed. And where this is not possible, tunnels will be 
constructed. 

At the end of the Kopuawhera Valley the longest tunnel 
on the job, 123 chains, will be constructed, giving access 
to the Tikiwhata Valley. It is known as the Coast Road 
Tunnel, for over the 1800ft. spur which it pierces the old 
Coast Road, once the means of communication to Gisborne, 
winds its way. The Coast Road Tunnel will be built with 
an upward gradient from each end, having the highest 
point inside. Emerging, the line follows up the Tikiwhata 
Valley through some very rugged country, in which 
fifteen small tunnels will have to be constructed in a 
distance of less than a mile. At the end of the Tikiwhata 
Valley the line passes through a 47-chain tunnel, and 
emerges on the coast, 500ft. above sea level. The line 
then skirts the coast for nearly 2 miles, passing through 
many small tunnels, and then branches inland about half 
a mile to the Waikoura Tunnel, the last long tunnel, 
which will be 72 chains. When the line emerges from this 
tunnel, it is again in sight of the main road, and 2 miles 
further on they come together at Bartlett’s, where the 
main camp at the Gisborne end of this sector is situated. 

From Bartlett’s to Gisborne the route proceeds along 
flat and swampy land, which is expected to present little 
difficulty. Fourteen or fifteen bridges will have to be 
constructed, including one 700ft. long over the Waipaoa 











River, about 5 miles from Gisborne. Power lines have 





than the original plant. When the 30,000-kW Parsons 
set. was installed in 1934 (see THz ENGINEER of September 
14th of that year), three new Stirling boilers, operating at 
675 lb. per square inch and 870 deg. Fah., were provided, 
and to enable a 15,000-kW set, designed for 350 Ib. per 
square inch, to be operated from these boilers a pass-out 
set taking steam at 650 ~ per square inch, exhausting at 
350 Ib., om shunted an automatically operated 
reducing valve for sot with load variations, 
been put into service, thus enabling an additional 
4500 kW to be taken from these boilers. 

In the No. | boiler house a new Stirling boiler was also 
officially put into commission on Friday last. Like 
the other three Stirling units, described in our issue of 
September 14th, 1934, it is of the tri-drum type, with 
forty-eight tubes wide by fourteen deep, and has a boiler 
heating surface of 13,459 square feet. The pressure at the 
superheater outlet is 670 lb. per square inch, the normal 
evaporation 150,000 lb. of water per hour and the M.C.R. 
180,000 lb. All the forged steel drums are 42in. in dia- 
meter. The front steam drum is 3in. thick, the rear drum 
3fin. thick, and the mud drum 3in. thick. Driven by a 
3 H.P., 900/1100 r.p.m. motor, the class L type stoker, 
supplied by International Combustion, Ltd., is 24{t. 
wide by 18ft. 6in. long, and has a grate area of 444 square 
feet. The secondary air fan is driven by a 12} H.P. 
1440 r.p.m. motor. Between the first and second banks 
of tubes is a convection type superheater, with a heating 
surface of 4422 square feet, capable of raising the 
steam temperature from 510 deg. to 800 deg. Fah. On 
leaving the convection superheater, the steam is passed 
to a Bailey radiant superheater on each side of the com- 
bustion chamber, and the total temperature is increased 
to 875 deg. Fah. Behind the boiler is a Senior type 
economiser, supplied by the Senior Economiser Company, 
Ltd., with a heating surface of 13,282 square feet, whilst 
immediately above the economiser there are two Howden- 
Ljungstrém preheaters, each with a heating surface of 
9450 square feet. Fitted with Bailey water side walls 
the combustion chamber, with its front wall also water 
cooled and covered with Bailey blocks to a similar height 
as the side walls, has a volumetric capacity of 8750 cubic 
feet. 

Two Howden Turbovane single-inlet fans, each designed 
for a maximum duty of 34,000 cubic feet of air per minute 
and each driven by an 83/36 H.P., 970/500 r.p.m. Laurence 
Scott electric motor, with Tate remote control, supply the 
forced draught, and two double-inlet fans of the same 
type, with a seroll dust collector and secondary collector 
supply the induced draught. 

The maximum duty of each of these latter fans is 56,700 
cubic feet of gas per minute, and each is driven by a 
two-speed, 78/175 horse-power, 725/970 r.p.m., Laurence 
Scott motor, ‘with Tate remote control. Babeock and 
Wilcox soot-blowing equipment comprises both standard 
valve in head type and Clyde single-nozzle blowers. 
The boiler instruments were supplied by Allen West 
and Co., Ltd., and the boiler superheater and economiser 
mountings by Dewrance and Co., Ltd. 





MOHAKA 


been erected from Wairoa along the rail route as far as the 
Waikoura Tunnel, to supply power for the tunnelling 
machinery, none of which has yet arrived. The latest 
machinery is to be used on the work, chiefly electrically 
or oil engine driven. Oil engine driven shovels are being 
used. 








The Brighton Electricity Works 
Extensions. 


THE extensions at the Brighton electricity works 
officially put into operation on Friday of last week mark 
a new development, so far as this country is concerned, 
in power station practice. With its new 37,500-kW 
Brush-Ljungstrém turbo-generator, the station has the 
distinction of being the first in Great Britain to install a 
really large set of this type, which is not only expected 
to show a very good efficiency, but is also capable, 
as explained in our last issue, of being started when 
cold in an exceptionally short space of time. No longer 
is it correct to assume that the Ljungstrém design is only 
applicable to units of 10 or 15 thousand kilowatts, and it 
will be interesting to see how many more of these sets will 
find a place in British power stations as main generating 
units, especially as 37,500 kW is not by any means the limit. 

Coupled with extensions to the turbine plant within 
recent years, there have been installed additional boilers 
designed to work at a higher pressure and temperature 





ERECTION OF MOHAKA VIADUCT 


After leaving the induced draught fans the gases pass 
through a washing plant, and thence to an 11ft. 2in. dia- 
meter, self-supporting chimney serving two boilers. The 
new boiler is practically a duplicate of the three put into 
service in 1934, with the exception that it has a Senior 
economiser. Two of the four boilers are equipped with 
class L stokers and two with Taylor retort stokers. 
Another 37,500-kW Ljungstrém turbine is at present under 
construction at the Brush Electrical Engineering Com- 
pany’s works, and excavation and foundation work is 
proceeding at the station for two new 175,000 lb. per hour 
Babcock and Wilcox boilers. The original hydro-jet ash 
equipment, installed by the Ash Company (London), 
Ltd., has been extended to deal with the residue from the 
new Stirling boiler, and other coal-handling and ash- 
disposal extensions will, of course, be necessary to meet 
the requirements of the Babcock units. Mather and Platt, 
Ltd., supplied electrically driven feed pumps and circulat- 
ing pumps for the new extension, and G. and J. Weir, 
Ltd., a turbo-driven feed pump, air ejectors and heaters. 
The extraction pumps were supplied by Drysdale and Co., 
Ltd.; the float-control feed-water valve by Richardson; 
Westgarth and Co., Ltd.; bled steam and condensate vaives 
by Alley and MacLellan, Ltd.; circulating water valves by J. 
Blakeborough and Sons, Ltd.; and Glenfield and Kennedy, 
Ltd., evaporating plant by P. & B. Evaporators, Ltd.; steam 
piping by Stewarts and Lloyds, Ltd.; temperature indica- 
tors and recorders by the Electroflo Meters Company, Ltd.; 
steam and condensate recorders by George Kent, Ltd.; and 
circulating water pipes by the Stanton Tronworks and 
Aiton and Co., Ltd. 
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A Double Helical Gear Marine 
Drive. 


THe gear unit shown in the engravings is an interesting 
example of a double helical gear application to a marine 
drive, and also illustrates the advances made in modern 
high-speed gear design and manufacture. Twelve sets 
of these gears have already been supplied by the Power 
Plant Company, Ltd., of West Drayton. They are 
employed in what is known as “ White’s system” of 
ship propulsion. In this system, both turbine and 





cut with 226 teeth, 3 D.P., and the effective face width 
is again 27}in. The rim is shrunk on to a heavy section 
cast iron centre, and the gear is mounted on a Ilé6}in. 
diameter forged steel shaft having an overall length of 
6ft.; an oil thrower is formed on one end of this shaft, 
together with a solid flange for coupling the gear unit to 
the propeller shaft. 

A single reduction gear constitutes the drive from the 
reciprocating engine. This includes the above wheel 
and the engine pinion having forty-five teeth, 3 D.P. 
The latter is solid with a hollow shaft and the material 
used is a 45-ton carbon steel. Both the engine pinion 
shaft and the turbine second reduction shaft are of the 

quill type. Shocks on the 
teeth due to torsional oscilla- 














tions set up by the propel- 
ler are considerably reduced 
and a great degree of flexi- 
bility is obtained. The 
displacement which occurs 
between the gear unit half- 
coupling and the propeller 
shaft half-coupling is limited 
by the adoption of the quill 
shaft, and in the engine pinion 
the added effect of the cyclic 
variation of the reciprocating 
parts must be taken into 
account. In the case of the 
engine pinion the quill shaft 
is 7ft. din. with a maximum 
diameter of 5jin., and a 
solid flange is provided at one 
end for connection to the 
engine shaft, the material 
employed being 3 per cent. 
nickel steel. The quill shaft 
is secured to the pinion 
sleeve by means of a flexible 
coupling. The quill shaft 
drive on the second reduction 
turbine shaft is secured to 
the first reduction wheel shaft 
by means of six jin. diameter 
nickel steel pins, Sin. long, 
and the second reduction 
pinion shaft is secured to the 
quill shaft by a pin type 
flexible coupling. A tin. gap 
is allowed between pinion and 
wheel shafts to give freedom 
of axial movement to half 








DOUBLE HELICAL MARINE DRIVE 


reciprocating engine are used simultaneously as prime 
movers. The steam engine is of the high-pressure type, 
and the steam is first passed through the engine and is 
then expanded down in the low-pressure turbine, resulting 
in high efficiency and economical performance. 

In the example described, the reciprocating engine 
develops 1000 H.P. at a speed of 305 r.p.m., and the 
turbine 800 H.P. at 3446-5 r.p.m. Both prime movers 
are connected to the gear unit to give a propeller speed 
of 61 r.p.m. The total weight of the gear unit is 28 tons. 
It will be seen from the engravings that the turbine drive 
takes the form of a double reduction train and the recipro- 
cating engine a single reduction drive. The gears through- 
out are of the hobbed marine type, having a central 
gap to allow the necessary hob clearance. The first 






Propelier 
Shaft 







Reciprocating 
Engine Shaft 
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PLAN OF WHEELS AND PINIONS 


reduction turbine pinion has 30 teeth, 5 D.P., its effective 
face width being 14}in., and is manufactured from 3} per 
cent. nickel steel, heat treated to a tensile strength of 
55 tons per square inch, and is integral with its shaft. 
It engages with the first reduction wheel having 261 
teeth, 5 D.P., which consists of a 0-4 per cent. carbon 
steel rim shrunk on to a cast iron centre. The hollow 
wheel shaft is of forged steel, 28/32-ton tensile strength ; 
the wheel is pressed on to this shaft, using a pressure of 
200 tons; a 2tin. by fin. tangential key is fitted for 


driving. The second reduction turbine pinion has thirty- 
six teeth, 3 D.P., and its effective face width is 272in. 
It is integral with a hollow shaft, the material being 
0-55 per cent. carbon steel, heat treated to a tensile 
strength of 45 tons per square inch. 

The low-speed wheel, with which the engine pinion 
also gears, consists of a 0-4 per cent. carbon steel rim 


the shaft when under stress. 
The overall dimensions of 
the turbine quill shaft are 
7ft. Sgim. and 4jin. diameter, and the material used is 
3 per cent. nickel steel. 

Bearings for all the shafts are of the bush type lined 
with white metal. The journal sizes are as follows :— 


Turbine pinion shaft ... ... ... 4hin. dia. x 6in. 
Turbine first reduction wheel shaft Sin. dia. x 6in. 
Turbine second reduction pinion shaft 8fin. dia.x 6in. 
and 8fin. x 12in. 
Engine pinion shaft... ... Sin. dia. x 12in. 
Low-speed wheel shaft... . 13}in. dia. x 12in. 
A separate Michell thrust bearing is interposed between 
gear and propeller to sustain the thrust. The engine 
shaft is coupled to the flange on the gear quill shaft, 
and a flexible coupling is fitted between the turbine and 
the gear-box. The gears are housed in a cast iron case, 
which is split at an angle through the centres of the engine, 
low-speed, and second reduction turbine shafts. The 
casing has been designed to give maximum rigidity to 
the gears and bearings, and to ensure freedom from the 
tendency to amplify vibrations. 

Forced lubrication is installed for the gears and bearings. 
An auxiliary pump is provided and the lubricant is 
passed by means of external piping to distributors which 
divert the required quantity to the gears and i 
The oil is projected on to the gears by means of spra: 
jets after which it drains into the sump and passes throug 
a cooler before being employed again. A strainer is also 
employed together with the usual pressure gauges and oil 
flow indicators. 

Both wheels were generated on a double-headed hobbing 
machine which was designed by the Power Plant Company, 
Ltd., and is one of the largest of its type in existence. 
It can handle gears up to 20ft. diameter and the maximum 
face obtainable is 12ft. Relief ground hobs, also manu- 
factured by the Power Plant Company, Ltd., were 
employed in the manufacture of the gears. The hobs are 
produced on specially designed machines capable of a 
high degree of accuracy, since the total cumulative pitch 
error permissible on the above gears is in the region of 
0-009in. All the pinions were hobbed on a pinion machine, 
which has a capacity for gears up-to 54in. diameter ; 
the maximum overall length of pinion which can be 
handled is 11ft. 

Particulars of the tooth pressures and K values for 
this marine gear are as follows :— 


Turbine Gear, First Reduction. 
Tangential tooth pressure= 4,870 lb. 


Pressure per inch of face = 345 1lb.=P 
a P 345 PA 
~ Pinion diameter ee ey 55 


K=P/ VD “s 


Engine Reds ction. 
Tangential tooth pressure = 27,500 lb. 


Pressure per inch of face = 980 Ib, 
ee 

K=5 = 65 
K=P/ VD = 252 


Turbine Gear, Second Reduction. 


Tangential tooth pressure= 21,600 Ib. 





Pressure per inch face = 720lb. 
ig ee 

K ‘> 2 62 
K=P/vD = 210 


Canadian Engineering News. 
(By our Canadian Correspondent.) 


Electric Fountain. 


THE recently erected Jubilee Fountain in Stanley 
Park, Vancouver, is a monument of classical architecture, 
set in the middle of a lagoon with rustic background. 
The structure is built of concrete on a foundation of long 
piles. There are two superposed basins, the lower one 
being 40ft. in diameter. From these two levels, fiv: 
individual water effects are produced. A stream of wate: 
varying in height from nil to 135ft. issues from a 28 mm. 
nozzle in the centre of the upper pool. Around the edge 
of this pool there is a ring 13ft. in diameter, with 132 
10 mm. nozzles. The water rising therefrom gives the 
appearance of a vertical cylinder with a height up to 
35ft. Around the lower pool there are eight rings, each 
4ft. in diameter and each has a 10 mm, nozzle at its 
centre. These central jets rise to a maximum height of 
35ft. and the water cylinders surrounding them to a 
height of 20ft. The remaining individual water effect 
is a parabolic dome, which is formed by streams from 310 
nozzles inclined 15 deg. to the vertical in a ring 35ft. in 
diameter around the lower pool. All streams are flood 
lighted in varying colours. The lights are under water in 
hermetically sealed aluminium cases, each with a single 
coloured lens. By changing the intensity of illumina- 
tion of the various coloured floodlights, and by varying 
the heights of the different water streams, it is estimated 
that there are about 2$-million different effects being 
produced continually. Although the complex cycle on 
which the variations in water pressure and coloured light- 
ing operate is automatic, it is possible to insert a manual 
control unit. Power consumption is only 40 watts. 


Thousand Islands Bridge. 


First steps towards actual construction work on 
an international bridge that will form a new link between 
Canada and the United States, across the St. Lawrence 
River, were taken recently when ground was broken at the 
New York end. The project, which in reality will involve 
a series of bridges and highways to form a vehicular con- 
nection between the two countries through the heart of 
the Thousand Islands, will take about two years to 
complete. There will then be available for international 
traffic the only connection of the kind between Cornwall 
on the east and the Niagara border on the west. Comple- 
tion of this great enterprise, at an estimated expenditure 
of 2,500,000 dollars, will mean the realisation of efforts 
which have been put forth during several decades to 
create a vehicular crossing of the St. Lawrence on its upper 
reaches. Over forty years ago a bridge project outlined 
for the Three Sisters Islands, below Brockville, got as 
far as the establishment of some of the piers, which are 
still in existence. At a later date other bridges were 
envisaged for such points as Brockville, Prescott, Morris- 
burg, and the neighbourhood of Kingston. All these 
projects, however, came to naught. That outlined to 
follow a course from the neighbourhood of Ivy Lea, on 
the Canadian shore, to Collins’ Landing, on the United 
States shore, making use of Larue and Wellesley islands as 
great stepping stones, seems to have been more popularly 
received, and the fact that it has now been satisfactorily 
financed is due very largely to the perseverance and faith 
of John G. Mitchell and his Canadian associates, together 
with the group comprising the Thousand Islands Bridge 
Authority of the State of New York. 


Evaporation from Petrol Tanks. 


According to a report issued by the National 
Research Council, Ottawa, on the subject of gasoline 
losses from storage tanks, two-thirds of the losses from 
unprotected tanks can be avoided by covering the tanks 
with white paint, whitewash, or aluminium paint, and even 
greater savings can be effected by insulating the parts of 
the tank exposed to the sun. The subject is one of con- 
siderable economic importance, since official statistics 
show that nearly 250,000,000 gallons of crude oil, gasoline, 
fuel oil, kerosene, and lubricating oils were on hand at 
Canadian refineries in 1935. In addition to these stocks, 
there is oil in storage in hundreds of tanks scattered 
throughout the Dominion, and it is probable that the 
combined oil storage capacity in Canada is not less than 
500,000,000 gallons. 

Several methods, the Research Council points out, may 
be employed to reduce the variations in temperature of the 
oil and vapour in storage tanks. Of these, the simplest 
precaution is to reduce to a minimum the area exposed 
to the sun’s rays and to coat the surface with paint or 
other material which has high reflecting power, such as 
magnesia or aluminium. Observations in middle latitudes 
show that the loss from an ordinary 80,000-barrel steel 
storage tank, 120ft. in diameter and filled to within 3ft. 
or 4ft. from the roof, is about 1} barrels per day when 
the temperature varies between 60 deg. and 120 deg. Fah. 
Losses by diffusion and filling losses may bring the total 
to two or three barrels per day. When the temperature 
is kept to below 105 deg. Fah., the losses are reduced by 
about 36 per cent. When the highest temperature is 
prevented from exceeding 90 deg. Fah., the reduction 
amounts to about 64 per cent. 


Railway Equipment. 

Active operations during 1937 at the plants 
of the various Canadian car companies are assured as the 
result of the placing of substantial equipment contracts 
by both major railways. Orders from the Canadian 
National Railway approximate 20,000,000 dollars in 
value. The value of the business placed by the Canadian 
Pacific Railway has not been indicated, but it also will 
reach impressive proportions. 

Rolling stock orders placed by the C.N.R. with firms 
in the Maritime Provinces, Quebec, Ontario, and Manitoba, 
are for 3000 box cars of modern design, 300 refrigerator 
cars equipped with newly developed heating and cooling 
systems, 300 gondola cars, 58 flat cars, and 16 snow- 
ploughs. Negotiations for the purchase of 50 air-con- 
ditioned passenger coaches are proceeding. Along with 
other rail systems on the continent, the C.N.R. in the 
last five years has retired a considerable amount of equip- 








ment considered obsolete or worn out. 
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Rail and Road. 


New G.W.R. Hatt.—A new halt, to be called Furze 
Platt, is to be opened by the Great Western Railway Com- 
pany between Maidenhead and Cookham. 


New STATION ON THE SOUTHERN Ratiway.—A new 
station, to be named Durrington-on-Sea, is to be opened 
on the Southern Railway between West Worthing and 
Goring. 

L.N.E. Ratuway Misuap.—On Friday night, May 21st, 
a steam coach from Bishop Auckland to Durham, vid 
Willington, collided with a light engine near Bishop Auck- 
land. Twenty persons were slightly injured. 


L.N.E.R. MANCHESTER-SHEFFIELD ELECTRIFICATION 
ScHEME.—Further contracts have now been p by 
the London and North-Eastern Railway Company in 
connection with the new steam and electric locomotive 
running shed, which is to be built at Darnall] (Sheffield) as 
part of the scheme for the electrification of the lines between 
Manchester and Sheffield and Wath. They are for a 
3-ton steam travelling crane to be supplied by J. Booth 
and Brothers, Ltd., of Rodley, Leeds, and for three 70ft. 
diameter locomotive turntables to be supplied by Cowans, 
Sheldon and Co., of Carlisle. The locomotive shed at 
Darnall will be the first in the country to be equipped for 
dealing with both steam and electric locomotives. 





FreNcH Rartway SPEEDING-up.—On Saturday, May 
22nd, new streamlined trains were introduced on the line 
from Paris to Marseilles, with a view to reducing the time 
of the journey to under nine hours. According to The 
Times correspondent, for the present the new services 
(one daily in each direction) will be worked by light stream- 
lined trains made up of converted stock. The trains are 
made up of four coaches which have been streamlined and 
the gaps between them closed. Hauled by a streamlined 
engine, these trains are reported to have reached speeds 
up tc 90 miles an hour. On the jo from Paris to 
Marseilles there will be five Sak os Leccche, Dijon, 
Lyons, Valence, and Avi and engines will be changed 
at Lyons. The distance between Paris and Marseilles by 
rail is 535-6 miles, and the average speed, including stops, 
will be 59-5 miles.an hour. 

A REFRIGERATED DovuBLE-DEcK Goops WaGcon.—For 
the conveying of perishable goods, such as fruit and vege- 
tables, &c., which are susceptible to damage by crushing, 
a number of special double-deck igerated 
vehicles have been placed in service on the United States 
railways. They are similar to a standard refrigerated 
wagon, but the Yutariie i is fitted with folding racks which, 
when placed in position divide the interior into an upper 
and lower compartment. The vehicle may be loaded its 
entire length on the floor, but the upper loading space is 
divided into two compartments, each 14ft. long, and 
terminating at the door post, where the upper deck load 
is supported by adjustable bulkheads. By this arrange- 
ment @ longitudinal space is provided at the doorway 
which is clear from the floor floor to the roof, unless the floor is 
loaded between the door openings. 


Coronation Locomotives ror L.N.E.R.—In accord- 
ance with an announcement made some months ago, the 
London and North-Eastern Railway Company is arrang- 
ing to inaugurate as from July 5th a new high-speed 
service between London and Edinburgh to perform the 
392 miles’ journey in 6 hours, and the two trains 
which are Being built for the service are, by the special 
permission of His Majesty the King, to be named 

‘ Coronation.” The five otives which are bei 
built specially for working these trains are to be 
a" ‘* Dominion of Canada,” “*‘ Commonwealth of Australia,” 

‘ Dominion of New Zealand,” “‘ Union of South Africa,” 

Empire of India.” They are being built to the design of 
Sir Nigel Gresley, and they will be of the “ Pacific ” type, 
streamlined in accordance with the practice adopted for 
the “Silver Link” class, and will incorporate certain 
novel features in their general design and a; ce 
intended to harmonise with the ‘“‘ Coronation ” trains. 


Post OFrFIck CABLES AND ABANDONED TRAMWAYS.— 
The Minister of Transport has informed the Tramways, 
Light Railways and Association and the som 
cipal Tra: rt Association that he has received 
sentations from the Postmaster-General to the ot 
that in order to avoid risk of electrolytic damage to Post 
Office cables it is very desirable, in cases where a portion 
of a tramway or light railway system is abandoned or dis- 
continued, that t dinmned rails should be electrically 
isolated without delay from any part of the system remain- 
ing in use. It has been that provision to this 
end should be made in the Minister’s regulations with 
respect to the use of electrical power on tramway and light 
railway systems, and it is accordingly proposed, in future 


regulations of this nature, to insert a provision to the | y 


effect that the rails which are in use for public tramway 
traffic or in regular use for access to depéts shall be effec- 
tively disconnected from any portion of the system which 
is for the time being not in use for either of these two 
purposes. The Associations have been asked for comment. 


ProposgeD INCREASE IN Ratwway Rartes.—tThe railway 
companies have sent details of their proposed increases 
in railway charges to the Railway Rates Tribunal. They 
propose a general increase of 5 per cent. In regard to the 
conveypney of coal, coke, Far: patent fuel, livestock, and 
general m » including ls, the companies 
propose that the increase of 5 per cont. 6 should ne eg in 
the following manner :—On all existing charges not exceed- 
ing 2s. 5d., an increase of 1d.; on pred over 2s. 5d., but 
not exceeding 4s, ld., an increase of 2d.; on eharges of 
over 4s. Id., but not exceeding 58. 10d., an increase of 
3d.; and thereafter advancing by Id. for each additional 
Is, 8d. in 1 een ne On all 
fares, except ordinary and traders’ season ticket fares, 
day and half-day excursion fares, and workmen’s fares, 


uP to ee at fe from Is. to 2s. 5d., an | of 


increase of 1d; from 2s. 6d. to 4s. 1d., an increase of 2d.; 
from 4s. 2d, to 68, 10d,, an increase of 3d.; and thereafter 
advending by 1d. for each additional Is. 8d. in the existing 
e hargeable fare. The existing rates of season tickets and 
traders’ season tickets will be increased by 5 per cent., 
and workmen’s fares by 4d. daily. 





Miscellanea. 





Coat Output ry Great Brirary.—During the week 
ended May 8th, the output of British coal mines totalled 
4,949,700 tons, and the number of wage-earners was 
778,200, 

TuBE Propuction.—At the ganael general meeting of 
Stewarts and Lloyds, Ltd., Mr. C. Macdiarmid said 
that during 1936 the company’s a production, including | t 
that of subsidiaries, amounted to 500,000 tons. This 
weight was equivalent to about 715,000 ingot tons. 

Buripine in Great Brirarn.—According to informa- 
tion supplied to the Minister of Labour by 146 local 
authorities, plans for ildi estimated to cost 
£10,827,300 were approved during April. During the 
first quarter of the year the value of the plans approved 
amounted to over 29 million pounds. 

ConsULTING ae Encuverrs.—-The Institution 
of Automobile 


professional rules and The litte for its members acting as 
consult engineers. little book contains particulars 
as to and a list of 


remuneration, 
members who have undertaken to observe the duties and 
rules listed. 

Pants INTERNATIONAL TRADE Fate.—In order to coincide 
with the first week of the Paris In Exhibition, 
the opening of the Paris International Trade Fair was 
deferred until Saturday, May 22nd. The Fair will now 
close on June 7th or one week later than was previously 
announced. The availability of the reduced travel 
facilities has been altered accordingly. 


Tue Lonpon Iron anp Steen ExcHance.—We are 
informed that Professor Henry Clay, M.A., Economic 
Adviser to the Bank of England, who will be the 
at the Annual Luncheon of the London Iron Steel 
Exchange at the Hotel Victoria, Northumberland Avenue, 
W.C.2, on Tuesday, June 8th, will discuss some aspects of 
fluctuations in trade. Mr. C. Bruce Gardner, Chairman 
of the Exchange, will preside, and a number of well known 
members of the iron and steel trades will be present. 


Tue Brnptne or Txreaps.—Vibration, temperature, 
and possibly an electrical effect are as frequently respon- 
sible for the binding of bolt threads as is rusting, according 
to the results of investigations published recently in Steel. 
Simultaneous conditions of high temperature and rapid 
vibration cause appreciable pick-up of contacting metal 
threads in such places as studs of turbine cylinders and 
pipe flanges, threads of lead-cable presses and stop valves 
in steam engines. In some instances the binding of 
threads has required an oxy-acetylene flame to remove 
certain bolts. The author further states that colloidal 
graphite in aqueous dispersion, painted with a brush 
7 the previously cleaned metal portions, overcomes 
t' difficulties. Frequently, the are 0 
by dipping the bolts or studs when hot in dilute graphite 
solutions. 


TELEPHONE Sratistics.—A survey recently completed 
by the chief statistician of the American Telephone and 
Telegraph Company states that there were 35,028,682 
telephones in operation throughout the world at January 
Ist, 1936. The distribution is given as follows, the figures 
being the percentage of the total :—United States, 49-74 ; 
Germany, 9-34; Great Britain, 7-28; France, 4-11; 
Canada, 3-95; Ja 3-23; Russia, 2-46; Australia, 
1-52; and Spain, 6-98 98. In the United States there were 
13- Te mec edhe fl 100 persons, while the telephone 
density for Great Britain was 5-44 per 100. The number 
of telephones in the twelve largest cities in the United 
The number of imstramenta in we in various capitals 
The number of instruments in use in various capi! t 
the of last year is stated to have been as follows 
New York, 1,503,712; Greater London, 960,709 ; Berlin, 
513,610 ; cg 422,755 ; Rome, 91,689 ; Madrid, 66,148 ; 
Copenhagen, 1 82,946 ; and Vienna, 184,840. 

Surp-ptate Propvcrion In SweEpDEN.—Before the 
recent suggestion of a scheme for the establishment of a 
combined steel works and rolling mills for the production 
of ship-plates and sections for meeting the ts 
of the chigvers in the Scandinavian coun 

Finland and Denmark, to which reference was — a 
short time ago, plans were under consideration 
private company in Sweden—the Domvarvets J path Se, 
for the erection of a i ly materiais 
solely for the needs of shipyards. ody is now 
reported from Stockholm that the directors of com- 
wow nae dootiod to giteoet wig-teest phan ant thes 
no work declare be allocated. Already 
the works pi tes up to a width of 
6ft. 8in., ecu ie ten ce» 2 ete to roll 
ship-plates of a width of about 10ft., as required by the 

ards. Apart from this extension, the manufacture of 
thin sheets is expected to begin at the end of the year, 
when @ large new sheet mill, which was ordered in the 
United States last autumn, is to be brought into operation. 


GERMAN MACHINERY PRODUCTION oe am a= 
According to Dr. Reuter, general director of the Demag 
Com; ny of Duisburg, it is probable that the exports of 
mac! in the next few months will not only further 
eanaerd in quantity, but also in value as a result of the 
advancing prices. The value of the aggregate turnover 
of the German machinery in “marke in 1936, approxi- 
mately to 3000 million Reich in 1936, and thus 
reached the level of the best previous year, 1928. The 
degree of activity in the industry rose from 
70-6 cent. of the capacity in 1935 to 81” -5 per cent. 
in 1936, and to-day the industry is almost fully occupied 
with work. During 1936 there was an increase of 80,000 
in the number of men employed, so that the machinery 

now has 600,000 at work. A scarcity of skilled 


labour exists in the , and a still effect from 
this cause is beginning to be e the lack 
ing recruits. Dr. Reuter further states that the 


aggregate v industry 
in the inland market increased from 2000 million marks in 
1935 to 2250 millions in 1936, and that of the exports 
from 480 million marks to 625 millions. A further expan- 
sion of 20 per cent. in the exports is expected in the 
present year. 


has issued @ memorandum of 





Air and Water. 


Tue Istz or Man Arm Race.—Twenty-one entries, 
including two German machines, have been received for 
the race from London to the Isle of Man on Saturday, 
May 29th. 

New Atiantic LinER.—Work has begun on the con- 
oo of the new 33,000-ton liner of the intermediate 

being built by Cammell Laird and Co. for the Cunard 

ite Star Line. 
New Sovier Drriciste.—A new dirigible to be known 
as the “DP-9” is rapidly nearing completion in the 
US.8.R. It is reported that it will use helium as a lifting 
medium and the gas will be obtained from deposits found 
in various parts of the country. 

Fuicut Over THE Norra Pote.—A Soviet aeroplane 
recently made a flight over the North Pole and the machine 
landed safely on an ice floe just over 12 miles from the 
Pole. Four members of the expedition are remaining on 
the floe with a view to carrying out scientific research. 

DeatH or Mr. James BREMNER.—We regret to note 
the death of Mr. James Bremner, the former Liverpool 
consulting engineer and naval architect. He was a founder 
member of the Society of Consulting Marine Engineers 
and Ship Surveyors and a member of the Institution of 
Naval Architects. 

Tue “Scrap anpD Burp” ScHEME.—According to a 
report of the Ships Replacement Committee, in less than 
two years fifty new ships of about 186,000 tons were built 
for the British mercantile marine. The totai estimated 
cost of the new ships was £3,664,360 and advances of 
£3,548,124 were made to the owners. 

Sours Waters Ports Trape IncrEsase.—During the 
first four months of this year there was an increase of 
over 1,292,000 tons in the traffic handled at the South 
Wales ports. The total traffic in imports and exports was 
8,643,453 tons and the number of vessels using the ports 
increased from 5647 for the first four months last year to 
6238 of 4,970,789 tons this year. 


New Arr France Macuryes.—For the t rt of air 
mail on its internal routes, Air France has ordered twenty 
Bellanca high-speed monoplanes. The new machines, 
which will carry a crew of two and 1000 lb. of mail, are 
claimed to be the fastest commercial machines in the world. 
They are fitted with Pratt and Whitney “Twin Wasp ” 
engines, which develop a maximum horse-power of 950 
at 2550 r.p.m. 

Emprme Ftiyrne Boat’s ReEcorp JourngEy.—The 
Imperial Airway’s flying boat “ Cassiopeia ” has set up a 
new Empire flying record by flying from Alexandria to 
Southampton in just under eighteen hours. The machine, 
in addition to its crew of five, carried fourteen passengers 
and 1} tons of mail and freight. It left Alexandria at 
2.40 a.m. on Sunday, May 23rd, and with stops for re- 
fuelling at Athens, Brindisi, Rome, and Marseilles arrived 
at Southampton at 8.20 p.m. on the same day. 


Tue Iratran AttirupE ReEcorp Macuine.—We 
recently announced in this column that the Italian airman 
Mario Pezzi had broken the world’s altitude record when 
he reached a height of 51,348ft. in a “Caproni 161” 
biplane. According to Flight, the machine was a single- 
engined biplane powered by a Piaggio “ P.XI. RC.72 * 
fourteen-cylinder radia] engine. The machine had an 
open cockpit and the pilot wore a special air-tight elec- 
trically heated suit made of rubber and fabric and rein- 
Seniiad with light alloy sheets. His head was enclosed in a 
light alloy cylinder with heated glass windows. 

New Sreamsuips ror IstE or Man SErvice.—The two 
new steamships “‘Tynwald” and “ Fenella,”’ built by 
Vickers-Armstrongs, Ltd., for the Isle of Man Steam 
Packet Company, Ltd., have been for winter 
service and to relieve heavy summer They have 
an overall length of 327ft. "Tin. -. @ breadth of 46ft., and a 
speed of 21 knots. ee is by means of twin screws 
driven by two sets of Parsons turbines oe single 
reduction gearing. Each set comprises one H.P. and one 
L.P. turbine working in series and driving separate pinions 
engaging with the main gear wheel. The total shaft 
horse-power developed is 8000. The three Babcock 
boilers of each ship are built to burn oil only under the 
closed stokehold system of forced draught and the working 
pressure is 250 lb. per square inch. 

FEDERATION AERONAUTIQUE INTERNATIONALE.—The 
Annual Conference of the Fédération Aéronautique Inter- 
nationale will be held in London from June 22nd to 
June 27th next, at the invitation of the Royal Aero Club. 
The F.A.I. is the recognised international body embrac- 
ing all the national aero clubs of the world. It is the 
supreme controlling authority for the sport of flying and 
for international world records. It has also for one of its 
main objects the development of international air touring 
and the removal of the barriers which hinder it. Founded 
in Paris in 1905 by eight countries, including Great Britain, 
the F.A.I. now consists of thirty-five national organisa- 
tions. Since its inception it has held its Annual Confer- 
ence in all countries of the world, the last three being i in 
the United States, Yugoslavia, and Poland respectively.” 


A Frencu SeaPiane Disaster.—On the 19th inst., 
Lioré-Olivier seaplane, constructed a year ago for the 
South Atlantic service, was destroyed with the loss of five 
lives when starting upon its last trial flight from the port 
of Antibes before undergoing a test for its official reception. 
Besides the pilot there were eight passengers, all of them 
engineers, mechanics and a radio tor. The seaplane 
had reached its taking-off speed just outside the port when 
it struck a wave. According to an observer, it rose about 
80ft., when a float was seen to fall away. The machine 
dropped with one wing oe the water, and it spun round and 
threw out the There was an explosion, the 
cause of which not vane fully ascertained. The pilot 
and two mechanics were picked up dead and two others 
succumbed in hospital. eget A seaplane has to be 
recovered from a depth of ‘aeacly @ hundred feet. The 
Lioré-Olivier monoplane had four es totalling 
3440 H.P., and its cruising range was declared to be 3000 
miles at a ‘speed of 200 m.p.h. The weight of the machine 
without load was 19 tons, and it was built to carry eight 
passengers and a ton of freight. 
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FOUNDRY PROGRESS. 


In Mr. Baldwin’s famous speech at the F.B.I. 
dinner he contrasted factory conditions as he knew 
them fifty years ago with the conditions which now 
prevail. In no parts of engineering work are 
the changes more remarkable than in the iron- 
foundry. Indeed, one need not go back anything 
like fifty years to find a state of affairs so totally 
different from that of the present that the develop- 
ment would strike one as almost revolutionary 
were it not that in every branch of workshop 
practice progress has taken place with astonishing 
rapidity. For a time, possibly, the foundry Jagged 
behind the machine shop, but in all manufacturing 
countries so much attention has been paid of late 
years to the processes associated with the casting of 
metals that foundry practice has resumed its place 
in the line of advance and is now on an equality 
with the other departments in a well-organised 
works. The advance is particularly noticeable in 
America, where the scale of foundry operations is 
much greater than in Europe, but on the Con- 
tinent and in this country there are not wanting 
examples of foundry lay-outs which embody 
every one of the multiplicity of new appliances 
which facilitate, accelerate, and cheapen the pro- 
duction of ferrous and non-ferrous castings. 

In view of these remarkable developments it 
seemed to us that the moment had come when a 
general review of the kind of equipment that is 
now available would be acceptable to those 
who contemplate further improvements of their 
foundry, and would, at the same time, pro- 
vide a useful datum from which the rate of 
progress of the founder’s art could be measured at 
some future time. We are therefore giving with 
the present issue a large illustrated supplement, 
in which the products of this country and others 
are described. If we have any regret in con- 
nection with this supplement, it is that, despite the 


2|imposed upon us by space. 





fact that it occupies no less than thirty-two of our 
large pages, it still fails to cover the whole subject. 
That in itself is a very good indication of the 
variety of foundry equipment which is now avail- 
able. At an early stage in the preparation of the 
supplement it became obvious to us that it would 
have to be exceptionally large, but we did not 
foresee that to cover the subject as completely as 
we could wish would require more than the thirty- 
two pages which represented the maximum that 
could be conveniently handled. We regret 
particularly that Swiss and German work is not 
more adequately represented. In the former 
country, especially, the development of light 
foundry practice had reached a high state much 
earlier than in this country, and it has kept pace 
with all recent progress. But there is this to be 
said by way of palliation, that there is so much 
inter-relation between foundry people that the 
equipments have an almost international character. 
In another respect, also, we regret the limitation 
It will be seen that 
whilst we have been able to describe a great many 
items of equipment, we have been able to give but 
little attention to fo lay-outs. Since in 
certain respects it is hardly possible to distinguish 
between equipment and lay-out, this must be 
regarded as a serious omission. Fortunately 
we are able to refer our readers to an article in our 
issue of December llth, 1936, in which Mr. 
Longden illustrated and described several notable 
foundries. If anyone will turn up that article they 
will appreciate the justice of our statement that it 
is difficult to demarcate the equipment from the 
lay-out. It will be seen that with a continuous 
conveyor binding the various items together the 
whole conglomeration forms what may not inappro- 
priately be regarded as a single vast machine. 

But if, as we have candidly admitted, there are 
omissions from our supplement, we venture to 
claim that Mr. J. E. Hurst, in the admirable intro- 
duction which he has written especially for it, has 
touched upon every aspect of modern foundry 
practice. It will be noted with particular satis- 
faction by all who follow the art in this country 
that he refers to the excellent work that has been 
done by the British Cast Iron Research Association 
and the efforts that are being made, through 
foundry classes and schools, to place foundry work 
on a solid scientific basis. The old rule of thumb 
methods have gone for ever. Under the xgis of 
the B.C.I.R.A. cast iron has ceased to be a mixture 
blended to the “ secret ” formula of the foundry 
manager and has become a definite metallurgical 
product as carefully prepared in the cupola as a 


the | chemist could do it in his laboratory. And with 


this scientific research have come unforeseen 
improvements in cast iron which has revealed 
unbelievable qualities. All this means that the 
foundry calls for a new type of mind. Just as the 
murk and fog which brooded over foundries in 
Mr. Baldwin’s early days have been dispersed by 
cleanly methods of handling, by far better -illu- 
mination and even by, the latest device of all, 
air conditioning, so are the old cloudy and uncer- 
tain methods being rapidly replaced by definite 
scientific processes controlled at every stage. For 
the operation of foundries under this system it is 
necessary to have men especially trained for the 
work, and the steps which have been taken by the 
University of Sheffield, which gives a degree course 
in foundry metallurgy, and the practical training 
which is being given with increasing success by the 
British Foundry School are amongst the outstand- 
ing events of recent years which indicate the march 
of progress in foundry practice. 


Institution Meetings. 


THE season for the reading and discussion of 
technical papers having once more closed, we are 
tempted to look back and compare the past session 
with those which have preceded it, with the object 
of discovering what tendencies towards improve- 
ment, or the reverse, can be discerned. For such 
a purpose it is necessary to have some clear con- 
ception of the reason for the holding of such meet- 
ings. It is, we believe, one of the main objects of 
technical institutions to associate their members 
in such a way that, by obtaining the opinions of 
all those best qualified to judge, a stock of informa- 
tion readily accessible to the less well-informed 
is. made available. Meetings, we suggest, are 
intended to provide a means by which this object 
can. readily be carried into effect, for in the dis- 
cussion of a paper the experiences and opinions 
of the more expert are made public, while the less 
well informed can hope to have their doubts and 
queries resolved by the putting of questions. In 
this manner, then, the technical knowledge of the 





few becomes disseminated to the benefit of the 
many, and the directions in which further know- 
ledge should be sought are revealed. 

If our judgment of the purposes of an ordinary 
technical meeting is correct, it follows that tech- 
nical papers should be of such a character as to 
invite discussion. A lecture, though informative 
and instructive, gives only the views and experience 
of the lecturer, and perhaps a band of colleagues, 
whereas a paper ought to encourage others un- 
connected with the author to put forward their 
opinions. It is upon this view of the purpose of a 
meeting that it used to be said that the quality of 
@ paper could be judged by the discussion which it 
provoked. Upon such grounds, we fear, the 
majority of papers read before our major engineer- 
ing institutions to-day would be found want- 
ing, for it is by no means an uncommon thing for 
the chairman to experience difficulty in discovering 
sufficient speakers to fulfil the allotted time. It is 
claimed for the institutions that the fault lies not 
in the quality of the papers themselves, but in 
several other matters. One of the great disadvan- 
tages of the decentralisation to which so many 
institutions have subjected themselves is that com- 
petent speakers who would formerly have come to 
headquarters to discuss a paper now avoid the 
journey, and wait, very excusably, until the paper 
is read before the more limited audience of the 
branch to which they belong. It is true also, 
especially in mechanical and electrical engineering, 
but to a lesser extent in civil, that increasingly 
definite knowledge and greater exactness of mathe- 
matical analysis has reduced the scope for discus- 
sion. For it is too much to expect of anyone whose 
reputation is not already fully established that he 
shall challenge mathematical theories or advance 
heterodox opinions. In another way, too, which 
we regard as even more regrettable, the excuses 
put forward for the institutions may be held 
valid. Specialisation continues to grow in strength, 
and the specialist seems to take less and less 
interest in matters that he deems outside his 
particular sphere. There has come, in conse- 
quence, to institutions a tendency for their 
members to split up into specialist groups, holding 
separate meetings of their own, an arrangement 
we believe to be totally foreign to the original 
intention in the formation of great societies. 
But though the power of such tendencies to 
affect the discussions before the meetings of the 
institutions must not be overlooked, we do not 
believe that the whole reason for the decline in 
interest lies therein. Consider how many papers 
are read each weekday of the winter months 
before the great number of engineering societies. 
By estimation from the number of meetings 
advertised in our Forthcoming Engagements 
column, we suggest that as many as five papers of 
interest to engineers are presented each weekday 
during that period. No one faced by such a figure 
can have the least hesitation in deciding thatit is too 
many by far. Were all these papers to be of high 
quality, even the specialist picking and choosing 
among them would be unable to absorb all the 
information made available, and the lot of those 
who do not specialise would be hard indeed. In 
fact, however, the greater number of these papers 
are of so poor a quality as to have provoked little 
discussion. Some are pure advertisement or, at 
best, propaganda, while others bave a character 
akin to that of the lecture, for they take a 
non-critical descriptive form and contain nothing 
likely to provoke discussion. As to the first- 
mentioned, they are hardly worth the labour spent 
upon their preparation and printing, whilst, we 
submit, the information contained in the second 
might more appropriately be published in the 
technical papers, through the pages of which it 
could instruct far more than it is likely to 
reach in the “ Proceedings.” Neither of these 
classes of paper serves the intended purposes of 
the society before which it is read. 

We repeat once more that we believe the object to 
be served by the reading of a paper before a techni- 
cal society is the provocation of a discussion which 
will illuminate the subject, indicate in what direc- 
tions further knowledge should be sought, and when 
printed in the “ Proceedings ” form a fund of 
knowledge and opinion which could be obtained in 
no other way and no other form. Such high- 
quality papers are not easy to get, and when each 
society sets out to obtain its quota for each session, 
it is a not unnatural consequence that to maintain 
the number of meetings the standard is forced 
downwards. If, however, the quality of papers is 
to be raised above the standard of those presented 
during the present winter, it is to the major insti- 
tutions that we must look for a lead. If they were 
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to refuse any papers except those of the highest 
quality, even at the sacrifice, if necessary, of a 
number of their meetings, they would not only 
give their members a better chance to pick and 
choose among the numerous papers offered for their 
perusal, but would, in addition, benefit themselves 
by the increased prestige of their meetings. 
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Clyde River and Other Steamers. By C. L. D. Ducx- 
worTtH and G. E. Lanemurr. Glasgow: Brown, 
Son and Ferguson, Ltd. 1937. Price 7s. 6d. net. 


For upwards of a century the Clyde steamer has been 
justly famous for its efficiency, speed, and popularity 
with the travelling public, so that historical records 
of the vessels employed are always welcome, and the 
one before us comes at a time when a new book is 
justified. Probably the most authoritative record 
of comparatively recent times is McQueen’s “‘ Clyde 
River Steamers of the Last Fifty Years,’’ published 
in 1922, at a time when it looked as if the best days 
of the Clyde steamer had for ever passed away, 
or, in the words of the author, ‘‘ The fact is that the 
Clyde, whose river steamers were once unrivalled, 
has of late years allowed its fleet io get behind the 
times.” 

No new steamer had been built between 1912 and 
1922, apart from “‘ Fair Maid ” of 1915, intended for, 
bué never used by, the North British Railway, as 
she became a war casualty. After this period of 
stagnation, new and interesting tonnage has been 
added, and Messrs. Duckworth and Langmuir have 
faithfully described and illustrated these new vessels, 
among which are no less than nine for the combined 
railway services. 

This book shows how the rage for so-called rationali- 
sation and amalgamation has been felt on the Clyde, 
one after another of the well-known lines having been 
absorbed by interests operating from London. The 
grouping of the British railways has tended to reduce 
the number of steamers, especially since the two 
groups now work in friendly co-operation, and are 
sufficiently powerful to deal with any competition 
that might arise. As the authors rightly observe, 
“from the *passenger’s point of view, these pro- 
cesses may not be all to the good.” Had their work 
been published a few months later, they would have 
had to deplore the merging of the old-established 
Campbeltown and Glasgow Company in the Clyde 
Cargo Steamers. 

In this volume, which is full of interest, the authors 
have adopted a consistent method throughout, by 
including only ships belonging to fleets that are still 
in being, and describing them in chronological order 
under the companies to which they belong, a chapter 
being devoted to each line. To the average reader, 
the most interesting will probably be the first four 
chapters, which deal with the steamers (and this 
term is taken to include motor vessels) of the London, 
Midland and Scottish Railway group, the London 
and North-Eastern Railway group, the Loch Lomond 
steamers, and these of David MacBrayne, although 
there is a wealth of informative matter in the remainder 
of the book. 

The MacBrayne fleet has already been described in 
considerable detail in “ West Highland Steamers ” 
by the same authors, a book reviewed in THE ENGI- 
NEER of December 20th, 1935. We notice that the 
omissions to which attention was then drawn have to 
a large extent been made good, e.g., we find a chapter 
now devoted to the well-known steamers of McCallum, 
Orme, and Langlands. If on that occasion we men- 
tioned omissions, our present inclination is to criticise 
the inclusion in a work of this nature of the Stranraer— 
Larne steamers, which are essentially cross-Channel 
packets. If they are described, we see no logical 
justification for omitting the important craft found 
in the Burns and Laird fleet. 

This book shows that the Clyde has maintained its 
reputation for providing the water on which pioneers 
sail, for in 1926 there was built for Clyde services the 
first passenger steamer using water-tube boilers 
working at a pressure of 550 lb. per square inch, with 
a steam temperature of 750 deg. Fah., the well-known 
“King George V.”’ As an experimental vessel, she 
afforded much useful information, but in 1935 new 
boilers were installed, and she now runs with the 
more normal working pressure of 220 lb. per square 
inch. 

The next pioneer craft was the oil-electric “‘ Loch- 
fyne,”’ a very interesting craft, and one that has 
proved very efficient. Although not mentioned by the 
authors, she has the distinction of being a one-class 
boat in summer, and carrying two classes of passenger 
in winter, owing to the different services on which she 
is employed. 

Perhaps the most interesting of all the new vessels 
described is ‘“‘ Talisman,’ for she was the first oil- 
electric craft to be impelled by paddle wheels with the 
motor directly on the paddle shaft. The authors 
might with advantage have mentioned that the master 
has his ship entirely under his direction, in that he 
controls the motor from the bridge. We are reminded 
of one of the great disadvantages of the oil engine for 


and noise.” It is agreed that this is a very great 
drawback from the point of view of the passenger who 
yearns for peace and quiet aboard to enable him to 
enjoy the beauties of the delightful Scottish lochs. 
Another interesting craft described is ‘ Saint 
Columba,” which has taken the place of ‘‘ Columba,”’ 
one of the most famous of all Clyde steamers, but now, 
alas! gone for ever. Few would recognise the tur- 
bine steamer ‘‘ Queen Alexandra ” in her new guise, 
for after reconstruction she appeared with three 
funnels and a main mast added, and under her new 
name sails daily to Ardrishaig. 
The general arrangement of this book is excellent, 
and there is a mass of valuable information, so that 
all the craft of the Clyde, exclusive of the ocean liners 
and vessels bound for other shores, receive attention, 
even to the ferries that are such a useful feature of 
this river. Probably in the pages of the book under 
review will be found the best collection of notes on 
the steamers and launches built for work on inland 
lochs, but their number has been sadly reduced since 
the advent of the ubiquitous motor bus., This volume 
is exceptionally well illustrated with photographs of 
about seventy of the vessels described. There are 
two useful appendices, the first being devoted to 
statistical tables, and the second setting out the 
present fleets in the different companies. 
With no other desire than to make a valuable book 
more useful, we should like to stress the importance 
to engineers of the inclusion of such details as the 
diameter of paddle wheels and propellers, boiler 
pressures, &c., while we should welcome more informa- 
tion as to the relative performances of the large 
number of different types of craft now operating. 
After perusing a fascinating book, two facts stand 
out, the first being the survival of paddle propulsion, 
for of the craft added to the railway fleets during 
the past decade 62 per cent. are of this type, or 70 per 
cent. if the two steamers now building are added. 
The second fact is the tendency to afford more com- 
fort and shelter for passengers ; and also to be content 
with moderate speeds, for certainly none of the post- 
war craft could hope effectively to compete with the 
crack steamers of pre-war days. 


An Elementary Treatise on Statically Indeterminate 
Stresses. By Joun Ira Parcet, A.B., B.S.C.E., 
and GEORGE ALFRED MANeEyY, M.S., C.E. Second 
edition. London: Chapman and Hall, Ltd. 1936. 
Price 25s. 


THE authors of this comprehensive work, the first 
edition of which was published in 1926, are professors 
of structural engineering: Mr. Parcel, at the Uni- 
versity of Minnesota, and Mr. Maney, at North- 
Western University. As they explained in the 
preface to the first edition, the book had grown out 
of their needs in teaching the subject of indeterminate 
structures for fifteen years, and their intention was 
“to present as clearly as possible, and as fully as is 
consistent with an elementary treatise, the funda- 
mental methods of attack on the problem of indeter- 
minate stresses, and to illustrate these methods by 
application to some of the more common types of 
indeterminate structures.” Primarily a class-room 
text, the book was intended, also, for the use of engi- 
neers wishing to ‘‘ work up the subject by independent 
study,” an expression of some significance, in respect 
of the expediency, not always realised by practising 
engineers, of making sure that, in the design of an 
indeterminate structure, a reliable method is correctly 
employed. Features of the book which attract 
favourable notice include the introduction, in which 
the nature of statical indetermination (or should it 
be ‘“‘indeterminancy’’?) and types of statically 
indeterminate structures are briefly but clearly 
described ; Chapter VIII, which includes a general 
discussion of statically indeterminate construction, 
an historical review, bearing very usefully on the 
subject in live aspects; and a bibliography. Engi- 
neers who have not time to study the subject, except 
in so far as may be necessary in dealing with specific 
problems, may be advised to give an hour or so to this 
chapter, in the bibliography of which the authors 
draw attention to features of important works by 
American, European, and Japanese authors. 

In the present edition additions and revision are 
mainly in respect of “‘ the rigid joint structure ” and 
“suspension systems.” As regards the former, 
developments of recent years in the employment of 
stiff joints, and in the construction of rigid frames of 
the portal type are exemplified by the Vierendeel 
truss and by portal frame bridges, structures of the 
latter class having recently been adopted for a number 
of bridge and culvert works in England. The special 
interest which attaches, therefore, to the expansion 
of the matter relating to rigid joint structures justifies 
a fairly lengthy quotation from the authors’ preface, 
in which they explain that it now includes :—“‘ (a) an 
account of the Cross method of ‘moment distri- 
bution,’ which has attained such wide popularity in 
recent years; (b) a generalisation of the slope- 
deflection method, rendering it applicable to frames 


deflection method, which is believed to be especially 
well adapted to office computation, and by the Cross 


Taylor, B.Sc. London: E 
Little Paul’s House, Warwick-square, E.C.4. Price 21s. 





remarkable extension of the suspension bridge type 
to intermediate and even to comparatively short-span 
structures, so that a discussion of the basic theory 
appears desirable, even in an elementary treatise.” 
Accordingly, in Chapter III, the twenty-five pages 
devoted to the slope-deflection method include a 
six-page study of Professor H. Cross’ moment distri- 
bution method (‘‘ Analysis of Rigid Frames by the 
Distribution of Fixed-end Moments,” ‘ Proc.,”’ 
Am. Soc. C.E., May, 1930); also, in Chapter V, a 
slope-deflection solution is applied to the case of 
muilti-storeyed frames with vertical loads only and to 
such frames with transverse loads and side sway. In 
the chapter on Suspension Systems, the “ elastic 
(approximate) theory’ and the “ deflection (more 
exact) theory” are applied to the case of a sym- 
metrical three-span suspension bridge with trusses 
hinged at supports, the applications being illustrated 
by a worked out example. 

The subject having been adequately covered in the 
first edition, the fresh matter may be considered as 
sufficing to bring the work up to date. The 200 and 
odd illustrations include, many which have been 
ingeniously devised to give material aid to an under- 
standing of the expositions, which are clear and 
straightforward. The authors’ explanations, at the 
beginnings of chapters and chapter sections, under 
headings such as “ preliminary ” or “ general,” are 
very well written. The printing of the mathematical 
expressions, some very elaborate, is remarkably good, 
as regards both the types and their arrangement. In 
form, therefore, as well as in substance, the volume is 
to be commended, both as a class-room textbook and 
for engineers. 


SHORT NOTICES. 


The Electrical Equipment of Automobiles. Third 
edition. By 8. P. Smith, D.Sc. 1937. London: Chapman 
and Hall, Ltd., 11, Henrietta-street, W.C.2. Price 6s. net. 
—The surprising variety of uses to which the electrical 
system of the modern motor car is put are very sensibly 
dealt with in full in the latest edition of this book. Not 
content with describing the actual electric circuit of, 
for example, the modern petrol pump, the author has 
described its function in relation to the engine so that the 
reader can realise precisely what is required of the elec- 
trical gear. To carry out such a policy with regard to 
all the electrical equipment carried on the modern car 
has entailed the use of a style of writing which is at once 
condensed, pithy, and very clear in its descriptive power. 
Of this style the author is a master, so that he is able to 
epitomise, for example, the problem of the shape of filament 
desirable in a motor car headlight, into some 350 words. 
Considerable attention is given to the question of starting 
a petrol engine under adverse conditions, and the 
mechanics of the question are dealt with fully. The 
marvel of the modern car battery is thus fully exposed. 
The author deals with the ignition systems available 
regardless of popular fancy, and, in consequence, his 
chapters on the magneto are of great interest. 





Road-Making and Road-Using. By T. SAtkre.p, 
M. Inst. C.E., F.R. San. Inst. London: Sir Isaac Pitman 
and Sons, Ltd. Second edition. 1936. Price 7s. 6d.— 
Although the descriptions of the materials used and the 
procedure followed in the construction of road carpets and 
wearing courses, which occupy a large part of this book, 
may be of interest to engineers, its character is mainly 
that suggested by the opening sentences of Sir Henry 
Maybury’s foreword: ‘‘ Books on roads should command 
a host of readers these days. The subject concerns every- 
one.” In that aspect some portions of the work may be 
commended as well written and informative—the his- 
torical chapters, 12 pages ; the first of the five chapters on 
“ Design in Road-making,” 9 pages; the 28 pages of 
Part V, “‘ The Road User in Relation to Road-making ”’ ; 
and a few pages here and there in other parts of the book. 
Part IV, ‘“ Tar and Bitumen,” is informative, but is too 
technical and detailed for the layman. Although the 
situation as regards roads and road traffic in Great 
Britain is well described and the small proportion of the 
text relating to municipal practice is sound and autho- 
ritative—as would be expected from a writer of Mr. 
Salkield’s high qualifications and attainments as a muni- 
cipal engineer—we find the book as a whole disappointing. 
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frame by the Maney-Goldberg adaptation of the slope- | net. 
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method.” As regards suspension bridges, it is 





ship work in the “ considerable amount of vibration 


observed that ‘‘ The last decade has witnessed a 
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Obituary. 





MAGNUS VOLK. 


THE death of Mr. Magnus Volk at his home in 
Brighton, in his eighty-sixth year, has deprived the 
engineering world of a pioneer inventor and worker in 
the electrical field. He was born on October 19th, 
1851, and when his father died, he successfully took 
over his clock-making business at the age of fourteen. 
He was from the first endowed with a passion for 
invention, and as soon as he could handle a few tools, 
he commenced making windmills and steamers out of 
old clocks. 

His first serious invention was a machine to turn 
over the leaves of music as it was being played. It 
was not a commercial success, but he soon turned to 
making toy telegraphic instruments, and employed 
twenty persons for their manufacture. When the 
sale of these instruments declined, he began to make 
electrie bells and “ shocking coils,’”’ as induction coils 
at that time were called. A pioneer in electricity, 
it was fitting that his house should be the first in 
Brighton to be electrically lit. As a result of his 
work in that direction, he was employed by the 
Corporation to light the whole of the Royal Pavilion 
estate by electricity, and he became its first electrical 
engineer. This installation was completed in the 
late ’seventies, and was the largest of its kind in 
England. At that time only the old carbon filament 
lamps were in existence, and 64 watts were consumed 
by @ 16 candle-power electric incandescent lamp. 
He wired the large central chandelier in the Dome 
for 200 lamps. The gas fittings in this chandelier, 
which also numbered 200, had to be retained, so that 
gas could be used in emergency, but the difficulty of 
providing suitable insulation for the electrical circuits 
in order to withstand the heat of the gas burners was 
successfully overcome by Mr. Volk. This work 
brought him into contact with the then “‘ Telephone 
Company,” for which he erected the original telephone 
plant in Brighton, Hove and other Sussex towns. 

About the year 1880 Mr. Volk designed magazines 
for the Martini, the then English rifle, and for the 











OPENING OF VOLK’S RAILWAY, AUGUST 3RD, 1883 


French Chassepot rifle. The magazines now used 
for rifles are practically identical with his design, but 
are more compact, since the cartridges used are 
smaller. He played an important part in the develop- 
ment of new forms of torpedo control, and con- 
tact mines, the “‘ Single Main ”’ system of controlling 
mines outside ports, Harvey torpedo batteries, and 
the Spor torpedo. 

Mr. Volk will perhaps be best remembered by his 
work in connection with the electric railway in 
Brighton. It was in 1883 that this railway was 
opened, and the cars running on the line constituted 
the first public electric railway in England. The 
original line was only a quarter of a mile long, and 
ran from the Aquarium to the Chain Pier. The rail- 
way was started by Mr. Volk with a small Siemens 
dynamo, which he had used to light his house, a 
2 H.P. gas engine, and a motor which he had con- 
structed for a London firm. In some notes drafted 
by Mr. Volk a year or two ago, he tells of the vicissi- 
tudes through which this line in its initial 
stages. The public viewed the innovation with some 
alarm, and he writes that one minister advised his 
congregation not to go near this “‘ latest invention of 
the devil.” The enterprise, however, successfully 
overcame public prejudice, and became a great 
attraction. 

In 1884 the line was extended to Paston-place, and 
eight years later, in 1892, Mr. Volk devised the 
oversea extension to Rottingdean. The site for the 
railway for this extension was covered by the sea at 
high tide, but Mr. Volk designed a car carried on four 
legs, with sixteen wheels, which was to negotiate the 
track at all states of the tide. The legs of this carriage 
were made of steel tube supporting a deck about 
24ft. above the rail level, surmounted by a handsome 





saloon. A lifeboat was carried. Current was supplied 
at 500 volts to four Thomson-Houston 25 H.P. motors 
on each car from an overhead trolley system, the 
power station being on the pier at Rottingdean. On 
November 30th, 1896, the new line was opened ; its 
career was short-lived, however, since during a great 
gale a week later the Old Chain Pier was wrecked and 
the car was seriously damaged and the scheme was 
abandoned. On account of its peculiar construction, 
this carriage was known as “ Daddy Long Legs.” 
The late King Edward, when he was Prince of Wales, 
was so pleased with it that he made two trips in it 
on the same day. 

In 1887 Mr. Volk turned his attention to motor 
cars, and made and drove an electric car, which is 
believed to have been the first ever used, on the Parade 
at Brighton. The Sultan of Turkey heard about this 
vehicle through a report in a German paper, and 
requested Mr. Volk to make him a similar one. This 
Mr. Volk did, and took it himself to Constantinople 
in order to demonstrate it to the Sultan. While 
there he was asked to light the whole of Constan- 
tinople by electricity, but, discovering that the gas- 
works monopoly belonged to the Sultan’s mother, he 
was afraid of disturbing vested interests, and returned 
home. 

During the war Mr. Volk did much work for the 
local war hospital and devised special appliances for 
difficult cases, amongst which was a cot carrier which 
enabled a nurse to move a patient without disturbing 
him. The jubilee of the electric railway was cele- 
brated in 1933, and the occasjon was observed with 
& special trip made by a representative company in 
two cars. On this run there was no repetition of the 
mishap which marked the initial trip fifty years 
before, on the opening date of the extended line, when 
the load of Aldermen brought down the springs, and 
the carriage grounded on the timber of a level crossing. 

Mr. Volk was a philosopher, as well as an inventor. 
‘“* There are numberless professors working about the 
past,’’ he observed recently, “ but is there a single 
Professor of Foresight anywhere who will calculate 
and work upon the possible consequences of new 
inventions ?”’ 


JOHNf{CLOUGH VAUDREY. 


Mr. Joun CLovGH VauprReEy, M. Inst. C.E., one 
of the pioneers of the electric supply industry, died at 
his home, 71, Westfield-road, Edgbaston, Birmingham, 
on May 6th, in his eighty-fourth year. He was born 
in London on December 30th, 1853, and was the 
eldest son of Mr. Henry Vaudrey, a member of a 
Cheshire family. Mr. J. C. Vaudrey was educated 
at Ramsgate and at King’s College School, London, 
and at the age of seventeen went to Derby as articled 
pupil to Mr. Alexander Buchanan, M. Inst. C.E., 
partner in the firm of Andrew -Handyside and Co., 
ironfounders, engineers, and bridge builders. Three 
years afterwards Mr. Vaudrey acted as the company’s 
representative during the erection of a railway bridge 
over the Usk, 2 miles above Newport, Monmouth- 
shire, and later he supervised the construction of a 
large iron building for a steam hammer and rolling 
mill at Woolwich Arsenal. On returning to Derby 
he was placed in charge of a section of the works, and 
afterwards became assistant works manager. 

In 1881 Mr. Vaudrey visited Paris to make a care- 
ful study of the Electrical Exhibition then being held 
there, and was much impressed with the new field 
opened to engineers. Lighting by electricity had only 
recently become a practical proposition, with the 
invention by Swan in England and Edison in America 
of the incandescent electric lamp. The first Electric 
Lighting Act was passed in 1882, and in that year 
Mr. Vaudrey entered into partnership in Liverpool 


with Mr. A. Bromley Holmes, a former colleague at. 


the Derby works. In 1883 they formed the Liverpool 
Electric Supply Company, with offices in Crosshall- 
street, Liverpool. . During the following years the 
company supplied electric installations for various 
buildings in Liverpool, including the Grand and 
Adelphi Hotels, the Prince of Wales Theatre, and the 
Wellington Rooms. Temporary lighting was also 
fitted in the Walker Art Gallery and St. George’s 
Hall. In 1886 electric light was installed in the 
ss. ‘‘ Britannic” for the White Star Line, probably 
one of the earliest ships to be lighted electrically, and 
by 1890 the “ Celtic,” ‘‘ Teutonic ’’ and ‘‘ Majestic ” 
were similarly equipped. In 1886 the Liverpool Inter- 
national Exhibition was lighted with 300 arc lights 
and 2000 incandescent lamps, special plant being 
installed. Newsham House was lighted in prepara- 
tion for Queen Victoria’s stay there when she came 
to Liverpool to visit the Exhibition. It was the first 
time that the Queen had had electric light in her own 
rooms. » 

In 1887 the Board of Trade granted the company a 
licence to supply electricity in the central portion of 
Liverpool, and next year, in place of the overhead 


cables previously used, underground mains were 


laid, a system afterwards followed to a large extent 
by other towns. In Liverpool the “ Callender” 
method of insulation in bitumen was employed. 
In 1889 Messrs. Holmes and Vaudrey took over a 
provisional order for lighting the central part of 
Birmingham, where there was as yet no public supply. 
Mr. Vaudrey moved to Birmingham, and became 
managing director and engineer of the Birmingham 
Electric Supply Company, while Mr. Holmes remained 


“stances the 





in Liverpool. Mr. Vaudrey established a power 
station in Dale End, and to begin with the company 
did its own electric wiring, for in those days the 
electrical contractor in the provinces was practically 
non-existent. For the first few years Mr. Vaudrey 
made it his business to see every customer on his 
premises to fix the point of entry of the mains and 
the position of the meter, and to this he attributed 
the company’s freedom from many difficulties. During 
Mr. Vaudrey’s management, the rapid development 
of the company involved an expenditure of £250,000, 
and he was frequently consulted by local authorities 
and others in connection with provisional orders, &e. 
In 1899 on the purchase of the company by the 
Corporation of Birmingham, Mr. Vaudrey was 
appointed the first City Electrical Engineer. In 1903 
he retired, though he continued to serve for twelve 
months in a consultative capacity. He continued 
to be a director of the Liverpool company until its 
transfer to the Liverpool Corporation in 1898. 

Mr. Vaudrey had been a Corporate Member of the 
Institution of Civil Engineers. since 1880, and had 
previously been a student of the Institution. He was 
thus one of the oldest of its members. He was Pre- 
sident of the Association of Birmingham Students of 
the Institution in 1898. He was also for many years 
a member of the Institution’of Electrical Engineers, 
and was Chairman of the Local Section in 1903. 

After his retirement Mr. Vaudrey devoted much of 
his time to voluntary work in Birmingham, especially 
in connection with hospitals. He was one of the 
original Life Governors of the University of Bir- 
mingham. From 1903 he was a Guardian of the 
Assay and an Honorary Commissioner for Income 
Tax. He was one of the trustees of Fentham’s 
Trust, and from 1911 to 1924 was the representative 
of the Royal Humane Society in Birmingham. 
When St. Philip’s Church became the Pro-cathedral 
of Birmingham, and was restored in 1905, Mr. 
Vaudrey, who was a member of the Cathedral Council, 
advised in an honorary capacity on the electric light- 
ing then installed, and later he helped to raise funds 
for the restoration of the tower. 








SIXTY YEARS AGO. 


Wits a war in progress between Russia and Turkey, a 
war into which we might be drawn at any moment, it 
was particularly unfortunate that one of our finest iron- 
clads, the ‘‘ Thunderer,” should, at the end of May, 1877, 
develop an engine defect of a disquieting nature. In 
company with the ‘‘ Minotaur ”’ she left Spithead on May 
26th to rendezvous with the Channel Squadron at Devon- 

rt. It was intended that during the voyage she should 
S given a six-hours’ full-speed trial. Soon after the trip 
started, however, the excentric straps of both her engines 
became hot. While steaming slowly off the Isle of Wight 
the whole of the valve gear of one of her engines was 
carried away, one of the excentric rods being broken across. 
At the same time the guide and slide rod gave way. The 
ship had to return to Spithead for i Tt was said 
in explanation of the accident that the excentric had 
heated to such an extent that the strap seized and twisted 
the strap off. In addition, it was alleged that there was a 
flaw in the rod. On an earlier occasion when the ship was 
about to start a contractor’s trial one of her boilers had 
exploded and many lives had been lost. No satisfaetory 
explanation of that lamentable disaster was ever given, but 
it seems to have been generally accepted that the sticking 
of the safety valves on their seats was its main cause. 
On this second occasion with the memory of the first 


disaster still fresh in all men’s minds, the engine-room staff 
must have felt great anxiety. The engines at the time of 


the mishap were in the charge of a Chief Inspector of 
Machinery, an engineer from the factory department and 
the chief engineer of the ship. If, we asked, in these circum- 
ines broke down while the ship was running 
at half speed, what reliance could be placed on them when 
at full speed and in the hands of the ordinary engine-room 
staff? We dismissed as unlikely that those in charge 
had failed to lubricate the excentrics in a proper manner. 
After a long discussion of the circumstances of the accident 
we con led that its most probable explanation lay in 
the excentrics being too narrow to do their work properly 
without becoming overheated.... Meanwhile a school 
of —— was arising which advocated the construction 
of a “hornet fleet” of gunboats instead of ironclads. 
Mr. Brassey was the leader of this school, which to-day 
has its counterpart in those who would abolish the battle- 
ship in favour of submarines or a cloud of aircraft. In 
our issue of June Ist, 1877, we commented upon Mr. 
Brassey’s proposals and argued that they were quite 
inapplicable to the requirements of modern naval warfare. 
Each boat, we contended, would have to carry an 80-ton 

if it were to be given any chance of damaging a modern 
warship. The provision of accommodation for such a gun and 
for the engines and coal required to give the ship a reason- 
able speed could not be achieved within the confines of a 
gunboat as ordinarily. understood. The ships would 
instead have to be fast unarmoured cruisers of very con- 
siderable dimensions and would therefore enjoy no 
immunity of risk because of their size. Under no circum- 
stances, we concluded, could Mr. Brassey’s gunboats act 
as substitutes for sea-going ironclads. Mutatis mutandis 
a similar conclusion is advanced to-day by many authori- 
ties in the argument of battleship versus submarine or 
seaplane. 








Sovier Om Inpustry.—Fourteen new oil deposits 
discovered in the U.S.S.R. during last year are expected to 
yield over 4,000,000 tons of oil in 1937. This year it is 
planned to put four new cracking plants, with an annual 
capacity of 1,625,000 tons, into production. 
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TIMBER STRUCTURES AT THE PARIS EXHIBITION 


(For description see opposite page.) 

















ARCH AND PYLONS UNDER CONSTRUCTION 


ARCH UNDER CONSTRUCTION END VIEW OF. ARCH 


END VIEW OF CURVED FOOTWAY ERECTION OF BRACKET 


FOOTBRIDGE AND PYLONS UNDER CONSTRUCTION 
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‘(HE monumental entrance at the Place de l’'Alma 

conforms to the character of the Paris Exhibition 
with its device “Arts and Technique,” for it is an 
example of new technique in the use of a structural 
material, and it will bé recognised as possessing high 
artistic merit. The credit for this innovation lies 
with the Office Technique pour |’Utilisation du Bois, 
the object of which is to create new outlets for the 
home timber industry by discovering new methods of 
employing wood for structural purposes, and there is 
reason for believing that it has succeeded in doing 











CONSTRUCTION OF PYLON 


so, with a principle of construction worked out by 
the architect, Monsieur Solotareff, who is responsible 
for the interesting combination of arch, footbridges, 
platforms, staircase, and pylons that covers the Place 
de Alma. In undertaking this work, the O.T.U.A. 
has a vision of timber being extensively employed for 
modern urban developments, and it is also declared 
to offer a means of solving traffic problems with cheap, 
durable and artistic overhead structures for pedestrian 
use in place of underground passages. The idea is 
to give a greater adaptability to the material by dis- 
pensing with heavy timbers and building up struc- 
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boards allow of sawmills using up odd lots of timber, 
and the cost of handling and t rt is small. 
The thickness of the boards bolted together to form 
big section members is approximately ~in., and this 
size is almost general, apart from the use of thicker 
boards, with distance blocks through which they are 
bolted, and the oak boards employed in the construc- 
tion of the arch. In the present case there has 
necessarily been a considerable amount of labour in 
sawing, adjusting, boring, and bolting, for in this 
tentative work there could hardly have been any 
attempt at economy in organisation, but there is 
obviously much that can be done in the way of 
standardisation and the bringing down of cost. In 
the course of a few months a complete report will be 
issued with data concerning costs and results achieved. 

Considerations that favoured the timber con- 
struction were limitations of time and weight, for it 
had to be carried out rapidly in a manner to avoid 
impediments to traffic and the area covered was over 
the underground railway and station. Moreover, it 
is a temporary construction which should be removed 
after the closing of the Exhibition. A plan of the 
work is given herewith, and several photographic views 
of it arereproduced on the opposite page. An arch 
over the end of the Alma Bridge connects up with 
enclosures on the right bank of the Seine, one end 
joining the new permanent footbridge to the Exhibi- 
tion grounds on the other side of the river. From the 
extremities of the timber footbridge the super- 
structure curves round to the monumental staircase 
between pylons in the centre of the Place de |’Alma, 
and then extends in diverging straight bridges to 
each side of the Avenue George V, which runs to the 
Champs Elysées. At the centre of the timber footway 
over the end of the Alma Bridge, steps lead down to a 
platform at the top of the staircase. The arch has 
a length of 213ft. and a width of 26ft. 4in. It is built 
up of 1}in. oak boards bolted together to a uniform 
thickness of just under 3ft. Owing to the presence of 
a tree which could not be removed, there are three 
parallel arches to allow of its passing between two 
of them. An end view of the arch is shown on the 
opposite page. The concrete abutment observable is 
behind an entrance to the Underground Railway, 
where there is insufficient foundation, and the two 
abutments are therefore connected by sixteen large 
diameter steel rods with their ends embedded in the 
concrete, there being eight such rods with straining 
nuts laid underground beneath each of the two side 
arches. The same view shows the timber box columns 
with transverse joists, which will support the footway. 
The construction is the same throughout, the sides 
being built up with deal boards bolted together with 
two intermediate series of cross boards. The main 
box columns are erected on the concrete abutments 
and on the ends of the side arches, and a series of 
short supports of similar construction are grouped at 
the centre where a platform with steps extends to the 
platform in front of the main staircase. 

The curved footways have a span of 93ft.anda width 
of 29ft. 6in. An end view of a footway under construc- 
tion is given on the opposite page. At the arch ends, 
the footways are supported on upright timber baulks 
and are widened with inside brackets connecting them 
to the central platform. As the footways, forming 





ares of a circle, have a tendency to overturn under a 
badly distributed load, they rest on balanced brackets 
extending beyond the concrete foundations of the 
pylons upon which they are supported. The end is 
held down by four high-duty steel rods of i in. diameter 
with adjustable nuts to provide for the maximum load. 
The erection of a bracket is illustrated on the opposite 
page.- There are adjustable brackets for the curved 
bridge on each side of the foundation. The straight 
footbridges with a span of 140ft. and 18ft. wide are 
carried on timber supports at the outer ends. The test 
load for the footbridges was 102 lb. per square foot. 

The pylons on each side of the staircase are the 
most impressive feature of the monumental entrance. 
They have a height of 167ft. and a section 32ft. 8in. 
by 1lft. 6in. They were built from inside platforms 
that were raised as the work proceeded. The lower 
parts of the pylons have been sculptured with 
allegorical figures to represent Arts and Technique. 
All the timber employed is treated with fire-resisting 
solution. It will be found that Monsieur Solotareff 
has entirely succeeded in the task allotted to him by 
the O.T.U.A. of demonstrating new possibilities for 
this material, The work is regarded as of national 
importance, and is carried out with the collaboration 
of the Ministry of Agriculture, which encourages every 
effort to widen the utilisation of the country’s timber 
resources, and the present elaborate construction is 
intended to demonstrate that the material is capable 
of a wide range of applications for many structural 
purposes. 

The engineering view of the use of timber in the 
construction of the monumental entrance was pre- 
sented by Monsieur Grelot, under-director of the 
Ecole des Ponts et Chaussées, at a conference organised 
by the Office Technique pour l’Utilisation du Bois 
at the Centre d’Information des Architectes. The 
Ponts et Chaussées are responsible for all bridges, 
and it fell to it to determine the general lay-out of the 
overhead structure in the Place de l’Alma and select 
the material to be employed. As the underground 
railway, the station and the mains did not permit of 
any sound foundation being made, except in the centre 
of the Place, the platforms and footbridges had neces- 
sarily to be made of light material offering great 
resistance under unequal and varying loads of huge 
crowds of visitors. As showing that there were no 
preconceived objections to timber by French engi- 
neers, Monsieur Grelot remarked that timber bridges 
were used in France during the early period of rail- 
ways, long after iron bridges had been adopted in 
England. When, therefore, this special problem of a 
light and strong bridge structure arose, and it was 
found that timber alone could. offer a satisfactory 
solution with the method of construction planned by 
Monsieur Solotareff, in collaboration with the Ponts 
et Chaussées, exhaustive tests were carried out 
with models of the curved footbridge. The data thus 
obtained conformed very closely to theoretical 
calculations. Monsieur Grelot explained that the 
pylons were bolted to irons in the reinforced concrete 
foundation, and said that an interesting feature of the 
construction was the “console”’ or bracket, which 
was essential to the adjustment of the curved foot- 
bridge to the load. This type of bracket was, he 
believed, used for the first time. It was interesting 
to learn that two million holes were bored with power- 
driven augers, some of which were 4ft. or 5ft. long. 
Monsieur Grelot was of the opinion that the new 
technique in timber construction should make head- 
way against reinforced concrete, although he appeared 
more reserved regarding the influence it might have 
on iron and steel. 








Petsonnel Problems in Industry.’ 


By M. J. RAILING.+ 


AM privileged this evening to give the first of this year’s 

Studd Management Lectures, and my. subject is 
‘* Personnel Problems in Industrial Concerns.” That is a 
vast subject, but considering the industry with which I 
have been associated for the last forty-seven years, I hope 
I can bring into review most of the problems which industry 
has to deal with in connection with personnel. 

I want you to realise that practically all the develop- 
ment in the electrical industry, employing over a thousand 
millions of capital, has happened within the span of one 
lifetime, and during that short space of time the right 
lt has had to be found and trained. 
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PLAN OF ENTRANCE WORKS 


tures in much the same way as is done with steel 
plates, except that an assemblage of plates is repre- 
sented by the bolting together of a number of deal 
boards. Such a method needed demonstration, and 
this has been given in the Place de l’Alma, where it 
is attracting more than usual interest amongst 
architects and engineers. There is no mortising or 
other work upon the material except sawing and 
boring. The first economy is that the sizes of the 





* See also issues of July 24th and November 27th, 1936. 





Consider the conditions which the pioneers had to face. 
The sum of electrical knowledge could be grasped by one 
brain. There were hardly any textbooks on the subject, 
and there were no mathematical or electrical formule to 
guide designers. The personnel of the industry, speaking 
generally, had to learn their business as they went along ; 
they absorbed information and applied it by rule of thumb. 
Research was carried on, not by great organisations or in 
well-fitted laboratories, but by isolated inventors working, 
as it were, in the dark, and often as an incident in their 
day’s duties. Suppliers of electricity had even to devise 
their own measuring units, as well as their own measuring 
instruments. Into this crude but hopeful industry I 
found my way about the year 1890, the very year when 





* Studd Lecture, Polytechnic, Regent-street, May 21st. 
Abridged. 
t Vice-Chairman, G.E.C., Ltd. 





the late Dr. Ferranti, as a young man of twenty-six and 
chief engineer of the London Electric Supply Corporation, 
was building his famous power station at Deptford and 
designing and making his own cable, simply because no 
cables then made could stand up to the 10,000-volt 
pressure which he advocated. In those days one did not 
engage a trained staff; one could not; one had to train 
one’s own staff of engineers, wiremen, and workmen. 

Now, universities and colleges have their chairs of 
electrical engineering, their professors, their expert 
lecturers. Textbooks and treatises on every aspect of 
industry, theoretical and practical, are on sale. The 
aggregate subscribed capital in shares, debentures, and 
loans of electrical undertakings in 1897 was £68,000,000 ; 
in 1936 it amounted to a grand total of over a thousand 
millions. On the supply side alone, during those years, 
the capital issued had risen from 6} millions to over 230 
millions, and the units sold per annum from 43 millions 
to over 15,000 millions. 

In the selection of employees for such a highly specialised 
industry, what are the points which have to be taken into 
consideration ? In the first place, as you all know, the 
labour needed can be divided into two categories : skilled 
and unskilled, and where large numbers of unskilled work- 
men are required, as in many branches of the electrical 
industry, it is necessary to give some attention to the site, 
or rather to the locality, where a large works or factory is 
contemplated. It is not economic, for instance, to try to 
establish a centre of industrial activity far from a centre 
of population ; nor can we ignore the type of population. 
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Certain kinds of workmen tend to congregate in certain 
definite districts—textile operatives in Lancashire and 
Yorkshire, miners in the North, in South Wales, and in 
other well-known areas; machinists and mechanical 
workers of various classes have settled, in the evolution of 
a more or less mechanical age, in the neighbourhood of 
Manchester, Birmingham, Coventry, and the Midlands, 
Therefore we find, in the nature of things, that these 
specialised localities form rough training grounds for many 
types of men; their needs, in the course of years, have 
brought into being many fine technical schools, colleges, 
and institutions in which serious students can follow up 
courses of lectures, and from which skilled workers can 
gain greater knowledge. But these areas are also prolific 
in the unskilled labour of which so great a quantity is 
required wherever any article is made by methods of mass 
production. 

From this enormous personnel, then, covering countless 
industries, this great ‘‘ pool” of labour, skilled and 
unskilled, not all of which is in employment at any one 
time, the industrialist draws the ranks of his human army. 
This, you will perceive, is a broad general statement. Now 
let me endeavour to give it some shape that may help you 
to realise the process, to see the details of the picture. 

Already you will have inferred what happens on the 
actual productive side. From our knowledge of the 
industry and its needs we are able, having determined 
upon a suitable site, to find fairly near at hand the men 
and women who will be employed on such work as repe- 
titive operations, work which demands only a minimum 
of responsibility and initiative. Here the basis of selection 
may be sometimes physical, and no very serious diffi- 
culties are encountered, as a rule, in choosing the members 
of this large section of employees whose main duty it is to 
pay attention to their job and carry out their instructions. 

More care is needed in obtaining, from this same course, 
the skilled labour which forms, we may say, the backbone 
of a successful factory or group of factories. Here the 
basis of selection shifts and enlarges, to include not only 
the acquired and proved facility of a man, but his mental 
flexibility ; in other words, a higher level of intelligence 
is demanded of the men who have not only, shall we say, 
to “‘ mind ” a machine, but to watch and judge critically 
its output. I mention machines merely by way of illus- 
tration; there are, of course, hundreds of opportunities 
for the exercise of skill and judgment apart from the 
operation of machinery. The skilled man will be able, up 
to a limit, to put things right when they go wrong, while 
the unskilled man would be at a loss. 


THe TECHNICAL STAFF. 


The days when one man could be expert in all technical 
matters passed long ago ; to-day, it is the work of almost 
a lifetime to become an authority in any single branch of 
industry. On the technical staff, with their trained minds, 
their stability, their ability to deal with suddenly presented 
problems, their keen sense of the relation between theory 
and practice, their sense of responsibility, depends the 
satisfactory output of an industry, and, on occasion, the 
actual safety of many of the operations in progress. 
Fortunately, admirable sources exist where men of the 
right calibre, keenly interested in science and eager to keep 
abreast of its ceaseless development, and willing to apply 
their gifts to the service of industry, can receive a first- 
class training. Industry, in fact, offers them the employ- 
ment they need and should offer them the advancement 
they deserve. . 

But one of the best spheres of training after all for the 
technical staff is provided in the ranks of the skilled workers 
themselves. You can easily understand that for a man 
who is keen on this side of his work—the sort of man who 
in his spare time will read up everything he can find bear- 
ing upon the subject in which he is engaged, there can be 
no better preparation than a daily application of book- 
knowledge to practice. When some reinforcement of the 
technical staff is needed, it is from these studious and 
efficient fellows our best helpers and advisers on the tech- 
nical side are often found, giving them first, of course, 
the special superimposed training that may be needed. 
One great advantage here is that such men are familiar 
with the general policy of the firm, and can be relied upon 
to act in accordance with what may be called, for want 
of a better term, “ the spirit of the company.” That is 
one of those indefinable but exceptional qualities to which 
no value can be assigned ; something that can only come 
after years spent in the “ atmosphere ”’ of the company ; 
something that gives confidence that in any emergency 
they will act in such a way as to be in harmony with the 
general policy of the whole organisation. 


SALES PERSONNEL. 


I need not spend much time in explaining how astonish- 
ing has been the growth of the science of salesmanship 
during the last couple of decades. The first essential in 
sales personnel is a thorough knowledge of the goods they 
have to sell. They must be men of education, able to 
hold their own in any ordinary conversation, able tp speak 
well, good “ mixers,” equipped with humour, tact, and 
good temper ; above all, students of human nature. The 
products of an industry may be of the finest quality, 
but they will not sell themselves, even though in some 
instances they may be articles of every-day use. We are 
constantly faced with competition; we would not have 
it otherwise, for healthy rivalry is a spur to healthy busi- 
ness ; but this very rivalry means, in colloquial language, 
that we must “‘ keep our end up,”’ and in that process the 
sales staff is the chief driving force. 

The salesman, the commercial traveller, is the spear- 
head of trade. Whether he delivers lectures on the lines 
of propaganda, or written descriptive, persuasive articles 
on the lines of publicity, or actually sells goods to clients, 
he has to be in these days a man of parts, one who can 
hold his own in argument, one who has at his fingers’ 
ends a complete familiarity with the articles he has to 
sell or recommend. And I may add that such a man must 
have the entire support and confidence of his chief, the 
sales manager, and of his directors; without this he will 
be of little use. He forms the foremost link between pro- 
' duction and consumption—that short, strong chain which 
holds the manufacturer to his market. Members of the 
sales personnel come into direct touch with their public, 
the wholesalers and distributors, and have therefore un- 
rivalled opportunities for building up an industry’s good 
name. A good product handled by a good salesman should 





be, as far as science and human nature can make it, 
irresistible. 

A sales staff should -have a thorough grounding in all 
aspects of the business bearing on their own field, so that 
they shall obtain a general knowledge not only of the 
particular products it may be their duty to sell, but of 
others that may come into relation with it. 


THE ADMINISTRATIVE STaFe. 


I would now like to deal with the adrhinistrative staff. 
The crew may be splendid fellows ; from’ the able seaman 
and the deck hand upwards they may each exercise some 
initiative, each member doing his best; yet there must 
be officers in charge who know more of the aims of the 
voyage, who are able to take the bearings and set the 
course, To drop the metaphor, any industry must have 
men with special gifts of control, men who possess vision, 
men whose knowledge extends beyond the immediate 
needs of production, who can take decisions, settle dis- 
putes; men who, in a word, form the administrative 
section of the organisation. Whence are those to be 
obtained ? Occasionally from outside sources. Perhaps 
one may come from a kindred business, seeking wider 
scope for his abilities, or that higher remuneration which 
he feels may be his due. But, speaking as I must and 
should speak, from my own experience, it seems to me 
that the best and most trusted members of an administra- 
tive staff are those who grow up from within the firm itself 
to hold those senior positions. In each of the departments 
I have mentioned—the productive, the technical, the 
sales—men rise, step by step, one here, one there, by sheer 
intelligence and sometimes by exceptional brilliance, to 
positions in which they have greater opportunities and 
are tried and proved worthy. From among them, the 
management, who should regard it as an important part 
of their work to watch carefully for any sign of talent, 
can sometimes select a promising candidate for higher 
honours, who can be encouraged to qualify for a post of 
responsibility. The private soldier, as ever, carries a 
field-marshall’s baton in his knapsack. The best members 
of the administrative staff of any industrial firm, I main- 
tain, are those who have grown up with it, comprehend its 
individual methods, and have absorbed a deep knowledge 
of the industry concerned. 

How can these men, some of whom may, in the course 
of time, take directorial charge, be coached in the larger 
matters which will form the setting of their career ? Here 
I incline to the belief that the successful administrator 
is born, not made, The type of man I have in mind has 
that indefinable yet very evident attribute, personality. 
His brain acts rapidly. He grasps essentials while another 
man is worrying over details. He is ready to accept 
responsibility ; to decide while another hesitates. It is 
part of the task of the employer to recognise these men 
when he sees them, and to give them every chance to 
prove themselves in positions of gradually increasing 
responsibility. I even go so far as to say that they should 
be given opportunities for making mistakes. We all make 
mistakes ; the man who never made a slip is inhuman. 
The great thing—it is a platitude—is to profit by our 
mistakes, to store the unpleasant experience so that next 
time the subconscious mind throws out its protective 
warning. Such a policy, I am sure, is amply justified 
by the results. Watch, select, and give a man responsi- 
bility, and then do not worry him. He knows that he 
must not make many serious errors, but he also knows 
and feels that he is not working in an antagonistic atmo- 
sphere that kills initiative and discourages ambition. 

To provide one source of supply of men who may qualify 
later for administrative posts, we, in my company, have 
a “ trainee scheme.”” We take young men from the public 
schools or universities and for the first two years after 
joining us we give them a thorough grounding in the 
details of our business. They spend some time in the 
counting house, some more time in the stock rooms, at 
the show rooms and trade counters, and eventually pass 
to the sales department before becoming available for 
absorption in the business generally. But it is to be 
appreciated that these trainees only form one source from 
which men for administrative positions may develop. 
It would obviously be wrong to constitute a “ privileged 
caste,” and, indeed, any other employee who has not had 
the advantage of a public school or university education 
can, by his own abilities, stand the same chance for 
eventual adv nent 

These observations have been concerned with industry 
at home; but you are aware that it is becoming more 
and more important every year in any industry with 
reactions all over the world to find men of ability who can 
take full charge of overseas ramifications. Eminent 
speakers, from the Prime Minister downwards, have spoken, 
especially since the industrial revival in this country, of 
the great importance of the export market. And in those 
industrial organisations which have their own branches 
or companies overseas, it is equally important to discover 
and train the right men to hold responsible positions in 
other lands. 

By some means, and others, any industrial organisa- 
tion should aim at constantly maintaining and feeding a 
central group of able men, who, though actually they 
may be scattered about the country or even overseas, are 
really central in the sense that they are available at short 
notice to fill important positions as the need occurs. 

This brings us to another interesting question in regard 
to personnel—promotion and remuneration. Where you 
have many thousands of employees, you are bound also 
to have a large proportion who are content to tee for 
years, perhaps for life, subordinate positions. This is 
cpokekie 2 wise provision of Nature. As Gilbert said in 
a famous song, “When everybody’s somebody, then 
no one’s anybody.” That is no reason, however, why the 
young beginner with ambition beyond a desk out of the 
draught for life should regard himself as swamped, and 
feel rather hopeless as an undistinguished unit in an 
enormous crowd. In some way or another it is well to 
make him aware right from the start that he has the chance 
of getting on, and that merit will be rewarded. I am of 
the opinion that the principle of giving to such juniors 
—who are not earning much—a regular and periodical 
increase in salary is a wise one, and is in practice well 
repaid. This, of course, does not go on indefinitely ; 
no business firm can afford to carry passengers in these 
days. Up to the age of, let us say, twenty-five years, 
the earnings of all juniors should be subject to periodical 








review ; after that age, ability should be the deciding 
factor in any proposed increase in salary or promotion. 

One feature should invariably be kept in mind—the 
great value both to employer and employee is the pro- 
motion of employees from stage to stage within the 
company. That is, other things being equal, a vacancy 
should always be filled by promoting a member of one’s 
own staff, rather than by looking round for possible 
outside applicants. 

Mr. Baldwin, in the speech he delivered at the recent 
Federation of British Industries dinner, stated that he 
was ‘old-fashioned enough and belonged sufficiently to 
the old régime to feel that to be a good employer in every 
sense of the word is as fine a career as anyone could aspire 
to,” And in striving to be a good employer we must be 
careful, always careful, not to lose the human contact. 
The time has gone by when the manufacturer called his 
employees by the horrid word “ hands.” The dignity of 

bour is a very real thing, however much it may be dis- 
torted by modern methods of regimentation or classifica- 
tion. All employers to-day know the vital importance of 
encouraging the social side, making not only for the 
preservation of the status of labour, but also for its 
happiness. The provision of sports grounds for cricket 
and football, tennis, hockey, and the like, and the pro- 
vision of facilities for such interests as photography, 
model engineering, and amateur dramatic societies, not 
only makes for happy staffs, but provides unique oppor- 
tunities for employer and employee to meet together on a 
common footing, Such expenditure is always well repaid, 
as is also the proper provision of.¢anteens where the staff 
can take meals in pleasant surroundings. 


SeLection ov Starr, 


The modern need for capable men to control complex 
technical processes and the even more complicated adminis- 
tration of industrial undertakings has brought into being 
institutions which aim at scientific selection of men and 
women. acco to the characteristics of the individual 
for particularly wing some career or other. Psycho- 
logical tests have been devised, and reactions studied, and 
from their results experts claim to be able to decide the 
aptitude of the individual for different classes of work. I 
may be old-fashioned, as Mr. Baldwin stated he was, but, 
having observed these inves ions, I somehow feel that 
not even the most sympa’ of bumps, nor the 
most minute study of handwri or reaction times can 
ever make up for the human touch and for the real study 
by the employer of the raw material of employees. Are 
such methods really useful in relation to personnel problems 
in industry ? I hope I still retain a flexibility of outlook 
in regard to new oon and to new ways of doing old 
things, but for what my experience may be worth I cannot 
say that such methods have ever appealed to me. 

Despite this mechanical ite the mechanising, 
not only of processes of manufacture, but also of processes 
of administration, I still adhere most strongly to the 
principle that in any organisation the study of human 
nature is essential and is repaid time and time again. The 
maintenance of a close personal contact with all sections 
of staff and workpeople can be accomplished if the manage- 
ment is imbued with the proper outlook. Without it, | 
doubt if the full success of any enterprise can be assured. 
I believe that the management from the managing director 
downwards should seek every opportunity of creating ties, 
and they cannot do this better than by entering into the 
social life of their employees, and by using every oppor- 
tunity which even small works or departmental] dinners 

rovide to make their people acquainted with the under- 
ying aims and ideals of the organisation of which all are 
@ part. 
any people ask to-day the question as to whether 
the younger generation works as hard as previous genera- 
tions in the past. One must realise that the opportunities 
for sport and pleasure make for distractions which the 
generation of thirty years ago did not have. But personally 
I feel that the young generation of to-day does work hard, 
and that often the reason behind such a question is to be 
found in the fact that the modern employer, with all the 
distractions of business that beset him, has lost that 
personal contact which was possible in a more slow-moving 
age. Ifthe young people are-given a chance, my experience 
is that they respond readily. And not only must that 
giving of opportunity be acted on by the managing 
director, but by all his departmental heads under him. 

The elementary, secondary and public schools, the 
technical colleges and the universities, are turning out 
to-day many young men of good type, anxious to make 
their way in the world. The professions, as ever, continue 
ta attract those of a certain outlook, but industry to-day 
appeals more than ever before. f 

Some people think that the days of romance are gone for 
ever, that there is no more pioneering work to be done, 
with its alluring promise of rich reward for the successful ; 
and that, in fact, with this mechanised age the great 


majority must be compelled to remain units, starved of 


developing such initiative as they may possess. To my 
mind, such a conception is a complete fallacy. The fact 
is that the frontiers of human enterprise are being con- 
stantly extended as man wins victory after victory over 
material things. To-day, as much as ever, men with 
initiative, with courage and with ability to apply them- 
selves consistently to the attainment of a career, are 
wanted. Opportunities exist formerly undreamed of for 
the acquisition of knowledge and training, and surely the 
sum total of human happiness, at least as far as this 
country is concerned, is higher than ever before at any 
period of history. Personnel problems will ever be with 
us, in industry or elsewhere, but a mutual understanding 
between both sides removes the greatest difficulties. 








Compressors with Automatic 
Electric Control. 


For the supply of compressed air for operation of sewage 
ejectors, air lift and hydraulic plants, for keeping air 
receivers pumped to a predetermined pressure, and for 
similar intermittent work, the advantages of the electrically 
controlled air compressing plant that automatically starts 
and stops, and brings the supply to the proper value, are 
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now appreciated, and such equipment is a recognised part 
of many industrial works. An interesting example of a 
modern air compressing plant with automatic electric 
control has been designed and manufactured by Broom and 
Wade, Ltd., of High Wycombe, and consists of the firm’s 
standard two-cylinder, single-stage air compressor, having 
a delivered capacity of 200 cubic feet of free air per minute, 
at a pressure of 115 lb, per square inch, when running at 
350 r.p.m. The compressor is driven by V belts from a 
D.C,, 460-volt electric motor developing 41 B.H.P. at 
750 r.p.m. 

The whole installation is intended for pumping water 
by air from a bore-hole, ata rate of 2000 gallons per hour, 
into @ receiving tank to be used in a hydraulic plant, which 
has many stops and starts, and the electrical control is 
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Fic. 1—-ELECTRIC CONTROL FOR AIR COMPRESSOR 


arranged so that the work of the compressor is auto- 
matically regulated to keep the receiving tank full. 

The electrical equipment consists of a control panel 
and an enclosed type float switch with an operating lever 
to start and stop the motor, depending on the rise and 
fall in the water level. The equipment also includes a 
solenoid-operated pilot unloading valve, with a mag- 
netically operated control relay, which works in con- 
junction with the usual air compressor unloading device 
operated by compressed air, automatically lifting the inlet 
valves of the compressor, and, as soon as the motor has 
attained its full speed, lowering them into the working 
position. 

In order to ensure the supply of air for unloading the 
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FiG. 2—OIL-OPERATED UNLOADER 


compressor, a small receiver is used, which is connected 
with the delivery pipe of the compressor through a length 
of piping, fitted with a }in. non-return valve, and is filled 
with air at a pressure required for starting. 

Fig. 1 shows diagrammatically the arrangement of 
the electric control gear. When the float switch is opened 
and the motor stopped, the solenoid-operated pilot un- 
loading valve is energised and closes the unloader to 
atmosphere and opens it to the receiver; the com- 
pressor hence becomes unloaded and ready for starting. 
When the float switch is closed and the motor started, 
the solenoid-operated pilot unloading valve is de-energised, 
the valve is opened to atmosphere and the inlet from 
the receiver is closed. The inlet valves of the com- 
pressor are consequently lowered into the working 





position and the compressor starts pumping air. As 
can be seen from Fig. 1, the equipment is provided with 
a hand-operated change-over switch to cut out the auto- 
matic control, so that the i can run continu- 
ously. When starting up, the solenoid-operated valve is 
energised, whether the automatic or the hand control 
is used. 

In order to simplify the equipment and eliminate 
the necessity of using a solenoid-operated pilot valve, 
the company has recently developed an oil pressure- 
operated device for automatic unloading of a compressor 
for starting. The device, shown in section in Fig. 2, 
consists of an air-tight compartment containing a spring- 
loaded piston A, which is connected through a link rod 
to a pivoted crank lever B. The compartment is con- 
nected through a pipe D with the oil regulator E, which 
is usually employed in connection with the force feed 
lubrication system. When the compressor is at rest, there 
is no oil pressure in the system, and consequently no oil 
is admitted to the piston, which returns under spring pres- 
sure to the position illustrated. The movement is trans- 
mitted through the link rod to the crank lever B, the upper 
end of which is in contact with the lower end of the lifting 
fork C. The fork is thus forced up, lifting the suction 
valve plate from its seating, and the compressor starts 
on light non-compression load. When the compressor 
reaches full speed, the oil pressure in the system overcomes 
the resistance of the spring against the piston A, and the 
latter moves to the left, causing a corresponding clock- 
wise movement of the lever, and the fork drops down, 
allowing the valve plate to close. 








Portable Generating Set. 


We have recently obtained particulars of a portable 
generating set built by the Parsons Engineering Company, 
Ltd., Town Quay Works, Southampton, of which the elec- 
trical equipment was supplied by the Electric Construc- 
tion Company, Ltd., Wolverhampton. The plant is 
designed for the purpose of charging the batteries of a 
number of telephone exchanges, and, as shown in the 
engraving herewith, is mounted on pneumatic tires with 
standard motor vehicle road wheels. The chassis is fitted 
with automatic braking gear, which can also be applied 
by hand, and it can thus be towed safely from one tele- 
phone exchange to another. 

The power unit is a standard Parsons petrol engine, 

















PORTABLE GENERATING SET, 


with a power output of 15 H.P. at 1500 r.p.m., and capable 
of handling a maximum electrical output up to 7 to 8 kW. 
The engine is cooled by means of a radiator fitted at the 
forward end of the set ; incorporated with the radiator are 
the fuel tank and roof supports for the forward end. The 
fan is directly driven from the engine shaft and starting is 
effected by a handle extending through the radiator block. 

The electrical equipment consists of a shunt-wound 
battery-charging type generator, with an output of 46 
to 47 volts and 75 amperes. At the end of the generator 
is mounted a switch panel equipped with a shunt field 
regulator, voltmeter and ammeter, and, further forward, 
is mounted a cable drum carrying a length of C.T.S. 
specially flexible cable. The drum is provided with internal 
connections for one end of the cable and connections from 
the generating set are made to the wing nut terminals 
shown, after paying out the required length of cable 
from the drum to reach the batteries to be charged. 
The cable and cable drum are weatherproof, but the whole 
of the remainder of the plant can be completely enclosed 
by fitting steel side doors to the roof. The flap at the 
forward end, which is shown in the raised position for 
observation of the instruments, can be closed. The space 
below it is permanently sheeted in. 
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RECENT DEVELOPMENTS IN MAGNESIUM ALLOYS, 


By JOHN L. HAUGHTON, D.Sc., F. Inst. P., Metallurgy 
Department, National Physical Laboratory. 


Magnesium was first isolated in 1808 and was first 
produced on a commercial scale fifty years later. It was 
not, however, till about ninety years after its isolation 
that it was used for the manufacture of alloys. Until 
quite recently these could be divided into two groups: 
Those based on the aluminium-magnesium series, and 


* Paper presented at the London Congress of the International 
Association for Testing Materials, April 1937. 








those with manganese as the chief addition. In the 
former case the aluminium content ranged from 3-5 to 
10 per cent., and they generally contain, in addition, zinc 
up to 3-5 per cent. A small amount of manganese is 
usually added to give increased resistance to corrosion. 
The second group consists of magnesium, to which about 
2-5 per cent, of manganese is added, with or without 
small quantities of other elements. 

Table I gives typical examples of the composition of 























Taste J. 
Max. 
No. Al. Zn. Mn. stress, | Elong. Use. 
kiJos. 
per 
sq. mam, 
l 4-5 3-5 0-4 16 7 | Sand castings 
2 8-0 | 1-5 | 0-4 25* 10* | Sand castings 4 
3 10-0 | 3-5 | 0-4 os — | Die castings 
4 6-5 1-5 0-5 29 12 Extruded rod 
5 9-0 | 0-5 | 0-3 32 12 | Forged material 
6 — —— 2-5 24 7 | Extruded rod 











* In the heat-treated condition. 
some commercial alloys, together with their use and their 
mechanical properties in the form in which they are used. 

This table does not, of course, contain all the alloys 
used, and the properties of some of them can be consider- 
ably altered by heat treatment, but it is believed that it 
is reasonably representative. The use of these alloys is 
spreading rapidly, the chief demand being from aircraft, 
but they are also used in road transport vehicles and, to 
a small extent, in machine tools, textile machinery, &c. 
They are much used in the form of die castings. 

During the last two or three years several new alloys 
have been developed. In some of these aluminium is 
still the chief added element. Thus, an alloy containing 
8 per cent. aluminium and 8 per cent. cadmium combines 
reasonable strength with good ductility. In the hot-rolled 
state it has a tensile strength of 35 kilos. per square milli- 
metre and an elongation of 14 per cent., while, if it is 
cold rolled and then annealed for four hours at 100 deg. 
Cent., the tensile strength rises to about 40 kilos. per 
square millimetre and the ductility only falls to 12 per 
cent. 

A rather more interesting series is that in which silver 
is added to the magnesium-aluminium alloys. Table II 
shows the mechanical properties of an alloy which con- 
tains 8-5 per cent. of aluminium and 2-5 per cent. of 





Taswe II. 
Max 
Condition. stress, Elong. 
kilos. per 
sq. mm. 
Annealed at 350 deg. Cent. for 1 hour. ... 33 7°2 
Annealed at 410 deg. Cent. for 2 hours and 
quibsshet 62055. UL OAT 32-5 8-4 
Annealed at 410 deg. Cent. for 2 hours and 
aged at 175 deg. Cent. for 2days ... ... 41 4-8 
Annealed at 410 deg. Cent. for 2 hours and 
aged at 175 deg. Cent. for 3 days ... ... 43 4-8 








silver, to which small quantities of manganese and calcium 
have been added, the former to reduce corrosion and the 
latter to check burning and scaling during casting and 
annealing. 

Magnesium and many of its alloys lose strength very 
rapidly as the temperature is raised. This makes such 
alloys useless for parts which have to run at high tempera- 
tures, such as pistons for internal combustion engines. 
A considerable amount of work has, therefore, been 
undertaken’ to find alloys which retain an appreciable 
proportion of their strength at temperatures up to 300 deg. 
Cent. A certain measure of success has been attained. 
One of the most satisfactory alloys contains 10 per cent. 
of cerium and about 1-5 per cent. each of cobalt and . 
manganese. Table III gives the mechanical properties 
of an alloy of about this composition : 

Tasre III. 
Temperature of Maximum stress, 


test, deg. Cent. kilos. per sq. mm. Elongation. 
TRE se can og!) ee voce 2 0 


$A a ER Eos oe 
OS ene tina” TEND ondetvatcicean:, '~ 
300 ot. See 152-0 


It will be noted that this alloy, which should be useful 
for pistons in internal combustion engines, is markedly 
inferior at room temperature to other alloys already 
mentioned. The fall of strength with rise of temperature 
is, however, very much less. For comparison it may be 
stated that the alloy referred to in Table II has, at 
300 deg., a maximum stress little over 7 kilos, per square 
millimetre, and an elongation of about 60 per cent. 


CUTTING PROPERTIES OF METALS. 


By Professor O. W. BOSTON, Director, Department of Metal 
Processing, University of Michigan. 


A discussion of the cutting properties of metals involves 
a number of complex, independent factors. In metal 
cutting, the factors of major importance ‘include the 
metal being cut, the cutting tool, the cutting fluid, the 
process or type of machine, the size and shape of cut, and 
the general cutting conditions. By changing any one 
factor, different results will be obtained. One set of 
cutting conditions will not be satisfactory for machining 
all metals, but rather, a set-up must be selected to yield 
results best suited to each case. A brief statement of the 
variables involved in these factors follows. 

Metal Cut—The cutting properties of the metal are 
affected by the following factors :— 


(1) Chemical composition, representing irons ; carbon 
and alloy steels; special steels; free-machining steels 
containing sulphur, selenium, or manganese, and the 
great variety of non-ferrous metals ; 

(2) Melting and casting practice and grain size ; 

(3) Fabrication—whether cast, forged, drawn, or 
hot or cold finished ; 

(4) Heat treatment ; 
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(5) Physical properties, e.g., tensile strength, hard- 
ness, ductility, and work-hardening capacity ; 

(6) Metallographic structure ; and 

(7) Size of the part. 

Thus, cold-finished steel bar stock for screw machine 
work machines best when given a lamellar pearlitic 
structure for the low and medium-carbon steels, or a 
spheroidised structure for the high-carbon steels. Steels 
of fine grain-size (astm 5 to 8), when used as oil-hardening 
or carburising steels, are highly ductile, particularly 
if they are abnormal; show less warping on heat treat- 
ment, and appear to be best for producing fine finish. 
Steels of coarse grain size (astm 1 to 5) seem better adapted 
for heavy cuts. Steels of each grain size should be cut 
with tools appropriately ground. For rough lathe work, 
where surface finish on the steel is of minor importance, 
low hardness is more important than low ductility. 

Tool Materials.—The cutting tool materials available 
consist chiefly of the plain carbon and various types of 
high-speed steels; non-ferrous cutting alloys such as 
Stellite, “J” metal, and Crobalt ; the sintered carbides 
of tungsten and tantalum; anddiamonds. Each materia! 
has its peculiar field of adaptation, depending upon the 
material being cut and the quantity of production involved. 
Tool quality depends upon :— 

(1) Composition ; 

(2) Melting and casting practice ; 

(3) Method of fabrication ; 

(4) Heat treatment ; 

(5) Metallographic structure ; 

(6) Physical properties, e.g., hardness, ductility, and 
hot hardness ; 

(7) Sharpness and smoothness ; 

(8) Tool form; and 

(9) Tool setting. 


Tools fail as a result of : 


(1) Abrasion on the flank below the active cutting 
edge as when carbon, high-speed, or cemented carbide 
tools cut cast iron ; 

(2) Development by abrasion of a groove on the 
face behind the cutting edge—the groove wears forward 
to the cutting edge, resulting in a sudden breaking off 
of the edge ; 

(3) A combination of flank wear and grooving ; 

(4) Spalling or crumbling of the cutting edge-as when 
cutting extremely hard materials ; and 

(5) Loss of hardness because of excessive heat 
generated at the cutting edge. 


Tool shape influences the constants and exponents 
in the cutting force and the tool-life equations. Inter- 
national standards of terminology applying to tools will 
promote a better understanding of published data. 

Cutting Fluids.—Cutting fluids comprise liquids, solids, 
and gases which are applied to the tool point to facilitate 
the cutting operation by cooling and lubricating. They 
increase the tool life, prevent distortion of the work, 
reduce power consumption, break up chips and help to 
remove them, and may improve the machined surface. 
The cutting fluids most commonly used are : 


(1) Dry cutting with air suction and blast ; 

(2) Water containing an alkali ; 

(3) Emulsions of soluble oils or pastes ; and 

(4) Oils, such as mineral, fixed, compounded, and 
sulphurised oils 
Surface Finish.—The finish is improved as the built-up 

edge on the tool face is reduced in size, by singly or 
collectively increasing the rake of the tool, increasing 
the speed, reducing the size of cut, or by introducing a 
cutting fluid. Standards of surface finish and practical 
methods of measuring them are needed urgently. 

Machinability.—Machinability is a general term used 
to indicate the relative ease or satisfaction with which 
a metal is machined in operations such as turning, drilling, 
milling, threading. It is evaluated in several ways depend- 
ing upon the objective sought. The rating may be 
based on : 

(1) Tool life, i.e., the cutting speed for a given tool 
life, or vice versd, in turning, milling, drilling, &c., 
when cutting under fixed conditions of tool, , cut, 
material, and cutting fluid ; 

(2) The power required when turning, milling, &c.; 

(3) The torque and thrust in drilling, counter- 
boring, &c.; 

(4) The “‘ cutability ’” as measured by drill penetra- 
tion under constant feeding pressure and similar 
methods ; 

(5) The condition of the machined surface ; 

(6) The cost of removal of a given quantity of metal 
under specific conditions ; and 

(7) The temperature developed at the tool point. 

By these tests, materials, tools, or cutting fluids may 
be rated. These ratings vary when carried out under 
different conditions of testing. In rating tools, for 
example, one rating may be found based on tool life 
when cutting one steel when the tool is ground to a given 
shape; another if the tool shape is changed or if the 
structure or analysis of the material cut is changed. If 
tool-life tests are run as a basis for machinability rating, 
the equation V T"=C, representing the relation between 
cutting speed V and tool life T, should be established, 
as both the constant and exponent may change as the 
variable (material, tool, or cutting fluid) is changed. A 
rating established on a cutting speed for a 60-min. tool 
life may be quite different from that based on the cutting 
speed for a 120-min. tool life 

Commercial Practice.—In order to secure at the least 
unit cost the greatest production of a part having definite 
analysis, structure, and physical properties, the cutting 
tool should be of a material of suitable type and geometric 
shape as determined by its profile of cutting edge and 
combination of angles. The cutting fluid should have 
properties best suited to obtain the highest rate of pro- 
duction, the best surface finish, or the most convenient 
chip form for disposal. If the physical properties of the 


metal cut are changed, or if another metal is substituted, 
some of the factors of the tool, cutting fluid, or mechanical 
equipment also should be changed to maintain optimum 
cutting conditions. The present state of the art of metal 
cutting leaves the selection of these various factors for 
each problem to be determined largely by empirical 
Tabulated data of this type as obtained from 


methods. 





commercial practice are published in trade journals. 
Laboratory research is simultaneously providing funda- 
mental information which will assist in raising the art of 
metal cutting to a science. 


OXIDE FILMS AS A PROTECTION AGAINST WEAR. 


By SAMUEL J. ROSENBERG, Associate ey Rigg 
National Bureau of Standards, Washington, D.C 

It is well known that protection against corrosion is 
afforded many metals by certain oxide films. That a 
somewhat similar phenomenon exists in the wear of 
metals is, however, not so commonly known. 

The effect of oxide films upon the wear of a hypo- 
eutectoid, a eutectoid, and a hypereutectoid carbon steel 
has been studied at the National Bureau of Standards, 
with the aid of the Amsler wear-testing machine. Certain 
pairs of specimens were tested in air and these tests were 
then duplicated in an atmosphere of either hydrogen 
or nitrogen ; similar results were obtained in both hydrogen 
and nitrogen. 

All steels that were hardened and tempered and then 
tested in air against similar steels had low rates of wear. 
The worn surfaces were rather smooth and were covered 
with a visible oxide film. When these tests were duplicated 
in an atmosphere of hydrogen or nitrogen, the steels 
which had been tempered at relatively low temperatures 
also suffered very little wear, and the worn surfaces 
were smooth and covered with a thin, adherent oxide 
film ; those steels which had been tempered at somewhat 
higher temperatures, however, showed extremely high 
rates of wear, and the worn surfaces were bright, but 
very rough. All three steels exhibited this change in the 
type of wear, the tempering temperatures required to 
cause the change being about 200-230 deg. Cent. for 
the hypoeutectoid steel (0-43 percent. C.) ; 290-320 os. 
Cent. for the eutectoid steel (0-81 per cent. C), and 
400-500 deg. Cent. for the hypereutectoid steel (1-26 per 
cent. C.). 

Specimens having the smooth, filmed type of worn 
surface showed a relatively smooth contour of the wearing 
surfaces under the microscope. There was but little 
evidence of distortion of the layers immediately below 
the surfaces except for some cracks approximately parallel 
to the wearing surfaces. Specimens having the rough, 
film-free type of worn surface after testing in oxygen-free 
atmospheres had severely cold-worked surface layers. 
Numerous cracks, evidently caused by the stresses 
developed during the wear tests, were present at and just 
below the wearing surfaces. 

X-ray examinations were made of two representative 
samples of abraded particles to determine whether they 
were iron or iron oxide. One sample A consisted of red 
and reddish-black particles from the smooth and slightly 
filmed surfaces formed in testing in an atmosphere of 
hydrogen two speci of toid carbon steel tempered 
at 260 deg. Cent. The other sample B consisted of bright, 
light-grey particles from the extremely rough and bright 
surfaces formed in testing in an atmosphere of hydrogen 
two specimens of eutectoid carbon steel tempered at 
320 deg. Cent. 

Sample A consisted of Fe,O, and Fe,0,. Neither 
free FeO nor free iron was detected. Sample B gave the 
pattern of highly distorted iron; no lines representing 
iron oxide were present. 

The test data secured in this investigation indicate that 
the absence of appreciable amounts of oxygen in the 
atmosphere surrounding many of the steels tested was 
conducive to greatly increased wear. The apparent 
explanation is that there is no opportunity for the wearing 
surfaces to become covered with a protective oxide film 
which prevents actual metal-to-metal contact. 

It was noted that the steels tempered at the lower 
temperatures formed oxide films even when tested in 
gases substantially free from oxygen. It was impossible 
to remove all traces of oxygen from the interior of the 
cell with purified gas. When two specimens are worn 
against each other, a fresh, chemically active surface is 
probably produced which combines readily with any 
traces of oxygen in the cell. The frictional heat generated 
at the surfaces of contact naturally tends to assist this 
reaction. Thin oxide films can therefore form on the 
specimens even in the * oxygen-free ” gas. 

The question arises why the same process does not 
occur with the carbon steels tempered at the higher 
temperatures. It probably does, but apparently the 
film which forms on these steels does not prevent seizing 
and galling of the resultant excessive wear. The lack of 
protective action of the oxide film in such instances 
may depend on the physical properties of the steels. 

The steels which developed smooth, filmed surfaces 
in an atmosphere of hydrogen were those which had high 
hardness numbers and the steels which developed rough, 
bright, film-free surfaces had lower hardness numbers. 
It has been shown that a rough surface contour with a 
very severely distorted layer beneath was a characteristic 
of the film-free worn surface. The softer steels when 
subjected to wear deformed under the influence of the 
various stresses, and the hypothesis is advanced that the 
oxide film which initially formed was immediately ruptured 
because of the deformation of the surface on which it 
formed. The ruptured film permitted actual metal-to- 
metal contact, seizure over small local areas, and finally, 
galling and excessive wear. 

This deformation was not so apparent in the steels 
having a smooth, filmed, worn surface. Here the hypo- 
thesis is advanced that the steel had sufficient strength 
to resist the stresses developed during the wearing action 
and the oxide film had a firm base upon which to form. 
Once formed, this film maintained its continuity, and 
further wear, as a rule, failed to destroy it. True metal- 
to-metal contact was prevented by the oxide film between 
the two specimens and as a result wear was relatively low. 

Microscopic study of the structures adjacent to the 
worn surfaces indicated how wear took place,. Deforma- 
tion of the surface layers of the metal was particularly 
severe with specimens which had film-free surfaces and, 
consequently, severe wear. This severely deformed 
metal was characterised by numerous lenticular areas 
which were partially, at times almost completely, outlined 
by cracks resulting from the severe overwork suffered 
by the surface metal. These cracks were gradually 
enlarged and formed paths for the fracture of metallic 
particles which were then considered to be “ worn off.” 








Force and Shrink Fits.* 
By R. RUSSELL, B.Sc... Ph.D. 


INTRODUCTION. 


A survey of the “ Transactions’ of the Institution 
reveals that, although considerable thought has been given 
to many of the problems associated with the development 
of engineering practice and design, there is a complete 
lack of information concerning the making of an elastic 
grip assembly either by shrinkage, expansion, or force. 
This absence cannot be attributed to a lack of importance 
attached either to the making of such assemblies in 
practice, or to the theoretical treatment, however inade- 
quate, of the factors involved. The absence of discussions 
cannot even be attributed to the identity of ideas and 
methods concerning the making of such fits. Workshop 
practice has been, and still is in a great measure, character- 
ised by the observance of widely varying conditions, 
suggestive of vague and conflicting ideas about factors 
that control the grip. The lack of exact information is 
thus reflected in the haphazard methods frequently 
adopted in the making of such assemblies. Indeed, in 
view of the importance of such assemblies in engineering 
practice, it is asto that no serious attempt has 
been made to satisfy an essential requirement for econo- 
mical and successful production, namely, a simplification 
of methods based on a critical analysis of cause and effect. 

The quality of the grip established, whether by shrinkage, 
force, or expansion, is dependent on a number of factors 
involving the operations carried out, and, as such, the 
resultant effect is the outcome of a series of effects of 
varying influence. Therefore, unless each separate effect 
is analysed and assessed in terms of its cause, the assembly 
process will continue to be conditioned by workshop 
methods that vary considerably and are frequently 
harmful in their effects. Many successful assemblies have 
been completed by such methods; there have also been 
many failures. These, in the main, have been met by a 
continued increase in the fit allowance which, in the end, 
has often resulted in the adoption of excessive allowances. 
This approach to the solution of the problem is the most 
obvious one. It is not, however, the most desirable nor 
yet the most successful. Complete confidence in a built-up 
assembly is dependent on accurate information concerning 
production methods and the separate effects produced. 

Existing theory relative to the making of the elastic 
grip assembly is still far from complete. Indeed, it is 
hardly to be expected that the varying conditions induced 
by workshop methods would be amenable to any such 
treatment. They may be too complex. It may be con- 
tended, therefore, that experiment alone can be relied 
upon for proper views concerning the factors affecting the 
grip in force, shrink, and expansion fit assemblies. It 
would appear, however, that research work has not been 
stimulated by the absence of an adequate theoretical 
treatment or by the relative importance of these assemblies. 
It is very limited. Moreover, the results obtained have 
not always been in agreement, and suggest that other 
factors affecting the grip have been operative and not 
measured. 

The built-up assembly, by whatever process, is funda- 
mentally one involving elastic strains and stresses of 
varying degree in the material of the mating elements. 
These conditions are established by an assembly of parts 
having a difference in the free diameters of the cylindrical 
mating surfaces. The problem would appear to be 
primarily one for the machine shop, governed by the 
necessity of obtaining perfect cylindrical mating surfaces 
and of satisfying the dimensional requirements of the fit 
allowance. ‘The turbine engineer’s main concern is with 
a fit allowance that will be effective at high speeds of 
rotation. Although it is important, he is less concerned 
with the tonnage necessary to make the assembly. The 
former is controlled by varying elastic conditions induced 
in the mating materials, and the latter, in a great measure, 
by surface mating conditions. The railway engineer, on 
the other hand, is wholly concerned with tonnage, and 
fixes dimensions in a force fit assembly so that a load of 
10 tons per inch of diameter is required to press the 
elements into position, 

The use of a lubricant is an essential requirement to a 
successful mating of force fit elements, It is astonishing, 
therefore, that, in spite of the importance of such assemblies 
in engineering practice, little or no attention has been 
given to the influence of the surface contact film on the 
axial resistance of the elements to slip. Reference, in 
railway specifications, to the use of a “ suitable lubricant ” 
in the making of such assemblies is of little value without 
a knowledge of what constitutes a suitable lubricant, 
either in terms of the contact film resistance during 
assembly or in terms of its influence, if any, on the 
resistance of the elements to slip after a period of service. 
Glasgow Corporation Transport Department does not 
even specify the use of a “ suitable lubricant” in the 
assembly of tramcar wheels on axles. It is evident that 
the varying and important influence of the surface contact 
film is not recognised. Even when the assembly does not 
necessitate the use of a lubricant, as in a shrink or expan- 
sion fit, the presence of a surface contact film has been 
shown to have a considerable influence on the resistance 
of the elements to slip. It is detrimental in its effects and 
these cannot be fully met by the fit allowance. The work- 
shop methods adopted by some marine crankshaft builders, 
in making a shrinkage assembly, result in the mating 
elements being separated and influenced by a surface 
contact film. 

The purpose of the present paper is to present the 
results of investigations carried out on elastic grip assem- 
blies subsequent to those described in a previous paper.t 
The magnitude of the film resistance experienced in making 
a force fit assembly of small elements suggested the 
importance of carrying out further tests to investigate :— 


(a) Whether the contact film resistance could be 
regarded as an important factor on the axial tonnage 
in an assembly of large-scale force fit elements. 

(b) The effect of time on the grip of large-scale and 





* The Institution of Engineers and Shipbuilders in Scotland. 
+ “ Proc.,” I. Mech. E., 1933, Vol. 125, p. 493; see also 
Journ., Roy. Tech. Coll., Glas., 1935, Vol. 3, p. 447. 
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small-scale elements assembled. under different con- 
ditions. 


Force Fir Practice. 


General Specification and Assembly of Railway Wheel.— 
As an illustration of force fit practice, the assembly of 
wheel centres on axles for the standard 12-ton mineral 
wagon will be considered, The axles are made either of 
acid or basic open-hearth steel with an ultimate tensile 
strength of from 35 to 40 tons per square inch. The wheel 
seat, according to the specification, must be turned with 
a smooth finish, and he either parallel or have a taper of 
not more than 3/,999in. The boss of the wheel centre must 
be bored with.a smooth finish, and the hole and wheel 
seat coated with a suitable lubricant, preferably pure rape 
oil. The wheel centre, when untired, is forced on to its 
seat by hydraulic power with a pressure of not less than 
60 tons and not more than. 80 tons. For tired wheel 
centres it is assumed that a load is imparted to the wheel 
boss by the shrinkage of the tire on the rim, and an extra 
10 tons in each instance is allowed. It is important to 
note that in this assembly the Railway Clearing House 
specifies a minimum and maximum axial tonnage, but 
makes no reference whatéver to a force fit allowance for 
the mating elements. ice 

Each press must be fitted with an approved automatic 
recorder to give a continuous record of the load during 
a pressing operation, and the records of pressure for each 
axle are kept and submitted for inspection. A very fine 
adjustment of the recording pen is essential to a close 
agreement between pressure gauge readings and the 
corresponding recorded values. A back-pressure test is 
seldom specified by home railways. It provides evidence 
of the quality of the grip established, but may fail as a 
check on the pressing-on tonnage. 

Tramear Wheel Assembly: General Specification.— 
Glasgow Corporation Transport Department specifies that 
the axles shall be made from Siemens acid steel with an 
ultimate tensile strength of from 40 to 50 tons per square 
inch. The axles are to be finished to size by grinding. 
The wheels must be pressed on the axles by hydraulic 
power after the tire is fitted to the centre. The pressure 
used must be from 35 to 40 tons for the wheels and gear 
wheels, and the tonnage recorded on the press must be 
stamped on the bosses of the disc centres and gear wheels. 
It will be noticed that a minimum and maximum axial 
tonnage is specified. There is no reference, however, 
either to the fit allowance or to the nature of the lubricant 
that may be used in ing the assembly. The assembly 
method is similar to that adopted by the railways. 


LARGE-SCALE INVESTIGATIONS. 


Effect of Lubricant on the Grip.—The elements selected 
for assembly consisted of the 27in. diameter disc tired 
wheel and axle as fitted to Glasgow Corporation tramcars. 
Fig. 1 gives the principal dimensions of the hollow element. 
Neglecting the possible stiffening effect of the web, which 
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Fic. 1-—Tramcar Disc Tired Wheel. 


may be regarded as small, the dimensions of-importance 
in connection with the force fit assembly are the length 
of the wheel centre boss, 4}in., and the inside and outside 
diameters of the boss, 4}in. and 8in. respectively. It was 
decided to assemble and dismantle the elements using a 
wide range of lubricants that would include those com- 
monly used in railway assembly practice and turbine work. 
A successful investigation of the film resistance in a 
series of force fit assemblies is dependent on two main 
factors :— 
1. A constant difference in the free diameters of the 
mating elements. 
2. Similar surface conditions giving equal bearing 
contact. 


An attempt to meet these conditions was made by using 
the same two assembly elements throughout the complete 
series of tests. This in turn necessitated the following 
requirements :— 

1. A high degree of accuracy in machining the mating 
surfaces, resulting in a good surface finish and a near 
approach to perfect roundness and straightness of thé 
wheel bore and wheel seat. 

2. A relatively small difference in the free diameters 
of the mating elements. 

3. The ing of each assembly with thé same setting 
of the wheel boss relative to the wheel seat position. 


The wheel bore and wheel seat were measured at right 
angles on planes A, B, C, D, and E, as indicated in Fig. 1, 
fin. from each face and at lin. intervals. This was done 
to determine the degree of roundness and straightness of 
the wheel bore and wheel seat, and to obtain the mean 
difference in the free diameters of the mating elements. 
These measurements were made before and after each 
test to check any possible change in the dimensions of the 
mating elements. , 

The wheel centre was forced on to its seat by hydraulic 
power and the press was regulated to operate at the same 





rate during each assembly. The mating. surfaces: were 
carefully cleaned with solvents before each assembly of 
the elements. The surfaces, after drying, were imme- 
diately coated with a film of oil which was allowed to 
drain off partially before the. elements were assembled. 
This was unnecessary in some instances, due to the 
viscous nature of the lubricant used. Great care was 
taken to establish good entry conditions and to have, in 
each instance, the same setting of the wheel centre relative 
to the wheel seat. The pressing-on and back-pressure 
lone were read off a pressure gauge at wheel displacements 
of 0- 5in. 

Tests Carried Out.—The following tests were carried 
out with the same wheel and axle with a difference in the 
free diameters of the mating surfaces of */, g999in. 


1. Film of neatsfoot oil on the mating surfaces. 

2. Bayonne oil on the mating surfaces. 

3. Pure tallow on the mating surfaces. 

4. Tallow and 10 per cent. white lead on the mating 
surfaces. 

5. Rape oil on the mating surfaces. 

6. Rape oil with 2.per cent. of oildag on the mating 
surfaces. 

7. Graphited spindle oil with 1 per cent. of oildag on 
the mating surfaces. 

8. Petroleum jelly with 1 per cent. of oildag on the 
mating surfaces. 

9. Mercurial ointment on the mating surfaces. 


The fact that the prey conditions remained un- 
changed throughout the tests completely justified the 
method adopted of measuring the contact film resistance 
of different lubricants by the repeated assembly of the 
same two mating elements. The dimensions of the mating 
surfaces, measured before and after each assembly at 
right angles on five different planes, showed no signs of 
change. The mating surfaces, after each assembly, were 
carefully examined and gave no evidence of an improved 
bearing contact or even signs of the slightest hairline 
marking. The constant mating conditions thus esta- 
blished provide evidence of a high standard of machine 
work and of a successful fit allowance that gave a suitable 
degree of polish to the mating surfaces. . Pressing-on load 
diagrams on a base of bore length are given in Fig. 2. 
They are of a form and type similar to those obtained from 
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. Petroleum jelly with 1 per.cent. of oildag. 

. Mercurial ointment. 
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FiG. 2—Pressing-on Load Diagrams for Tests on Effect of 
Surface Contact Film. 


laboratory experiments on small elements, and indicate 
clearly the remarkable influence of the surface contact 
film on the tonnage necessary to make a rail wheel force fit 
assembly. The values range from 6 tons with tallow and 
10 per cent. white lead as a lubricant, to 25 tons with 
Bayonne engine oil as a lubricant. This represents an 
increase of approximately 300 per cent. in the pressing-on 
tonnage due to a difference in the nature of the film 
separating the mating surfaces during assembly. Back- 
pressure loads on a base of bore length are given in Fig. 3. 

It will be seen that, in general, the characteristic 
influence of the film on the axial resistance of the elements 
to slip during assembly is equally operative throughout 
the dismantling process. Periodic slipping accompanied 
by a bumping noise characterised the mating of the 
elements when a lubricant without the property of oiliness 
was used. When mated with a lubricant of pronounced 
oiliness a gradual slipping of the elements without noise 
marked the assembly. It is apparent that the lubricating 
film which separates the mating elements controls the 
static coefficient of friction between the surfaces in contact. 
The actual value of the coefficient of friction in each 
assembly will be dependent on the nature of the adsorbed 
primary film which forms on each surface. Deeley has 
suggested that hydrocarbon oils with the ends of the 
chains of the molecules forming the adsorbed film must be 
regarded as asperities that are elastic and give rise to 
friction. The actual value of the coefficient of friction he 
regards as depending upon the form and stiffness of the 
asperities, which are displaced when relative motion is 
about to take place and spring back into position after 
slip has occurred. It follows, therefore, that, for a given 
axial tonnage, an assembly in which a lubricant of pro- 


nounced oiliness is used will require the elements to be 
mated with a greater radial p e intensity than when 
assembled with a lubricant which has not an oiliness 
characteristic. It is important to note that in railway 
practice a force fit assembly is almost invariably made with 
a lubricant having a pronounced oiliness: It is not 
surprising to find, therefore, that in all such instances a 
large force fit allowance is necessary to obtain the specified 
pressing-on tonnage. In such conditions of assembly 
some qualities of steel may become overstrained. A plastic 
or rather semi-plastic r. may penetrate well into the 
wall thickness of the hollow element, and thus impair the 
quality of the grip. 

It may be desirable to give some idea of the magnitude 
of the stresses induced in the boss of the hollow element 
or wheel by different fit allowances in the making of a 
railway force fit assembly. The.magnitude of the radial 
interface pressure p,, and hence of the hoop stress f,, 
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. Petroleum jelly with 1 per cent. of oildag. 
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Fic. 3—Back-pressure Load Diagrams for Tests on Effect of 
Surface Contact Film. 


$ID OV 9 DD 


induced in the bore layers of the hollow element in an 
elastic grip assembly, will depend upon the difference in 
the free diameters of the mating elements. If S is the fit 
allowance inducing a radial pressure p,, R and r the outer 
and inner radii of the hollow element; and E Young’s 
modulus for the material, then for a force fit assembly 
Lamé’s thick cylinder theory gives 

Ss r(R*+r? 

s— Png (Reese + 1) . . . . (1) 
The radial and hoop stresses are a maximum at the mating 
surface and vary throughout the wall thickness of the 
hollow element, reaching minimum values at the outer 


surface. The maximum value of the hoop stress at the 
mating surface is given by 
R*+7r* 
Sr=Pr Rina) . - - . . . (2) 


The hollow element of the tramcar wheel and axle 
assembly made at the .Coplawhill works had a bore dia- 
meter of 44in. The wheel used for investigating the effect 
of surface contact film had a bore diameter of 4}in. This 
was adopted so that any wheels used in carrying out. tests 
could subsequently be rebored for actual assembly pur- 
poses. Substituting for R and r in equation (1), the inter- 
face radial pressure intensity is given by p-= 4588 S/d, and 
the hoop stress at the bore layer by f,=1-93.p,. Elastic 
failure condition under the combined stress due to p, andf, 
is given by 

1-93 p,=f, (maximum principal stress theory). 

2-23 p,=f, (maximum principal strain theory). 

2-93 p,=f, (maximum shear stress theory). 
2-425 p,=f;, (maximum strain energy theory). 


This particular assembly, using neatsfoot oil as a 
lubricant, required a force fit allowance of °/s999in. to 
obtain the desired tonnage of from 45 to 50. It will be 
observed from Table I that a force fit allowance of */;o99in. 
per inch diameter would result in the elastic limit of the 
material being greatly exceeded. On a strain energy 
basis the elastic limit of the material would require to be 
not less than 22-25 tons per square inch. This value is even 
much in excess-of the yield point of the wheel material 
which could be regarded as being in the region of from 
14 to 17 tons per square inch. The test results show that 
the surface contact film may exercise an enormous resist- 
ance to axial slip in the making of a large-scale force fit 
assembly. The axial tonnage required to make such an 
assembly, therefore, cannot be expressed in terms of the 
fit allowance alone. It is thus evident that the empirical 
formulz presented by various writers cannot be regarded 
as providing a satisfactory basis on which to fix a force 
fit allowance. The effects of the lubricant, the use of 
which is an essential requirement in the making of such 
assemblies, is not examined in terms of the quality of 
the grip established when such allowances are employed. 
The results suggest that current railway practice, which 
fixes the difference in the free diameters of the mating 
elements of a force fit assembly so that a load of 10 tons 





per inch diameter is required to press the elements into 
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position, is open to criticism. It is governed by workshop 
methods based on past experience and custom, and not 
on the results of a complete investigation of all the factors 
that influence such assemblies, An overstressed con 
dition of the wheel boss consequent on the use of a ialidionnt 
having a very pronounced oiliness—which generally 
necessitates a large fit allowance—cannot be regarded as 
ideal in an elastic grip assembly. 

TaBLE I.—Tramcar Wheel and Azle Assembly ; Stresses Induced 
by Various Fit Allowances. 























Force fit Radial | Hoop | Prin- | Prin- | Shear | Strain 
allowance. pres- | stress | cipal | cipal | stress jenergy 
———+,—-——} sure stress | strain | theory | theory 
S/d S Pr tr theory | theory] fi ti 
Thous-/Thous-| Tons | Tons ft fi Tons | Tons 
andthsjandths| r per Tons | Tons per per 
of an | of an | sq. in. | sq. in. | per per | sq. in. | sq. in 
inch | inch. | Sq. in. | 8q. in. 
ner 
diam | 
sci AB Ts Bb EY ee 2 cael Ge Bese cee oe ere 
0-75 | 3-38 | 3-442 6-64 | 6-64 7-68 | 10-09 8-35 
1-00 | 4-5 4-588 8-86 8-86 | 10-23 | 13-45 | 11-13 
1-25 | 5-63 | 5-736 | 11-08 | 11-08 | 12-79 | 16-81 | 13-91 
1-50 | 6-75 | 6-884 | 13-28 | 13-28 | 15-35 | 20-17 | 16-69 
1-75 | 7-88 | 8-03 15-50 | 15-50 | 17-91 | 23-53 | 19-47 
2-00 9-00 | 9-176 | 17-71 | 17-71 | 20-46 | 26-89 | 22-25 
2-26 je" 13 |10-32 19-33 | 19-93 ; 23-02 | 30-26 | 25-03 
: | 














Effect of Time on Grip.—tiIn the tests described, back 
pressure was applied to the tramcar wheel immediately 
after the assembly was made. Such assemblies, however, 
are usually in service for a reasonably long period before 
being dismantled. It was important, therefore, that the 
axial resistance to slip produced by different lubricants 
should be examined after the film has had long contact 
with the mating machined surfaces, which are usually 
under considerable pressure. The back pressure required 
to dismantle elements a few years after assembly is 
usually much greater than the final pressing-on tonnage, 
and sometimes this has necessitated the installation of 
larger and more powerful presses. A lubricant that would 
limit the increase in back pressure necessary to produce 
slip would be welcomed by the engineer engaged in such 
dismantling processes. This would apply also to parts 
assembled as a good push fit and exposed to varying 
weather conditions. The necessity of scrapping a large 
number of assembly parts would thus be avoided, and 
dismantling costs would be reduced considerably. It was 
decided to examine the effect of time on the film resistance 
to slip by assembling four tramcar wheels on axles, the 
hollow element in each instance being similar to the one 
already described. 

The elements were mated with a fit allowance approxi- 
mately one-half of the value adopted by the Glasgow 
Corporation Transport Department. The fit was based 
on measurements taken at right angles on five different 
planes of the mating surfaces. Four different lubricants 
were used. Each wheel centre was pressed into position, 
and provision was made for a series of small back-pressure 
displacements by having the wheel seat project lin. 
beyond the outer face of the wheel boss. The back pressure 
to produce slip was measured immediately after each 
assembly was made and at different periods thereafter. 
Readings, as a rule, were taken of the tonnage to produce 
the first, second, and third slips, and these in each instance 
gave a total axial displacement of from fin. to jin. 
The tests were conducted over a period of thirty-one 
months. The conditions of assembly and pressing-on 
tonnages are given in Table II, and the back-pressure 


TaBLe II.—Tramear Wheel and Azle Assembly. 


Fit 
allowance, Maximum 
Assembly thous- Lubricant. pressing-on 
No. andths tonnage. 
of an inch. 
1... 4:5 ... Neatsfoot oil os 32 
2 4-7 Mercurial ointment _ 21 
3 5-0 Bayonne oil 46 
4 4-0 


Tallow with 10 da cent. white 
lead 16 
tonnages obtained at different times are given in ‘Table Ill. 
It is shown that Bayonne oil, which previous tests have 
shown to offer the greatest ‘resistance to axial slip, is 
the lubricant that permits of a back-pressure slip of the 
same order as the final pressing-on to’ Mercurial 
ointment and tallow with 10 per cent. of white lead, which 
are favoured in making some turbine assemblies, are 
shown to increase the axial resistance to slip by as much 
as 100 per cent. after eight months, and the resistance 








were cooled by liquid oxygen to a temperature of approxi- 
mately — 310 deg. Fah., which allowed the pin to slip 
easily into the hole of the collar. After removal from the 
refrigerant, the pin was rubbed hurriedly with a clean 
cloth before the assembly was made. The mating 
of each collar was treated so that the conditions indicated 
in Table IV were operative. The tests were carried out 
over a period of thirty-two months. 








TaBLe IV.—Time Effect 
Fit 
allowance, 
Assembly thousandths Lubricant. 

Yo. of an inch. 
1 | 235 | Dry tS 
2 0-67 Tallow and 10 per cent. white lead . 
3 | 0-90 Bayonne oil . : 
4 | 0-88 Mercurial ointment 


The pressing operations were carried out on a 20-ton 
Amsler testing machine operated under oil pressure, and 
the machine was regulated to work at the same rate in each 
back-pressure test. The back-pressure tonnage values 
are given in Table IV. The results show that under such 
conditions of assembly the axial resistance of the elements 
to slip has not been materially affected by the period of 
time during which the mating surfaces have been in 
contact. The absence of any characteristic influence may 
be attributed to the complex surface contact conditions 
induced by this particular assembly process. In each 
instance a water film is introduced. This is definitely 
established in assembly No. 1. Previous tests have always 
shown that when elements are assembled with the mating 
— ety dry and free from film, a very high 
y to separate the elements, and the 
mohiang seated during separation have been badly torn. 
The relatively low tonnage obtained in this particular 
assembly and the excellent condition of the mating sur- 
faces after dismantling indicate that the mating elements 
were separated by a thin film which prevented actual 
metal contact. This film would form on the undercooled 
pin during e ion. A high surface polish with no 
evidence of rust characterised the surfaces after thirty- 
two months’ contact. 

Shrink fit assembly tests were carried out with four pins 





—- 
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Nature of acid. 


i 








1 Ammonium chloride ... 8: 
2 Ammonium chloride ..._ .. 8- 
3 Ammonium chloride and potassium nitrite 7: 
4 | Ammonium chloride and potassium nitrite 8- 


and collars. The collars were heated by a gas burner 
until a hole diameter was obtained which would just 
allow the collar to slip over the pin. The mating surface 
of each pin was treated with an acid before assembly. 
The back-pressure tonnage values are given in Table V. 
These indicate that the grip is not appreciably influenced 
by an acid film, even after a long period of surface contact. 
This particular attempt to improve the grip in a built-up 
assembly not only fails in its objective, but tends also to 
destroy the surfaces of the mating elements. The markings 
on the pins showed no evidence of any tearing or seizure. 
This suggests a film separation of the mating surfaces, and 
a consequent lowering of the resistance to slip. Sometimes 
an acid film is used in the assembly of built-up locomotive 
crank axles to improve the grip, and the mating surfaces 
are painted with sal-ammoniac before assembling. 

Effect of Cooling Method on Grip.—The varying con- 
ditions and methods that characterise assembly work are 
very much in evidence in the making of built-up marine 
crankshafts. Fit allowances, the finish of mating surfaces, 





to slip after a period of thirty-one months is still much 


TaBLe III.--Time Effect on Force Fit Grip. 


methods of cooling, and the use or otherwise of dowel 




































































Back-pressure tonnage. 
| Immediately Tr el Rietien iis ater 
Assem.- | after | 8 months 15 months. 20 months. 27 months. 31 months. 
bly | assembly | 
No. H —— 
| Blip. | Slip. | Slip. Slip. Slip. Slip. 
| Ist. 2nd.|3rd. Ist. |2nd.j3rd.| Ist. | 2nd. | 3rd. | Ist. | 2nd. | 3rd.| Ist. | 2nd. | 3rd. | Ist. | 2nd. | 3rd. 
ac bee | =P at Py eh ath a Pee ae oer Pa aes ae ee 
2 23° )-—}|—| 49 |= 1— / 48 ‘P35 | — | 44° | 3a — |] at” 38 SEF ae tegy: egy 
3 | 48 —|— 52 —_—f— 50 50 | 50 48 43 — | 45 43 43 44 44 44 
4 |} 17-5 — —_ 35 _— —_ 27 24 24 27 18 — | 27 23 23 27 19 19 
i ! | I | ‘ 
in excess of the final pressing-on value. Within the| pins, all suggest the great need of standards being 


range of the lubricants examined in making force fit 
assemblies, tallow with 10 per cent. of white lead was shown 
to have offered the least resistance during assembly and 
separation. 


SMALL-SCALE INVESTIGATIONS. 


Effect of Time on Grip.—The elements selected for 
assembly consisted of steel pins and collars, each collar 
being l}in. in depth with inside and outside diameters of 
l}in. and 3in. respectively. Each pin was 2in. in length, 
having a parallel length of I}in. with a slight taper at 
each end. A number of assemblies were made by expan- 
sion and by shrinkage. Expansion fit assembly tests were 








adopted in making this important unit. For example, 
many crankshaft makers have discarded the use of 
water and now allow the webs to cool in air, the criticism 
being that, if the web is excessively heated, water cooling 
tends to produce a grip which is not uniform in intensity | 
throughout the depth of the web. This grip may be 
greatest near the outer faces and quite negligible near 
the centre. Examples have been quoted of webs having 
had no surface contact over the centre portion. This 
variation in grip, attributed to water cooling following 
excessive heating, might not obtain if the web is not 
excessively heated and then water cooled. It was con- 


carried out with four pins and collars. The solid elements 


surface 


Immediately after amembly. 


Ist. 






effect of air cooling and water cooling shrink fit elements 
after assembly. 

Experiments were carried out with four pins and collars 
having a fit allowance of approximately '/io99in. The 
elements were assembled with the mating surfaces per- 
fectly dry and free from film. These conditions were estab. 
lished by washing the pin and collar three times with soap 
and hot water and rinsing well with hot water from the 
tap. The mating surfaces were finally dried with clean 





on Expansion Fit Grip. 





























Back-pressure tonnage. 
Immediately 7 months. 32 months, 
after assembly. 
Slip. Slip. Slip. 
Ist. | 2nd. | 3rd. | Ist. | 2nd. vf ‘Srd. | Ist. | 2nd. i 3rd. 
Ee Soi a a a 2 
7:45 - - 8 6°75 ‘— - 7-4 | 7-1 ‘6-6 A 
1-1 1-3 | 0-675) ,-—- | 1-5 | 0-75 |[0-63] 
8-23 — | 7:65 | 7-98 |{— | 7-75 7-5 | 7:05 
eee ps | 3-3 [2-35 |f— [25 | 1-8 1:45 
io RS teens cose dah 
blotting paper. The mating surface of each hollow element 


had just the slightest touch of colouring, before assembly, 
due to the heat applied. Two of the assemblies were air 
cooled and a period of two days elapsed before the back- 
pressure test was applied. The other two assemblies were 
water cooled and tested thirty-two months after assembly. 
The 20-ton Amsler machine failed to separate the air- 
cooled elements, and the tests, completed on another 
machine, gave back-pressure values of approximately 
28 and 21 tons respectively to produce initial slip. Some 
indication of the quality of the grip established is given 
by the nature of the mating surfaces after separation. 
The water-cooled elements were ted on the Amsler 
machine and back-pressure values of 13-1 and 13-05 tons 
tively were observed when initial slip occurred. 
The elements after dismantling gave evidence of surface 
conditions that would have permitted a reassembly of the 
mating elements if required. The results demonstrate 
that the water cooling of crank webs produces surface 
contact conditions which prevent metal-to-metal contact. 
The thin film formed would act as a lubricant and the 
friction during slip of the elements would be that due to 
two primary water films, one on each mating surface. 
With air cooling, dry mating surface conditions tend to be 
established. 
Although the influence of film and time has been 





TaBLE V.—Time Effect on Shrink Fit Grip. 


Back-pressure tonnage. 


32 sontiets 





Slip. | Slip. 

2nd. } 3rd. | Ist. | ond. 3rd. 
9 6-75 | Pope [ee 9-55 
0 5-7 | 6-5 aq Al 
25 6-45 | bug  - gl 
23 a 8-55 | 7:73 | 6-89 


examined on the basis of the axial resistance of the 
elements to slip, the findings could have been established 
by a consideration of the torsional resistance to slip. A 
large number of these assemblies are made for the trans- 
mission of torque and are frequently provided with dowels 
or keys. The use of these and the adoption of large allow- 
ances both denote a complete lack of confidence in the 
grip established by shrinkage. An inability in the past to 
establish with accuracy the mating surface and dimen- 
sional requirements of the fit, need no longer determine 
assembly methods which are both unnecessary and costly. 
Test results indicate that with an improved technique, 
involving machining operations and assembly methods, 
an assembly of Shemuade by shrinkage need not be charac- 

terised by an overstressed condition of the web material 
or by the inclusion of security pins. 
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The Issuing House Year Book and Financial ABC, 
1937. Compiled and edited by Mark E. Day. London: 
D.M.A. Company, Ltd., Portway House, Ropemaker- 
street, E.C.2. Price 21s. net.—Although not strictly an 
engineering reference book, this volume will be of some 
interest to those concerned with the financial side of the 
industry. One point of interest brought out in an analysis 
of last Lect *s new issues is the fact that in the engineering 
trade shares and stock with a nominal value of nearly 
23 million pounds were issued at a cash value of over 
48 million pounds. 


The Colliery Year tok anne and Coal Trades Directory, 
1937. London: Louis Cassier Company, Ltd., 22, 
Henrietta-street, W.C.2. Price 21s. net.—The new edition 
of this book appears in its now familiar form with its 
contents revised and brought up to date. The fact that 
it contains no new features does not detract from its value 
as a comprehensive guide to all concerned with the coal 
industry. 
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B. anv S. Massey, Ltd., inform us that they have appointed 
as their representatives for Scotland H. D. Ballantyne and Co., 
261, West George-street, Glaggow, C.2. 

Mr. 8. Goymour, chief test engineer of Reavell and Co., Ltd., 
has been appointed President of the Institution of Engineering 





sidered desirable that tests should be made to examine the 
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The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Continental Steel Prices. 


Recent developments in the Continental iron and 
steel markets have resulted in the price position becoming 
rather complicated. For some time past those firms which 
have been established by certain works as selling organisa- 
tions have been able to charge high premiums on the 
official prices owing to the scarcity of steel. At first the 
producing works were content to watch this practice, 
which yielded a very handsome profit to the intermediaries. 
Recently, however, they have made efforts to secure a 
proportion of the premiums for themselves. At first they 
simply raised their official prices, which naturally reduced 
the amount of the premium. More recently, however, 
they have followed another policy, and whilst allowing 
their official prices to remain unaltered, have raised their 
quotations to the works firms by 20s. and 25s, gold. By 
this means they have taken a greater share of the premiums 
for themselves. The selling organisations, however, are 
still entitled to charge any price they can obtain, but 
during the last few weeks conditions in some of the overseas 
markets have changed, particularly in the Far East, 
where not so long ago buyers were prepared to pay almost 
any figure for steel. As a consequence the premiums have 
tended to shrink, and buyers have been puzzled by the 
wide variations which have ruled lately in the c.i.f. 
quotations for Continental steel, whilst the official prices 
have remained constant. A misunderstanding of the 
position has led to inaccurate quotations being published 
in @ number of Continental newspapers, which has 
increased the confusion. The situation is further com- 
plicated by the division of the markets into “ organised ” 
and “ free.’ The former term indicates that the Cartel 
gives its members quotas and that sales are made to recog- 
nised selling organisations and merchant firms. Where 
this has been done the price has generally ruled rather 
higher than in “ free’’ markets, in which the industries 
included in the Cartel have more liberty to quote com- 
petitive prices. During the recent world scarcity, how- 
ever, the “‘ free”’ markets have frequently had to pay 
more in premiums than the “ organised,” and it is 
expected that they have received more steel than would 
have been allocated to them in ordinary circumstances. 
Most of the works firms are still selling steel allocated to 
them under the last release, part of which was sold at the 
old prices. Whilst some of the firms are endeavouring 
to obtain premiums on the makers’ premiums, others are 
content to secure the prices they have been accepting 
recently. 


The Pig Iron Market. 


The market has now settled down following the 
Coronation and holiday breaks, and it is evident that the 
demand which was in abeyance during this period has not 
been affected by the recent price movements. The pro- 
ducing works have been almost overwhelmed by the rush 
of specifications against contracts, and although it is 
generally known that the makers have no tonnages to offer 
for delivery before the latter part of the year, there is an 
insistent pressure by consumers to place supplementary 
orders, notwithstanding the fact that many of them have 
large quantities to receive against contracts. This points 
to an expansion rather than to a contraction in users’ 
requirements, since most of these additional orders are the 
result of fresh business which is being pressed upon them 
by would-be buyers. The situation in the foundry 
department of the market is complicated by the fact that 
so far no announcement has been made with regard to an 
advance in prices, although one is expected at any moment. 
It will be a relief to both producers and consumers to know 
how they stand with regard to the price for deliveries over 
the second half of the year. It is understood that the 
makers are negotiating with the Import Duties Advisory 
Committee, as the foundry ironmasters are not affiliated 
to the British Iron and Steel Federation. In the mean- 
time, there is talk in the market of an advance of at least 
£1, and many would not be surprised if this sum were 
exceeded. On the North-East Coast the production of 
Cleveland foundry iron is much short of the consumers’ 
needs, and a considerable quantity of Midland iron is 
entering the district against old contracts. There is still 
some nervousness regarding the possibility of a coal strike, 
and if this dispute is settled satisfactorily it is expected 
that two modernised blast-furnaces will be started in June 
by the South Durham Steel and Iron Company, Ltd., at 
Seaton Carew. This would bring the number of furnaces 
in operation up to thirty-five, of which, however, only two 
will be producing foundry iron. In the Midlands it is 
expected that production will be increased by the starting 
up of an additional furnace by the Stanton Ironworks 
Company, Ltd., and later on this firm will probably bring 
another unit into operation. In Scotland rather more 
foundry iron seems to be available than of late, but the 
makers are following a cautious policy, and will not book 
more forward business. In the hematite market the situa- 
tion seems to have improved, and makers are showing more 
disposition to book business for delivery in the second half 
of the year at the new official price of £6 3s. d/d for No. 1 
quality. A feature of this department is the large volume 
of inquiry which is in circulation on export account, but 
very little is being accepted, the price quoted being about 
£6 5s. f.o.b. for No. 1. 


The North-East Coast and Yorkshire. 
The steel-making plants are operating practically 


at capacity, and the chief feature of the market is the 
large volume of orders which has to be refused. All the 


works on the North-East Coast are in the same position, 
and have enough business on hand to carry them almost 
to the end of the year. In some cases arrears in deliveries 
are a source of considerable anxiety, but the position 
appears to have been improved during the past few weeks, 
although nearly all consumers have stories to tell of the 
inconvenience caused by the non-arrival of urgently 
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Unless otherwise specified home trade quotations are delivered f.o.t. 


required material. The situation has also been eased 
somewhat by increased deliveries of Continental billets, 
which to a certain extent has relieved the worst of the 
re-rollers’ difficulties. The British billet-making plants 
are working at capacity, but the quantities they are able 
to deliver to their customers are well below requirements. 
This, of course, has resulted in the re-rollers getting badly 
behind in the execution of their orders for finished pro- 
ducts. At the same time the deliveries of the heavy 
descriptions produced by the steel works, including joists 
and all kinds of sections, are seriously in arrears. 
The shipyards on the North-East Coast are well placed, 
and two yards on the Tees have enough work in hand 
to keep them operating at capacity for the remainder of 
this year. Special efforts are being made by the steel 
makers to keep this industry supplied, but, even so, the 
shipbuilders would be pleased to see more steel available. 
The sheet mills are working as fully as their supplies of 
raw material will permit, but the scarcity of sheet bars 
is one of the worst features of the situation. The works 
are booked for months ahead at the present rate of output, 
and a large number of orders are being turned down, 
owing to the impossibility of giving a reasonable date for 
delivery, A considerable tonnage of export business has 
been offefed of late, but only a proportion has been 
accepted. The home demand, too, seems to be increasing, 
rather than the reverse, and buyers are searching the 
market to find even small parcels. In the Yorkshire steel 
market the pressure to place orders, almost regardless of 
price or delivery, continues to increase. The request for 
basic steel is growing, and it is only possible to satisfy 
a proportion. No one suggests now that the demand is 
even partially due to buyers trying to duplicate their 
orders, and the most sceptical have had to accept the view 
that the steel really is needed. The mills producing rail- 
way material are actively engaged, and there is a large 
business passing in stainless and heat-resisting steels. 


Scotland and the North. 


In the face of strong pressure by consumers who 
have a heavy tonnage of orders to place, the steel makers 
are displaying great care in accepting fresh business. 
They are by no means free from anxiety concerning 
supplies of basic pig iron, although the scrap market seems 
to have become rather easier. It is not certain yet, how- 
ever, that the supplies of the latter material coming forward 
during the next few months will be sufficient to meet the 
works needs, although the outlook is much brighter than 
a month or two ago. The re-rolling mills have enough work 
in hand to keep them fully employed until the end of the 
year at the present rate of production. This may be 
increased later on, but not unless the position regarding 
raw materials becomes more assured. The demands of 
the constructional engineers have not relaxed, and 
enormous quantities of joists and sections are passing into 
consumption. The shipyards also are pressing for deliveries 
of plates and sections, and as orders for new ships con- 
tinue to be placed, the prospects are that the demand will 
grow, although even now it cannot be entirely satisfied. 
Boilermakers in the Glasgow area are busily employed, and 
are finding it impossible to obtain their supplies of plates 
as they are required. Instances are fi t of work 
being held up owing to the difficulty of obtaining steel 
material, but this has been the case for so long that 
consumers have become inured to the position. In the 
wrought iron department the situation has shown an 
extraordinary change during the past few months, and 
all the works have more business offered than their pro- 
ductive capacity permits them to accept. The Scottish 
re-rollers, too, have to act conservatively in accepting 
orders, since their supplies of raw material, such as billets, 
are irregular, and in some cases departments have had to 
be temporarily closed down. Lancashire consumers have 
lately been trying to negotiate fresh business at the new 
prices, but the general experience is that the steel works 
cannot entertain orders for delivery before the fourth 
quarter of the year. In a number of cases consumers with 
contracts in hand have been informed that some of their 
specifications cannot be executed before September. 
Deliveries of steel bars in particular are difficult to 
within a reasonable time. In the Barrow district busy 
conditions rule, and the mills are employed on the pro- 
duction of billets, sections, strip, and railway material. 


Current Business. 


The Appleby Frodingham Steel Company, Ltd., 
recently installed a new 300-ton tilting steel furnace at 
the Appleby Works. The furnace was erected very 
quickly and is now being dried out. Some of the Froding- 
ham works have been relined lately and it is hoped to re- 
light them within a week or two. The contracts for radio 
masts for the new wireless station at Ankara, Turkey, and 
also for Singapore, have been secured by the Glasgow 
Steel Roofing Company, Ltd., of Possil Park. The 
Anderson Grice Company, Ltd., engineers and iron- 
founders, Taymouth Engineering Works, Carnoustie, are 
making extensions which will double the capacity of their 
works. The plant of Coal and Allied Industries at Seaham 
Harbour has been purchased by Mr. Harry Lane, Norton- 
on-Tees, managing director of Lane Fox and Co., Ltd., 
builders and contractors, who proposes to use the works 
for the production of steam coke by one of the established 
low-temperature processes. Wm. Gray and Co., Ltd., 
West Hartlepool, have secured an order for a cargo 
steamer from the Ellerman Wilson Line, Hull. Alexander 
Stephen and Sons, Ltd., Linthouse, have received orders 
for two cargo motorships, each of 3000 tons, from the 
P. and O. Steam Navigation Company. The scarcity of 
pitwood in certain lengths has resulted in a cargo being 
sent from Bo’ness Dock to the Tyne by the Glasgow 
steamer ‘‘ Yewdale.” Dorman, Long and Co., Ltd., 
Middlesbrough, have obtained a contract from the London 
and North-Eastern Railway for the steel work required 





for a new footbridge, lift framing, and platform roofs in 





Export quotations are 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


connection with the rebuilding and extension of York 
Station. Fison, Packard and Prentice, Ltd., Ipswich. 
propose to establish a factory for the manufacture of 
sulphuric acid and sulphate of ammonia at a new wharf 
which is being built near Scunthorpe by John Lysaght, 
Ltd. It is intended to use by-products from Lysaght’s 
Normanby Park Steel Works. The Department of Over- 
seas Trade announces that the following are open for 
tender :—Mozambique, Maritime Department : 70/80 H.P. 
marine Diesel engine unit for installation in a beacon 
service vessel (Lourenco Marques, June 28th); Adelaide 
Supply and Tender Board: two 17in. swing sliding and 
screw-cutting engine lathes (Australia, June 9th) ; 
Australia, City of Mildura: three water-tube boilers, 
steel chimney, draught fan, feed-water heater, &c. 
(Mildura, July 17th); Victoria, Electricity Commission : 
1500 kW static or rotary rectifier plant (Melbourne, July 
20th); Egyptian Ministry of Finance: centrifugal and 
transportable irrigation pumps (Cairo, June 16th); New 
Zealand Public Works Department: one 10-ton and one 
§-ton capacity electrically driven overhead travelling 
erane. South African Railways and Harbours: Construc- 
tion, supply and delivery of one self-propelling steam break- 
down crane of 36 tons (80,640 lb.) capacity (Johannesburg, 
July 26th); quantities of metal vacuum brake parts 
comprising brass balls, ball valves and hose couplings ; 
quantities of steel tyres and axles for various types of 
rolling stock (Johannesburg, July 6th). 


Copper and Tin. 


Business in the electrolytic copper market has 
been rather quiet since the holidays, but this is regarded 
as a temporary phase, since it is thought that consumers 
in the United States and in Europe are not heavily pro- 
vided with stocks. The demand for finished copper pro- 
ducts has been so active that manufacturers have had little 
opportunity of maintaining their reserves, and it is esti- 
mated that a fresh buying movement should develop 
during the next week or two. It is becoming increasingly 
difficult to buy copper for early delivery, but a certain 
amount of business has been transacted for October ship- 
ment, which has been done at slightly cheaper rates than 
for July and August. One of the features of the situation 
has been the heavy withdrawals of electrolytic from ware- 
house in this country as a result of the difficulty of obtain- 
ing prompt copper from America. A certain amount of 
metal for near delivery is coming from Rhodesia and 
Chili, but this is not sufficient to meet the requirements of 
the market. Although most of the electrolytic copper in 
warehouse is in the form of cathodes, premiums over the 
prompt standard price have been willingly paid. To a 
small extent the withdrawals of electrolytic from standard 
warehouse have been made good by arrivals of rough 
copper from Rhodesia. American figures give the world’s 
stocks of refined copper at the end of April as 283,363 
tons, against 308,430 tons at the end of March. Production 
in April was 191,800 tons, against 191,000 tons in the 
previous month. In the United States the stocks at the 
end of March totalled 99,576 tons, compared with 121,448 
tons at the end of March. The fall in these stocks, how- 
ever, has been partly offset by an increase of 12,200 tons 
in the stocks of blister copper.... The tone of the tin 
market has improved lately, largely as a result of some 
spasmodic buying by American consumers. The position 
has been improved also by the arrivals of Dutch tin, which 
has resulted in the narrowing of the backwardation. 
Although consumption at this period of the year usually 
tends to fall off, there is still a strong industrial demand, 
and it is pointed out that in the United States the tin- 
plate works are operating at 5 per cent. above their full 
rated capacity. American statistics give the consumption 
of tin in March in that country as 7320 tons, which is 
higher than in any month for the previous seven years. 


Lead and Spelter. 


Firm conditions have ruled in the lead market 
and prices have been remarkably steady. Suggestions 
that there has been a decline in building operations, 
which will be reflected in the demand for manufactured 
lead products, have had no influence upon the market, 
and the indications are that as much metal is passing into 
consumption as in the early months of the year. The 
requirements of the cable makers both in this country and 
on the Continent are particularly heavy. On the whole 
the market has recovered a confident tone, which has been 
lacking for the past few weeks, but it is still subject to 
spasms of nervousness and on such occasions speculators 
have been inclined to get rid of their holdings on small pro- 
vocation. The volume of speculation in lead, however, 
has been much reduced during recent weeks and move- 
ments of this character have not seriously affected the 
market position. At times there has been an active 
inquiry for prompt metal, and this points to the fact that 
although, generally s ing, consumers are well covered, 
some, at least, have under-estimated their requirements. 
In fact, the demand for prompt metal has resulted in the 
backwardation persisting throughout the month, and it 
looks as though it may continue.... The fact that the 
price of spelter is still below the lead quotation encourages 
speculative interest in this market, but at times an 
undecided tone has developed. There have been occasions 
on which operators have played for safety and have shown 
an inclination to lighten their speculative holdings. There 
is a vigorous demand for industrial purposes and the out- 
look in this respect is satisfactory. Lately the galvanisers 
have taken good quantities and there has been an active 
demand from the manufacturers of bearing metals. The 
brassmakers also are experiencing a heavy request for 
their products, which is reflected in substantial buying of 
spelter. High-grade spelter is still in short supply and 
there has been more than the usual amount of inquiry in the 
market for this description, with the result that premiums 





have been willingly paid. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. Joists as well as Sections and Plates are now subject to a rebate of 15s. to. home users 
purchasing only from associated British Steelmakers. 











PIG IRON. STEEL (continued). NON-FERROUS METALS. 
Home. Export. Home. Export. E 
(D/d Teesside Area) Guascow anp Districr— £ s. d. £ 8. d. (Official Prices, May 26th.) 
N.E. Coast— £ s. d. £s. d. Angles (08 EEE OT Ot Bhi 10 12 6 | CoprER— 
Hematite Mixed Nos.* ER ak eee! —_ Ss kes” Soe eee Nee SITE coe > oe 11 12 6 . > 
i 7 ieebihe. ESET ctrigten gy i vas Sedge? 84 wii Sha Bally 10 12 6 CBee sit itcees tees (Patel martacsie £61 10 Oto £61 12 6 

Cleveland— (D, id Teesside nity Channels... .. es ee OP Genmng ee 10 17 6 Three months... ... ... ... £569 16 3to £5917 6 
Now) ww SY eae -- Rounds, Sin. en “ENE | WE Yer Pian 1112 6 Electrolytic ... ... ... «. £6410 Oto £6610 0 
No. 3 G.M.B. 4s, BF @i-ns _ - under 3in. ee ae | a 11 0 0 Best Selected inate d/d Bir- 

No. ¢ Foundry 4 0:0.. —_ Flats, din. and under ... 11 18 0*... ... 1l 0 0 mingham ... ... . £66 0 0 
™ more en See ~ Plates, jin. (basis) ... 11 8 0... ... 11 0 0 Sheets, Hot Rolled ..._... £95 0 0 
MipLanps— 5: ‘ Me 

Stafis— (Delivered to Black Cron Station) * ea weg lbes act 3 - . rps. b822 * he 2 Home. Bxport. 
North Staffs. Foundry oe oot Weed hid ” salen yee pee ta) cecameaal Tubes, Solid Drawn (basis) ... 144d. 144d. 

ad Forge 41 0... ir i Un. fin. to fin. mere . M6 1210 0 »  Brased (besie) ... -.. 14gd. 144d. 

“ela (Less 5/—rebate) ... 5 0 0... on Boiler-Plates, jin. ... 11 18 0 19:16 -@] Bease~ 

Sogn abe Serve, sweieds aribieisinels _ p Renin E 2 2 iN ara Be 4 Ba Ingots, 70/30, d/d Birmingham £56 0 0 
Wa ok ee ste Le ee Ahsigheet esis: | iss. as WR: ©. 10 12 6 Home. Export. 

Derbyshire— Mees. toccien.e 220g heue). 11 12 6 Tubes, Solid Drawn, 2/1 Alloy 123d. 123d. ; 
No. 3 Foundry he ee i >. Tia Ore La 8 ek 10 12 6 cries oS line gee vet l4jd. 149d. 3 
Forge 410. — 1” ee Se ne: ¢ let si! ie 1017 6 | yyy ; 

ScoTLaND— an ey SD rir MFR te ‘hy inp Cash... ow. eo. £2962 0 Oto £252 5 0 E 
Hematite, f.o.t.furnaces* 6 3 0 — - under 3in.* ... 11.18 0 .. 11 0 0 . ; ; 
We. tes . oe _ Flats, Sin. and under*... 11 18 0 .. hi 40.0 Three months... ... ... ... £250 15 Oto £251 0 0 ES 
No. 3 Foundry, ditto ... 513 0... 1. ” Platéa, “fin, (bests) ©... 1210 6 .. 11 0 0 PD slit 6 acs en) .. Je er TO 008 Bs © 4 
Basic, d/d (Less 5/-rebate) 5 7 6... ... —— e Oe Sr S03 | tag ee 1l 5 0 SEIU Ss. non tpt. ten ces ai Se Ok eee f 

N.W. Coast— (6 3 0d/d Glasgow = din. 12. 2071.0' + 11 10 9 | Aluminium Ingots (British) ... £100 to £105 ; 
Hematite Mixed Nos.* {6 8 6 ,, Sheffield Vie | Serene fi we ee 1115 0 

614 6 ,, Birmingham Un. jin. to fin. incl... 12 15 6... 1210 0 ; 
* Less 5/— rebate. TRELAND—F.0.Q. BELFAasT. Rest or IRELAND. 2 
: phic te aabotasd nails £8. d. £8. d. FUELS. 
Angles ... ... ... .. LD 5 6.. ll 8 0 i 
MANUFACTURED IRON. Tees... ... ... .. .. 12 8 6.. 12 8 0 SCOTLAND. 
Sema ag | 11 15 6 | *ssnxemme— Export. 
Home. Export. (£.0.b. ee Unsereened 20/6 to 21/- 

PI i: ~ Sat Md Sak. + pale Channels... ... mre ge eee 11 13 0 Hamilton Ell en i 

pan i ap fel pai Roce ti. feadliias cog eS eB 5: 12 8 0 ry ie fee amid UN a cathe lit a 
en under 3in.* ... 1016 0.. 10 16 0 plints a 23/- 
Best Bars eit na BBs ri Bice 22 —_ ™ 

peesis'kane Plates, jin. (basis) ... 11 13 0.. 1115 6 | AYRSHIRE— 

py Bars ... a! Ee a ee — » Wine... .. .. 18 0O.. 12 0 6 thee eee a te 
Marked Bars (Stafis.) . 13 0 O.. ca » dm... .. 12 3 0.2. 12 5 6) ¥iresume— 

No. 3 Quality... ... ...10 5 0.. nal +» Wein. «.. -- 12:10 0., 1210 6 (£.0.b. Methil or Burntisland)— 
No. 4 Quality... ... ... 1015 0.. na Un. jin. to fin. incl. ... 12 3 0. 12 5 6 Prime Steam... 0.0.0.0... ee ase ces 28/6 to 23/- 

ScoTLanD— *Rounds and Flats tested quality; Untested 9/- less. Unscreened Mevigation ens see ose oes Si tO SUf- 
Crown Bars ek Mi ae eae Pe. OTHER STEEL MATERIALS. Loruuws— 
ete ee, aie wR aoe nis 12 7 6 mean Export. (t.0.b. Leith)—Hartley Prime ashe 

N.E. Coast— Sheets. £ s. d. oe Secondary Steam ... 22 /— 
Goown Mare in) J... cr BP 6 ss ae ll 0 90 11-G. to 12-G., d/d oS OO 52." es ho.bi 86(40!*6 
Best Bars LGR) Beaege gems ch; 1110 0 13-G., d/d 15 6° 0 ENGLAND. 

Double Best Bars ee Oe 4. 12 0 0 14-G. to 20-G.,d/d_... 15 10 0... ...f.0.b. 1415 © | Sourn Yorksume, Hut~— 

mene A ER shia dgpathed ao Aa tS 21-G.to 24-G.,d/d  ...1515 0... ...f.0b. 15 0 0 B.S.Y. Hards... 22/6 to 23/- 

Rateten Leese, (ded D0 ot 25-G. to 27-G.,d/d ... 1610 0... ...f0.b. 1515 0 Steam Screened ... --- ++. + +++ 19/6 to 20/- 
eee ere South Africa, 24-G. Basis £15 0s., plus 3% on invoice value ; NorTHUMBERLAND, NewcoasTLE— 
Rhodesia, £15 10s. ; Irish Free State, £16 10s. f.0.q. NE Ee AO ae 
STEEL. The above home trade sheet prices are for 4-ton lots and over ; a. atl gee cael naples 21/- to 22/- 
ee Export 2-ton to 4-ton _ 7s. 6d. per ton extra; and under 2-ton ST a ag a 17/6 

LONDON AND THE SouTH— £ s. d. £ 8s. d. a pirbetirclpe her eT Wupprnemedd -h.5 ase)! aces cod deo ines ave) (20fq to, BE f~ 
IRE, Lies ast cos aera a8: + 10 12 6 Galvanised Corrugated Sheets, Basis 24-G.— 
nes aateteniinies bed nd ea. 11 12 6 Home. £ s. d. Export. Basis— £ s. d. a agit ee ‘i 
Sdistet! «20k wer HAW BW Wea 10 12 6 4-tonlotsand.up... 19 10 0 26-G.andheavier 18 15 0 ‘ * oc ly cai cane: Bake e, coe a ane 
Channels... ... ... ... 1 8 0.. 1017 6 2-ton to 4-ton lots 19 17 6 27-G. to 29-G....19 5 0 ORI ee gh) eae fear teal ow | 
Rounds, in. andup ...12 3 0.. 1112 6 Under 2 tons ... 21 2 6 30-G. and lighter 20 0 O | SHEFFIELD— Inland. 

eh under 3in.* ... 12 0 6.. ll 0 0 Export : India, £22 5s. c.i.f.; South Africa, £18 15s. f.o.b., Best Hand-picked Branch ... 27/6 to 29/- -- 
Flats, under 5in.*... ... 12 0 6 ll 0 0 plus 3 p.c. invoice value; Rhodesia, £19 5s. f.o.b.; South Yorkshire ... .-. 24/-to 26/- — 
Plates, jin. (basis) ... 1113 0.. 11 0 0 Irish Free State, £19 10s. f.0.q.; General, £18 15s. f.o.b. Seconds ... . 22/-to 23/- uF 

nie, MEME ic, oe | ok es 6 11 5 © | Tin-plates. 

me ee ee ee il lo 0 20 by 14 basis, f.o.b. Bristol Channel Ports, 24s. Od. to 25s. 0d. | CaRDIFF— SOUTH WALES. 

Pm fein. . se BB BO... 1115 0 Tin-plate Bars, d/d Welsh Works, £7 15s. 0d. Steam Coals : 
Un. #in. to sie incl. SRA. 6... 1210 0 Billets. £s. d. Best Admiralty Large... ... ... «.. «. 25/- to 26/- 
Boiler Plates, in. aS: Bt Ors 1210 0 Basic (0-33% to 0-41%C.) ... «1 +. + 9 0 0 Best Seconds tee nee ae nee nee nee 25/— to 26/- 

. ts Medium (0- 42%. 3 0-60% C.) 910 0 Beat: Dry Large: ois e556 eek teers cae see 25/- 

Nonew-Esen Ooame— . oe Sie Me » Hard (0-61%to0-85%C.) ... ... 10 0 0 pe ae rere nara vor’ 
— et SE iat Sat oe : ma z = : » 9 (086% to 0-99). vs se 10:15 0 Bunker Smalls ie tee nee eee 18/6 to 19/- 

‘al eae - ; ™ » (1% C.andup) ... .. oe ee Cargo Smalls ... SP ae. Rae 
oan i. eh Sk tee - : : a 7 a ; Soft (up to 0- 25% C.), 500 tons ues Mm it. 2 0? 6 Dry Nuts... we wee ee ee nee vee 25/- to 25/6 
fe meee mise Tir "1 Rails, Heavy, 500.ton eNO Sis.: om, ep 20) Be Foundry Coke eg rt ager Me 
Rounds, 3in.andup ... 12 0 6.. 1112 6 r 
i bot ROPE he has 2pe, (weet, c6e adorn eee ge Furnace Coke sie i “nanietia tie*S a at a ae 
" under din. ... 11 18 0.. 11 0 0 - ee ee Pee pee 25/- 
Plates, Zin. itor sot O' =. 1l 0 0 FERR ALLO 
A. A mgt ae: a we ll 5 0 . 2 ca aac 
aa. 28 ns ae 11 10 0 | Tungsten Metal Powder ..._ ..... 5/3 per lb. Anthracite Coals : 
” / 
zi Lin. . Me as oe 11 15 09 | Ferro Tungsten ... ... ... -.. 5/0 per lb. Best Large ... . eae il to 41/- 
Gn. ide. indincinds >, 18 6. 12 10 0 Des. oor abe Tah Machine-made Cobbles...-.. .- «1.» 4l/- to 61/- 
Boiler Plates, jin. . Ws 0.. 12 10 0 | Ferro Chrome, 4p.c.to 6p.c.carbon £22 10 0 7/- Nuts 20. eee see tee tee tee tee vee 40/— to S0- 
ss » 6pc.to8pc. ... £21 10 0 7/- Beans 27/6 to 35/- 
MIDLANDS, AND LEEDS AND DisTRICT— es - Sp.c.tol0pc. ... £2110 0 = Peas BAP BIE Pe aad’ ey odes a ae 
eB... Ga z 46, 4. os is Specially Refined ... Dery Ce ee ae Sa ere 

BRIO «0065. opr) hone yy pte A BiB we 10 12 6 - 1 Max. 2p.c.carbon £33 0 0 11/- iain 
ei aiies. sasrich tins toe tee Me , Mae re 1112 6 £ - » lp.c.carbon £35 15 0 11/- <a tliat 20/- to 25/- 
pS ee eee ee, cae 10 12 6 - = » 0°50 p.c.carbon £36 10 0 12/- TB Rees ee een ee 
Chammele.c. ct. cho ae Mo G8 10 17 6 »» carbon-free ... 93d. per lb. SO Be ao ais tol, a ese ees, 
Rounds, ain. andup .-. 12 0 6.. 11 12 6 Metallic Chhcenitite:.. or Ae .5k A ear 

» under 3in.* ... 1118 0.. 11 0 0 | Ferro Manganese ilosde); 16p.c. ... £1615 Ohome 
Flats, 5in. and under*... 11 18 0 .. 11 0 0 » Silicon, 45 p.c. to 50 p.c. ... £12 0 Oscale 5/-p.u. FUEL OIL. 
Plates, jin. (basis) ... 1110 6.. 11 0 0 ” ” Tie Pc... +» +» £17 0 Oscale 6/—p.u. Inland consumption : contracts in bulk. 

” oes see nee nee os " : . “4 o ; ” nettoae e3* TIF 1) + 90)4 3926 Pe ag Exclusive of Governmens tax of 1d. per gallon. 

” MT .8 - ee ry an olybdenum... ... ... «.- per lb. 

is fin. . 3448 SB 1115 0 Theniuiss (onabon-teee) .-- 9d. per lb. oer Costes Zentaltetfon. Eyr'Gaiee. 

Un. fsin. to jin. saad: 2) aww, 12 10 0-| Nickel (Per ton) ©... ss 1. £180 t0.2185 Furnace Oil (0-950 gravity)... -.- + 33d. 
Boiler Plates, jin. oo OO". 12 10 0 | Cobalt See Sad? dee aa! Teena fe per lb. Diesel Oi} ois eee 44d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Syndicalism. 

UNDERLYING the labour revolution the force of 
syndicalism gives to it a character that will lead to a 
complete disruption of industry unless it is successfully 
countered by employers, backed up by law and supported 
by the national demand for order and authority. The 
situation is a special one, because the organising head is 
the Confédération Générale du Travail, which aims at 
representing the entire wage-earning community, and 
when this claim was recognised by Monsieur Léon Blum, 
and the C.G.T. became a close collaborator of the Popular 
Front Government, its newly acquired power drew to it 
the majority of workers’ unions, groups, and associations 
throughout the country. The C.G.T. represents what are 
supposed to be the general interests of the working com- 
munity, so that all the reforms undertaken are of a general 
character, without reference to the particular conditions 
of industry and therefore to the real interests of different 
classes of workers. It is the unification of the Marxist 
creed. Being a confederation of unions, without distine- 
tion of any kind, the elements composing it are extremely 
varied, ranging from all shades of Socialism to Commun- 
ism, but excluding associations and unions which will 
have nothing to do with these revolutionary elements. 
The strong Communist influence destroys all discipline 
in this abnormal mass of workers. Monsieur Jouhoux, 
the General Secretary of the C.G.T., can only look on and 
deprecate extremist action that endangers his plans. 
Moreover, the agitation is mainly concerned at present 
with compelling all workers to affiliate to the C.G.T., and 
to secure for that Federation the sole right to recruit 
labour for employers and to take decisions regarding the 
dismissal of men. A fact that dominates the situation is 
that French law is based on individual freedom, which 
gives to every man the right to work without being com- 
peiled to join a particular union. Employers are entrenched 
behind that law, with the determination to resist a move- 
ment which aims at depriving them of authority over men 
in their service. The fear that tripartite commissions for 
controlling labour would have the indirect result of giving 
to the C.G.T., its initiator, the monopoly it has long been 
trying to secure, has led to Radical members of the Govern- 
ment opposing Monsieur Bium’s plan to tack this pro- 
posal on to the Bill he will present to the Chamber for a 


‘six months’ prolongation of the Matignan contract. The 


uncompromising attitude of the employers’ confederation, 
and the practical certainty of its rejection by the Senate, 
left the Government with no alternative but to turn down 
the tripartite commissions for the time being. 


The Labour Evolution. 


When there are so many conflicting influences at 
work in an agitation it follows that the movement is in a 
state of fluidity, with changes that are now becoming more 
clearly defined. One of the changes is that the great 
majority of workers are conscious of the risks they are 
running and are desirous of carrying on peaceably with 
the advantages they have already acquired. In some 
trades and occupations the extremist unions are able to 
sway their members more easily than in others. At 
Rouen, for example, the port has for many months been 
in a state of effervescence. Since June last year dockers’ 
wages have been advanced 57 per cent., and the hours 
reduced ‘to forty a week. Last week an arbitration award 
granted to the dockers an advance with which they were 
dissatisfied, and the men sat down and took things so 
easily that employers had no alternative but to resort to a 
lock-out. This slowing down is fairly general at all ports, 
where the unions require that men shall be taken on, 
irrespective of whether they are suitable or not. The 
loads handled are about one-half of those dealt with 
normally. The chief trouble now is the union demand for 
a collective contract under conditions rejected by the 
employers, who insist on selecting suitable men and obtain- 
ing some guarantee that the work done will be fairly com- 
mensurate with the wages paid. There are now seventy 
ships lying idle at Rouen. The short strike at Bordeaux 
was of a more serious character, because ships’ officers 
and engineers were involved in it as a means of impressing 
upon the Government the necessity of according them 
advantages they believe to be their right under the new 
social reforms. The forty hours’ week in the merchant 
marine is also in question, and this has brought another 
strong protest from Monsieur Marchegay, Secretary of the 
French Shipowners’ Association, who affirms that the 
burden would ruin French shipping unless the loss were 
made good at the country’s expense. The conflict has 
now two phases, one of them being union claims for the 
complete carrying out of social reforms which can only be 
dealt with by the Government, and the other the agita- 
tion of syndicalism for the control of labour, against which 
are arrayed the united forces of employers, supported by 
their collaborators and employees whose duties require 
an exercise of authority by unions outside the C.G.T. 
and by an increasingly strong public opinion, 


International Railcar Service. 


Most of the railway companies have made special 
efforts to improve their services during the present year 
of the Paris Exhibition, and the Compagnie du Nord 
ordered in 1935 eight railcars of the type that had been put 
into service the previous year between Paris and Lille. 
This type of car has two motor coaches with an inter- 
mediate first-class coach, with semi-rigid couplings. 
Weighing without load 131 tons, it carries 140 passengers. 
The first train of this new series opened a service last 
week between Paris and Brussels, a distance of 193 miles, 
and then on to Liége, with a total of 228 miles, when the 
distances were covered in respectively 2 h. 45 min. and 
3 h. 20 min. The average speed between Paris and 
Aulnoye on the Belgian frontier was 76-4 miles an hour. 
The normal service started on Saturday last, with a 
schedule time of three hours between Paris and Brussels. 
On the inaugural train arriving at Liége, the event was 
celebrated by a banquet at which Monsieur Perein, of the 
Belgian State Railways, spoke of the extension of frequent 
and fast services of light trains in Belgium and between 


Electric Melting of Cast Iron. 





Tuart the electric furnace has definitely established its 
place as a melting unit for cast iron was stated in a paper 
presented before a meeting of the American Foundrymen’s 
Association by Mr. W. R. Jennings, foundry superin- 
tendent of the John Deere Tractor Company. It is used 
in three primary classes of work, namely, high-test irons, 
alloy irons, and grey iron. At the same works or foundry 
it may used to cover any or all of these classes, or it 
may be used in conjunction with the cupola, air furnace, 
or Bessemer process as a duplexing or triplexing unit. It 
may be used in experimental work or as an economic 
manufacturing unit. General research laboratories and 
the laboratories of the larger engineering colleges, alloy 
companies, and power companies are usually equipped 
with experimental electric furnaces. But the motive of 
the foundryman in installing an electric furnace is purely 
a profit motive ; the prime consideration being: is it an 
economical proposition ? 

No matter how completely we have mastered the details 
of cupola operation, the cupola is still temperamental. 
It varies with the wind, either as to amount or humidity. 
In the good old days, when iron was iron, it did not make 
much difference if the amount of air varied 20 per cent. 
We paid hard cash for pig, scrap, steel, and coke, so 
weighed these items carefully. We did not pay for the 
air, so we took plenty of it. But in this day of high- 
strength cupola iron we know that it is as important to 
control the air as any other part of the mixture, for it can, 
and does have, a vital influence on the physical strength 
of the iron. Speaking particularly of irons of 50,000 Ib. 
to 60,000 lb. tensile strength, with carbon in the 3 per 
cent. range, the cupola may and does create at times a 
reducing or oxidising condition from the very nature of its 
operation, and it is this variation which causes a share of 
the trouble with cupola high-test iron. 

The electric furnace, says Mr. Jennings, does offer 
control as to oxidising or reducing conditions. But the 
electric furnace is not a cure-all. It is a melting unit, 
which offers a more controllable means of melting than the 
cupola; this is assuming careful operation, for sloppy 
operation can give erratic results in either case. In the 
making of high-strength cupola irons we are faced invariably 
with a high sulphur content, due to the large quantities 
of coke, steel, and scrap. As a check on this, soda ash is 
used extensively in the fore-hearth, receiving ladle, and 
cupola as a fluxing agent for decrease in sulphur. It also 
reduces the number of iron silicate inclusions, and thereby 
improves the carbon distribution. 

The theory that superheat destroyed the carbon nuclei, 
and that therefore a superheated iron would solidify with 
a fine graphite structure, was advanced by Piowarsky, 
with others. Later he reported that graphite dissolved 
almost instantangpusly in molten iron at the melting 
points, so it is dotbtful that minor particles of graphite 
exist in the molten iron for any length of time. However, 
it has been found that superheated iron did not always 
solidify with a fine graphite flake. But it was a good 
talking point while it lasted. Now it is reported in a paper 
by E. Morgan on “ Non-metallic Inclusions in Cast Iron ”’ 
that an iron in which iron silicate inclusions exist will 
solidify with a coarse graphite flake, while an iron melted 
under conditions which exclude the possibility of a forma- 
tion of iron silicates has a fine graphite structure. Particles 
of sodium carbonate attach themselves to these silicate 
inclusions, increasing their size, slagging them off, and 
thereby aiding and refining the grain of cupola-melted 
iron. 

This whole question of non-metallic inclusions is 
involved, as to whether they originate in the pig iron, 
cupola or electric furnace. The inclusions form another 
reason for use of the electric furnace, because of its ability 
to control melting conditions, so as to allow for proper 
slagging and the necessary time element for removing 
some of the inclusions. We would hesitate to say that the 
electric furnace was necessary to obtain superheat, except 
that we do obtain the heat necessary to run the most 
intricate castings with a low phosphorus content, where a 
high phosphorus content might have a brittling effect, and 
also the necessary heat then properly to slag off any inclu- 
sions which may develop. Another reason for its use on 
high-test irons is that the chemical analysis can be of any 
desired specification, while cupola high-test irons must 
be held within the cupola ranges of carbon, phosphorus, 
sulphur, and silicon. 

hree reasons for the electric furnace producing a closer 
controlled high-test iron are :—(1) Controlled atmosphere ; 
(2) controlled temperature ; and (3) controlled specifica- 
tion analysis. To meet the economic condition, melting 
may be by individual batch, which can be held at desired 
temperature and adjusted to desired analysis, or the 
furnace can be operated as a continuous unit. As to the 
cost, electric furnace high-strength iron must be either 
superior to similar cupola iron to command a better price 
or it must be produced at a cost comparable to that of the 
cupola iron. The cost of electric furnace operation 
depends upon :—(1) The local cost of electrical energy ; 
(2) the price of raw materials as compared to those used 
in the cupola; and (3) the proper type of furnace for the 
work. 

On cold melt basis, it is fair to assume a power con- 
sumption of 500 to 600 kilowatt-hours per ton of melt. 
At 4d. to 3d. for power, the melting cost will run from 
£1 to £1 10s. per ton. Electrodes, refractories, mainten- 
ance, labour, and depreciation will approximate £1 to 
£1 5s. per ton, which will give a conversion cost of £2 
to £2 15s. per fon. The variation is due to variations in 
power cost, furnace type, and tonn melted. 

Cupola conversion cost will be not far from half that of 
electric furnace operation, so that any savings in melt- 
ing must be through the use of less expensive materials 
in the charge and a greater percentage of yield due to 
reduced scrap, and less pigged material. In cold melting 
the charge will be normally 100 per cent. scrap, borings, 
steel and returns. At current market prices, and depend- 
ing upon the desired analysis, the cost should be £2 to £3 
per ton. Your metal at the spout would cost then from 
£4 to £5 10s. per ton, depending upon the various factors. 
In comparing this cost at the spout with that of cupola 





Paris and Liége, as foreshadowing a development of inter- 
national railcar services. 





practice, the tonnage involved must be considered. The 
above costs are obtainable on the basis of 20 to 25 tons 








per day, cold-melt process. In comparing the conversion | 
cost of a cupola of 20 to 25 tons, we would normally have 
a higher cost than some of the continuous-running cupola 
units. Likewise, in a continuous duplexing process, where 
the iron is drawn from the cupola or converter, the amount 
of energy consumed may vary from 50 kWh per ton upward, 
depending upon the increase in temperature desired, 
the addition of alloys, or correction of analysis required. 

As practically 80 per cent. of the power used is for melt- 
ing, the advantage of the electric furnace, as far as super- 
heat is concerned, is applied in the last 20 per cent. of 
energy used. Consequently, if we are making irons in. the 
electric furnace through a duplexing process, the better 
the temperature and closer the analysis is obtained 
from the cupola, the less time will be required for the 
final finishing in the electric furnace. A cupola charge for 
duplexing requires little, if any, pig; but this does not 
mean that you can melt tin cans, oxidised grate bars, 
&c., and expect to reclaim this material in the electric 
furnace. Iron badly oxidised in the cupola can be made 
into some semblance of high-strength iron, but at a high 
cost in time and power. The hotter and the nearer to 
analysis that iron is in coming from the cupola, the less 
of the 20 per cent. of the power required for refining will 
be used. 

The size of furnace is an important factor in cost of 
operation. In general practice, a furnace operated at or 
over capacity will produce a lower cost for material at the 
spout than a large furnace run at half or three-quarters 
of capacity. Again, smaller furnaces, say, 1 to 3 tons 
capacity, especially in batch melting, offer a wide variety 
of desired analyses daily, and also an additional flexibility 
as to mixtures on continuous units. 

This general discussion has been based on high-test 
irons, which are mostly alloyed irons, although non- 
alloyed irons of high strength are being made regularly. 
However, in the 60,000 lb. to 70,000 Ib. irons self-annealed 
in the mould or involving a special heat treatment, we 
generally find nickel, molybdenum, chrome, and vanadium 
added in order to obtain a specific result. It is to be noted 
that less alloys are used in electric furnace irons than in 
cupola irons to obtain the same result. In soft grey irons, 
the electric furnace has met with considerable success, 
especially in districts of low energy cost. And most of 
our soft irons carry a higher percentage of pig than do the 
so-called semi-steels, with the result that the electric 
furnace is being used successfully in stove plate and piston 
ring shops. 

he need for emphasis on selection of scrap cannot be 
exaggerated. Clean steel borings and scrap material will 
require less finishing time in the furnace than dirty scrap 
and highly oxidised materials. Your furnace consists of 
nothing more than a steel shell lined with suitable refractory 
material, with heat obtained by either direct or indirect 
arc. What you get out of that furnace will depend upon 
the materials you put into it, and the thoroughness with 
which your operator is trained. The electric furnace is a 
melting unit a step in advance of the cupola in metal- 
lurgical and temperature control, and your operator must 
also be a step in advance in the rigidity of his inspection of 
materials, temperature, and analysis, if he is to obtain 
uniform and consistent results. 








British Patent Specifications. 





When an tion is icated from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 











AERONAUTICS. 


464,203. October 12th, 1935.—VarriaBLeE PitcH PROPELLERS, 
The Fairey Aviation Company, Ltd., North Hyde-road. 
Hayes, Middlesex ; and A. G. Forsyth, “ Venlaw,’’ Burdon- 
lane, Cheam, Surrey. 

This invention relates to variable pitch propellers, intended 
principally for aircraft, the pitch of the blades of which is varied 
by hydraulic mechanism and has for its primary object to pro- 
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vide improved means for this action and for peeing flutter 
or vibration of the blades, especially in the event of failure 


of the oil system. The means for varying the pitch is provided 
by fluid operated mechanism comprising a pair of trunk pistons 
and double-acting cylinders, arranged with their axes parallel 
with one another in a plane which is transverse to the axis of 
rotation of the propeller, wherein the piston of each cylinder 
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slot formed in a gear wheel which is connected wi 


cylinders mounted inte; 
of the propeller. Ine 
D with a cross pin E. 


which meshes with two 

gears H which mesh with 
pinions J are mounted is threaded and engages with an internally 
threaded sleeve K which carries a pivotally mounted block which 
engages in a slot formed in the root of the appropriate propeller 
blade for the purpose of effecting a pitch variation. Flow of oil 
to the cylinders is controlled and conducted to the cylinders 
by means of pipes and suitable valves and the fluid pressure for 
actuating the pistons may be derived from the usual lubricating 
system of the engine or from an independent source.—April 12th, 
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TRANSMISSION OF POWER. 


463,630. 


House, Aldwych, London, W.C.2. 
This is a mechanism for driving hydraulically the feed screv 
of an underfeed stoker, which is claimed to obviate damage ir 
the case of the screw becoming jammed by tramp metal, &c 


N°463,630 





The feed screw is indicated at A and is driven by the pumping 
motor B through the rack and pinion gears C and D and the 
ratchets EE. The extent of each movement is regulated by 
the sector-shaped stop F, which can be adjusted by the hand 
serew G. It will be noticed that the pump has spring-loaded 
relief valves to accommodate short strokes of the rack rams. 
March 30th, 1937. 


464,201. November 9th, 1936.—-CLuTcHEs, Aktiengesellschaft 
Vorm Seidel and Naumann, Hamburger Str. 9, Dresden, 
A.5, Germany; and F. Eibert, Griine Strasse 8, Dresden, 
A.1, Germany. 

This invention relates to improvements in friction clutches. 
It comprises a driving clutch in which one of the members is a 
flat smooth dise and the other has protruding resilient 
elements and in which engagement is obtained by pressing the 
two members together. The resilient elements are distortable 
in @ direction parallel to the plane of the clutch discs and are of 
elastic material, such as rubber or a rubber substitute. The 
views show such a clutch engaged and disengaged. The deform- 
able resilient elements are adapted progressively to increase the 
area in contact with the smooth clutch surface as the pressure 
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is increased during engagement of the clutch. The engaging 
surface of each resilient element may be arched in a direction 
towards the smooth clutch member and the elements may be 
made hollow to increase their resiliency. It is claimed that the 
clutch can be slipped when a maximum torque is exceeded and 
that the maximum transmissible power is not limited by the 
clutch pressure, but by the shape and material of the resilient 

elements.—A pril 13th, 1937. 

464,225. February 3rd, 1936.—Fiur TRANSMISSION AND 
REVERSE Gear, D. S. De Lavaud, 82, Rue de la Jonquiére, 
Paris, France. 

The object of this invention is to eradicate the disadvantages 
associated with reverse or reduction gears used in conjunction 
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with ‘‘ fluid ’’ power transmission systems, wherein overheating 
and loss of efficiency occur when a turbine action is used to 
obtain a low gear ratio or a reverse rotation of the driven 


carries a cross pin, one end of which extends through a radial 
the pro- 
peller blades through irreversible gearing. The sectional side 
elevation shows such an arrangement, wherein A and B are two 

ly with a spinner bolted on the hub C 
cylinder there is a slidable trunk piston 
The rearwardly projecting end of each 
cross pin extends into a radial slot F formed in a gear wheel 
inions G, which carry on their shafts 
a pinion J. The shaft on which the 


September 27th, 1935.—HypDRavLicaLLY OPERATED 
MEANS FOR DRIVING INTERMITTENTLY MoviING APPARATUS, 
International Combustion, Ltd., and H. Mead, Aldwych 





controlled reversing gear. The blades A of a converter reaction 
element B are interposed in the circuit of the fluid between the 
blades C of the pump D and the blades E of the turbine F. The 
converter reaction element B is connected to a fixed part G, 
which may be in the form of a free wheel, allowing rotation in 
one direction only. A sun wheel H is fixed to the shaft J and 
meshes with a number of planet pinions K, which are mounted 
on a plate L made of magnetic material, and which also mesh 
with the internal teeth on the drum M, which has the driven 
shaft integral with it. Two electromagnets N and P are arranged 
one on each side of the plate, one being a brake and one a clutch, 
the brake electromagnet N_ being mounted on a fixed frame, the 
clutch electromagnet on the drum M. When neither of the 
magnets is energised the plate L can rotate freely and the driven 
shaft remains stationary. If the clutch magnet P is energised 
the driven shaft will rotate at the same speed as the shaft J. 
If the brake magnet N is energised the plate L is prevented from 
rotating and the driven shaft rotates in the reverse direction 
and at a lower speed. The fluid transmission devices 
may be of a different type from that illustrated.—April 14th, 
1937. 


MACHINE TOOLS AND SHOP APPLIANCES. 


463,634. October Ist, 1935.—-INTERNAL 

cussIvVE Toots, K. Tucek, Favoritenstrasse 52, Vienna IV 
v Austria. 
a 


cylinder containing the piston B. The piston is double-acting 


piston. The piston-rod is provided with inlet 


ports F and G 
respectively, for the admission of the fuel mixture. 


Th 


is effected by the pump piston H during the ascending move 
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ment of the two pistons, through a valve (not shown in the 
drawings) in the hollow partition plate J. On flowing through 
this partition plate the fuel mixture is preheated, while the 
partition plate is simultaneously cooled, and enters the cylinder 
chamber beneath the pump piston by way of the valve K. On 
the downward movement of the pump piston a portion of the 
fuel mixture is first forced past the ca: L and thence into the 
hollow plate M. After the valve L has been closed off by the 
passage of the pump piston thereover the admission ports F 
establish communication between the pump cylinder and the 
adjacent combustion chamber C so that the second portion of 
the fuel mixture fills this combustion chamber. On the renewed 
ascent of the pistons the fuel mixture contained in the pipe and 
in the hollow plate passes through the admission ports G into 
the combustion chamber E.—.A pril Ist, 1937. 


LIGHTING AND HEATING. 


IMPROVEMENTS RELATING TO 
ELecrric Resistance Heaters, J.P. Tubular Heater 
Company, Ltd., Newarthill, Lanarkshire; and Robert 
Alfred Frederick Jackson, of the company’s address. 

This invention relates to electric resistance heaters of the type 

in which the electric heating element is situated in a protective 

housing or conduit, separated therefrom by positioning insulators 
and a dielectric, such as air. In the heating of electric trains, for 
example, the track voltage may be 3000 D.C., and hence 
the heaters have to be made to stand up to a high voltage, and 
elaborate precautions have to be taken to ensure proper insula- 
tion and also to obtain a sufficiently large creepage distance 
between the element and the protecting housing or conduit or 
earth. The chief object of this invention is to enable a reduction 
in size of the housing or casing while still maintaining sufficient 
creepage distance on the insulators and sufficient insulation 


464,147. November 12th, 1935. 
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distance through the dielectric. The heater comprises a tubular 
metal casing A containing a series of insulators B. Each insu- 
lator, preferably made of refractory material, is in the form of a 
conical skirt member C carrying four ribs D arranged at right 
angles to each other on its interior surface, and having an end 
piece E of cruciform section arranged in alignment with the 
ribs. The end pieces E and ribs D of the insulators are so shaped 
that knuckle joints are formed between adjacent insulators. 
The insulators B are connected together in series so that the 
skirt members C overlap each other and are anchored to a 
terminal block F of insulating material by means of a spring 





ComsusTION PER- 


Referring to the drawings, A denotes the internal combustion 


the explosion in the combustion chamber C serves for delivering 
the blow upon the tool D, while the explosion in the combustion 
chamber E is utilised for effecting the return movement of the 


piston is coupled to a pump piston H which effects the charging 
of the combustion chambers. The sucking in of the fuel mixture 


the end piece, which is shaped to form a knuckle joint in con- 
junction with the end piece. Holes M are arran in each 
insulator and the heating element (not shown), which is in the 
form of a resistance coil, is situated in the heater by being passed 
longitudinally backwards and forwards through the holes in the 
series of insulators, the end of the heating element being 
secured by terminals N on the terminal block F. Four fibre 
rods O act as vibration dampers between the insulators B and 
the casing A and are situated in grooves in the periphery of the 
insulators and terminal block.-—April 13th, 1937. 








Forthcoming Engagements. 
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Secretaries of Instituti é&c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 


PLACE at which the meeting is to be held should be clearly stated. 





To-pay Tro SarurpDay, May 297rH. 


; Soc, or Giass TecHNoLoGy.—Summer meetings in Scotland. 
To-pay to Sunpay, May 30ra. 
Inst. or Locomotive ENG@INgEERS.—Summer Meeting in 
, | Ireland. 
e To-pay. 
Giascow Universiry Cius, Lonpon.—Trocadero Res- 


taurant, W.1. Dinner. Principal Sir Hector Hetherington in 
the Chair with the Earl of Derby as the Chairman's guest. 
7.15 p.m. for 7.30 p.m. 

Satrurpay, May 297TH. 
Inst. Or Evecrricat ENGINEERS: WIRELESS SECTION.— 
Visit to the B.B.C. Television Station at Alexandra Palace. 


Monpay, May 3lsr. 


CHARTERED Surveyors’ Inst.--12, Great George-street, 
S.W.1. Annual general meeting. 5 p.m. 
WEDNESDAY, JUNE 2ND. 


Inst. or Crivir, ENGINEERS.—Great George-street, S.W.1. 
Conversazione. 7.30 p.m. 
Inst. oF MECHANICAL ENGINEERS : NoRTH-EASTERN BRANCH. 


Visit to the works of the Darlington Forge, Ltd. 2 p.m. 
THURSDAY JUNE 3Rb. 
Inst. OF MECHANICAL ENGINEERS: MIDLAND BRANCH. 


Annual summer meeting ; visit to Rochester. 
Rartway CiuB.—Royal Scotgish Corporation Hall, Fetter- 
lane, E.C.4. ‘“ Railway-owned Steamers on the Clyde,” L. H 
Bailey. 7.30 p.m. 

Tusspay, JUNE 8TH. 
BRITISH STANDARDS INst.—Dorchester Hotel, Park-lane, W.1. 
Annual general meeting. 11.15 a.m. 
Lonpon Iron aND STEEL ExcHance.—Hotel Victoria, 
Northumberland-avenue, W.C.2. Annual luncheon. Mr. 
C. Bruce Gardner, Chairman of the Management Committee 
of the Exchange, will preside, and an address will be given by 
Prof. Henry Clay, M.A., Economic Adviser to the Bank of 
England. 12.45 p.m. 
Tuespay, JuNE 8TH, TO Fripay, JUNE lITH. 


Inst. oF British FounpRyMEN.—Annual Conference at 


Derby. 
SaTURDAY, JUNE 12TH, 

Inst. or Execrrica. ENcGiINneerRs: Sour MIDLAND 
StupEnts’ SectTion.—Annual Summer Meeting; visit to 
Droitwich Broadcasting Station at Wychbold. 3 p.m. 

Monpay TO Fripay, JuNE 14TH To 18TH. 

Inst. oF MeEcHANICAL ENGINEERS._-Summer meeting in 

Leicester. 


Fripay To Monpay, JUNE 18TH TO 2IsT. 
INST. OF ELECTRICAL ENGINEERS : TRANSMISSION SECTION.— 
Week-end visit to Holland. 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


CaMMELL Latrp anp Co., Ltd., Birkenhead, have received 
an order from the British Tanker Company, Ltd., to build a 
tanker similar to those which they have recently built for the 
company. The vessel will have a length between perpendiculars 
of 464ft. 24in. and a deadweight of 12,250 tons. 

Tue British EvecrricaL TRANSFORMER Company, Ltd., an 
associated company of Crompton Parkinson, Ltd., has received 
from the State Electricity Commission of Victoria, Australia, a 
further order for a 37,500-kV A, three-phase, 50-cycle, 132/22/11 
kV transformer of the oil-immersed naturally cooled outdoor 
core type. These transformers are designed for operation 
without lightning arresters, and their equivalent double-wound 
output is about 50,000 kVA. 


INTERNATIONAL ComsustTion, Ltd., has received repeat 
orders from Rhokana Corporation for two pulverised fuel fired 
boilers to be installed at the N’Kana Mine and three at the 
N’Changa Mine in Northern Rhodesia. Air heaters are to be 
ineluded in both cases, with coal handling at N’Changa. The 
company has also received a contract for a stoker-fired boiler 
for Dumbarton distillery, and one for two stoker-fired boilers 
for Cawnpore woollen mills, India. 


Meravectric Furnaces, Ltd., Smethwick, has just com- 
pleted an extension to its works for the manufacture of melting 
and heat treatment furnaces. Among orders recently received 
has been one for a 15-ton steel melting furnace, and two 5-ton 
furnaces for special irons for a large steel works in Great Britain. 
The firm has recently acquired the control of the ‘* Russ” 
patents in Great Britain, and has secured the licence and control 
in Great Britain for the Tagliaferri melting furnaces for iron 
and steel. 

Joun THompsoN WarTer-TuBE Botvers, Ltd., has received 
an order from the London Power Company, Ltd., Deptford 
West power station, for a “‘ La Mont ”’ boiler, having a maxi- 
mum continuous evaporation of 350,000 lb. per hour, to operate 


member. The specification is that of a power transmission | tie G which passes through their centres and is secu in place | at 375 sesh gy square inch W.P. at the stop valve. The boiler 
device comprising a ‘fluid’ transmission gear and an | and tensioned by screws H in its ends. This spring allows for | is arrange to operate under two alternative temperature con- 
epicyclic reversing or change speed and reversing gear controlled | expansion and contraction and prevents rattling of the insu- | ditions. It is arranged to give a final steam temperature of 
by at least one electromagnetic brake and one electromagnetic | lators. Distance pieces J of insulating material are interposed | 780 deg. Fah., and, at will,a temperature of 850 deg. Fah. The 
friction clutch. The diagrammatic view shows an hydraulic | on the spring G between the outermost insulator and the | boiler will occupy the space at present occupied by natural 


transmission system of the type comprising a pump, a turbine, 


adjacent screw to prevent contact of the heating element with 


circulation boilers having a maximum evaporation of 90,000 Ib. 








and a fixed vane element in series with an electromagnetically 





the spring or screw. 


The terminal block F has a seating K for 


per hour. 





































































































































